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PREFACE/ACKI~OWLEDGMENTS

This training manual was prepared by as a training manual for a short-term US
training for pollution prevention and waste minimization (PPfWM) training. The purpose
of this training was to provide the participants skills for environmental audit, in order to
conduct audits within plant premises to discover the extent of problems, and how to install
corrective measures.

This manual was prepared by the Harza Consulting Engineers and Scientists
(Harza), Chicago, Illinois, USA with full coordination with the Development Associates,
Alexandria., Virginia, USA, under subcontract with the Development Alternatives, Inc.,
Washington D.C., USA. . This manual was prepared under the direction of Dr. Shawn R.
Niaki, P.E., Pollution Prevention Program Director, of Harza., who heads the WQIC
component under which the PPIWM training was housed.

Special appreciation is given to Dr. Mohammed Bani Hani, Secretary General of
MWI; Eng. Koussai Quteishat, Secretary General ofWAJ; Mr. Khaldun Abuhassan,
Chairman of the Chamber; Mr. Walid Al-Khathib, Director General of the Chamber; Dr.
Muwaffaq Saqqar ofMWI, Project Coordinator; and to Development Alternatives, Inc.,
as represented by Edwin D. Stains, Chief of Party; for their cooperation and confidence.
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Schedule for Pollution Prevention Training

Sunday, April 30, 1995

Arrive from Anunan, Jordan to O'Hare International Airport, Chicago, lllinois

Meet Harza representative at airport
Check into hotel

Monday, May 1, 1995

Pollution Prevention course at Harza, Chicago, lllinois

Morning S.ession: Mr. Krishna V. Mayenkar, Vice President

8:30am - 9:30am Welcome and orientation

.9:30am - 10: 15am Introduction to Pollution Prevention

10: 15am - l1:00am Establishing a Pollution Prevention program
Video - Less Is More: Pollution Prevention Is Good Business

11 :OOam - 12:00pm Perfonning a preliminary waste assessment

Lunch

Afternoon Session: Mr. Robert Nerenberg, Engineer

1:OOpm - 2:00pm

2:00pm - 3:00pm

3:00pm - 4:00pm

Hana schdaiJ.pp sph
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Flow diagram case studies

Perfonning a detailed waste assessment

Constructing a material balance

• flr 118 '8 ---. - .



Tuesday, May 2, 1995

Pollution Prevention course at Harza, Chicago, lllinois

Morning Session: Mr. Robert Nerenberg, Engineer

8:30am - 12:00pm Material balance exercises
Problem - Ford-Wixom's Phosphate Coating System

Lunch

Afternoon Session: Mr. Krishna V. Mayenkar, Vice President

1:OOpm - 4:00pm Identifying Pollution Prevention options
Video - Money Down the Drain

Wednesday, May 3, 1995

Pollution Prevention course at Harza, Chicago, lllinois

Morning Session: Mr. Robert Nerenberg, Engineer

8:30pm - 10:00am Conducting a feasibility analysis

lO:OOam - 12:00pm Implementing, evaluating, and maintaining the Pollution
Prevention program

Lunch

Afternoon Session: Guest speakers and discussion

1:OOpm - 2: 30pm Presentations by Illinois EPA-
Keri Luly, Director of the Office of Pollution Prevention
The role of a state agency in promoting Pollution Prevention &
Developing environmental regulatory mandates

2:30pm - 3:15pm Presentation by Metropolitan Water Reclamation District of
Greater Chicago
Jain S. Jain, PhD, P.E., Project Manager
The role of municipal treatment facilities in promoting Pollution
Prevention and internal Pollution Prevention practices

3:30pm - 4:30pm Conclusions and panel questions

Hal7lJ schdoll.pp sph
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Thursday, May 4, 1995

Pollution Prevention site visits

Friday, May 5, 1995

Pollution Prevention site visits

Saturday, May 6, 1995

Free day, Chicago, IJIinois

Sunday, May 7, 1995

Morning: Free, Chicago, Illinois

Check out of hotel

Afternoon: Travel to West Lafayette, Indiana

Check into hotel

Monday, May 8. 1995

Morning: Site visit to Eli Lilly Company, Lafayette, Indiana

Purdue Industrial Waste Conference, West Lafayette, Indiana

8:00am - 12:00pm
2:00pm - 5:00pm

Ha17J1 schdalJ.pp sph
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Registration and Sessions
Sessions
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Tuesday. May 9. 1995

Purdue Industrial Waste Conference, West Lafayette, Indiana

9:00am - 12:00pm
2:00pm - 5:00pm

Sessions
Sessions

Wednesday. May 10. 1995

Morning: Purdue Industrial "Vaste Conference, "Vest Lafayette, Indiana

Check out of hotel
9:00am - 12:00pm Sessions

Afternoon: Travel to Chicago, lllinois

Check into hotel

Thursday. May 11. 1995

Morning: Debriefing at Harza, Chicago, lllinois

Check out of hotel

Afternoon: Depart for Amman, Jordan from O'Hare International Airport, Chicago,
lllinois

Barza schdall.pp sph
5695 G 9503161950427
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Site Visit Itinerary
Pollution Prevention Training Course

Thursday, May 4, 1995

All Trainees

8: 15 a.m.

8: 15 a.m. - 9:30 a.m.

9:30 a.m. - 11:30 a.m.

11 :30 a.m. - 12: 15 p.m.

12: 15 p.m. - 1:00 p.m.

1:00 p.m. - 2:00 p.m.

2:00 p.m. - 2:30 p.m.

2:30 p.m. - 4:30 p.m.

4:30 p.m. - 5:30 p.m.

5:30 p.m.

Friday, May 5, 1995

Trainee Group 1

6:15 a.m.

6: 15 a.m. - 9:30 a.m.

9:30 a.m. - 11:30 a.m.

11 :30 a.m. - 2:00 p.m.

2:00 p.m. - 2:30 p.m.

2:30 p.m. - 4:30 p.m.

4:30 p.m. - 5:30 p.m.

5:30 p.m.

Pick up at Hotel

Travel

Navistar International - Melrose Park Engine Plant

Travel

Lunch

Com Products Co. International - Bedford Park Plant

Travel

Metropolitan Water Reclamation District of Greater Chicago 
Stickney Water Reclamation Plant

Travel

Drop off at Hotel

Pick up at Hotel

Travel

Caterpillar - East Peoria Plant

Travel

Lunch

Commonwealth Edison Will County Power Plant

Travel

Drop off at Hotel
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Trainee Group 2

6:15 a.m.

6: 15 a.m. - 10:30 a.m.

10:30 a.m. - 12:30 a.m.

12:30 a.m. - 1:00 p.m.

1:00 a.m. - 1:30 p.m.

1:30 p.m. - 4:30 p.m.

4:30 p.m. - 8:30 p.m.

8:30 p.m.

Pick up at Hotel

Travel

Georgia-Pacific - Nekoosa Paper Mill

Travel

Lunch

Stevens Point Brewerv

Travel

Drop off at Hotel

Monday, May 8, 1995

All Trainees

8:15 a.m.

8:15 a.m. - 9:00 a.m.

9:00 a.m. - 11:30 a.m.

11 :30 a.m. - 12:00 p.m.

Pick up at Hotel in West Lafayette, Indiana

Travel

Eli Lilly and Company - Tippecanoe Laboratories

Return to Purdue Industrial Waste Conference
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1.
INTRODUCTION TO POLLUTION
PREVENTION
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I INTRODUCTION TO POLLUTION PREVENTION

PAST AND PRESENT APPROACHES TO
MANAGING INDUSTRIAL WASTES

DEFINING POLLUTION PREVENTION

POLLUTION PREVENTION INCENTIVES
AND BARRIERS

1995
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PAST AND PRESENT APPROACHES TO (t~
MANAGING INDUSTRIAL WASTES ~

UNTREATED DISCHARGE

RESOURCES

-~-•

1995

PRODUCTS

MANUFACTURING ~~
PROCESSES ~

WASTES



PAST AND PRESENT APPROACHES TO {t~
I MANAGING INDUSTRIAL WASTES ~

END-OF-PIPE TREATMENT

RESOURCES

1995

PRODUCTS

-.t MANUFACTURING ~~
PROCESSES ~

TREATMENT

WASTES
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PAST AND PRESENT APPROACHES TO
J MANAGING INDUSTRIAL WASTES

POLLUTION PREVENTION

RESOURCES

-~;;;;;;

•

.. :-: :.:,..:.: :.: :.:':.-.: , ..,:.•.....•.•...:.:-:.::

PRODUCTS

MANUFACTURING ~~
PROCESSES -a--v-

TREATMENT

1995

WASTES

£~~~
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PAST AND PRESENT APPROACHES
ITO MANAGING INDUSTRIAL WASTES

IGROWTH OF U.S. ENVIRONMENTAL LAWS

Number
of Laws

30

24

18

12

6

0
1945 1950

CAAA

CERCLA

1955 1960 1965 1970 1975 1980 1985 1990

1995

KEY:

NEPA - National Environmental Protection Act
CAA - Clean Air Act
CAM - Clean Air Act Amendments (to CAA)
OSHA - Occupational Safety & Health Act
FWPCA - Federal Water Pollution Control Act
SDWA - Safe Drinking Water Act
TSCA - Toxic Substances Control Act
RCRA - Resource Conservation and Recovery Act
HSHA - Hazardous and Solid Waste Amendments (to RCRA)
CERCLA • Comprehensive Environmental Response. Compensation

and UabiJity Act
SARA - Superfund Amendments and Reauthorization Act (to CERCLA)

111
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PAST AND PRESENT APPROACHES
ITO MANAGING INDUSTRIAL WASTES

SUMMARY OF FEDERAL POLLUTION PREVENTION
PROVISIONS

1995

Statutory provision

Findings and policy
(42 USc. §13102)

EPA activities
(42 USc. §13103)

State grants for technical
aSSistance programs
(42 USc. §13104)

Source Reduction
Clearinghouse
(42 U.s.c. §13105)

Source reduction and
recycling data collection
(42 U.s.c. §13106)

EPA BiennUlI Report
(42 U.s.c. §13107)

Pollution prevention authority / requirement

Pollution Prevention Act

Source reduction IS more deSirable than waste management and
pollution. yet opportunIties for source reduction are often not real
ized.

~andates a national policy creating a hierarchy of preferred waste
management approaches: source reduction. recvcling. treatment.
and disposal. all to be conducted In an environmentally safe
manner.

Directs the EPA to create an office <Office of Pollution Prevention at
EPA Headquarters. Washington. D.C.) to Implement this statute
and develop a comprehensive pollutIOn prevention strategy.

The EPA administrator must make available to states matching
grants for programs designed to promote the use of source reduc
tion bv businesses. Grants based on: availability of technical assIS
tance to businesses; providing targeted assistan'ce to businesses for
whom lack of information is a major impediment to source reduc
tion; and the extent to which training is made available to bUSI
nesses.

The administrator must also develop appropriate means by which
to measure the effectiveness of these state grant programs.

The EPA must establish the Source Reduction Clearinghouse to
compile information on management. technical. and operational
approaches to source reductIon in a computenzed database format.

Owners and operators of facilities subject to the annual toxic chem
ical release form filing requirements of SARA Sec. 313 must include
with that filing a toxic chemical source reduction and recycling
report for the preceding calendar year. This report must address:
the amounts of chemicals released and recycled. source reduction
practices aimed at the reported chemicals:methodologies used to
identify source reduction opporturuties, and future chemical pro
duction figures.

The EPA must submit a biennial report to Congress that includes an
assessment of the effectiveness of the Source Reduction Clearing
house and the state grant program. analyzes the data generated
under Sec. 6607 of the PPA to identify such topics as current trends
in source reduction programs in various SIC code industries, regu
latory and nonregulatory barriers to source reduction programs.
opportunities to use existing federal regulatory programs to over
come existing impediments and promote source reduction in the
United States. and identilies and makes recommendations with
regard to innovative research and development programs targeting
source reduction.

SOURCE: Freeman. Harry Industrial Pollution Prevention Handbook
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PAST AND PRESENT APPROACHES
I TO MANAGING INDUSTRIAL WASTES

SUMMARY OF FEDERAL POLLUTION PREVENTION
PROVISIONS (Continued)

1995

Statutory provision

Statutorv objectives
(42 U.s.t. §6902(aH6»)

National poliCY
(42 U.s.c. §6902(b»

Waste mmlmlZatlon
rl?{juirements for mani
fests (42 U.s.c. §6922(b»

Waste minimizatton
requirements for pennits
(42 U.s.c. §6925(h»

Air tOXlCS (42 U.s.c.
§112)

Mobile source (42 U.s.c.
§§241-250.211)

New source review
(42 U.s.c. §§17~178)

Add rain (42 USc.
§§401-w6.416)

Chlorofluorocarbons
(42 U.s.c. §§602~5.
609.610)

Pollution preventton authority / requirement

Resource Conservation and Recovery Act

An express objective of the RCRA is to mlrumize the generation of
hazardous waste and the l~nd disposal of hazardous waste by
encouraging process substitution. materials recovery. properly con
ducted recycling and reuse. and treatment.

Establishes as natlonal policy that. to the extent feasible. the reduc
tion or elimination of hazardous waste generanon should be
achieved as expeditiously as possible. \\onere this cannot be
achieved. such wastes should be treated. stored. or disposed so as
to minimize the present and future threat to human health and the
environment.

Hazardous waste generators are rl?{juired to certify that thev have a
program in place to reduce the volume or quantity and tOXICltv of
the materials they manage. Such programs must exist to the extent
that they are economically practical.

Hazardous waste treatment. storage. and disposal facHittes are
required to certify that they have a program in place to reduce the
volume or quantity and toxicity of the materials they manage.
Such programs must exist to the extent that they are economically
practical.

Clean Air Act

In developing standards to control air toxies. the EPA has authontv
to rl?{juire pollutton prevention measures. including the installation
of control equipment as well as process changes. the substitution of
matenals. changes to work practices, and operator training and cer
tificalion.

Requires increasing percentage of fleet vehicles to use alternative
fuels and establishes alternatively fueled vehicle pilot program in
California.

Rl?{juires the development of refonnulated gasoline and oxy
genated fuels to reduce air pollutants.

Requires that new sources located in nonattainment areas use most
stringent controls and provide offsets (i.e.• emissions reductions
from some other source that compensates for residual emlSSionsl.
Such offsets may be achieved through pollution prevention.

Imposes stringent sulfur dioxide emissions limits and creates sys
tern of tradable enussions allowances. Forces power plants to either
reduce their emissions to the specified rates or develop or buy emis
sions allowances. thereby creating market-driven incentives to
reduce emissions.

Rl?{juires the phaseout of production and sale of CFCs and several
other chemicals that have been shown to contribute to the destruc
tion of the stratosphenc ozone layer. Also rl?{juires the imposition of
various controls on CFC-eontaining products.

SOURCE: Freeman, Harry Industrial Pollution Prevention Handbook
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PAST AND PRESENT APPROAC.HES
ITO MANAGING INDUSTRIAL WASTES

SUMMARY OF FEDERAL POLLUTION PREVENTION
PROVISIONS (Continued)

Statutory provision

Effluent limitations
(33 U.s.c. §1311l

National Pollutant
Discharge Elimmation
System (NPDES) (33
l.LS.C. §1342)

Manufacturing and pro
cessing notices (15 U.s.c.
§2604)

Hazardous chemIcal sub
stances and mixtures (15
U.s.c. §2605)

Reporting and record
keeping (l5 U.S.c. §2607)

Pollution prevention authority / requirement

Clean Water Act

The EPA has the authonty to develop technology-based. mdustry
specific national limits (implemented through NPDES permits) on
the amounts of regulated pollutants a facility is allowed to dis
charge mto the nation's waters. These standards may recommend.
and. in some cases. mandate. in-plant controls.

Subjects point-source discharges of contaminated stormwater to
regulation. including pollution prevention plans.

Toxics Substances Control Act

ProVIdes authority for the EPA to issue an order prohibiting or lim
iting the manufacture. processing, distnbution Ul commerce. use. or
disposal. of a chemical substance.

Provides the EPA with the authority to promulgate rules to prohibIt
or limit production or to impose labeling or other requirements (i.e..
record keeping, testing requirements. restrictions on the commer
cial use and disposal, notice of hazards to distributors. users. and
the public) when the manufacturing, processing, distribution. use.
or disposal of an existing chemical substance or mixture presents an
unreasonable risk of injury to health or the environment.

Requires the submittal of information about the hazards posed by
chemical substances to facilitate regulatory and nonregulatorv
activity to mitigate known problems. Also supports voluntary sub
mIssions of chemical data.

Federal Insecticide. Fungicide, and Rodenticide Act

1995

Registration of pesticides
(7 U.s.c. §136a)

Administrative review
and suspension (7 U.s.c.
§136d)

Stop sale. use. removal,
and seizure (7 U.s.c.
§136k)

All pesticides that are distributed or sold must be registered with
the EPA. unless they are the subject of experimental use permits or
an exemption. The administrator has the authority to limit the dis
tribution, sale, or use of any pesticide that is not registered. subject
to an experimental use permit, or exempted in order to prevent
unreasonable adverse effects on the environment.

For pesticides that are not in compliance, or if their use causes unrea
sonable adverse effects on the environment. the EPA may issue a
notice of intent to cancel the pesticide's registration, change its clas
sification. or hold a hearing on these issues. The EPA has authority
to supercede the classification process and immediately suspend the
registration if necessary to prevent an imminent hazard.

Authorizes the EPA to cancel a pesticide if it is causing unreason
able effects on human health and the environment, or suspend its
use immediately in order to prevent an imminent hazard. The
administrator has the authority to seize pesticides. or to issue "stop
sale. use. or removal" orders if the pesticide is in violation of any
AFRA provision. or if the registration has been cancelled.

SOURCE: Freeman, Harry Industrial Pollution Prevention Handbook
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DEFINING POLLUTION
PREVENTION
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IDEFINING POLLUTION PREVENTION

IPOLLUTION PREVENTION IS:

The use of materials, processes, or practices that

reduce or elim inate the creation of pollutants or

wastes at the source. It includes practices that

·reduce the use of hazardous and nonhazardous

materials, energy, water or other resources as

well as those that protect natural resources

through efficient use. (USEPA, 1991)

1995
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IDEFINING POLLUTION PREVENTION

IPOLLUTION PREVENTION

I IS :

~ Source reduction

~I Raw material substitution

tl Clean technology

eLI Preventive maintenance

tl In-process recycling

liS NOT:

~ Off-site waste recycling

~ End-of-~e treatment

~ Pollution control

~ Disposal

1995
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I DEFINING POLLUTION PREVENTION

WASTE MANAGEMENT HIERARCHY I

, SOURCE REDUCTION

, IN-PROCESS RECYCLING

, OFF-SITE RECYCLING

, TREATMENT

, DISPOSAL

1995
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IDEFINING:POLLUTION PREVENTION

PpLLUTJON PREVENTION METHODS I

POLLUTION
· PREVENTION
•.~~
'"

I·
.~.

PROCESS PRODUCT;

l CHANGES CHANGES

I
.,

I."

RAW MATERIAL TECHNOLOGY OPERATIONS AND
SUBSTITUTION MODIFICATlONS MAINTENANCE

1995
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J DEFINING POLLUTION PREVENTION

TYPICAL COMPONENTS OF A MATERIAL BALANCE

PRODUCT

RODUCTS

TEWATER

D WASTE

MMISSIONS

IALS
...
~

PLANT,
STS ... PROCESS OR ~ BY-P

~ .

TER ... UNIT OPERATIONr'

AIR ...
~ ~ WAS

RGY
...
~ :: SOLI
... ~ AIR E~

RECYCLE

~

.....

ENE

CATALY

WA

RAW MATER

REUSABLE WASTE FOR
DIFFERENT OPERATION

1995
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DEFINING POLLUTION PREVENTION

POLLUTION PREVENTION PROGRAM

ESTABLISH THE
PROGRAM

MANAGEMENT
COMMITMENT

MAINTAIN THE
PROGRAM

EVALUATE THE
PROGRAM

PERFORM THE
WASTE

ASSESSMENT

IMPLEMENT
MEASURES

CONDUCT
FEASI BI L1TY

ANALYSIS

1995
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IPOLLUTION PREVENTION INCENTIVES AND BARRIERS

IPOLLUTION PREVENTION INCENTIVES

tlJij!Proved pUblic health and environment

tJ Reduced risk of liability

tlJij!Proved productivity and efficiency

tJ Reduced operating costs

tiJ!!!Proved company image

1995
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IPOLLUTION PREVENTION INCENTIVES AND BARRIERS

IPOLLUTION PREVENTION BARRIERS

'-I Lack of governmental mandate

'-I Lack of management commitment

'-I Capital requirements

tl Lack of information and in-house expertise I
t\lnertia

tl Cost-competitiveness concerns

tl Lack of government incentives

1995
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ESTABLISHING A POLLUTION
PREVENTION PROGRAM
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POLLUTION PREVENTION PROGRAM

ESTABLISHING A POLLUTION PREVENTION PROGRAM

i-----------------------------------,
I

PERFORMING A POLLUTION PREVENTION AUDIT

~ PRELIMINARY WASTE ASSESSMENT

• DETAILED WASTE ASSESSMENT

• IDENTIFYING POLLUTION PREVENTION OPTIONS

• FEASIBILITY ANALYSIS

• THE AUDIT REPORTL_________________ _ ~

IMPLEMENTING POLLUTION PREVENTION MEASURES

EVALUATING THE POLLUTION PREVENTION PROGRAM

MAINTAINING THE POLLUTION PREVENTION PROGRAM

995
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ESTABLISHING A POLLUTION PREVENTION PROGRAM

995

r-----------------------------------,
PERFORMING A POLLUTION PREVENTION AUDIT

• PRELIMINARY WASTE ASSESSMENT

~ DETAILED WASTE ASSESSMENT

• IDENTIFYING POLLUTION PREVENTION OPTIONS

• FEASIBILITY ANALYSIS

• THE AUDIT REPORT

L-----------------I-----------------~
t

IMPLEMENTING POLLUTION PREVENTION MEASURES

EVALUATING THE POLLUTION PREVENTION PROGRAM

MAINTAINING THE POLLUTION PREVENTION PROGRAM

.,., If_ I."



ESTABLISHING A POLLUTION PREVENTION PROGRAM

PURPOSE: Promote environmental protection with
Pollution Prevention by establishing an
appropriate regulatory system, securing
company management commitment and
getting employees involved.

~ Government leadership

~ Corporate Commitment

~ Employee involvement

995

.,. II_ to



" .

".

GOVEF1NMENT" LEADEF1SHIP
.v.' ..... ? ", ,. -',_' ~ - .

~ It I Ii_ r .1
- -~



GOVERNMENT LEADERSHIP

~ Develop an environmental policy mandate

• Enact regulatory statutes to set levels for
acceptable discharge

~ Provide education and training assistance

• Provide funding assistance (incentives, tax breaks,
subsidies, etc.)

995
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GOVERNMENTAL LEADERSHIP

SUGGESTED ENVIRONMENTAL PRe

GOVERNMENTAL MAN[

1. SURFACE WATER DISCHARC
2. MUNICIPAL SEWER DISCHAf
3. SOLID WASTE MANAGEMEN
4. AIR DISCHARGES

INDUSTRY
RESPONSIBILITIES

I
1398 WATER /2005 AIR

COMPLIANCE

1996 WATER /2005 AIR

MONITORINGI REPORTING

I
2000 50% / 2005 100%

POLLUTION PREVENTION
WATER CONSERVATION

-
1995 ON·GOING ON-GOING -

SAMPLING! ANALYTICAL EDUCAnONAL TRAINING FUNDING ASSISTANCE
PROCEDUR&PROTOCOL AND ASSISTANCE W,

• DATABASE DEVELOPMENT • WORKSHOPS • INCENTIVES

• MONITORING STATIONS • CONFERENCES • TAX BREAKS

• LITERATURE • SUBSIDIES

• DEMONSTRATION PROJECTS • WORLD BANK! US AID
• IMPORT/ EXPORT BANK

1995
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)TEeT/ON STRATEGY

::aES
iGES
T

GOVERNMENT
RESPONSIBILITIES

I
1998 WATER / 2005 AIR2000

CONSTRUCTION OF
4STE DISPOSAL SITES

• MUNICIPAL
• HAZARDOUS
• MONITORING

COMPUANCE

• CITY/STATE GOVERNMENT
OPERATED FACILITIES

1998 WATERl2005 AIR
j-------"'---_. -

ENFORCEMENT

• FINES
• PERMIT WITHHOLDING

-
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ICORPORATE COMMITMENT

-I Develop waste reduction goals that are
challenging yet attainable

- Target specific waste streams and set dates for
reductions to be achieved

i Develop a company policy statement that clearly
. outlines program goals

1995
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ICORPORATE COMMITMENT

IEXAMPLES OF PROGRAM GOALS

• Provide training to all appropriate staff for
Pollution Prevention and environmental
awareness by (enter date)

i Provide facility wide flow and mass balance
I by (enter date)

i
i

Characterize all facility waste streams by
(enter date)

Reduce pollution load by a minimum of
(enter percentage) by (enter date)

• Reduce production of (enter targeted waste) in
production by a minimum of (enter percentage)
by (enter date)

o Recycle/reuse a minimum of (enter percentage)
of wastewater by (enter date)

o Reduce water usage by (enter percentage)
by (enter date)

1995
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ICORPORATE COMMITMENT

EXAMPLES OF PROGRAM POLICY STATEMENTS

Example policy statement #1

(Company) is committed to excellence and leadership in protecting the environment.
In keeping~with this policy, our objective is to reduce waste and emissions. We strive
to minimize adverse impacts on the air, water, and land through pollution prevention
and energy conservation. By successfully preventing pollution at its source, we can
achieve cc¥t savings, increase operational efficiencies, improve the quality of our
products and services and maintain a safe and healthy workplace for our employees.

(Company)'s environmental guidelines include the following:

•

•

•

•

Environmental protection is everyone's responsibility. It is valued and
displays commitment to (Company).

Pr~enting pollution by reducing and eliminating the generation of waste and
emissions at the source is a prime consideration in research, process design,
and plant operations. (Company) is committed to identifying and implementing
pollution prevention opportunities through the encouragement and involvement
of ~l employees.

Technologies and techniques which substitute non-hazardous materials and
utilize other source reduction approaches will be given top priority in
addressing all environmental issues.

(Company) seeks to demonstrate its responsible corporate citizenship by
adhering to all environmental regulations. We Promote cooperation and
coordination between industry, government, and the public toward the shared
goal of preventing pollution at its source.

1995

Example policy statement #2

At (Company), protecting the environment is a high priority. We are pledged to
eliminate or reduce our use of toxic substances, our release of toxic substances, and
our generation of hazardous and other wastes. This approach of preventing pollution
at the source is the preferred solution. When the use, release, or generation of
hazardous substances cannot be avoided, we are committed to minimizing any
undesirable impacts to the air, water, and land.

SOURCE: Illinois Hazardous Waste Reasearch and Information Cenler,
pol!utjon prevention A Gujde 10 Prooram Imp!cmcntlJljon
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Readers,

Today's business climate demands quality products,

demands satisfied customers and demands a reasonable

return to our shareholders. Today's business world also

demands environmental stewardshIp.

Consolidated Papers' environmental performance is •

appropriately measured against high expectations. And while
we have spent millions of dollars to meet, as best possible.

these expectations, we realize our enVironmental performance

must be based on results - and that's the way it should be.

OUf ultimate environmental objective is the prevention of

pollution. To that end, Consolidated is an active particlpane In

the Wisconsin Paper Council's Pollution Prevention Partner

ship with the Wisconsin Department of Natural Resources.

Our '1994 Progress Report objectively presents our pollution

prevention accomplishments and our plans for the future.

Our commitment to environmental stewardshIp IS genuine.

In the future. our bUSiness success will be measured not

simply by our profItable performance but also on our reSDon

sible, cost-effectIVe envIronmental stewardship - and that.

too. IS the way It should be. •

'jU4//]/ - ! q e __
~ U -r ~/vvn/?t~--v. /

Patrick F Brennan

President and Chief Executive Officer
ConsolIdated Papers, Inc.

September 1, 1994
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POLICY 1

,

Consollaated Paoers. Inc
POIICV Aaoo~eo - ,40rll /967
Revlsea - AOrll 1991

As good corporate citizens, we continue to accept our responsibility
to preserve and protect natural resources and the environment in
the areas in which we operate.

:J Protection of the Environment. We will employ oractlcal measures ::0 orotect
tne environment. We will conserve and orotect the water, air, forest and lana
resources we use. We will minimize and strive to eliminate any rereases to
iano. air or water that may narm human nealtn or the environment.

:J Conservation of Resources. INe wlil maKe sustalnaole use of re"ewaore
resources, sucn as water, SOilS and forests. We Will conserve i"Ci"rene'NaOIE
resources througn effiCient use ana careful planning.

I Reduction of Waste. We wili work to prevent waste and oollutlon at tne
source wnenever pOSSible. New facilities and Imorovements of eXisting
operations wlil use manufacwrlng processes deSigned to mmmr,lze ene
environmental effects of our operations ana Will mcoroorate the aest available
POllution control equipment.

'J Recycling and Waste Disposal. We wlii suopart recvCllng programs ana Will
use environmentally safe treatment ana olsposal oractlces for 'Naste mat IS
not ellmlnatea at the source or reCYCled.

'l Compliance. We Will contrnual,,{ monitor ana manage ail eXlstmg ~acilities to
assure enat we are meeting or exceeomg all legal reoUirements. ana we Will
ImPlement programs ana oroceoures to ensure comOllance. We Will conouct
comprenenslve Internal comollance auolts to evaluate our progress.

:J Wise Use of Energy. We will make every effort to use envlronmentallv safe
and sustainable energy sources to meet our neeos. We Will Invest :n Improveo
energy effiCiency ana conservation In our ooeratlons

:J Research and Development. We wlil support researcn on Imprcveo
tecnnologles, safety ana POllution contrOl.

:J Leadership. We wlil encourage resoonslole leadersnlo by advlsm Cl ana
consulting on legislatIOn ana regulation to protect l;uman nealtn a'1a Imorove
ene environment.

:J Safe Products. We are committed to manufacturing safe prooucts that
minimize environmental Impacts.

:J Risk Reduction. We Will minimize environmental. health and safe!:', riSKS
to our employees and the communities In which we ooerate by emplOYing
safe teChnOlogies ana operating proceoures. We Will be constantlv oreoareo
for emergenCies.

-:J Disclosure. We Will continually Inform our employees and our OCOIiCS of our
progress In safety and environmental Issues. We Will cooperate With the
meOla ana regUlatory agencies In resDondlng to InOUlrles In a promot and
accurate manner. We encourage employees to reoort any conOitlons tnat
c:Juld be narmful to the environment or pose healtn or safety hazaros so
prompt corrective actions can be taken.

:J Commitment. The board of directors will be advlsea of the environmental
Implications of ItS deCISions. Safety and enVironmental concerns are a Critical
responSibility of all employees. All employees and otners assoclatea With tne
company are encouraged to help carry out thiS pOlicy.



POLLUTION PREVENTION PARTNERSHIP

1994 PROGRESS REPORT

FOR CONSOLIDATED PAPERS, INC.

.., Wisconsin Rapids Division

:J Biron Division

:J Wisconsin River Division

:J Stevens Point Division

.., Kraft Division

.., Water Quality Center

:J Water Rene~al Center

Copyright© Consolidated Papers, Inc., 1994

This report has been prepared by Consolidated's environmental staff for
the WisconSin Department of Natural Resources.

Consolidated wishes to thank ItS many dedicated employees who have
helped the company meet and exceed environmental standards that
enhance our quality of life as well as our business.
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CORPORATE'PROFILE
_ r . t

•

Consolidated Papers, Inc. rCPI] is a leading producer of enamel
papers for the $177 billion printed communrcatlons Industry which
operates more than 60.000 printing and pubilshrng establishments In
tne United States and Canada. •

Consolidated manufactures and markets a complete line of enamel
papers. Commonly referred to as "coated pacers." these printing
papers are used In many prominent magazines and In an assortment of
printed materials. including distinguished bOOKS. brochures. advertiSing
communrcatlons and corporate annual reports. The company IS also
tne largest manufacturer of Iightwelgnt coatee specialty papers. which
are used In food and consumer product packaging and labeling. Other
products manufactured by Consolidated Include paperboard oroducts
and custom-ciesigned corrugated displays and containers.

In 1993. Consolidated ranked 372nd among the Fortune 500
Largest U.S. Industrial Corporations. The comDany's manufacturing
ooeratlons and executive offices are concentrated In centrai WisconSin

Consolidated owns and manages 671 .642 acres of forests In

Wisconsin. Michigan and OntarIO, Canada. Our paper mills are near.
sizable forests that belong to tree farmers and national, state and
county governments. From these lanas. from our own renewable
forests and from sources of recycled fiber. wood and wooo (IDeI' are
transported to Consolidated's mills for converSion to DUIO ana paper.
Tne flnrshed products then travel onwara to our customers mroughout
tne United States and abroad.

Consolidated's manufacturing and wastewater treatment: operations
Included In tnlS report are:

:J Wisconsin Rapids Division
Manuractures enamel [coated] printing paDers. neavler-welgnt
free-sheet grades and paperboard.

:J Biron Division
Manufactures coated printing papers. lightweight grounowood
grades. Produces groundwood puip and thermomechanlcal pulp at
its on-site mechanical pulp mill.

:J WiscolJsin River Division
Manufactures coated printing papers. lightweight grounowood
grades. Produces groundwood pulp and thermomecnanlcal pulp
at Its on-site mechanical pUlp mill.

:J Stevens Point Division
Manufactures lightweight coated speCialty Dapers.



o Kraft Division
Manufactures kraft [chemical) pulp and produces power.

o Water Quality Center
Wastewater treatment plant that treats process wastewater from
Wisconsin Rapids, Biron and Kraft divIsions.

o Water Renewal Center
Wastewater treatment plant that treats process wast:ewat:er from
Wisconsin River and Stevens POint divIsions.

... pollution
prellention is not
a new concept at
Consolidated Papers.

Consolidated Papers' Management Commitment to Environmental
Stewardship and Pollution Prevention

At Consolidated, we acknowleage our responsibility to protece ehe
environment in which we live. We understand that environmemal
protection is necessary for the production of high-quality paper
products and to protect the environment we value: clean air and water,
abundant forests. and the land and wildlife around us.

In 1967. we adopted our first: environmental policy statement and
updated it In 1991. It displays our commitment to conserve and protect
our water. air and land resources. Our dedication tP complying wlm
environmental laws ana regulations IS reinforced bv the company's
organizational structure. Our environmental affairs staff malmalns olrect
access to top management. ensuring that the necessary resources are
prOVided to maintain the companys good environmental oerformance.

Pollution prevention is a major environmental concern In the
1990s. However. pollution prevention is not a new concept at
Consolidated Papers. We have always preferred to eliminate pollution
at: the source rather than treat It after it has been generated. Our
recognition of the Importance of pollution prevention IS documented In
our corporate envlronmemal poliCy that states:

"We will work to prevent waste and pollution at the
source whenever pOSSible. New facilities and Improve
ments of eXisting operations will use manufacturing
processes deSigned to minimiZe the envlronment:al
effects of our operations and Will incorporate the best
available pollution control equipment:. "

Consolidated remains committed to addreSSing environmental
improvements by takIng an aggressive approach, while maintaining
cost-effective compliance WIth all regulations.



Consolidated Papers' Pollution Prevention Accomplishments

A discussion of Consolidated Papers' pollution prevention activities
amf accomplishments follows. This diScussion addresses the foliowlng
five,areas:

"U Air Pollution Control....
to:': Wastewater Discharges

:.:
", Solid Waste

II Hazardous Materials/Hazardous Waste

ri Other Pollution Prevention Achievements

Whenever
possible, CPl uses
"clean n fuels.

- . ~";' ....... '". ~',..... . _. .,~. _~ ...... _. _. ,.';"~ . .~." ..;., _.' _~""I:" ~__+ ...._... ;~_ .. "_"-"~":- "'-:. ,.-: _-!' ._-_?~:."t.. ~

AIR~POLLUTION'CONTROL

Most of the air pollutants generated Dy CPI are the result of fuel
cOrTjbustlon to power our pulp and papermaklng operations. Two of the
most significant pollutants from fuel combustion are particulate matter
[dust] and sulfur dioxide [502)'

Particulate matter IS controlled by uSing pollution control equloment
such as electrostatic preclpltawrs, multlclones and scruboers. I;,e
removal efficiencies for this eOUipment range from approximatelY
92% to 99.8%.

Whenever possible. CPI uses "clean" fuels. Low-sulfur coal IS ourned
In four of our five coal-fired bOilers. ThiS results In very low sulfur
diOXide emIssions Coal with a higher sulfur content is required for
proper operation of our coal-fired cyclone boiler. Since 1986. all of
CPl's production expansions have resulted In the Installation of natural
gas-fired boilers Instead of coal-fired bOilers. Natural gas IS a "clean"
fuel and natural-gas boilers emIt relatively few pollutants. We have also
converted three older coal-fired bOilers to natural-9as-fired bOilers to
reduce emiSSions.

•



(Continued I

55.06Ibs.

We also burn bark generated from our pulping operations In some
of our boilers. Bark is a low-sulfur en~rgy source and proouces very
low sulfur dioxide emiSSions. Rather than dispose of the bark In a land
fill, we burn It to recover the energy. thus making beneficial use of a
waste byproduct. We also combust recycled pulping liquors for energy
recovery. In 1993. 45~S of the energy we used was Internally generated
from recycled pulping liquors and wood and bark residues.

Our particulate matter
and S02 pollution reduction
progress is presented In the
graphs shown here

6.23Ibs.Pollution Abatement
Progress

At Consolidated

,
Air Quality

PER TON OF
PAPER SHIPPEe

11.47 Ibs.

1979 1993
- t I, •

Besides emiSSions from fuel comDustlon. there are also emiSSions
from the puip and paoermaklng processes. A summary of other
air-related poilutlon oreventlon accomplisnments follows:

,
:J The use of a heavy black-liquor OXlaatlon system to reduce SUlfur

emiSSions from the recovery boilers.

o The use of high-efficiency wet scrubbing systems to remove chlorine
and chlOrine dloxlae emiSSions from the bleach plant.

o The installation of brownstock gas ana noncondenslble gas
collection systems to collect gases generated during the kraft
pulping process. The gases are then Incinerated in the power
boilers to destroy the total reoucea sulfur and organic comoounds
and to recover their energy value. In 1993. over 3 million pounds
of methanol, acetQne. methvl ethVI ketone and hydrogen sulfide
were collected and Incinerated.

o Our mechanical pulps are already bleached uSing a totally
chlorine-free process.

o Product Substitution to a lower free-formaldehyde product results
in reduced formaldehyde emiSSions at our Stevens POint DIVISion.
At our other manufacturing facilities. product Substitution has
eliminated the use of formaldehyde-containing products resulting
In the elimination of formaldehyde emissions from these paper
making processes.

T •



·Ourmechanit:ilf;:·:-=r,..~
pulps are already
bleached using a
totally chlorine-free
process.

-, The elimination of the ammonia stearate cooking process. thus
eilminatlng ammonia emissions of aoproxlmately 4.700 Dounds per
year from our Wisconsin RapIds Division.

-, CPI is In the process of eliminating the use of chlorinated solvents
In spray cans.

-, The use of less elemental chlorine and more chlorine dioxide.
hydrogen perOXide and oxygen for kraft pulp bleaching. resUlting In

reduced air emiSSions of chlorine and other chlorinated organiCS
such as chloroform. ReductIOns In the air emiSSions of these
suDstances have been achieved even with Increasing proauctlon.
The fallowing graphs present the declining air emiSSions of cnlorlne.
chlorine dioxide, chloroform and the increaSing pulp production at
our Kraft DivisIon from 1987 to 1993.
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WASTEWATER DISCHARGES "1

1.32Ibs.

19') :J
~

CPI owns and operates two wastewater treatment plants :;nat treat
about 33 mliilon gallons of process wastewater oady. The plants
remove about 98% of biological oxygen oemand (80oJ ana susoendea
solids material. The plants currently operate at about 14% of their
allowable discharge limits making them among the most efflc:enc

wastewater treatment plants
5.70Ibs. In North America.

Consoildated·s uollutlOn
prevention work has oeen
directed at redUCing our
wastewater OIscnaraes co the
Wisconsin River. The aOlacent
graons present the iavoraole
proaress we have Il"ade from
1979 to 1993.

2.47 Ibs.

PER TON OF
PAPER SHIPPED

Pollution Abatement
Progress

At Consolidated

Examples of the projects completed that producea these
reductions are:

:l Installation of oxygen delignlficatlon on the kraft hardwooo ane
softwood lines. This has allowed us to take material that was bemg
discharged for treatment ana use It as a ruel. Oxygen deilgnliicatlon
has been used on the hardwood line since 1986. SoftwOOd oxygen
deilgnlficatlon was Installed In 1993.

11............. -
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The cDmpany is
reusing as much
process water as
possible befDre it
;s treated.

.., The conversion of the kraft softwood digester to modified continuous
cooking. This Improves pUlp deligniflcatlon In the digester and
reduces the amount of lignin that must De removea In the bleach
plant This reduces the amount of material discharged for treatment .

.., The expansion of our Water Quality Center wastewater treatment
plant as a result of production Increases at our WisconSin Rapids
and Kraft diVISions

.., The expansion of our Water Renewal Center wastewater treatment
plant. After the expansion, this piant was able to treat process
wastewater from our Stevens Point Division. This substantially
Improved the degree of treatment of Stevens POints wastewater.

We are continually trying to reduce the volume and quantity of
wastewater reqUIring treatment Some examples of now tnls IS
accomplished include:

=' Consolidated features coating blend-back systems that are being
Implemented to recycle coating after a grade cnange ratner tnan
disposing of the coating.

=' The company IS reusing as much process water as possible betore
It IS treated .

..., CPI has an Internal program to track flow. suspenoed solids and
BOD olscnarge losses on a monthly baSIS

•

.., Consolidated uses a progressive program to assess Significant •
self-Imposed fInanCial penalties if process water Olscnarge targets
are not met.

in addition, we are reducing the quantIties of toXIC substances that
are used or Inadvertently generated during our processes and become
part of our wastewater. The c::Jr.centratlon 07 these toXiC substances III
the wastewater IS usually small. Programs currently In piace to address
these substances are:

.., Evaporator condensates from kraft pulPIng are steam stripped to
remove vOlatile organrc compoundS from the wastewater. The
substances are burned for energy recovery

.., Our chlOrine-reduction program reduces tne amount of elemental
cnlorine useo to bleach kraft puip. This results In reauced amounts
of dioxin [2,3,7,B-TCDD), furan [2,3,7.B-TCDF) and otner chlori
nated organiCs such as chloroform from being generated and placed
IntO the wastewater for treatment. Our t~eated effluents have non·
aetectaDle diOXin levels .

• 1;.11_ 1_ ...,..
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(Continued! ml
L'JL'J!,.,,;..-- o Spill-prevention plans have been developed for each facility These

plans identify potential spill situations and reqUire preventive
measures to eliminate, to the extem possible. any accidental
nonpermltted discharges,

o Stormwater runoff from most cnemical unloading areas nas been
diverted to process sewers, The runoff from these areas IS men
collected ana IS treated at a wastewater treatmem plam.

-AiJ'"a result of the
chlorine-reduction"
program and other
process changes,
the dioxin lellels in
our sludge, to date,
halle been reduced
approximately SS.S%
to about one part
per trillion.

Consolidated IS an Industry leaaer In finding alternatives to ianafill
disposal. In 1983, we became the first paper company In WisconSin to
receive approval to landspread our wastewater treatmem plant sluage
rather than place It in a landfill. This practice took a large part of our
solid waste and turned it Into a valuable soil enhancer ana fertilizer for
farmers in the central WisconSin area. We also developeo a sluage
compostmg operation that successfully operated for years. 80th
programs were voluntarily suspended because of concerns over aIOXIn.
As a result of the chlorrne-reductJOnprogram and ocher process
changes, the dioxin levels in our sludge, to date, have been reduced
approximately 99.6% to about one part per trillion. We recentlv
received DNR approval and have resumed our lanaspreaOlng program.

We also continue to Investigate additional alternatives to lanafilling.
Some of the alternatives we are explorIng include:

o Fiber recovery from slUdge

o Landspreading boiler ash as a liming agent

o Landspreadlng lime sludge as a liming agent

o Use of boiler ash as an aggregate In cement

CJ InCineratIon of our slUdge for energy recovery
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(Continued) III&·1r

. As a result of
this and other
trash-reduction
programs, CPI
was able to reduce
the amount of
trash sent to
landfills by 19%
during 1993.

CPl IS reouClng the amount of trash lanafilled. A recYCling p:::::;-am
has been InstItuted at all of CPJ's facilities. Ellployees recycle office
paper. alumInum cans, glass, etc. Separate o!sposal bins are available to
collec: these recvclables. As a result of thiS and otner trasn-reductlon
piograms, CPI was able to reduce tne amot.::lt of trash sent to landfills
by 19~~ during 1993.

Consolidatea also IS participating In the NatIonal Office Paper
Recycling Challenge. ThiS Involves collecting cfr/ce paper fa:, recYCling.
bUying products containing wastepaper and creatIng a oaper recycling
Initiative. Progress to date Includes meeting aur goal of collecting
1O~D;(, of our office paper for recycling. Prog~ess towara our goal of
bUying products containing wastepaper IS on~olng. We continue to

lnvestJgate the purcnase of products that CO:1r;aln recyclea I,'Jasteoaper.

Whenever possible, barrels are being reolaced With returnable tote
bin systems. ThiS greatly reduces the numoe:- of barrels tnat are land
filled for dlsoosal. Where barrelS continue to oe used. we nave Initiated
a container management policy so chemical losses are minimized and
barrels are properly cleaned and reconditIOned for reuse

For nearly two decades. CPl has provioee a wastepaoe'" collection
site that serves as a depOSit POint for the oualics wasteoaoer. We
have been uSing post-consumer recycled wasteoaoer to maKe
paperboard since 1917. Annually. we recycle about 40.00Q tons of
post-consumer unprocessed wastepaper ana transform It Into paoer
board. Some of me coated paper we produce also contains recvcled
fiDer. Oelnked post-consumer fiber IS used te make our coated reCYCled
printing paper graoes. We purchase nundrecs of tons of reCYCled flDer
each month. OL:; recycling efforts will COntl:lU: to In:rease ::onsolldated
wlil pursue every opportunity to exoand our use of reCYCled fiDer, wnlie ,
continuing to meet our customers' demanas for nlgn-quallty papers,

All of the activities mentioned above are r:<aklng beneficial use of
waste oroducts. ThiS results In less materia: :JBlng placec In oorn
company-owned and mUniCipal landfills

HAZARDOUS
.~ ' •. :''';:;'!-'~.'

MATERIALS/WASTE

We are reauClng or eliminating the genera:lon of hazarDous waste.
This IS accompiJsned by screening all hazaroc:Js-materlal Dur::::nases to
ensure mat all p,oducts are environmentally acceptable CCJroorate
poilcy prOhIbits the purchase of anything that contains asoestos,
mercury. Zinc, arsenic, lead, formaloenyde. P:3, pentacnloroonenolS

t.-
O
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The small amount of
hazardous waste
generated ;s
disposed of in strict
accordance with a/l
state and federal
environmental
regulations.

and trichlorophenols. Whenever pOSSible, we substitute hazaraous
products with nonhazardous ones. We are constantly working Wltn
suppliers to reformulate products to remove hazardous Ingredients.
If possible, we substitute raw materials in order to reduce or eliminate
the generation of hazardous substances or hazardous waste.

As a result of these screening programs. only a small amount of
hazardous waste IS generated and dlsoosed of by Consolidated. Parts
washer solvent and waste xylene from painting operations account for
the majority of the hazardous waste. The parts-washer solvent
currently accounts for about 70% of the nazardous waste generated,
CPl's facilities have optimized the use of these parts-wasner systems.
This has reouced the amount of parts-washer solvent used and the
amount of hazardous waste generated. We are currently worKing Wltn
manufacturers to determine if a reformulated parts-washer solvent will
remain nonnazardous after use, thereby eliminating the generation of
hazardous waste. The small amount of hazardous waste generated IS
disposed of in strict accordance With all state and federal environ
mental regulations.

CPI has a recycling program to collec!: all used mercury vaDor.
fluorescent and incandescent light butbs. These bulbs are being
disposed of In strict accordance With all state and federal environ
mental regulations to prevent mercury and lead contaminatIOn :0
the environment.

We are working on eliminating the use of chemical products that
contalnnonylphenol ethoxylates. Products used at CPI containing
nonylphenol ethoxylates have been Identified. The suppliers have Deen
contacted and directed to reformulate these products or find reolace
ment products. To date, approXimately two-thirds of these prOducts
have been replaced.

J@Q

OTHER ACHIEVEMENTS l
:J CPl's softwood kraft pulp IS elemental chlorine-free [ECF] ana the

softwood kraft pulp we purchase for use In our publication grades IS
ECF. Our hardwood pulp Will be ECF by the end of 1996. In me
meantime. we are committed to purcnaslng ECF hardWOOd pUlp for
use In our publication grades as soon as It becomes available.

•



The enllironmentsl
impact of all
company projects
is assessed prior
to approval, with
an emphasis on
pollution prevention.

-, We have properly removed from service all of our known
t.:nderground storage tanks resulting In less risk of groundwater
C:lntamlnatlon. Tnese removals nave been done In accordance
with DNR gUidelines.

-, ~:: transformers that contained PCBs have either oeen removed 0,

refilled with non-PCB cooling oil.

-, Wherever possible. CPI has replaced Instruments containing
mercury with nonhazardous substItutes. ThiS greatly reduces the
chance of environmental contamination from aCCIDental releases

-, Asbestos insulation is present in many older parts of our manufac
turing facilities. CPI has Implemented asbestos removal programs.
Tnese ongoing removal programs not only "clean up" the workplace.
but they also reduce the chance of any environmental exposure
from accidental releases .

..., The environmental Impact of all company projects IS assessed prior
te approval, wrth an emphaSIS on pollutIOn prevention. An environ
mental Impact review must be completed for all oroposed pro!ects
aadresslng their effects on air. water and land [InCluding nOise].
Oo::umentatlon IS aiso reqUired explaining how comollance wltn all
environmental regulations will be maintained.

-, AI' of our operatrng facilities have active pollution prevention teams
tc define poliutlon preventlon/reouctlon oDJectlves Any pollution
rejuctlon prOject must not have an adverse effect on Duality or
p~ductIVlty. These teams are able to target prODucts for SUOStl
tu:.:on, modify process operations and Install state-of-me-art
co~trol technology.

..,., If_ ._ ._.



ENVIRONMENTAL EXPENDITURES

•
Consolidated remains dedicated to cost-effective compliance with all

federal and state environmental monitoring conditions and permit
limitations in place to protect public health and welfare. To ensure our
compliance. we place emphasIs on capital and operating expenditures
for environmental equipment.

Environmental
Capital

Expenditures
(in millions) 516.8

513.3 ]

: I • I

_ '99.1'99'

S22.7

1992

517.4

] 510.0

19941

Enl/ironmental
Operating 522.7 523.0

522.1 -Expenditures -
(in millions) 516.4

515.3

]_J
1990 1992 1993 1994
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FUTURE GOALS

By the end of 1996, I
we will eliminate I
the use of elemental
chlorine in the kraft
pulp bleaching
process.

:J CPI IS participating m the EPA's 33/50 voluntary reouctlon program.
Chloroform IS CPI's target chemical for the 33/50 orogram Our
goal IS to achieve a 50% reduction, from the 1988 levelS. tor
environmental releases and transfers of chloroform oy 1995.
Preilmlnary data mdlcate that we have already achieved a greater
tnan 50% reduction In chloroform emiSSions. Consolloateo wlii
continue to investigate process modIfications and control tecnnol
ogles to achieve further reductions. At thiS time. we are Dlannlng
to achieve these further reductions In chloroform emisSions 0\

the late 1990s.

:J CPI has a chlorme-reductlon program to reduce the amount o~
elemental chlorine used to bleacl1 kraft pUlp. By the end of 1996.
we will eliminate the use of elemental chlorine In the kraft DUID

bleaching process. Our kraft pulp will then achieve a OOSltlon com
monly referred to as elemental chlorine-free. or ECF Our mecnanlcal
pulps are already bleached uSing a totally chlorine-free process

:J In 1994, our Water Quality Center wlli reduce ItS wastewate"
olscharges of ammonia by 15% from Its 1993 levelS

:J In 1995, our Biron DIVISion will Install equipment tc :olle:: :Jewater
and burn mechanical pulp mill fiber losses. ThiS orolect IS estimated
to reduce suspenoed solids losses to the wastewater treatmenc
piant by aDout 18.000 pounds per day.

:J CPl's manufacturmg facilities Will continue to minimize the amount
of cnlOflne useD t8 CISinrect river vv'ater ana otner fr!2sn vvot.E:r' p;-'Ilor

to use In their processes, In recent vears, many at cpr's faCilities
have reduced the amount of chlorine '...:sed as a bloc;oe A b,cc::Je
replacement for cnlorlne continues to De Investlgatea

.., Consolidated continues to Investigate orocess modifications ana
control technologies to reduce methanol. acetone and methvl etnyl
ketone air emiSSions from our Kraft pUlping process We are
planning to achieve Significant reductions In methanol. acetone and
methyl ethyl ketone air emiSSions by tne iate 199Ds Our Water
Quality .Center IS Cfrentiy remOVing greater than 99% of the
methanol In our V:3scewater.

-.rllll_ 1_
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IEMPLOYEE INVOLVEMENT

tl Help define company goals and policy

• Review processes and operations to determine
where and how materials are used and hazard
ous wastes are generated

u Recommend ways to eliminate or reduce waste
production at the source

~ Find ways to involve sUQPliers and customers

1995
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ESTABLISHING A POLLUTION PREVENTION PROGRAM

r-----------------------------------,

• PRELIMINARY WASTE ASSESSMENT

• DETAILED WASTE ASSESSMENT

• IDENTIFYING POLLUTION PREVENTION OPTIONS

FEASIBILITY ANALYSIS

THE AUDIT REPORT

I
I
I
I
I
I
I
I
I

1995

L_________________ _ ~

IMPLEMENTING POLLUTION PREVENTION MEASURES

EVALUATING THE POLLUTION PREVENTION PROGRAM

MAINTAINING THE POLLUTION PREVENTION PROGRAM

---,rtr.- In T •



IPERFORMING A POLLUTION PREVENTION AUDIT

PURPOSE: Systematically define sources, quantities
and types of waste being generated in
order to highlight process inefficiencies
and generate pollution preventing options.

~ Preliminary waste assessment

.~ Detailed waste assessment .....

~ Identifying. Pollution Prevention options

~ Feasibility analysis

~ The audit report

1995
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ESTABLISHING A POLLUTION PREVENTION PROGRAM

r----------------- -----------------,
PERFORMING A POLLUTION PREVENTION AUDIT

• PRELIMINARY WASTE ASSESSMENT <

• DETAILED WASTE ASSESSMENT

1995

• IDENTIFYING POLLUTION PREVENTION OPTIONS

• FEASIBILITY ANALYSIS

• THE AUDIT REPORTL_________________ _ ~

IMPLEMENTING POLLUTION PREVENTION MEASURES

EVALUATING THE POLLUTION PREVENTION PROGRAM

MAINTAINING THE POLLUTION PREVENTION PROGRAM

~-



IPRELIMINARY WASTE ASSESSMENT

PURPOSE: Gain a basic understanding of each unit
process and operation and their interrela
tionships within the whole manufacturing

process.

~ Conduct initial site survey

~ Define objectives of the waste assessment

~ Develop flow diagrams

~ Develop an audit implementation plan

1995



IPRELIMINARY WASTE ASSESSMENT

ICONDUCT INITIAL SITE SURVEY

e Organize the audit team to be made up of repre
I sentatives from management, engineering, and

plant operations

e[ Sketch dra.wings of processes, sewers, drains,
vents and other material transfer areas

Ask questions of foremen and operators about
process and cleanup operations

1995

'I Collect available site drawings and operating
data

~ Identify data g~s



IPRELIMINARY WASTE ASSESSMENT

POSSIBLE SOURCES OF INFORMATION

• Raw materials use - Purchasing records
- Inventory records
- Vendor information
- Production logs
- Discarded packaging material
- Shipping and receiving logs
- Annual report

• Waste generation - Waste manifests
- Sewer records
- Permits / applications
- Flow diagrams
- Annual report
- Rejected product
- Environmental reports
- Waste collection and storage
- Production logs
- Environmental violations
- Laboratory analyses
- Spill and leak reports

• Production - Operations manuals
- Vendor information
- Control diagrams
- Quality control guidebook
- Production logs
- Flow diagrams
- Product specifications

• Process interrelationships - Product-to-raw material data
- Flow diagrams
- Quality control data
- Dependencies on other processes
- Production logs
- Product specifications
- Facility layout

• Economic information - Cost accounting reports
- Costs for waste handling/disposal
- Costs for materials, utilities, labor, etc.
- Pollution control costs

1995 l-IARZA
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IPRELIMINARY WASTE ASSESSMENT

DEFINE OBJECTIVES FOR THE WASTE ASSESSMENT

tJ:§Pecific unit processes or operations

~ Areas of raw materials losses

~ Wastes that cause processing--problems

~ .Hazardous wastes

~ Wastes with high disposal costs

~ Wastes with high associated safety liability

~ Wastes produced at hi~uantities

4~ Wastes with potential recovery of valuable
by-products

1995
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IPRELIMINARY WASTE ASSESSMENT

IUSEPA'S HAZARDOUS WASTE REDUCTION PRIORTIES LIST I
tj Benzene

~ Cadmium and cadmium compounds

tj Carbon tetrachloride

tj Chloroform

~ Chromium and chromium compounds

~ Cyanide and cyanide compounds

tj Lead and lead compounds

. ~ Mercury and mercury compounds

~ Methyl chloride

~ Methyl ethyl ketone·

~ Methyl isobutyl ketone

tJ Nickel and nike) compounds

tj Tetrachloroethylene

~ Toluene

tj 1, 1, 1 • trichloroethane

tJ Trichloroethylene

~ Xylenes

1995



IPRELIMINARY WASTE ASSESSMENT

IDEVELOP FLOW DIAGRAMS

tl Identify and list all unit processes and operations

tl Summarize information in a flow diagram

1995



IPRELIMINARY WASTE ASSESS.MENT

IUNIT PROCESSES AND OPERATIONS

I UNIT PROCESS:

4~ An activity where material is input, a reaction
occurs and materials are output in a different
form~ state~ or composition

EXAMPLES:
• Fermentation
• Polymerization

I· UNIT OPERATION:

• Adsorption
• Neutralization

• An activity where materials are input, a function
occurs and materials are output, possibly in a
different form, state, or composition

1995

EXAMPLES:
• Material storage
• Filtration
• Distillation

• Evaporation
• Heat transfer
• Crystallization

• •



IPRELIMINARY WASTE ASSESSMENT

A PROCESS FLOW DIAGRAM FOR A METAL
FINISHING PROCESS
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1995
SOURCE: United Nations Industrial Developmenl Organization. and United Nations Environment

Program. Aydn and Reduction Manual lor Indystria' Emissions and Wasles



IPRELIMINARY WASTE ASSESSMENT

IDEVELOP AN AUDIT IMPLEMENTATION PLAN

i Delegate responsibilities within the audit

~ Delegate responsibilities within the audit team

~ Establish goals for the audit

~ Devise a schedule

~ Secure financial resources .....

•• Locate supporting resources (laboratories,
equipment, etc.) .....

•• Organize the above into a complete audit
implementation plan

1995
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ESTABLISHING A POLLUTION PREVENTION PROGRAM

r----------------- -----------------,
PERFORMING A POLLUTION PREVENTION AUDIT

• PRELIMINARY WASTE ASSESSMENT

• DETAILED WASTE ASSESSMENT

I
I
I
I
I
I
I
I
I

• IDENTIFYING POLLUTION PREVENTION OPTIONS

• FEASIBILITY ANALYSIS

THE AUDIT REPORTL_________________ _ ~

IMPLEMENTING POLLUTION PREVENTION MEASURES

EVALUATING THE POLLUTION PREVENTION PROGRAM

MAINTAINING THE POLLUTION PREVENTION PROGRAM

1995
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IDETAILED WASTE ASSESSMENT

PURPOSE: Inventory all mass inflows and outflows
within the system in order to obtain a
detailed material balance for revealing
Pollution Prevention opportunities.

~ Quantify process inputs

~ Quantify process outputs

tJ Construct a material balance

1995



IDETAILED WASTE ASSESSMENT

lL.-Q_U_A_N_I_JF_Y_P_R_O_CE_S_S_.I_N_P_UT._S I

tl Water inputs

~ Material inputs

tl Air inputs ..

995
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Install meters or other flow measuring devices

Account for the effect of recycled water from
other operations

IDETAILED WASTE ASSESSMENT

1__l-v._~_~_E_R_I_NP_U_T._S 1

~ Identify water sources

eJ===R=e=v=ie=w~pr=o=c=e=ss==m=a=n=u=a=ls===================

~===U=n=d=e=rs=t=an=d~p=ro=c=e=s=s=r=e:::::::q=u=ir=em==e=n=ts===========:j

eJ

~===R=e=v=ie=w~p=r=o=c=es=s==in=p=u=t/=o=u~tp=u=t=d=o=c=um===e=n=ta=ti=o=n====

i
.~ Determine methods of water transfer

(pumps, gravity, manually)

.~ Estimate domestic water usage based on the
number of employees at the site

-I Conduct personnel interviews regarding
operating habits

395



IDETAILED WASTE ASSESSMENT

IMATERIAL INPUTS

tl Review raw materials inventory records

tlReview chemical inventory and usage records

tl Reviewreuse/recycle process records

.tl Review waste monitoring records

tl Review permit information

tl Review vendor information

tl Observe discarded packa9Jrrg material

995
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IDETAILED WASTE ASSESSMENT

I~A_I_R_IN_P_U_T._S.-...;", I

~ Install monitorin~ment ·1

~t:::::=R=e=vi=e=w=p=r=o=ce=s=s=r=e=c=o=rd=S==· ================1

!.l Review vendor information .. I

995



IDETAILED WASTE ASSESSMENT

IQUANTIFY PROCESS OUTPUTS

995
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IDETAILED WASTE ASSESSMENT

IPRODUCT AND BY-PRODUCTS

tl Review production records

tl Rev-iew sales records

~ Review inventory records

tl Review shi~ and receivingJQgs

tl Review annual reports

395
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IDETAILED WASTE ASSESSMENT

IWASTEWATER

~ Identify the effluent discharg~oints

-, . Identify where flows from unit operations
contribute to the overall flow

i Design a sampling and flow measurement
program

i Take samples .over a range of operating
I conditions

u Analyze contaminant levels in the wastewater
to determine water quality. (pH, BOD, COD, TSS
metals, specific process wastes)

195
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IDETAILED WASTE ASSESSMEN.T

ISOLID WASTES

tJ Review material inventory records

~ Review disposal. receipts

~ Observe on-site waste stora~ractices

95



IDETAILED WASTE ASSESSMENT

I....A_'_R_E_M_IS_S_IO_N_S I

~ Monitor emissions

~ Estimate emissions by calculations

• Identif emission characteristics b considerin

, Odors associated with specific unit operations

, TIme trends for heavier emissions

, Temperature trends

, Pollution controls in existence

~95
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IDETAILED WASTE ASSESSMENT

II.-R_E_U_S_E_D_A_N_D_R_E_C_~_C_L_E_D_~_~_S_~_E_S I
i Measure and monitor current recirculation
I Quantities

~ Review process ·plans •

~ Determine combined flows

95



IDETAILED WASTE ASSESSMENT

IDEVELOP A MATERIAL BALANCE

~ Standardize units of measurement

Ass~mble the input and output information for
each unit operationi'-t:===================================================::::j

• Include the measured values in the process
flow diagram

tl Use the general guideline that inputs equal outputs I
Use judgement based on non-quantitative
information where data gaps exist

995
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CASE STUDY 1: BEER PRODUCTION

Company A operates a modern brewery in western Europe, producing beer in bottles., kegs and

built tank.ers.The essence of bee.r productiOQ i... th!;.,pr~~i,~ a1Jg. fl:rmellta.tion of malt and

hops in the presence 'of added sugar. Consi4~rabl~--Y()lu~~~.Q~~3;Slewatercontaining high BODI

COD and skpended solids (SS) concentrations,~~' prodLl~d as. a, result of washing of vessels and

associated equipment between production batches.

Company A has been in operation some four years. During this time wastewater flows and

pollution 'loads have increased significantly with production increases., resulting in consent limits

for discharge to the public sewer (pH 6-10 and 500 mgll 55) being exceeded on a regular basis.

The regional water authority recently indicated however that the brewery flows could continue to

be accepted into the public sewer without pretreatment other than possibly pH control and flowl

load balancing at some future date, primary settlement and biol9gicaJ treatment being

undertaken at an extended locaJ municipal sewage treatment worlts.

The water authority also informed Company A that a capital cost contnbution towards the

planned sewage Vrodes' extensions would not be necessary and that the normal trade effluent

charging system would be applied whereby charges varie'd according to variations in flow and

pollution loads (COD and SS).

The current trade effluent charges amount to USS332,OOO per annum and are expected to

increase by 10% shortly. After considering the liltely implications of the increase in effluent

charges, the company decided to appoint a firm of consultants to carry out a waste audit and

waste reduction study to investigate the possible ways of minimising waste disposal costs.

The following case study dcsaibes the waste audit/waste reduction procedures carried out.

PHASE1:PREASSESSMENT

Step 1: Audit Focus and Preparation

Two chemists from the consulting firm's staff were allocated to carry out the required investiga

tions, assisted as necessary by one of Company A's brewing technologists.

With the support of senior management, the audit team first organised an in-house seminar. This

enabled the study procedures and objectives to be outlined and helped to ensure the full c0

operation of production staff.

With the help of the brewery's engineering staff, a V-notch weir was then installed in a manhole

where all the various effiuents combined so that the flow could be monitored continuously using

an available ultrasonic leveVnow meter and associated chart recorder.

39
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Si;h'~ :::1 automat~c sampl:r was not r::a~:;l:: .. -.;';'1,; ': "':-:5 ~ocicl,;d that composite 53:T.p!es

would be taken daily by combining man:.lally-t::d: j, sam:,ies in proportion to Oow. It was also

established tbat the brewery's laboratory Wil, ':'~~!-cquippcdto carr:" out the re.quired wastewater

analyse:..

In view of the scale of the brewery operation!; and the time and budget constraints imposed on the

project. it was decided that the study should concentrate on:

• water usage aspects (rather than attempt to obtain a complete materials balance);

• investigate methods of reducing COD and 55 loads discharging to drain.

In order to put the brewery operations in perspective from a waste management viewpoint. a

preliminary check on wastewater and pollution loads discharged per cubic metre of beer pro

du'ced was carried out based on past records of water usage and product data together with some

limited information on combined wasteWater strength.

It was concluded that. in general. the brewery operated with a very low degree of water wastage

v.ith most of the usciul by-produCls or wastes already being recycled or recovered for off-site

dis~. These aspects had been considered at an early stage in the design of the brewery and

had clearly paid dividends in reducing waste volumes and pollution loads discharged. Neverthe

less. it was considered that there wa.. still scope for further waste saving measures to be imple

mented.

The success of the measures already practised can Ix: illustrated as follows:

Table 1: Waste Contributions from Beer Production

WaSlewaler Aow Im~lm~ beer)

BOD Loaa (kg1m3 beer)

Company A

2
4.1

Typical
Brewlry

(I)

7
4.5

Old
Brewery

(D)

7.S

(a) Based on the consulting firm's project experience elsewhere
(b) Based on da~ published by WHO, 1982

Another factor in favour of Company A is that most of the beer is transported from the brewery

in road tankers rather than bottles or kegs, both of which give rise to more waste being produced.

This simplifie!\ the brewery operations and makes for more efficient and economical operation

in terms of water consumption.

c
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CaM Study 1: Beer PrOduction

.•,

Step 2: Ustlng Unit Operations

The study team started off the waste audit/waste reduction programJ;ne by becoming familiar with

all the various production stages. This was done by walking around the plant with the brewery

technologist and collecting relevant information from departmental records. It was found that so

much data were being collected that a me was opened for each key area within the brewery.

The various unit operations were listed as in Table 2.

Table 2: Major Unlt Operations and Brief FunctiorulJ Description

Unit QperalIon Brief Functional OelCtlptlon File No.

Bfewnoull Processing of malt. hopi and sugar to
prOduce 'wort'

Fermentation Fermentation of chjl~ "wort' 2

PrOdue:t Treatment Cerrtrifugation, filtration. carbonation. 3
colouring and final polistllng and pu:leurrain;

Dispatch Bottli~, keggi~ and bulk tanker fllli~ 4

Step 3: Constructing Process Flow Diagrams

A schematic flow diagram was then compiled to illustrate the various unit operations within the
brewery (F'tgUl'e 1).

Once all the unit operations had been identified and described., the audit team proceeded to

gather data on water usage, wastewater output and waste recovery.

41
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PHASE 2: MATERIAL BALANCE: PROCESS INPUTS AND OUTPUTS

Step 4: Determining Inputs

The audit team first proceeded to gather data on material inputs. concentrating on Water usage,

both {or the brewery process asawhote 8.hd {or.indj~dual uiLit operations. These activities are

described funher in StepS. ., ;': .

Step 5: Recording Water Usage

The total water conlOumption (rom ~ter meter readings for the previous three montb period was

(ound to be 247,500 m3, equivalent to an average 2,750 mJ/d.

This included a smail domestic water allowance, evaporation mue·up and water entering the

beer products as weU as general washdoWD water Cor equipment (or cleaning operations.

The audit team tben proceeded to examine how Water usage was split between the various unit

operations.

Step 6: Measuring Current Levels of Waste Reuse/Recycling

No attempt to quantify tbe alent of CUJTent waste reuselrec:ycling was made during the waste

audit programme since it was felt that this would bave involved a considerable time input dispro

portionate to the likely benefits obtained.

However, it was noted that reuse o( caustic and sterilant rinses (ollowing discharge to drain of

initial water rinses generally formed an integral pan of the automatic cleaning-in-plac:e (CIP)

system employed Cor equipment washing.

Step 7: Quantifying Process Outputs

The principal process outputs of concern were the wastewater discbarges arising from production

operations and also the beer products themselves.

It was also Doted that minor domestic sewage contributions discharged to the same drainage
network as the brewery process wastewaters.

The audit team then proceeded to quantify these outputs.
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The tot31 wasteW:Her flow recorded during :a [wo-w~e1: I.!•.:;:;;itor:'l/b r,··,i;:xj :IV.;:.!Jed 1.7JO mJ/d. It

was noted, howevet. from the flow patterns during ca::i:1 day :h.11 wast~watei discbarge.s were

extrer;,dy variable with a peak flow rate of up to 100 m:'/':, oc·;urri:lg when a hot W:ltcr tank

overflow was discharged. On the basis of thi~ and a number of other assumptions, the audit learn

estimated that the maximum flow on anyone day could reach 2.600 rnJ/d

The corresponding combined wastewater pollution loads averaged 5,980 kg COOld and 1.500 kg

SS/d. These figures equated to waste quantities per cubic melre of beer produced of 2.1 mJ, 7.1

kg COD and 1.8 kg 55. Assuming an average COO:BOO ratio of 1.7, the corresponding BOD

waste load was 4.2 JcgimJ beer produced. These unit wastewater flow and BOD load contribu

tions proved to be similar to the approximate estimates calculated in Step 1.

An estimate of domestic water usage and hence domestic sewage discharges to the trade effluent

drainage system were also made. togeLber with an assessment of the quantiry of water entering

the beer products. Calculations indicated that these additional outpUl.$ averaged a total of 850

m3/d, of which only 10 m3/d (14{) employees at 70 litres per head per day) related to domestic

sewage.

Studies were then carried out to develop a breakdown of the main process outputs (wastewater

and product) for each Itey unit operation. This involved sampling and flow measurement of

individual discharges around the brewery. Since the volume and composition of some of these

discharges varied considerably with the type of beer produced, the survey was undertalcen over

several weeks to allow a realistic assessment of the situation to be made.

Step 9: Accounting for Gaseous Emissions

Gaseous emissions were not of particular concern in the context of the terms of reference drawn

up by Company A (or the study. However. it Was nmed that the brewery boilers were gas-flred

and that boiler flue-gas emissions were discharged via a tall stack such that they were not likely

to give rise to any concern.

It was noted that if control of alkaline wastewater discharges associated with u.~ of caustic scxia

in the CIP systems proved to be necessary in the future (a possibiliry if alkaline waste discharges

could not be controlled at source), then use of acidic flue-gas (a source of carbon dioxide) could

be considered for this purpose.

The audit team also observed that pockers of carbon dioxide in the fermentation areas could

cause problems of drowsiness amongst the brewing staff and that improved ventilation would help

to ensure their general health and safety.
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Step 10: Accounting for on-Site Wastes

At the time of tbe survey. wastes produced (Qrtr:a,nsp.ortation and di~posaJ off-site were li.mited

to spent grain and bops generated in th~'O~~~~~~ by-p~od~ets. These were disposed of off

site by .a local farmer. forcattJe.(~ and as a soil conditioner respectively. at no cost. to the
. brewtry:tt;liuquantities·w~re'~~timated at some 25.000 tonnes (wet weight) per annum.

" . .....

Step 11: Assembling' Input and Output Information for Unit Operations

As previously indicated. the prime interest in this waste audit and reduction programme was (0

concentrate on the potential for reducing wastewater and associated poUution loads.

Hence, for the purposes of the project in question. the material balance was confined to consid

eration of water issues only.

Step 12: Deriving a Preliminary Material Balance for Unit Operations

It was decided t~ conduct a preliminary material balance for the brewery as a whole, based on

water usage, before embarking on the more complicated step of obtaining a balance for each key

unit operation. This·was then constructed as set out in below.

..

~ mJ/d

Water 2.750...
~ er.-ty OperationS

J.

~ mJ/d

DomestiC Sewage 10

Product SoW

Wut.wawr 1,730

Total 2.580

4S



,::1, J '18: f;vaiuaUng tile Material Balance

Th: l7l:l:t:ria1,a1ance v/ith respect to overall water usage showed a rema;ka)!~" ~;,~J agr::-em:nt,

the a....crag~ daily water i:lpU! amounting to 6.6% above the daily water output :'::.s:.:s.;;ed.

Although raw materials i:1 the form of maJt, hops, sugar, additives and other proccs,. chemicals·

and also wastes disposed of off·site - had not been included in the balance. it was noted that

these items ar::: relatively small in the case of breweries where water is the dominant raw material

used.

Step 14: Refining the Material Balance

On studying the data coUated, it was observed that no allowance for evaporation had been

included in the material balance and that, from tbe consultant's previous experience of brewery

operations, evaporation aJone could account for up to 5% of totaJ water usage. This allowance

therefore effectively closed the smaJl diffcrcnce between water input and output indicated in

Step 13.

The waste audit team then proceeded to build up materiaJ balances for all !.he major unit opera

tions within the brewery. 'Wben this work had been completed, they felt that they had gained

considerable knowledge about the various production activities, their inputs, outputs, wastes

and operationaJ problems.

- '11M II_ , .. -



PHASE 3: SYNTHESIS

Step 15: examining Obvious Waste Reductlc;m Measures

• reduction in volume, BoDe and/or SS load of the wastewater produced in the brewery;

• reduction in the BOD" and/or SS load of the wastewater discharged to sewer by pretreatment.

(e or rather COD, as used in the water authority's charging formula)

In the light of a comprehensive examination of the waste producing areas. it was possible to study
both these aJternatives. To assist the investigations into waste saving possibilities, reference was
made to available information (incl1;1ding database) sources., as well as the consultant's own
experience of undertaking similar projects.

The various sections of the brewhouse were studied in turn as follows.

a) B~hou.se

The two principaJ discharges in the brewhouse were the drain from the Lautertuns and a 7!f'C

bot water tank overflow. Together these contributed U% of the total wastewater flow from
the brewery.

Study of the flow and anaJytical data obtained indicated that the Lautertun drain contributed
3.5% of the flow, 23% of the COD and 4% of the SS load. Discussions with the company
indicated that it should be possible to store this waste flow for use as make-up water for the
subsequent brew and that this should be possible without detriment to brewing standards. A
15 m3 stainJess-steel storage tank with associated pumps. valves and pipework would need to
be instaJled with the advantage that the system would:

• reduce raw water costs;

• eliminate effiueDt charges previously incurred by this discharge;

• reduce energy requirements since the liquor returned as make-up water would not need
h~

• eliminate existiDg shode load discharges from this source which should remove any need
for flowlload balancing of the total site wastewater flow.

The hot water tank overflow accounted for nearly 9% of the toLlJ wastewater flow. Since this
water was clean and bot, continual reuse was the obvious possibility. Unfortunately this
proved to be impos&blc owing to the spasmotic production of this water.
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~, : 1 b; i:np<Y...sib!c ov.ing to the spasmotic piOC:.l..:r;):'l of
:.: ::"... 7SC'C t:inK Wil5 v:ry large however, it was ccnsid::red t::..:;t; :.::'':~':;h ; \: .. ,:~c,:; ,

;"-" ~\)Jld be '.:tuised if the supply for reuse was taken part way d~"':.MI ~j~c :~.:-,:~ r~~il~r t:1;';,1 :~();n

,:-;.: o....:rflow wben it occurred.

Reus: of thi~ water would be preferable in a process that consumed hot water at approxi

mately tne same rate as the 75"e hot water production. that is 150 m3/d. The only process in

the brewery which utilised this quantity of hot water was the pasteurisiag machine which had a

water consumption of some 170 m3/d. However, all of this flow was not hot water sinc~ a

temperature gradient had to be maintained within the pasteuriser to ensure that bottles were

not warmed up or cooled down too rapidly.

It was considered that the 75"e hot water should be injected directly into the pasteuriser to

replace the heating of cold water to 600 e. In addition, the hot water could be blended v.ith

the supply of cold water that already existed to give the required temperature prome

thoughout the pasteuriser. It was estimated that such a system would enable at least 75 m3 of

the excess hot Water to be reused each day.

b) Fermentation Cellar

The majority of waste produced in this area of the brewery originated from the eIP systems.

the discharges from which contained a high eOD load due principally to the high yeast

content. With the exception of the initial rinse from pre-fermentation stage gauging vessels.

the initial rinses from other tanks· fermentation tanks. storage vessels and yeast recovery

vessels· all exceeded 6.(0) mg/l eOD and together accounted for over 90% of the COD load

produced in the fermentation cellar.

Proposals for reducing/treating these discharges were developed as foUows.

Gauging Vessels

Possibilities for reducing the pollution load from this source of elP effluent were limited as no

yeast was present which could be filtered out. However. reuse of the relatively-clean fmal

rinse as the initial rinse for the next elP wash would reduce the effluent now to drain by a

total of 26 m3/d from 8 vessels.

It was also noted that the cau.<;tic wash from the brewhouse which occurred usually every week

was discharged to drain from these gauging vessels every weekend and that this, together v.ith

the acid wash from Wort Kettle No.2 di!;charged via a fermentation (balancing) tank, bad a

major effect aD the combined wastewater pH giving values frequently outside lhe allowable

pH range for discharge to the public sewer of 6-10.

Tests showed that if the acid and caustic discharges were run to drain together, the neutralis·

ing effect of the acid on the caustic was neglible owing to the different volumes, strengths and
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Cue Study 1: Beer PrOCluC'tlOn

neutralise the predominant ca~tic load, it was envisaged that dosing up the system by

,'providins additional holding'tanle Capacity would be suitable. This could be achieved using a

~" '. ': '··sirn,iir~n:angemeri.(t~the'eij~iing el~ed CIP units in order t~ standardi~~ on equipment: it

, ~t:iliId;edtlt~ ~mU~~l'noV;Sto drain, raw water costs and also chemical-cleaning costs.
':. -:, ... ". . . .', .

Fermentation Tanks

The load produced by the initial rinse was (ound to be 210 kg COD/d and 150 kg SS/d which

could be reduced by at least 75% by passing the rinse through a yeast press. It was considered

that the final CIP rinse could also be reused as the initial rinse, reducing e(fluent flow by 25

mJId from 8 tanks.

As referred to above, acid washes (rom the brewhouse were being discharged from the

fermentation tanks; on occasi~ns, these depressed the pH to 2.4. Containment and

recirculation via a new CIP unit was considered to be the most suitable and practicable

control measure.

Storage Tank.!

The initial rin.'ie in the CIP sequence was found to contain 75 kg COD/d and 10 kg SS/d. It

was estimated that passing these rinses through a yeast press would reduce overall loads from'

this source to 22 kg COOld and 3 kg SS/d. Also, reuse oCthe final rinse as the initial rinse of

the nexl sequence would reduce effluent flows by 5 m3/d.

Yeast Recovery Plant

Discharges (rom centrifuge cleaning were difficult to arrange at the time of the waste audit

and reduction investigations. However, from visual observations the initial rinse clearly

contained a significant quantity of yeast and so it was recommended that such wastes should

also be passed to a yeast fllter press. Similarly, recovery of the final rinse and reuse as a

subsequent initial rinse was proposed. It was also suggested that the initial rinses from yeast

storage vessels should be rtltered through a yeast press.

Company A had already purchased a new yeast press to ft)ter yeast liquors which at the time

were stored until press capacity became available. This proposal was expected to reduce

storage requirements' allowing a small amount of beer recovery (press mtrate) and elimina

tion o( the frequent storage tank overflow.

Therefore, instead of treating each of the (ermentation cellar discharges separately which

would be uneconomic, the audit team considered that the proposed filter-press in.uallation

for the yeast recovery area should be arranged to CUter the initial rinses from (ermentation

tanks, storage vessels and yeast recovery equipment. This wouJd not only prevent the majoriry

of yeast (rom flowing to drain but would enable its recovery (or resale to a food manufacturer.
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,:,/o';,Jcr Equor containing yeast that had to be cJ:.t·.V: '.
',;') '.;):'1 ;h; 5(Orag:: tar.ks when the yeast storage vessels w_'.r:; bOo:, n°.: '>: ;;:.:~;.:d

:.; '10:1 :;.: Y'.~~ ,~.:..:~c ~'u:r recovered. The expected increase in .flow ((j the ~;rop('l~ccl ;:.l1,=r press

Wo:lS ·::>t~1td ;:( 50 mJ/d containing 100 kg SS/d, weU within the unit's d::si:;n o;;.ap~city.

c) Trea:mcn: Celiar

A m.:mi:>er·of waste :;aving options were recommended for this area. The principal measures

proposed related to the bouling and kegging areas. The pos.>ibilities of utilising the 75;)( hot

water tank overflow for the pasteuriser supply have already been highlighted in the brewhouse

section above. The audit team felt that the water tlov.ing out of the pasteuriser co'lld be used

as an initial rinse Lot the bottle washer.

The existing boule washer system used 9 mJ,'b fresh deionised water. It was proposed that the

final sparge pipes should continue to be supplied with deionised water but that the pasteuriser

water be used to supply the remainder and also for continual replenishment of the Water in the

final rinse tank. Main~ water would be pro\ided as a standby supply in the event for any

reason that the pasteuriser water ceased.

In the kegging area, dumping of returned beer to drain was occurring periodically giving a

very significant rise in BOD and COD load during the dumping periods.. It was indicated to

the company tbat separate disposal possibility directly to land, should be seriously considered

as often adopted by other breweries. It was noted, however, that this would require the

permission of Customs and Excise officials and be subject to the beer being dCSlroyed in an

approved manner such as by dyeing.

Step 16: Targetting and Characterizing Problem Wastes

Following completion of Step 15, the audit team realised that significant reductions in wastewater

flows and pollution loads could be achieved by carrying out all the improvement measures high

lighted, all of which were relatively straightforward to implement.

It was decided it would be useful to obtain an overall picture of the Waste savings which could be

achieved. Thus, a summary of the existing and proposed reduced waste contributions for the unit

operations highlighted in Step 15 was drawn up as presented in Table 3. At this stage, 00 allow

ance was made for the benefits of avoiding returned beer being discharged to drain since this was

dependent on future discussions with Customs and Excise personnel.
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Table 3: Summary of Existing and Proposed Reduced Waste Contributions

Unit Waite Exilting Recommendabon Predlet.d
Operation o.lCl'Il)bon CompoSitlon Composition

m J kg kg mJ kg kg
COO SS COO S5

Lautanun Final run to 60 1392 60 Reuse 0 0 0
Crain

750C Hot Water ev.rlIow 150 50' reuse u mak.~p

Tank for pastaurisar 75 0 0

Br.wnouse Caustic and 36 152 16 Installation of CIP unit 0 0 0
V....ls aCIdic wasn at

wHk.nds

Gauging CIPwasn 26 Reuse rinsewatar 0 0 0
V....tl

Ferm.nting CIPwasn 5S 248 188 Reuse and yeut ~ 52 4.oC

Vassatl separltion

Storag. Tankl CIPwaan 17 89 13 Reuse of nnsewafers and 12 22 3
pr.SSlng of Initial nnse

VUlt StoraQe CIPwUll 2 17 V.ut rKiOY8ry 2 4 0.2
and~ry

Pasteuri'" Procnswater 100 AI~ In bottl.wuner 0 0 0

Total .se 1898 278 129 88 47.2

For flow, COO and 55 load savings of 327 m3/d. 1,810 kg COOld and 230 kg SSld (ref. Table 3),

the predicted reductions on the total Wastewater discharges assessed in Step 8 were approxi-
mately 19%, 30% and 15% respectively.

Step 17: Segregation

In formuJating a series of recommendations for waste reuse and recovery which couJd be imple

mented relatively quiclc1y (ref. Step 16), the waste audit team had recognised at an early stage

that waste segregation would form an integral part of the waste reduction strategy.

The proposals were discussed with the management who, in principle, were in agreement that

the various measures put forward were sensible and practicable, subject to the audit team being
able to demonstrate that the likeJy long-term cost savings to be achieved wouJd be appreciable.
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Step 18: Developing Long-Term Waste Reduction OptIons

Prior to the water authority stating that t1u~~gease in local se~agc:}.r.e~tQ1ent works capacity

would not req\1ire a capitJl ~ntribtlti()nrtom Company A, the brc~ery's·Waite rn~agement
:' 'Ii- ....Ji).t/' ;.. h{.~-... .-< :,-;', ' ' .. , .',v. - . " ' -. ~ '- . . .

consulrms had prepared preliminary plans for an on-site pretreatment pl~tba$ed on pH

controi. balancing and oxygen activated sludge treatment.

This compact treatment option had been selected in view of the limited spare land area available

on site. An additional attraction was the reduced risk of developing filamentous, poorly-settling

sludges compared with conventional air activated sludge systems treating brewery, or similar

wastes, having a high soluble carbohydrate content.

However, in the light of the water authority's subsequent proposals and a comparative economic

assessment of the two alternatives - discharge of untreated combined wastewaters (or, at worst.

following preliminary treatment only) plus payment of trade effluent charges, or partial biological

pretreatment plus payment of reduced trade effluent charges - plans for pretreatment facilities

on-site were shelved pending the outcome of the waste audit and reduction investigations.

The audit team considered that if the good housekeeping measures as outlined in Step 16 were

implemented, particularly tbose relating to the reuse of the significant pollution load associated

with the Lautertun drain and tbe control of caustic and acidic discharges, then future pH

control and flowlload balancing oC combined flows in order to ensure compliance with discharge

standards would not be necessary.

Step 19: Environmental and EconomIc Evaluation of Waste Reduction
Options

From the waste saving studies which were orientated around possibilities for reuse/recycling and

recovery, it was clear that following implementation of the measures drawn up the net discharge

of wastes to the environment wouJd be significantly reduced. Thus, there would be a dear

environmental benefit.

The audit team then tabuJated the estimated trade effluent charges with and without allowance

for the proposed waste saving measures (Table 4). This enabled the potential savings in these

charges to be identified.
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T :1;;~~ A~·~ .., , . :~iimt Chargeo
....~"'.ti-".•.}..;.'o;.' '#j':"''''~' .• ...a:.i'~ ...~~..... ........--.

~j·I·1~' ""'II$'l Sstimated Estimated Estrmated
~r.:\).:'!~ J ....~j~:Jon Current FI4Klllced Savings 11'1

Charges Charges Charges
USSlsnnum USSIannum USSJannum

Laulertun Fin!l run to 58.000 0 58.000
dr:1ln

75° Hot Water Tsnk CN,rtloVl 7.000 3.500 3.500

BrewhouM Vessels Caustic and 7.800 0 7,800
AcIdic Wash at
WMktnds

Gauging Vessels CIPWash 1.200 0 1.200

Fermenting Vessell CIPWash 25.000 7.000 18.CXXl

Storage Tanks CIPWash S.CXXl 1.500 3.500

Yeut Storage and CIPWash 800 200 600
Reeoyery

Paustenser Process Water 04.300 0 .,300

Total 109.100 12.200 96.900

The trade effluent charges listed in Table 4 were then compared with the expected total trade

effluent charge {or the existing combined wastewaters, estimated at USS365,O:X> per annum {or

the forthcoming year. This indicated a 26% reduaion resulting {rom implementation o{ the flowl

load reduction proposals.

Based on the data set out for Step 16. the reduced average flows aod loads would be some 1.400

m3/d, 4,170 kg eOD/d and l.270 kg SS/d. Thi.<; corresponded to reduced average waste quanti

ties per cubic metre o{ beer produced of 1.7 m3, 5.0 kg eOD and 1.5 kg SS.

Further examination of all the waste audit data obtained indicated that peak wastewater flows and

loads on anyone production day could rise to 70% above these average discharge levels. How

ever, the assessment of trade effluent charges based on average discharges Was considered to give

a realistic estimate of the savings which could be expeaed over a full produaion year.

The audit team appreciated that in addition to savings in trade effluent charges., there would be

other cost benefits which were difficult to quantify during the time-frame of the consultant's brief

but which included costs associated with raw water, energy and the probable elimination of

combined wastewater treatment which would otherwise be required to meet discharge consent

conditions consistently.



Case Study 1: 8Hf Production

It Was also recognised that some capital expenditure would be required to implement the pro

posed waste reduction programme. It was agreed with the brewery management that this aspect

was best costed by their own engineering staff but that since the capitaJ sum!i involved would be

relatively small compared to the company's capital expenditure budget for the current year, and

related to progressive improvements in the brewery production operations. the company wouJd

be likely to accept the waste savings proposaJs on the basis of the significantly reduced trade

effluent charge savings alone.

Step 20: Developing and Implementing an Action Plan: Reducing
Wastes and Increasing Production Efficiency

The results of the waste audit and waste reduction studies were formally presented to Company

A's manageme':lt in the form of a technical report. The recommendations made were accepted

and plans were then made to implement the recommendations.

The waste audit had provided a sound understanding of all principal source!i of waste arising

within the brewery. Funhermorc, the brewery technologist assigned to assist the waste audit

team had benefitted greatly from being involved in the step-by-step approach adopted by the

company's coDSuJtants.

It was considered that the experience gained by the brewery would enable company staff to take

the lead in any future waste audit programme, particularly the assessment of the actual waste

reductions achieved following commissioning of the plant modifIcations and additions proposed.
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Case Study 2: Steel pickling

Autonut Limited, a manufacturer of nuts and bolts for the automobile
industry. purchases 25.000 tonnes per yea; of rod steel from a local steel
mill. The rod steel is machined into nuts and bolts in a series of processes.
Steel develops a surface coating of oxidized iron. called scale or rust,
which must be removed before machining begins. This rust and scale is
traditionally removed by chemically reacting steel with sulphuric acid
(H:SO) or hydrochloric (HC]) acid. a process called pickling.

In the pickling process. steel is immersed in an acid bath which dis
solves the scale and some of the iron. The steel is then removed from the
bath and the acid is rinsed off. The steel then receives selected coatings
and continues through the manufacturing process. Pickling causes an
increase in the iron content of the acid which reduces pickling efficiency.
Fresh acid must be added to the bath to maintain an efficient reaction rate.

Eventually. the iron content becomes too high for effective pickling and
the spent pickle liquor must be replaced with fresh acid. Sludge which has
settled to the bottom of the pickling tank must also be removed. Disposal
of this spent pickle liquor. sludge and pickling rinsewaters creates a
potential pollution problem.

Autonut had installed a high speed sulphuric acid batch pickling line in
1980. However. since the process was commissioned, environmental
control regulations had tightened considerably. As a result. the company
faced confrontations with regulatory authorities on air and water pollution
as a result of acidic air emissions and discharges of high iron content and
acidic rinsewaters which exceeded municipal by-law levels. As well
Autonut paid about $380.000 annually for haulage and disposal of the
spent pickle liquor.

Costs of fresh acid. water. electricity and labour were also increasing
and the company wanted to increase its production capability.

What was the best and most cost effective solution to these problems?
The company staned off on the right track by conducting an in-plant study
or waste audit of its pickling and waste treatment operations. As you wilI
see, the company adopted a waste reduction strategy and increased its
production efficiency while resolving pollution problems resulting from
fumes and wastewater and it eliminated the expense of waste acid dis
posal.

Following is a description of the approach taken. Autonut management
appointed a senior engineer to organize a team of employees to carry out
the waste audit and subsequent waste reduction plan. The team consisted
of the engineer, the pickling supervisor and a chemical technician. All
other employees were made aware of the importance of the work through
a newsletter and regular bulletins.



Pbase One:Understanding the processes in your plant " .

Step 1: Listing of unit processes
,". '.

:~:r
)

,,~

The engineer staned off the study by walking around the pickling and
waste treatment facilities. listing all the unit processes and making notes of
their respective functions and use. He solicited opinions and assessments
from all the plant supervisors who were familiar with the day to day
operations. The unit operations are listed in Table 1. Extensive observa
tions on how the units were operated were also recorded.

Tabl. 1: L1stlnll af Unit Prac....

Unit Proass

Pickle Tanks (2)

High Pressure Spray Rmse Tank

Fume Scrubber

Storage Tank for SO"k CauSllc Soda

Neuuahullon Basm

Funcllonal Dtscrrpllon

17.5 m'. steel. rubber lined

30 spray nnSl: noules. supphed by )000 Umln pump

Packed bed wet scrubber'" lib Internal recycle

Bulk storage 120 m'l

Basm wllh rudImentary solids removal

In order to address the most pressing air and water pollution problems and
the costly disposal of spent pickle liquor. the team agreed to focus the
waste reduction audit on the following operations: pickling tanks. spray
rinsing. fume scrubber and wastewater treatment. However. studies of
other operations. (e.g. surface coating and steam generation) could also
pinpoint additional areas of wastage and losses.

Step 2: Constructing a process flow diagram.

A flow diagram was then prepared to illustrate the interrelationship of all
the unit processes (Figure 1). The engineer presented this process flow
diagram to the team.
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Phase Two: Defining Process Inputs.: -'.~~. '-:':'.'. .: '_ ',; - ,_ ..

Step 3: Determining resource usage

The waS'te:red~ctiol1 audit team assigned the engineer and chemical techni
cian to determine-:-the anriual,.tlowrates and the compositions of the inputs
and outputs. They'drew up a table listing the annual consumption of all the
raw materials used (Table 2). The sulphuric acid was purchased at a
concentration of93%. The caustic was 50% sodium hydroxide. Since acid
and caustic was also used by other areas in the plant, purchasing records
could not be used to estimate annual consumption. Therefore. usage of
acid and caustic in the pickling plant was measured during a typical
production week and extrapolated for the full year.

To simplify matters the engineer estimated that the annual purchase of
steel rod consisted of 24,750 tonnes iron (ignoring the fact that steel
contains other elements as well) and 250 tonnes of FeO (to average out the
iron and various iron oxide components in the rust and scale).

Tabll 2: AAlual uugl af raw utlrlils

A"""ol Ro"'" Mat~nal Usag~

/01/ to"n~s pa .\·~a' ~zp"ss~das tla I

Utili

P,oass

PickJin,
High Pressure RinSing
Fume Scrubber
Neutraliullon Basin

S"lph",ic
ACId /9J'k1

660

Rot/Stul

:!5.000

ea"slle
(50<;;'1

106

Step 4: Raw material storage and handling losses.

Due to the nature of the two major raw materials. steel and sulphuric acid.
it was considered that no significant handling losses were occurring.
However. company records did seem to indicate that length of storage
time for the steel might have an effect on the actual pickling times re
quired, probably due to increased rust fonnation. As part of the audit the
waste reduction team undertook to measure the weight loss during pick
ling of samples stored for different lengths of time.
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The water was consumed as follows:

Step 7: Identifying process outputs.
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Table 3: Waler Consumpllon

TOlal "'Oller consumpllon

Male up "'Oller In the pICKling Lank
Steam ~enerallon

WOller used 10 nnse the steel
Scrubber'" aler

The next step '';''ilS ro account for th:: .... .. ;~Jlj:?

pbnt. The total water consumption in !~C _,j ':.. '~;;:;': ':J,ticd at
29.700 m.1 per year (equivalent to toontS ::;;:,';.:;" I.••; ~j' W::l[';:;' ',.,'2.5 USCG

for the baths. make up, rinsing. steam procI.:c!io:: Jild c!e:m-u!J'
Flow measurements of the spray rinsewate,s indic.:ned that most of the

water consumption was for rinsing only. The engineer observed the spray
rinse system in operation and made a note that this was a definite area for
waste reduction.

The engineer observed the pickling tanks in operation on several occa
sions and noted that the live steam injection (direct injection of stearn into
the pickling tank) which was being used for heating and agitating the
pickling bath did not seem to be giving uniform and thorough agitJtion to

the acid solution. This could affect the efficiency of the pickling process.

It was noted that no wastes were reused .at the pickling plant.

Step 6: Measuring current levels of waste reuse.

The engineer and chemical technician also drew up a list of outputs which
included product, intermediate flows within the pickling plant. airborne
emissions, wastewater sewered and wastes which were hauled away for
off-site disposal. All the process outputs were recorded in Table 4. The
amount of descaled fod steel produced was easy to determine from pro
duction records. Steps 8 and 9 discuss how the wastewater and wastes
were detennined.

Steps 3 to 6 H'ere
concerned with the
inputs to the pickling
plant and wastewa
rer treatment. Steps
7 to 9 are now
concerned with
defining the outputs
from these opera
tions.
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Step 8: Accounting for wastewater flows.

All wastewaters discharged to the sanitary sewer from the pickling and
rinsing operations were pH adjusted. The wastewater discharged to the
sanitary sewer was analyzed and the flowrate was measured. Of the
27,000 mJ/annum discharged. 24,300 mJ/annum was from the rinsing
operations.

Records of wastewater discharged to the sanitary sewer indicated that
the pH of the effluent was subject to periods of overdosing and under
dosing of caustic. In addition, the public works authorities were concerned
with the large amounts of iron hydroxide being discharged and were
threatening to prosecute Autonut for violations of the sewer use by-law.

Step 9: Documenting wastes stored and hauled off-site for disposal_

According to waste disposal records. 2.191 t1a of spent pickle liquor was
disposed of at a local oil recovery facility at cost of $361.000 per year. In
addition when the pickle tanks were pumped out. considerable sludge (100
t1a) was found in the bottom of the tanks. This sludge (ferrous sulphate)
was shovelled into containers and dumped in a sludge drying area. allowed
to drain and then hauled off-site to disposal. The quantities of waste
hauled off-site to disposal are recorded in Table 4.

Operators added acid as they observed that pickling rates were decreas
ing. The iron concentration was monitored and when it reached 7% iron
by weight, acid was no longer added and the whole bath was dumped.

An old analysis of one spent pickle liquor bath determined that the free
acid content was 4 percent H2S0

4
, One shipment of the pickle liquor

sludge had also been analyzed. The iron content was determined to be 25
percent and the total sulphate was 31 percent.
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Step 10: Listing of process input and output information.

Using the basic mass balance principal of "what goes in. must come out"
the engineer decided to list all the input and output information in order to
determine the adequacy of the information already accumulated.

The team drew up a list of the inputs and outputs (Table 5) and decided
what parameters were imponant for each input/output. In addition to the
total quantities, the team realized it would be necessary [0 track the major
chemical constituents. total sulphate and iron. Tracking the sulphate ion
was imponant because it indicated the consumption of a primary raw
material. namely sulphuric acid. Iron was also imponanr because it was
the major contaminant of the waste streams and its concentration in the
wastewater was above the sewer-use by-law. The team used the composi
tions of each input/ouput. as determined in Steps 3 [09, in order [0 obtain
the sulphate and iron quantities in each stream.

The team considered iron loss from the steel rods to be an input to the
process. Iron in the steel rods which passed through the pIckling process.
was not listed as either an input or an output since the large quantity would
mask variations in other outputs of iron, such as wastewater and wastes
sent for disposal.

To determine the annual iron loss from the unpickled steel. the engineer
determined the average weight loss of a variety of samples during the
pickling process, Iron loss is made up of scale removed and base metal
dissolved, a mixture of iron (Fe) and iron oxides (FeD), Toe 250 tonnes of
iron loss from the steel rod was listed as the input to the process.

The rinsewater was sampled and analyzed for sulphate and iron. From
this result. the dragout of pickle liquor could be calculated. The rate of
evaporation was determined by measuring the change in level of solution
in the pickle tank and subtracting the dragout rate.
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, Iron loss
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2~0

660
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19-1
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Spenl pickle liquor 2.191 349 153
Pickle liquor sludge 100 34 25

lIeutrallDitlan 1.11

'.plts Total (III) SuJpb.uc SO, (III) Iroo Fe (III)

Rinsewaler 24.3::!S 60 19
Scrubber waSlewaler 900
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Disclw'ge to sewer
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Step 11: Deriving preliminary material balances.

Preliminary material balances were then constructed for the pickling
process and neutralization basin as in Figures 2 and 3.

'Igur, 2: Prtllmlaary lllltarial
'alanca an til, pickling
IraclSS.

Iroa lou
Sulphuric acid feed
Make up Wilei' ill die

pickliDllIIIk
Sleim

Total (III)

2.50
660

1.702
1.600

5uJpIwe SO, (III) Iroo Leu Fe (III)

1904
601

Tocal 4,212 601 1904

Picklilg Pracess .' - - _. ,

Oulpllts •Tnulllf"t -Sulphale SO, (tlal -.Iron u,,~ Fe Ctlal

Dr.J~oul (from pllLI""'1 '--27~ W '.--.1'1

['''p'''''lmn u.:.~

Sp<'nl piclk l'llU' r 2. 1'JI .'~') ".1 ~1

PICkle I.quor ,luJc~ . - 100 .'W ... 2.5

TnlJI - 3HJI .t~1 197
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·. ·!ious waste reduction measures.

•• ..'! :L1:a was onzanized bv the emzineer and pres:::!!l'::.:] tJ tllt~ ·;:a:.;;,;- . -
;':::c-!c~iol1 audit team. Over the course of a couple of sessions. the team
bc,·il:-;to;med to arrive at practical alternatives to reduce the following
\vaste streams:

• spent pickle liquor
• pickle liquor sludge
• spray rinsewater
• pickling tank fumes

Spent pickle liquor and sludge are inevitable wastes from the existing
pickling system. The team detennined that the pickling process could be
optimized to lower the concentration of free acid and that improved
inventory control of steel rod would reduce rust formation. Both of these
actions would contribute only a small reduction in the volume of spent

. pickle liquor. As a result they were given a low priority. However. the
existing method of rinsmg the rod steel using automatic high pressure
sprays at about 1.000 litres per tonne of steel was an obvious and large
source of waste.

It was noted that a high level of pickling bath "drag-out'" was occurring
and that the high pressure sprays were particularly inefficient. As a result.
signitlcant quantity of acid was being lost from the system and large
quantities of acidic wastewater required pH adjusunent before discharge to
the sewer. This was another obvious area for waste reduction.

During the brainstorming sessions. the tearn agreed that best method to
reduce the rinsewater wastage was through counter-current rinsing of the
steel. In addition. it was agreed that steam agitation should be replaced
with air agitation. Heating would be accomplished by installing an exter
nal heat exchanger. The engineer and the pickling plant supervisor were
assigned to work out the details of these plans.

The engineer found that one of the least expensive techniques for
counter-current rinsing after batch pickling was to use the dip and spray
system. After dipping in the rinse tank. the work is held over the tank and
a spray of fresh water is then activated and applied to the work to remO\'e
the slightly contaminated rinsewater remaining on the steel. This slightly
contaminated rinsewater is then collected in the rinse tank.

This method would reduce the rinsewater requirement from an ineffi
cient 1.000 litres per tonne of steel to less than 100 litres per tonne. In this
manner. very significant savings in rinsewater consumption would be
achieved.
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Furthermore. by changing the method of agitation and heating. the
pickling bath would have a negative 'water balance: that is. water would be
10~tfrp~!hepickJing tank by evaporation instead of being introduced by
the c·ond~nsaiion of steam. As a result. the sulphuric acid would not be
diluted. In addition. the dilute acid solution from a counter-current rinsing
system could be balanced with the evaporation rate and used as make-up

""'>.''''''''''''''t'1·;'''''''*''·f-'~~~f'trth~piCtdi'i1gtank. thereby reusing acid and completely elimi
nating the rinsewater discharge.

The air agitation system would also increase pickling efficiency by
improving mixing. and would increase evaporation from the pickling tank.
The pickling plant supervisor discussed these measures with the operators
and it was confirmed that these changes were feasible and practical.

With respect to the acid fume problems. the team evaluated fume
exhaust systems. It was determined that an acid fibre filter which collects
the acid mist and returns it to the pickle tank while releasing water vapour
to the atmosphere would be a major improvement over the existing wet
scrubber system which produced large volumes of contaminated
wastewater.

The team had used information obtained in the waste reduction audit to
determine modifications which would eliminate two sources of contami
nated water. reduce acid fume emissions and recover sulphuric acid for
reuse in pickling tanks. Having found efficient ways to address the
rinsewater and acid fume waste problems. the waste reduction audit team
moved on to Step 15.

Step 15: Targeting problem wastes

Step 14 listed the major wastes identified from the waste audit. The "prob
lem" waste streams are the spent pickle liquor and pickle liquor sludge.
Due to its corrosive nature. the spent pickle liquor was classified as a
hazardous waste under Regulation 347 and therefore its disposal options
were limited. The waste pickle liquor sludge is ferrous sulphate
monohydrate-a potentially useful chemical with coagulant properties and
with potential value for phosphorous removal applications at wastewater
treatment plants.

As a result of the audit. a much better understanding of the waste
composition was obtained. The team learned that acid loss due to disposal
was much higher than first thought. Acid recovery had been discussed in
the past by the company, but the characterizations of the waste streams
and the material balance calculations of the audit gave the team the reli
able data required to justify the purchase of an acid recovery unit as an
economically attractive investment.
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Step 16: Developing long-term waste reduction alternatives

The team decided that three long term waste reductionltre:l!ment options
were available ro the company. These were:

Acid Recol'ery (Option A)
In the acid recovery process. the spent pickle liquor would be pumped to a
crystallizer where the iron salts would be crystallized from the spent
pickle liquor by cooling. The remaining acid solution would be separated
and brought up to pickling strength with the addition of fresh acid. The net
effect of the acid recovery system would be to recover the sulphuric acid
for reuse. instead of discharging it as waste. In addition. ferrous sulphate
crystals would be generated and could be sold as a by-producL

The acid recovery system could be effectively combined WIth the waste
reduction measures described in Step 14. such as a) balancing water into
and water out of the pickling tank through the installation of indirect
heating. air agitation and counter-current rinsing systems and b) installing
an improved fume exhaust system with acid recovery. The combination
would avoid any need for treatment or off-site disposal.

Neurrali::ation (Option B)

In this option. a large neutralization system would be installed. The spent
pickle liquor and rinsewaters would be combined and r1eutralized with
lime. This process would- produce a calcium sulphate/iron hydroxide
sludge which would require subsequent dewatering and disposal.

Current Method
This option entailed renewing contracts with haulage companies which
find the most economical means for disposing of the hazardous spent
pickle liquor. In Autonut's case. the haulage company had been transport
ing the spent pickle liquor to an oil recovery facility. Autonut had to pay
for haulage and disposal fees.

Although no major investment costs would be incurred with this option.
the Autonut management was hoping to become less dependent on off-_~'
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disposal due to the high disposal cost,s. However. if Autonut selected this
option it would still have to upgrade its existing wastewater treatment
facility and deal with its air emissions.

Before any of the above three options could be implemented the waste
reduction team would need to justify the action plan to management The
waste audit team decide to develop costlbenefit analyses for the three
options.

Phase Six: CostJBenefit Analysis and Implementing the Action Plan

Step 17: Cost/benefit analysis of waste treatment/Waste reduction

The team proceeded to compare the economics of the acid recovery
system. the neutralization system and the existing contract hauling option.
From discussions with sl!Ppliers of acid recovery systems. the engineer
determined the capital and operating costs of an acid recovery system. In
addition. capital and operating costs for a neutralization system were
obtained from appropriate suppliers. The results of the costlbenetit analy
ses are shown in Table 7.

Tabl. 7: CltmpartlOi II 'COuIIICllor hatlll.at/reductlo. optlo.. at lato.at Ltd.

I All <;oslS In thousands ofdolla'S J

fUm BasIS Cu,,~nt M~thod And Ruo\'~"" l\'~"t'all'::QIIOn

OptIon A OptIon B

C~PIW In,eslmenl 25.000 lIa 0 800 1.100
pickling plana

Labour
Operators S2~.OOOIman-year 12.~ 150 . 15.0

Foreman S30.000/mm·year 0 30 75

Ulililies
Steam SII/IOOO kg 17.6 176 17.6
Water SO.3~/m' 10.~ 1.1 10.5
Electncily SO.04/kWh 2.5 10.5 6.5

Raw MatenaJs
H,SO, (93%1 SIIO/lonne 67.~ 36.0 67.~

Wasle Disposal
Pickle Liquor Sl6~/lonne 361.0 0 0
Pickle Liquor Sludge SI77/tonne 17.7 0 0
NeuuaJiution Sludge S4OIlonne 0 0 59.0

Wastewller COSI5
Causl;c S4~OItonne 23.9 0 0
Lime S7~ltonne 0 0 36.1
Sewer Fees SO.35Im! 9.4 0 9.4

Maintenance 6'l investmenl 0 48.0 n.0

By-ProduCI Credit: FeSO;7H,D cryslals 0 (9.1 ) 0

TOlal Annual COSI 521.9 132.1 J 11.1
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Talai Annu~1 (OSI Saving
io: Seutral,zJlIon S:vslem:

r -\pITAl COST
S".VINGS

llQQ.OOQ
S389.700

S5:! 1.900 . S311.1 00

51 200 fXlQ
S210.8OO

S3S'POO

:.0 ~ea;"~

5210.800

,\'or~ I: The e",lneer's calculations did no: consIder Inlerest on IO,·eSlment. as he IOllIall\ ",anted 10

delenTiine a stra.ght-IIne payback penod Of course mlereSI on Investment mus. bt' taken lOla aCCOunt '" hen
detailed mum on Investment calculallons arc made. Olher Hems Irke depr:c.allon allo",·anc:. addillonal cost,
ior upgrading tlle current wastc",ater treatment system I.i contracl haullng.s malOtalOed, and Ihe escalallng

cmls of ""asle dISposal must bt' factored In .

.\'or~ 2: AUlonUI "'as responSIble for hauling lhe ferrous sulpha:e crvsLals IFeSO:7H.OlIO a chemical
compan~ ,SI'7/:onneJ and recel',.ed payment for the crystals In return fS2iltonneJ -

These calculations show a savings of 5389.700 per year in operating costs
which means that the acid recovery unit would pay for itself in about two
years if interest on investment is not taken into account.

Step 18: Implement the action plan: reducing wastes and improving
production efficiency.

The engineer presented these costfbenefit analyses to the waste reduction
audit team. The team formulated recommendations to purchase and install
an acid recovery system. balancing water into and out of the pickling tank.
installation of indirect heating. air agitation. counter-current rinsing
systems. and installing an improved fume scrubber with acid recovery (as
described in Step 14). Chemical companies were also contacted and lined
up to market the ferrous sulphate by-product.

The waste reduction team prepared a report which outlined the recom
mendations. an action plan. the costs involved. the benefits. both economic
and environmental. and a schedule for implementation.

The results of the waste audit, the costfbenefit analy~ es and the recom
mended action plan were presented to a specially convened meeting of
Autonut management. Management was quickly convinced that they had
been wasting valuable resources for years. and they agreed that by install-
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Step 2: Constructing a process flow diagram

Aschematic flow diagram was then prepared to show the inter-relation
ship of the process (Figure 1).

Once all the unit processes were identified and described. the plant
chemist proceeded to assemble infonnation on raw materials. handling
losses. water usage and waste reuse as shown in the following Steps 3 to 6.

Because of the complexity of Sud Chemicarsprocesses and the large
number of unit processes involved. only the alkylphenol production
process will be described in detail in the waste audit section (Phases I to
4) of this case study. The waste reduction strategy is then discussed for the
whole plant in Phases 4 and 5.

Step 3: Determining annual raw material usage

The plant chemist then began sifting through the company's accounting
and purchasing records to detennine the precise quantities of utilities.
chemicals and supplies purchased. This aspect of the work also became a
good check on measurements taken in the plant. The following infonna
tion (Table 2) on raw material usage was obtained for the alkylphenol
production process.
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flbl. 2: law Mlt.rll' Usag.
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Alkene slorage lank

Phenol storage tank

:.. ,~. . ~~ ",... ;

Ph,,,ol

I~OO

1000

Calalnl

Alkylation reaction vessel

DIstillation

1-100 1000

He was unable to obtain infonnation on water usage from the purchasing
records as all the water used for the cleaning and cooling processes was
obtained directly from the lake. He detennined the water usage through
field measurements described in Step 5.

Step 4: Investigating raw material storage and handling losses

Due to the large number of raw materials used at Sud Chemical the plant
chemist spent a long time accounting for the raw material storage and

.handling practices at the plant. His thoroughness was rewarded. though.
and he was able to identify a number of losses which occurred through the
plant. He noted down his observations and the reasons why losses were
occuning.

In the alkylphenol production process. for example. he found that a
significant quantity of phenol was lost as avapour from the phenol storage
tank vent and immediately recommended that a condenser system be
installed.

Step 5: Recording water usage

The next step was to account for the water usage at the plant and deter
mine what happened to the water. The plant chemist had no idea of how
much water was being used in alkylphenol production and therefore
decided to quantify its use. The washing frequency was directly related to
changeover from one product to another. The plant chemist accurately
recorded the product type and water usage over a two month period.

He determined that the still was washed out approximately once every
week and that 7000 litres of water were used per clean out. He extrapo
lated this result to detennine the annual water usage. The alkylation
reaction vessel was washed infrequently and after speaking to his foreman
he found out that it was cleaned out every six months with 8000 litres of
water. He confirmed this by measurements in the plant.

The water consumption for the alkylphenol production process is shown
in Table 3.
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All the water used at the plant was obtained directly from the Jake.
Although no accurate consumption figures were available. the piant
chemist estimated that a total of 1700 m3 of water were used at the plant
each day. He based his estimate on pumping records. pump data and a
pumping test. Most of the water was returned directly to the lake although
250 m> per day of contaminated water was passed for treatment in the. .
aeration basin.

While accounting for water usages the plant chemist realized that the
vast majority of the wastewater was generated from the washing and
cleaning processes and he made a note that this was an area for waste
reducti-on.

Step 6: Measuring current levels of waste reuse

Some wastes were reused at the plant. In the alkylphenol production
process unreacted phenol was stripped from the residue. in a distillation
stage. for reuse back to the phenol storage tank. The plant chemist took
measurements and estimated that 500 tonnes of phenol per annum were
reused.

Step 7: Listing process outputs

The plant chemist listed the process outputs from the alkylphenol produc
tion process as below (Table 4).
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ing the acid recovery system they w~)Uld save on raw materials as well as
elimin~te'W'ast~ and pOllution problems.> Furthermore. the pickling effi
ciency was expecied to:be'imp~oved by'~ome 25 percent through better
contra! or~p.i£,k.ling,~Cj,l!t::acid.concentrationand the improved agitation
which wo~l(i..~ccommodate the company's plan to increase production.

Motiva~~d byenYi~onm.ental and economic pressures. Autonut person
nel came to r~alize that production efficiency. waste management and
pollution concerns were interrelated. Through hard work and a deliberate
waste audit/waste reduction approach. and by implementing their action
plan. they succeeded in:

• improving process efficiency
• saving on raw materials
• eliminating waste and disposal problems
• improving relations with regulatory authorities and local residents.

Because of the benefits gained through conducting a waste audit on the
pickling process. the company proceeded to conduct a similar study in the
manufacturing plant.
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of Ontario. It produces a i::!f:;~ :lumb~r of inr~;:Tl:;di2!:': ,met final detergent
based products which are generally m:'~,l'Jfacwred by j:,:rch processing in
response to customer demand. The plant's preCC5SCS. :herefore. i:wclve
frequent changeovers from one p:-oduct [0 another which result in signifi·
cant quantities of wastewater being generated frem process equipment
cleaning operations,

Overall. the plant produces a relatively high volume. concentrated and
complex wastewater which used to be discharged directly to a small lake
popular for recreational activities. However. m response to comp!:lims
from cottage owners and pressure from the Ministry of EnVIronment and
Energy (MOEE), Sud Chemical installed a concrete aeralJon baSin to
pretreat the wastewater before discharge to the lake. UnfonunateJy. the
aeration basin did nor perform up to expectations and very low organic
removals were achieved. particularly in the winter monLi,s. Conseauently
the MOEE issued a final control order on Sud Chemical. giVIng It a lIm
ited period of time to clean up the wastewater or face pian! closure.

Sud Chemical was unsure how to approach its problem. Varlous alter
natives had been proposed by different companJes to improve the waSle
water treatment system but Sud Chemical was not com'mced these sys
tems were adequate and the projected costs were considered to be far too
high. Having established that the "end-of-pipe" wastewater treatment
0plJon was prohibitively expensive. Sud Chemical managemenl decided to
move back up the pipe and see if waste reduction at source could be
implemented. The plant chemist contacted O\VMC for advice

Since the plant chemist was the person mOSl familiar with all the cherru
cal processing operations and the water usa£e at the plan!. he was desig
nated as the waste audit supervIsor. Tne fOllOWJnf case slUay ciescnoes we
waste audit/waste reduction approach taken.

Step 1: Listing of unit processes

The plant chemist staned off his waste audit by identifymg the major unit
processes at his plant and then proceeded to accumulate as much informa
tion as he could about them. He found that he was collectIng so much
infonnation that he opened a file for each process. Tne processes were
listed as in Table 1.
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He then proceeded to quantify these outputs in Steps 8 to 10.

Step 8: Accounting for wastewater flows

"The plant chemist had determined the annual water usage in the alkylphe
nol production process in Step 5 and was therefore able to complete Table
5 as follows:

Table 5: Wast,.lte, lIan

Duchor~lo

Tuormt'm PllJIU

I'

•

Sovrrt'

Reacuon Vessel Cleamn@

Cooling

Flo..'
,,,..'Ionn,,,,, '

366

Conantrallon
BOD,mlllLI

2100

Flo..
",."/onnum

5000

All plant wastewaters from the process equipment washing operations
were collected in a common subsurface drainage system and passed to the •
aeration basin before discharge to the lake. The plant chemist sketched out
the drainage system and identified the major wastewater points of entry.
He was concerned that no capacity existed to diven or hold any spills or
leaks and noted this in his records. The plant chemist estimated the waste
water flow to the aeration basin to be 74,000 m3 per annum. He estimated
that 450,000 m3 of cooling water and uncontaminated process wastes were
returned directly to the lake each year.

Step 9: Documenting wastes stored and hauled off-site for disposal

According to the company's waste disposal records, 3000 kg of spent
catalyst and 8000 kg of still bottoms were hauled off-site each year. The
spent catalyst and still bottoms are both regarded as hazardous wastes
under Regulation 347 of the Environmental Protection Act.

1"
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Step 10: Listing of process Input and ClutplJt il'lfoin'laticn

The plant chemist then began listing all the input and output infom1:itlan
(Table 6) in order to conduct a material balance and [0 determine if th:-:re
were 3ny obvious information gaps.

Tablt 6: Process inpm and olltllllts

Alk,lphenol "flIduction "rDclSS

IIpm

Alkenes
Phenol

Reused Phenol

(aul~'sl

CooIJn~ Walrr
Wash Water

Alblphenol

Reused Phenol

SldJ BOlloms
S~nl (alal,sl

Cooling V. astewaler

Wash Waslewater

Annual QuanDry (tonDcS)

I.:(()

1000
500

~350

500
500

900)

366

Step 11: Deriving a preliminary material balance

A preliminary material balance was then constructed for the alkylphenol
production process as in Figure 2. Cooling water and wash water were not
considered in the mass balance as these inputs were assumed to equal the
wastewater outputs. However. the quantities of organic material which
were discharged in the wastewaters were subsequently estimated from
measurements of chemical oxygen demand.

Fi8ure Z: Preliminary malarial
balanca
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Step 12: Evaluation of the material Imbalance
\. ",.".<

The plamcheJJ1ist was confident that he had an adequate material balance
for the 'alkylphenoi p~oduction process. Furthermore. he estimated from
.the wastewater analyses' that approximately 70 kg per annum of alkyl
phenol was lost in the wastewater.

Step 13: Refining the material balance

The plant chemist developed the waste audit and material balances for all
his unit processes. When he had finished he felt much more knowledge
able about his plant. its inputs. outputs. wastes and problems. By making
critical observations and taking notes while he was conducting the waste
audit he had also identified a number of waste reduction opportunities.

Step 14: Obvious waste reduction measures

During his audit. the plant chemist had measured wastewater flows and
had also taken numerous samples for analyses. This information not only
helped to refine his material balance but also helped to identify the major
sources of pollution. The infonnation he collected indicated that process
equipment washwaters were by far the biggest source of wastewater and
prOduct loss in all the processing areas. Furthermore. he considered that
the washout procedures. which he had taken for granted for years. were
extremely wasteful.

The washout procedures involved filling the reaction vessels with water.
cleaning with detergent. and then rinsing. The plant chemist decided to
conduct some washout tests at the plant laboratory. He perfonned these
tests with the object of producing a low volume concentrated washwater
for potential reuse and for minimizing the total washwater volume. He
found that by diverting the initial high concentration washwater to a
holding tank he could prevent the bulk of the contaminants from ent~ring

the wastewater. Furthennore. prOduct fonnulation tests indicated that
product quality was not impaired when high concentration wastewater was
blended back into production.

This was just the start of a concerted effort to reduce the volume and
concentration of the wastewater requiring treatment. The following proce
dures were also implemented:

• Ball washers were installed to increase the efficiency of vessel
washouts. Ball washers are spraying devices which give a powerful and
thorough wening of tank and vessel walls to provide effective

o.
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• Improved product scheduling was initiated to minimize changeovers
and corresp0.llding required cleanouts. For example. the product formu
!:nion tank c1eanout frequency was reduced from five to two times per
week through better scheduling. Larger storage tanks were also mstailed
to increase the length of production campaigns. further decreasing the
number of cleanours required. The plant chemist also started to dedicate
t3.nks to specific products.

• Special v;ashwater t3.nks were set up to hold W3.stewaters for subsequent
use in detergent formulation.

• Tanks were either bought or modified to facilitate easy and efficient
washout and drainage. (i.e. tanks were made to pitch. h3.d rounded
bOHoms. were elevated from the floor and sloped to the exit \'.11 ve)

• Simple leaks and dripping valves were repaired. packing glands on
pumps were replaced by mechanical seals wherever possible and a new
maintenance programme was initiated to keep equipment in good repair.

• Level controls and. in some cases. larger tanks were installed to prevent
overflows.

• MOnitoring of specific wastewaters was stepped up with the Installation
of good quality flow measuring equipment and increased sampling and
analysis.

• Modifications were made to the wastewater drainage system to enable
spills and leaks to be diverted and stored if necessary. In this way shock
loadings of contaminants were prevented from disrupting the treatment
system and c~using environmental pollution.

• Probably as important as the practical waste reduction measures was the
change in attitude of all employees towards the generation of waste.
prevention of spills and water use. An education program was organized
by the plant chemist which helped to make all employees more waste
prevention conscious.
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Everyone attended a series of talks entitled "Washing profits down the
drain~·whicij'use(i·photographicstidesto show Wasteful and poor process-

. - iog techniq1iesandimprovedpractices resulting, in waste prevention. An
employee-suggestion program gave financial bonuses for ideas which
resulted in improved efficiency and waste reduction.

As a result of these efforts. the wastewater- volu'me from the treatment
facility was reduced by 40 percent (from 250 mJ/day to 150 m:/day) and
the total contaminant loading of the plant's wastewater (as measured by
the chemical oxygen demand) was reduced by 50 percent.

Step 15: Targeting problem waste streams

The management at Sud Chemical was very pleased with the results of the
waste reduction program. However. the MOEE. although equally im
pressed with the improvements made. were still unhappy about the con
taminant loadings being discharged into the lake. The ~tOEE maintained
that its control order stipulation for discharge of 15 mgJL biochemical
oxygen demand. 15 mgIL suspended solids and 0.5 mgJL total phospho
rus must be met. Having reduced their waste ourput considerably. the Sud
Chemical management targeted their efforts to [reating the reduced total
plant wastewater stream.

The plant chemist decided to characterize his total plant wastewater and
conducted an extended sampling programme. The average results are
shown in Table 7.

•

Flow cm'/dl
BOD
pH
Suspended Solids
Toul Phosphorus
Phenol

IIIUQJt w=....4It,

ConCt1t/,QI/OII ''''riLl

ISOlmld,
2400
9 (pH U1UlSl

ISO
3
SO

The high BOD (biochemical oxygen demand) indicated that a biological
treatment process was required. But the presence of poorly biodegradable
materials was of concern. The plant chemist proceeded to investigate
wastewater [rearment options in Step 16.

Step 16: Developing long-term waste reduction alternatives

The plant chemist decided to recommend that Sud Chemical employ a
consulting engineering company in order to determine the best alternatives
for the wastewater treatment system. He was satisfied that he had imple
mented good sound measures based on his waste audit to significantly
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Th'~ upgraded system involved converting the existing aeration basin :0
an J::rivated sludge treatment system with a secondary clarifier and associ
;}t~d slLidge return pumping and pipework. Design points of particular
i,-lteresr included a floating cover and steam injection for temperature
control dunng winter operation. addition of readily degradable substrate
(methanol) to assist overall biodegradation (obtained by storing plant
wastewaters) and addition of alum to assist secondary clarification and
phosphorus removal.

Step 17: Waste treatment cost benefit analysis

Sud Chemical was placed in a position of having to upgrade ItS wastewater
treatment system in order to comply with a control order from the MOEE.
However. the cost of the upgrade system. based on the existing wastewater
flow. was prohibitively expensive (approximately $1 millionl. In Sud
Chemical's case. significantly reducing waste was the only practical waste
management approach to take. By moving back up the pipe and conduct
ing a waste audit on its processes. Sud Chemical was able to Identify.
segregate. and. in some cases. reuse its waste wash waters to achieve
significant waste reduction.

The total cost of implementing the waste reduction measures described
in Step 14 was approximately S50.000. Sud Chemical estimated that the
savings made in reducing raw material use amounted to S20.ooo per
annum. This represents a straight line payback of investment of 2.5 years.
More impoI1ant. however. the waste reduction program significantly
reduced the wastewater flow rate so that the existing aeration basin could
be modified to an activated sludge system and the associated clarifier and
equipment could be sized at approximately half the level required at the
old f1owrate. In this respect the total cost for the wastewater treatment
plant upgrading of $500.000 represented a very significant saving com
pared to earlier cost estimates.

The waste audit approach. and subsequent waste reduction. almost
certainly saved, Sud Chemical from closing down. The plant is now thriv
ing and production has increased by 25 percent. Not only has Sud Chemi
cal managed to reduce water usage, raw material usage and waste loads
but it also improved public relations and profits as well.
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630'20 dli:> is the mirU..'Tlcm; for tolerable playback,
use a machine with a 68030 or higher chip, such as
.:m LCill, SE/30, or bett~r. It al50 requires at lea::;t
8MB RAM a;td System 7.0.1 and QuickTime 1.5 Ol'

higher (QT does not work well with System 7.0).
,The IBM-PC Microsoft Windows system requir~

ments are: a 3S6 machine or higher v..'ith 8MB RAM,
DOS 6.0 or later, Windows 3.0 or later, QuickTime
for Windows 1.1.1 or later (cu...--rently at version 20),
and screen resolution of 640"480 or higher.

r-----~---·--·--..
I

! Note to LLS7I~C~O:'S: 1£ rOll:" S:'.i:.:t7nts h.::. ~~~: =.~, j ..i~0

I a rnicrocompute: with a CD-ROM d:in, cO:\ji,j~,!"

I acql.:iring the multi-media tour of :"~e ro,d-v\'i~Oill

IPhosphate Coating System that i.lccom?a.,ie5 tl\is
I open-ended pmblem. The toUT includes video clips
Iof the actual system, a short description of each of the
i systela's 12 stages, and supplementary expla.Latic1".s.

IThe CD-ROM is available from the NPPC for S20. It
I runs on both Macintosh and Windows systems. For

the Macintosh. you'll need a Mac n or better - a
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Your Assignment

Part 1

A couple hours later, while you are pormg through the
?hosphate system material, the senior engineer, who
has a cubicle around the comer. stops bv to see how
you are doing. You explain the assignment you have
been given. After noticing the blank page m front of
you. he offers a bit of advice: "You should make a
table something like this."

You were lUst hIred as a funior engineer at Ford Motor
Company. On the fifth day your boss gIves you vour
iirst "real" assIgnment (the iirst four dan you alwavs
spend reading). She says that the pnosFnate system is
costing more than expected, She gI\'eS \'OU a bit of
reading material on the system (surprIse, surprIse,
along with some data from last vear and the name of
the supervIsor In chan:e oi that svstem, She savs mat
chemIcal usages are known and the controller's oiiice
has the costs ior them. However. anv t:1'e at water
usages are not known. Sounds simple enough, You
call the supervisor of the phosphate system and ask
him to show you around (the plant !loor is more than
~.vo miles long, so not ali the systems are eaSIly lound),
As you walk through the system looking ior the flow
meters on the water pipes, you notice there aren't any.
Hmm , .. this could be a problem. You thank the
supen'isor and head back to ~'our office (a 3' x 6'

cubicle--a lot like a restroom, but with lower walls).

"Could vou iill this in'" he asKS, He adds that it's
always a good idea to create a iio'''''sneet and mass
balance oi the svstem to get a good understanding oi
what is going on, -: au nod ana thank fll:Tl. knOWIng
that vou can coum en him ii '0'0'.1 run .:-::0 trouble
agam, .~.fter looking throuch L'1C matc~l:lL you bec:in
idling In the chart,

I
on cars

Chemicals/Streams
In Q.u.t

\\' ate~

FunctionStage

P~e-\\'ash l:unaJ cieanmg r~eciean A Carn'-out

Part 2

I

"!

Your supen'isor has iust poked her head into your
c".loicle and rerumeo vour ilOwsneet alOne: wItn your
report containing the mass balances and water usages
on the phosphate system. She srresses tnat the most
Important thing IS not the comments made on your
work. but that now vour feet are wet and and vou have
a good overail understanding at what goes on at the
phosphate system.

,'~ow she says she has a real challenge ior you Isweat
and worry emerge), She gives you more readmg
material (surprise. surprise): a Ford document called
"Roadmap to an Effective Waste Minimization Pro~am."

She tells vou to team up With 2-3 other JUnior enc:meers
on staff and target the phosphate system for waste
minirruza tion. In particular. she wouid like some
alternatives to the chromium nnse in an eifort to rind
something more envIronmentaHy triendh',

Chemicals/Streams
In Out

FunctionStage

Cn her way out. she teHs you to ~et famiiiar with the
waste mmlmlZatJon program. asks vou to have a re
::ommendanon. mciudins; post-treatment alternatives.
cn ner aesk in two weeks, and bid!' YOU good luck!
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The Phosphate Coating System
In building quality products that require painting, excel
lent appearance and corrosion resistan~e,areextremely

important customer expectations. Paint, however, does
not readily adhere to a pure metal surface, such as cold
rolled steel or aluminum. Before metal can be painted,
a surface coating (also known as a conversion coating)
is applied that will retard base metal corrosion and
allow the paint to firmly adhere to themetal.

A chemical conversion coating process. typically using
a phosphate material. is applied to the metal prior to
painting. This process transiorms a metallic surface to
a non-metallic or semi-metallic c:ystalline suriace.
Once the metal undergoes the phosphate coating. the
resulting inorganic crystalline ceated surface prOVides
an excellent base for paint.

The purpose of the phosphate coating as a base for
paint is t.o:

• improve paint adhesion

• reduce metal-ta-paint reactions

• improve corrosion resistance:

Because of the improved durability of the final product,
phosphate coatings are used to prepare most painted
metal objects produced by industry today. The typical.
high-quality pre-paint conversion coating process
consists of the follOWing steps:

- Clean metal surface

- Rinse

- Apply phosphate coating

- Rinse

- Conduct post-phosphate treatment

- Rinse with deionized water

This process varies throughout industry, depending on
end-product quality performance criteria and the base
metal being coated (e.g.• steel. aluminum).

The phosphate coating system was installed at Ford
Motor Company's Wixom Assembly Plant in 1989.
During the summer of 1993, a study of the system was
performed. Based on this system, the following is a
description of an industrial phosphate conversion
coating process.

Metal Surface Cleaning

Vehicle bodies/panels (parts)· enter the phosphate coat
ing system after being stamped into their respective
shapes and, in many instances, welded together. During
the stamping and welding process, many oils and
other compounds are used, and dirt and weld residue
contaminate the parts. For high-quality conversion
coating of the phosphate material. each part's surface
must be thoroughly cleaned. The bulk of the unwanted
deposits are removed by sending the pans througIl a
high pressure spray "pre-wash" system. The pre-wash
consists of a 450-gallon tank of ambient-temperal'..ue
water containing 30-40'/0 preclean material ("Preclean Xl

This separate pre-wash system removes the loose dirt
and oils and minimizes contamination. However. a

more thorough cleansing is still reqUired. It is impera
tive that all oils and dirt be removed from the partS to
ensure adequate coating, good corrosion resistance.
and a high quality painted metal surface: any soil pres
ent on the surface will result in a non-uniform coanng.
For this reason, the first two stages of the phosphate
coating system have the function of cleaning pa.r,.ts. The
cleaning takes place in two stages to be certain that all
surfaces come in contact with the fluid.

Stage 1 involves high-pressure spray cleaning at a
temperature between 120 and 130°F. The most com
mon cleaner used by the metal-finishing industry
today is alkaline (hydrOXides. phosphates. carbonates.
silic~tes. etc.), which reacts chemically with the din
and oils to remove them from the surface. Alkaline
components also suspend the particles in solution so
that they do not redeposit onto the metal surface.
There are two chemical products. "Cleaner A" and
"Cleaner B," along with soft water which collect in the
7.DOO-gallon tank. A tank overflow pipe discharges
into the floor drain at a rate of 1.5 gallons per minute
(gpm) to the plant's wastewater treatment facility.

Stage 2 uses a 56,SOO-gallon immersion tank to dip
clean the parts. The same cleaning chemicals, along
with soft water, are fed to this stage as were fed to
Stage 1. but with a different method of application.
The immersion application alleviates any concerns
with part complexity: once immersed in the bath. the
part has been cleaned on the inside and the outside.
Stage 2 was designed to overflow into Stage 1 to
reduce raw material usage.
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Rinso

Once cleaned, l'1e pa;:ts must be ri:-sed tP.oroughly to
remove any cleaning chemicals and prevent contamina
tion of other baths. St3ge.s 3 and 4 are am:,ient tempera
ture water rins~s, with Stage 4 overflowi.l1g into Stage 3.
Stage 3 is a spr<ly-water rinse. A 3,000-gallon tank is at
ambient temperature and has two overtlow pipes. One
overflow pipe dispenses rinse water to the floor drain
at a rate of 8.4 gpm; the other overflows to the process
line between the pre-wash and Stage 1. Stage 4 is a
second spray rinse of the same size and conditions.

Phosphate Coating

After the parts have been cleaned and rinsed, the
surface of the metal nt·eds to be physically prepared
to accept the zinc phosphate treatment. The surface
chemIStry takes place in an Immersion nme conditioning
stage (Stage 5). In this stage, a surface actIvating agent
reacts with the metal surface to create nucieation sites
for the growth of crystals. "Primer A" and "Treat TP."
along With soft water, are added to promote the forma
tion of nucleation sites. Primer A is a caustic cleaner;
Treat TP contams the activating agent (titanium phos
phate). The bath size is 40,500 gallons and is maintaIned
at 120°F. There IS an overflow pipe with a flow rate of
1.i gpm discharged to the wastewater treatment stream

After the metal surface has been satisfactorily cleaned,
rinsed. and conditioned, it is readv for the conversion
coating solution. Most conversIOn coatings used by the
metal-finishing industry today are based on mixtures
of partially neutralized phosphate acid l The process
is governed by the follOWing reactions':

Fe (filing) + 2H3P04 -+ Fe(H2P04h + H 2
Fe (surface) + Fe(H2PO.h -+ 2FeHP04(insoluble) + H2
Fe (surface) + 2FeHP04 -+ Fe3(P04h (insoluble) + H2

Stage 6 is a 63,500-gallon immersion phosphate batJI.
At IIG-120°F, the acidic phosphate material reacts with
the surface of the metal to form an inorganic, crystalline
coated surface. The titanium phosphate .activating
agent that has been absorbed physically onto the metal
surface exists as small colloidal particles that serve as
the nucleation sites for the growth of the crystalline
conversion coating. "Bonderite P" (the phosphate
material) is the chemical added, along with water,
at this stage to apply the conversion coatIng.

:-lCJ\~"'~V~,:', ;,.~:"'4~" 0_' ' ••••~ :""-{~5e;Ji:-> :e!"'~ased during the
r·,actkn. I :n:,': j;;.~ 'J! i.lyt::::ogen forms on the surface.
CJw'i:1g .;10'''' ;:-:)',".[1 citl-e crystals. To help alleviate
this-gin.:aticn, ·~/'\.·:::.z!·~ratJr A," a sodium nitrate solu~

ric:! that is a;i clxidizing agent, is added in Stage 6 to
convert hydrClgen g.~.i :0 W.1ter. I:: also oxidizes the
iron, which dissolvc:" in :he phosph<lte solution. iron
concentrations mus, be controlled to minimize the for
mation of cryst.1l!be b:m phosp:Ja:e and zinc phosphate,
which would result in a darker coJor and a much
higher coating we/ghr2. In addition, "Additive 1," a
fluoride, is used in this bath to enhance a conversion
coating on the aluminum portion of the parts. "Addi
tives A. B, and C" include metal ions, organIc acids, or
chelating agents, which control the overall charactens
tics of the crystalline coatmg; they are added as needed.

A specified measurement of 15('-300 mg of coating
per square foot of part surface 15 required to provide
a good phosphate coating. A necessary by-product 0:
this process IS the formation of sludge. Sludge is prC'
duced by the iron. which is dissolved and then oxidized
in the s;iutlOn to form an Insoluble mixture of ferne
phosphate and ferrous phosphate. The sludge from
Stage 6 is allowed to precipitate and then passed throuch
a filter press for dewatering; after that, its density IS

typically 3D-40% solids. The phosphate solution is
then returned to the tank while the sludge is removed
and eventuallv disposed of in a landfill. Temperature
is a very imp;rtant control parameter because of the
inverse solubility of zinc phosphate with mcre.:l.sing
temperature2; too high a temperature will result in e,
cessive sludge formation, while too Iowa temperature
will not yield the specifIed coaung welgnt.

Once the parts leave the phosphate bath. they must
be rinsed to remove the unreacted chemicals from the
surface in order to prevent or minimize the contamina
tion of the next stage. Stage 7 is a spray rinse with a
3,OOO-galion tank at ambient temperature. It has an
overflow pipe to the wastewater treatment sewer and
discharge rate of 45 gpm.

Rinse

Following this spray rinse is an immersion rinse.
Similar to the setup of Stages 3 and 4, the overtlow
from Stage 8, the immersion rinse. goes into Stage 7
(sprav rinse). Stage 8 is also at ambient temperature
but has a capacity of 40,500 gallons. This allows for
effective rinsing with minimal contaminanon.

Mass &alance ....
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Post-Phosphate Treatment

After the metal surface receives a conversion coating
and has been sufficiently rinsed, a post-treatment and
final rinse are applied. The function of this post
treatment is to provide approximately a 2- to lO-fold
increase in corrosion resistance and humidity resistance!.

Post-treatment has historically been based on chromic
acid, although non-chromate chemicals are in use
throughout industry. "Chemical C" and deionized
(DI) water provide the chrome rinse for Stage 9.
Environmental concerns and the water solubilitv of
hexavalent chromium have led to the use of reduced
chromates where a percentage of the chromium is Cr+3

ions. Thus, pH is a critical parameter at this stage
because trivalent chromium precipitates trom solution
at a pH above 4.8. The pH of this 40,500-gal!on tank is
kept between 4.0 to 4.5, and the tank is maintained at
ambient temperature. To control the pH, two chemicals
are added as needed: "Add 1" is a hydroxide solution,
which can raise the pH, while "Add 2" is acidic.

One disadvantage of chromic acid is that puddles of
the solution cause high concentrations of chromium to
form on seams or comers of the parts. This can lead to
poor corrosIOn resistance in these areas. To remedy this
situation, excess chrome is rinsed off with deionized
water. This ensures that a uniform film of chromic
acid remains on the parts. and that no areas of high

•«t.
Published by:
The National Pollution Prevention Center
for Higher Education
UniverSity of Michigan, Dana Building
430 East UniverSity Ave.
AnnArbor.MI48109-1115
• Phone: 313-764-1412
• Fax: 313-936-2195
• E-mail: nppcOumich.edu

The mission of the NPPC is to promote sustainable development
by educating students. faCUlty. and professionals about pollution
prevention; create educational materials; provide tools and
strategies for addressing relevant environmental problems; and
establish a national network 01 pollution prevention educators.
In addition to developing educational materials and conducting
research. the NPPC also offers an intemship program. profes
sional education & training. and conferences.

concentration are present. The deionized (DI) water
rinse takes place in three different stages, all at ambient
temperature. Stage 10 is a recirculating DI spray with
a tank size of 3,000 gallons and an overflow rate of 25
gpm to the wastewater treatment sewer.

Deionized Water Rinse

Stage 11 is a 405DO-gallon recirculating DI water immer
sion rinse, which overflows into Stage 10. Both stages
receive Dr water once a week to provide make-up water
for the tanks. which is then recirculated. At the end of
Stage 11 is a Virgin DI water spray. All the run-Qff
from the Virgin DI spray flows directly into Stage 11.

Now the parts (vehicle bodies and panels) are ready
to be painted.

REFERENCES:

1Chemfil Corporation, Phosphate Applications for the
Automotive Industry, Troy, Michigan.

2Kent. Dr. Gary D.. "ConversIOn Coating of Metal Prior
to Paint," in Parker ChemIcal Reference Book.

3~1aher. Martin F.• and Albert M. PradeL Phosphate
Coatmgs, Oaklite Products, Inc.

Your Input is Welcomel
We are very interested in your feedback on these materials.
Please take a moment to offer your comments and communicate
them to us. Also contact us if you wish to receive a documents
list. order any of our materials. collaborate on or review NPPC
resources, or be listed in our Directory of Pollvtion Prevention
in Higher Education.

We Plan to Go Online
The NPPC is beginning to make its documents available over
the Intemet in any of the following ways:

• Anonymous FTP: ttp.snre.umich.edu
• Gopher: gopher.snre.umich.edu
• Worldwide Web: http://www.snre.umich.edul

Please contact us if you have comments or suggestions
regarding online access to our materials.

Mass Balance· 5
October 1994
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IIDENTIFYING POLLUTION PREV-ENTION OPTIONS

PURPOSE: Based on results from the material balance,
generate a list of potential areas for Pollution
Prevention to be further studied.

tl Process changes

tl Product changes

1995

--



I IDENTIFYING POLLUTION PREVENTION OPTIONS

POLLUTION
PREVENTION

I
PROCESS PRODUCT
CHANGES CHANGES

I I
RAW MATERIAL TECHNOLOGY OPERATIONS AND
SUBSTITUTION MODIFICATIONS MAINTENANCE

1995
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I IDENTIFYING POLLUTION PREVENTION OPTIONS

IPROCESS CHANGES

tl Raw material substitution

t\ Technology modifications

tLQPerations and maintenance

1995
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IIDENTIFYING POLLUTION PREVENTION OPTIONS

IRAW MATERIALS SUBSTITUTION

~ Solvent substitutions

~ Other chemical substitutions

I



IIDENTIFYING POLLUTION PREVENTION OPTIONS

ITECHNOLOGY MODIFICATIONS

~ Recovery systems

~ Rinsing systems

~ Cooling~erations

~ Coating~erations

.! Separations technologies

~ Process control

~ Reactor design and chemistry

1995



I IDENTIFYING POLLUTION PREVENTION OPTIONS

IOPERATIONS AND MAINTENANCE

ti:fulecifying and ordering materials

.~ Receiving materials

~ Material storage

~ Material transfer and handling

tl Process control

tl Cleaning-.procedures

1995



I IDENTIFYING POLLUTION PREVENTION OPTIONS

I~P_R_O_D_U_C_T_C_H_~_N_G_E_S I

~ Product life extension·

~ Material selection

~ Packagl!}g and distribution

.~ Labeling

1995
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Solvent Substitutes

)

Stephen P. Evanoff. P.E .. D.E.E.
Lockheed Fort Worth Company

Fort Worth. Texas

32.1 Introduction

rl'tn)I~'um-b,l~t'd ~(llvt'nt~ hClH' been used liberClliv ClS cleaning agents ClCroSS
m(l~t InL1u"tn,ll "t'ctllr~ In ,1 \'anetv at applicatIOns related to tabncatlOn, manu
:,\c,unnc;, .l~~l'mbi\', .1nL1 maintenance ,lcuvltles, Histoncailv, Inoustrv h,lS

, ,

,t'lL'lt~'L1 i'l\\·mlllt'cllj,lr-\\'l'l~ht. hlgh-\'olatJiltv, petroleum-bClsed sol\'ents In
,'rth'r :(1 .h'hlt'\'t' 111,1"\lmum remo\',ll111 ~ods and contamInants, to ensure com
p,ltlbdlt\ \\"Ith \\ork ~urt,lces and subsequent process requIrements, to mlDi
mile the l\eed for lI"er technique and process sophistlcatlOn, and to minImiZe
.l~'(l(l,ltL'd C,lplt,11 ,lnd ('peratlng casts The envIronmental ilnd IndustnClI
i1\~I~'l\e rl'l.:ul,ltIUl\" rrt'mUI~,lteJ "lnce 1980, most notablv the SupertunJ
.l.,ml·lldm~'nt~ ,11lJ Reauthunz,ltlon ,.l.,lt (SARA), the Hazardous ,lno SOild
\\,1,te ,.l.,l11enJmellt~ tu the Resources Conservation and Reco\'en' ,.l.,ct (RCRAJ,
.mJ tht' Cle,1I1 Air Act ,.l.,menoments (It 1'190, ha\'e brought about ,ln Increased
..'mph,1"1~ (ll\ U~l'r e"pll<;ure, hazardous waste generauon, and aIr emisslOns, As
.J re'ult. InJustrv IS pertarmIng ,1 tundamental reassessment of cleaning sol·
\'ell IS, pnlces"e~, Clno rroced ures, The more progressIve organizatIons ha ve
m,lde thl'Ir ~o.ll the elimlnatlOn of solvents that milV pose SIgnIficant potentIal
hllm,ln he,llth .1nJ en\"lranmental hazards, The tvplcal hlerarcnv when one
In\'e::otl~.lte~ ,,!/\'ent suc."tltutlon options is to

,I

re

~.
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-t Implemt'nt emisslllns control procedures and technologies

WIth reduced hazards and

ElimIn.lte the nt'eJ fur clt'ilnlng

Substltutt' non,,(lln'nt matenals Clno processes

3, Substltutt' i1ltt'rnatlve solvents and processes
emiSSionsI

l



518 Chapter Thirty-Two

This chapter discusses solvent cleaning in metal-finishing, metal-manufactur
ing, and industrial maintenance applicatlOns; precision cleaning; and electron
ics manufacturing. Nonmetallic cleaning, adhesives, coatings, inks, and
aerosols also will be addressed, but in a more cursory manner.

32.1.1 Solvent History

Halogenated solvents, high-volatility oxygenated solvents, and high-volatilitv
aromatic and aliphatic hydrocarbons have traditionally served as "general pur
pose cleaners." Table 32-1 1 summarizes the commonly used industrial solvents
and their historical processes. Table 32-22 lists several fundamental physical and
chemical propertles or these solvents. Industry dependence on the five halo
genated solvents, particularly 1.1.1-trichloroethane (TCA). evolved due to their
reduced toxICity relative to their predecessors, their low tlammability, their

Table 32·1. Histoncal lndustnal Solvent Use

Process

r
I

Solvent
Ambient

ImmerSIOn
Heated

ImmerSIOn"
Vapor

degr~asmg Spray \lanuai

\Iethvl ethvl ketone
(\1EK) X

Low-tlashpOlnt arom.1tlC
and aliph~tlc hYdrocarbons
and blendst X

\lethYI Isobutvl ketone
(\IIBK) X

Toluene X

Xvlenes X

Tnchloroethvlene
(TCE)

I.I.I-tnchloroethane
(TCA)

Tetrachloroethene
(PERC)

Dichloromethane
(METH)

1. J.2-tnchloro-l.2.2
tnfluoroethane
(CFe-l])}

Acetone

X

X

X

x

X

X

X

x X

X X X

X X X

X X X

X X X

X

X

X

X

X

X

"TYpicallY in conJunctIon with vapor degreaslnl1;. I.e .. ImmerSIOn In the boilIng-liqUid sump.
tlncludes PO 680 Tvpe I. PO b80 Tvpe I!. and Stoddard solvent.
SOuRCE: DenYed from Ret. I. p :03
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Table 32-2. Relevant Propenies of Historical Industrial Solvents

BOlhn~ Surrace Kaun Vapor
Chemical \101ecuiar SpeCliic pOInt FJashpomt tensIOn butanol pressure TLV

Solvent iormula Wel!!"t ~ra\'1ty ICC) (0C) (dvnicml' \'alue \mmHglt {ppm::

TCE CHCICCL ]}U l.-k'! 8t>-b8 :\one 29.3 130 b5 :" .... '

TCA CH.CCL 133.5 1.34 ::-2--88 ""one ::SA 12~ 100 350

PERC CCl.CC!. 1059 1.02 J2()....1~ None 31.3 91 21 -
\1ETH CH.C!. ~9 133 3'l-.4D ~one 26.5 13~ 358 51~(1

CFC-l13 CCl.FCCIF. 18738 :.:tl ~;b >';one 1:-3 .~ J 304 lC'"L'(1

.';('etone CH.COCH . ~S03 ,..!.;q ~6-5; -j:- ~.I 220 .. -

\IEK CH.COC.H. ' _. J uSO ::-Q~l 240 ~ 2X

\1I6K CH.COCH.CHICH.!. 1(\)]" 1.J_~~ 112-:1b : :-6 -
TOluene CH u2. ~ 5 (I .~:- IIU.o 4.4 :'S.5 °-+-105 26 ..

\\'1..""", C,H.(CH.l. 100 ;7 l',K{"'I--l.).M'8 138-14-1 20.7 :8 -+-30 1 ,,~ 8 1[('

·';120-(.' :

tAl ~{}:C .l~ Intert:"ol.lteJ trom D-1 7[LO·1-:. HI7Tldro/H: (" CilnT1l~rrv and Phvslcs. 33th ed,'"
tOSHA Pt'rml~"lbj~E'pO...Uft" LlffilL to--huur flmt:"-\,,'el~hrea "\'t'ra~e. parts per mtll1un In air
.... tL \oil! Rl't, 1.2..1nJ '1

superIor soil and contamInant dissolution capabilities, their compatibility WIth
work surfaces and process eqmpment. and their relativelv low cost. In contrast.
toluene, xylene, methvl ethyl ketone (MEK), acetone, and the 10w-tlash-pOlnt
aromatic and :dlPnatlc naphthas have been restricted to use as ambiem-tempe!'·
,lture immersion cleaners and manual-wipe cleaners due to theIr flammabilitv
,lnd potential health hazards, OveralL industrY dependence on the solvents
IJentliied In Table 32-1 resulted trom a rational analySIS of the key CrItena con
sidered at that time, Clearlv, envtronmental and Industnal hvglene conSIdera
tions are causIng a shift in these historical applicatIOns.

32.1.2 Regulatory Framework

Table 32-3 identIfies the principal environment concerns associated with each
of the five halogenated hydrocarbon solvents, MEK, MIBK, acetone, toluene,
and the xylenes(s). These concerns are being addressed through the follOWIng
U.s. environmental laws as well as international agreements.

\10ntreal Protocol on Substances That Deplete the Ozone Layer

Clean Air Act Amendments of 1990

EPA Ind ustrIal Taxies Program (voluntary)

Superfund Amendment and Reauthorization Act

Hazardous and Solid Waste Amendments to the Resource Conservation and
Recoverv Act

The Copenhagen Adjustments to the Montreal Protocol on Substances That
Deplete the Ozone Laver, ratified in October 1992, require that developed

"'Fli_ ,...



520 Chapter TIlirty-T\>.'O

Table 32-3. Historical Industrial Solvent Environmental. Health. and Safety
, .

Issues

Histoncal -
Stratospheric Ozone Volatile Hazardous soil and

ozone depletion organic air groundwater
Solvent depletlOn potentJal" compound" pollutant contamlnat10n Flammable" CarcmogenICltv-TeE No 0 Yes Yes Yes :'-Jo See note'

TCA Yes 02 :\0 Yes Yes 0io :\0

PERC No 0 No Yes Yes No See note'
METH No 0 No Yes No No See note·'
CFC-l13 Yes 0.8 No No No No No
Acetone No 0 Yes Yes :\0 Yes No

\1EK 0:0 0 Yes Yes Yes Yes .~o

MIBK No 0 Yes Yes No I es No

Toluene No 0 Yes Yes Yes Yes ~~o

Xvlene(s) No 11 Yes Yes Yes Yes No

'Ozone depletIOn potential teFC·II = LOi as listed In Rets I and 2.
• Per Title I of the Clean AI! .-"ct Amendments of 1990
, Per Title III of the Clean AI! Act Amenaments or 1990.
'Defined as posseSSing a rlashpOlnt less than 38°C.
'The EPA has not rormallv 'classllied TCE In Categorv 62 as a "probable human (arClnO\:en.· wolle the

International A~encv lor Researcn on Cancer dARC) has classlCled thiS soivent In GrouD 3. J substance not c1asslll.
abie as to ItS carClnogenlCllV In humans.

'The EPA has not r'ormallv claSSified PERC in Cate!1:0rv 62 as a "probable human carcinogen." while the IARC has
dasslllt'd th,s sol\'ent :n GrouD 3. a substance not c1assltl.lble as to ItS carcmogemcl!v In humans

'Tht' EPA has not tormail\' Classlllt'J \IETH 1!1 CJtt'ltor\' 62 as a "probable human carClno~t'n. "'htlt' tht' IARC
nas classlited thiS sOI\,ent In GrouD 3. a substance not classlllablt' as to ItS carclnogt'nlCl!\' 1!1 numans.

natIOns eliminate the manufactu~e of Class I ozone-depletIng compounds
(ODCs) by January I. 19%. The Class I ODC cleaning solvents of concern to use
are the follOWing: 1.1.:!-trichloro-I.2.2-tritluoroethane. or chlorofluorocarbon
113 (CFC-l13l. and 1,1.1-tnchloroethane (TCAl, or methvl chloroform. Figure
3:!-1 2 shows a breakdown of world\\'ide Te.-\ consumption. In the United States.
Du Pont has announced that they will close their CFC production taciiitles In

developed natIOns bv january 1. 190 5..1 Over 50 electronics manutacturers trom
Canada, Germam·. Japan. Sweden. and the unlled States halted bv Mav 10 °3 the
use of CFC-11:' In global operations.' Over 60 multinational companies also
corr.pleted theIr ~lobal phaseout of CFC-113 in 1993' The rapidlv escalating cost
of ODC solvents. mainlv due to tederal eXClse taxes and theIr decreased avall
ability, is pro\'ldmg incentive to users of TCA and CFC-l13 as bulk cleaning
agents to eliminate these compounds as soon as technically feasible.

Title VI of the Clean AIr Act Amendments of 1990 also addresses ODCs, Title
VI contains a ilst ot all Class I and Class II ODCs. Final rules have been pro
mulgated for Title VI. SectIOn 604 and SectlOn 605. which address phase-out of
production of both Class [ and Ciass II ODCs. Section 610 on nonessential uses,
and Section 611 on products contaIning or manufactured with Class lODe.
SectIon 612 establIshes a framework tor evaluating potential alterna lives The

\. .~'
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USA
280.000 mernc tons

Western Europe
151.000 melnc Ions

Jaoan
151.000 melnc tons

j

j
_/

Figure 32-1. Breakdov.n of worJd\\.1de TeA use. [Courresy oj Chem Syslems. 19891

Safe New Alternatives Program (S1\AP) of the C.5. Em'ironmental Protection
Agency (EPA) will include a llst of acceptable substItute categories and a llst ot
chemICals prohibited as substitutes for specIfIC applica tions. The EPA pu b
lished the final rule for SNAP in ~arch 1994 in the Federal Rt'glster~ Title 111 ot
the CAAA requires regulation of 189 chemicals referred to as ha:.ardous aIr poi
lutants (HAPsl. This list includes all of the solvents discussed above. In addi
tion. Title III will place restrictIOns on industrial operations located in areas
defmed as 1I0l1attalllmel1t areas bv the EPA. Those solvents defined as ('0117111"

orgalllC compounds (VOCs) and HAPs (see Table 32-3) are in the process or
becoming stnctly regulated as to their use and emissions. Industnal users or
these solvents will be subject to additional record-keeping and reportmg
requirements. Significant capital costs may be incurred in cases where these
solvents are used in process equipment. due to the need for installation of emIs
sion control devices or new process eqUIpment to reduce emissions. The
detailed rules for HAPs and VOCs are being promulgated and are antICIpated
to become effectIve beginning as early as mid-year 1995. Title 1II also contams
requirements for the preventIOn of accidental releases of these substances.
Industrial facilities will be required to provide a risk management plan for pre
ventIOn, detection, and response In case of emergency releases.

The EPA Industrial Toxics Program, also called the 33/50 Program. IS a volun
tarv effort to eliminate the 'emIssion and off-site transfer of 17 toxic chemicals.
The voluntary goal established is a reduction in emissions and transfers of 33 per
cent b:' the end of 1992 and of 50 percent bv the end of 1995, the 1988 baseline lev
els. The 17 chemicals include TCA. trichloroethvlene (TCE). methylene chloride,
perchloroethylene. MEK. methyl isobutYl ketone (MIBK), toluene. and xvlenes.
Over 1000 major companies had commItted to this program as of early 1994.

SARA has required an annual Toxics Release Inventory (TRl) since 1987. The
list of off-site chemical transfers and emissions that are to be reported by indus
trial facilities includes the solvents listed in Table 32-1. In addition, SARA
requires contingency and emergency response capabilities for facilities that
store and use these chemicals in manufactunng processes.

.I.II.T...··· .,.
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Lastly, the Hazardous and Solid Waste Amendments to RCRA have placed
stringent requirements on disposal of wastes derived trom the solvents listed in
Table 32-1. These hazardous wastes are restricted from land disposal. Disposal
through incineration or as waste-derived fuel-blending stock is increasingly
costly and carries potential long-term liabilities for the generator. The chlori
nated solvents are the most amenable to recycling. But. under RCRA., recvcling
of these spent solvents requires management of the spent solvent as hazardous
waste and use of the uniform Hazardous Waste Manifest when these wastes
are shipped off-site.

Essentially, the use of any of the solvents listed in Table 32-1 and 32-2 carnes
a significant environmental regulatory burden that may result in additional
capital and operating costs and possible long-term liabilities. Most pro~resslve
industries are restricting use of these solvents to those applications In which
the use is essential to the product's performance.

The follOWing sections summarize the general technology trends in the elim
InatIOn of chlorinated and high-volatility petroleum-based solvents use for var
IOUS applications. The mformation is organized by industry sector and Incorpo
rates informatIOn summarv tables and a list of observations as to Industrv. .
trends. A brief list of key references IS given at the end of each major sectIOn.

32.2 Metal Fabrication and
Finishing

In this sectIOn, metal-cleamng alternatives are discussed in general terms for this
broad industry sector. Relevant categories in the metal-manufactunng Industry
include automotive, aerospace. rail. ship, appliance, and tooling. Chlonnated
solvent vapor degreasing and ambient-temperature Immersion cleanmg have
been the mainstay of forming-Huid and machining-lubricant removal in metal
fabncation and -finishing industries. Wipe cleaning with MEK and high-evapo
ratIOn-rate solvent blends-€.g., toluene. aromatic naphtha, ethvl acetate. as
well as TCA and CFC-113-has been widely used prior to applicatIOn of coat
Ings to detail parts and during assembly of products. The broad range of metals
and alloys and the varietv of surface treatments and coatings applIed after
cieanIng maKe this an Industrv sector in which alternate matenals and processes
tend to be numerous and somewhat application-specific.

32.2.1 Summary of Options and
Recommendations

Table 32-4c summanzes the viable alternative matenal and process categories
for metal cleamn~ as they pertain to tabricatIon and finishing. A more detailed
summary is given In Table 32-5.; Figure 32-2 on page 526 shows the generalized
aqueous immerslOn-cleanmg system that is being considered as a replacement
for vapor degreasmg m most metal-finishing mdustries. While it is difficult to

T
I
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Table 32-4. Summary of Metal-Finishing Alternative Materials and Processes

523

Alternate matenal

Aqueous, alkaline
Aqueous. emulsIOn
Low-vapor-pressure solvent blends
Ahphatlc petroleum hYdrocarbons
Terpene hYdrocarbons
Hvdrocarbon-surtactant blends'
Steam
Chlonnated solvents'

.-\1temanve process

AmbIent Heated Vapor High-pressure Manual
ImmersIOn Immersion degreasing" spraY Wipe

X X X X'
X X Xc X
X X' X' X"

X' XJ

x· X"
X' X"

X
X

'Spe'C1allv aesl!'ned systems whICh minimiZe tugltlve emISSions through enclosed design and vapor recovery
devIces.

-Surfactant-In-water blends under development: requlrt~s corrOSIOn-reSIstant suriace and ability to dry.
. Appropriate rlammabtlitv protection reqUIred.
'AooroPrlate reSidue removal technique reqUIred.
'lndudes alzphatlc petroleum and terPene h~drocarbonsWIth suriaetant chemIcal additives: these are Intended to

iaCliltate rinSIng or reSidues and formatlOn of stable emulslOn cieaners when mIxed with water.
'Includes PCE and TCE, onlY when used in a speaaliv deSigned vapor degreaser.

generalize across industrial sectors and for different facilities. the following
technical trends wouid be agreed upon bv most sCIentists and engmeers m the
metal-manufactunng sector.

A "systems" analysis of the entire manufacturing process frequently reveals
opportunities to elimmate redundant or unnecessary cleaning steps and
identifies opportunities to red uce the stnngency of cleanliness required for a
particular operation.

"010 clean" technologies are emerging. These technologies will ultimately
preclude the need for traditional cleaning methods as they mature; presentlY
they are either not technically feasible or economically unreasonable.

Thermal vacuum de-oiling. solid-film or polymer sheet lubricants, and ultra
sonics will emerge as "no clean" alternative metal-forming and -manufactur
ing techniques.

Aqueous alkaline and emulsion cleaners are dominating the replacement of
batch and continuous solvent vapor degreasmg and cold cleaning in the
Cnited States. Both immersion and spray applications are being employed.

Ultrafiltration can extend aqueous cleaner life.

Hydrocarbons. TCE. and perchloroethvlene are being used as well as aqueous
cleaners in several European countries as replacements for TCA and CFC-l13.

~etals susceptible to oxidation (e.g., D6AC high-strength steel) and metals
susceptible to embrittlement and corrosion (e.g .• titamum and 7000 senes

.- ---.r-
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Table 32-5. Metal-Cleanmg Processes
Processes are Listed in Order of DecreaSing Preference

Tvpe of In-process PreparatIon Preparation PreparatIon -
produetlOn cleanIng tor paIntmg for phosphatInC tor platIng

_..:--_-------=----------------_-..:.._~-
Remo\'al ot pIgmented drawmg compounds

Occasional or
Interrmttent

Continuous hIgh
prexiuctlon

Hot-emulsion
hand slush, sprav
emuislOn In smgle
stage, vapor slush
degrease

Convevonzed
'prilV emuislOn
washer

Boiling alkaline.
blow-oii. hand WlOe

Vapor slush degrease.
h~nd Wipe C

Aod clean'

Alkaline soak. hot
;cnse. alkaline SNav.
hot nnse .'

Hot-emulsion
hand slush, spra\'
emulSIon In smCle
stage. hot nnse.
hand wipe

Alkaline or aod
soak, hot nnse,
alkaline or aell;
sprav. hot nnse

Hot alkaline soak,
hot nnse (hand
\\'Jt'e. it possIble)
eiectrolvtle alkd- .
lme. cold-water
nnse

Hot-emublOn or
"iI,,,,line soa~. hot
rmse. electrolvte
"lkalint'. hot nnse

Removal oi unplgmentea 011 and grease

0((,1510nal or
Intermittent

Contlnuous hIgh
productIOn

::,o!\'ent Wlt'e
EmulSIOn clip or
:,orav

\'JDOr degrease
CJld so!wnt dIp
..\Ikalme dip. nnse.
~rv (or dIp m rust
preventl \'e I

..\utomatlc \',lpor
degrease

Emulsll1n,
tumble. 5 ('r,1\' ,
nnse. drv

Solvent WIDe
Vapor degTease or
phosphoric aCid
ciean"

.-\utomatlc vapor
aegrease

Solvent WIpe
EmulslOn dIp or
sprav. nnse

\·.:lpor degreaSe

EmulSIOn power
spray. nnse

Vapor degrease
Acid ciea~'

Solvent wipe
EmulSIOn soak.
::-arrel nnse. elee
~rolvt1C alkaline
,lOse. h\'drochlo
nc .:lcld dip, nnse

,-\utomattc vapor
degrease. el~.
trolvtlc alkaline
nnse. h\'drochlo
,IC aCId dip. nnse'

Remo\'ai at chIt's and cutting tluld

OC(,1SIUnai llr

IntermIttent

Luntlnuou~ntcn
productIOn

Sui I'enr \,'we
Alkalme dip and
c'mulSl(m surlactant

5tl'ddard Sl)[I'enr or
TCE

--\li--.litnt:.' tJI::' tlr

'('r,lV) ,lnd 'L'mulsll1n
.... Uf[.lct.1nt

Solvent WIDe
Alkaline dip and
emulSIOn sunac
t.lnt

S<l!H'nt or \·.lpnr

~;k~ll1ne ,diP or
sprav) and 'emul
,Ion surtact.lnt

Solvent ..... lDe
Alkaline dip ,'nd
emulSIOn sunac
t,lllt'

Sl1ivent or V,lft):"

-\lkJline (J::- l'~

spravi and emUl
SIon sUrr,lCrJnr

Solvent WIpe
Alkaline dip, nnse.
e1ectrolvtlc alka
linE'"~ nnse. aod
JIp. nnse

,\lkalll1e soak
nnse. electrolvtlc
"lkalll1E'" nnse,
,KId dip and
nnse"



Table 32·5. Metal-Cleaning Processes (Continued)
Processes are Listed in Order of Decreasing Preference
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Type of
production

In-process
cleanmg

Preparallon
for palnllng

Preparallon
tor phosphatmi2;

Preparallon
for platmg

Removal of polishing and butting compounds

OccasIOnal or
Interrmttent

Contmuous hlgh
productIOn

St>ldom required

Seldom requIred

Solvent wIpe
Surtactant alkaline

\"i2;ltated soakl. nnse
EmulSion soak. nnse

5urtactant alkahne
,prav, spr,w nnse

Agitated sOilk or
spraY', nnse'

Solvent wipe
Surtactant alkaline
(aptated soak).
nnse

EmulSIOn soak.
nnse

Surtactant alkalme
sprav. spray nnse

EmulSIOn sprav.
nnse

Solvent wIpe
Surtaetant alkaline
(al2;ltated soak),
nnse. electroclean

Surtactant i1lkilllnt'
soak and sprav.
alkaline soak.
spraY', and nnse.
electrolVtlC alka
line nnse, mild
acid pickle. nnse

I

),

Fllr (llmplc'll' rl'mll\ "I of pigment. p.u[~ ,hould be cieaned ImmeClatelV arter the lormln~ operation. and all
tin"" ,hould bl' ,pr"n'd whl'rl' practlc,,1.

'l"'d llnl\' whl'n t'1>:ment re"due C,ln bl' toll'r.lted In subsequent operations
rho'php,,( ,K,d dl',lI1l'r-""[l'f' oltl' otten 'nr,wl'd on the parts to ciean the sunace and leave a thm phosphate coatm>:
rh,,,t'hllTlc ,Kid Ipr (It'anlnl: ,'nd Ir<In ph",phattng, rrOprtt'tarv products tor hl~h- ,1I1d low-temperature appil'

(athln ,He ,1\".11 1.1 bk
""ml' pi"tlnc: pr""""l" m,l\' rt'yulre ,lddu,on,ll cleaning diPS,
\.l'utr.,i l'n1ul"'IPn l\f ..\d\·l·n~ ~houlJ be U~l'J ~et(lre m-,ngi\nese phosphatIng
Rt'\"l'r-"l'-cUrrl..'nl .... k,~n!n£ m.l\' be nt'ce~"'.ln· 10 remo"e (hlt"~ rro'm ("\t\'rt~ ha~'\nc: JeeD re(e'5~e5
Fllr n',1nldl' pl,llInc:. ,klJ dIp ,)nJ w,lIt'r nn~t' ,lre tollowed b\" ,llk.lllne and water n'nses,
Utl",r r"'I,'"'n(l" -t"t>It' llr <ilrhibt' l'mub"," ~prav or ,,"'k. rinse. alkalme sprav or soak. nnst'. electroclean; l'r

~oh't'nt rn·...",)k. .1I 1-...1 11 nt.' "'ll"k or ~pr.,\'. t.·lectTl~dl".ln.

'Third pIl'tl'Il'nCl': "mub"," 'P',)\" rinse,

,11ummum) may limit the \'iable substitutes for hYdrocarbons or oxygenated
solvents lor these applicatIOns.

Cl1mplex part geometries, such .:IS blind holes, tubing, and aircrait honev
comb structures may require special equipment and procedures-including
part oscillation, rotatIOn, or vibration in the cleaner bath; ultrasonics; or hlgh
pressure spray-to obtam acceptable cleanliness using aqueous and emul
sion cleaners,

Hl~hlv carbonaceous soils (e,g., Cosmoline) and high-molecular-weight soils
(e.g., paraffin or polyethylene glycol waxes) require the use of terpene hvdro
carbons, naphtha blends, or spray inpingement with high-pressure surfac
tant / steam, solid carbon dioxide, or sodium bicarbonate,

Use at wilter-soluble or emulsifiable forming, stamping, machining, and cut
ting tluids will enhance the applicability ot aqueous and emulsion cleaners as
chlonnated solvent vapor degreasing and cold-cleanmg substitutes.

.f1r Ii_ II.

-
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Parts !rom
ManutaClUnng

Procass

r

Wasn Stage:

Heated Detergent
SolutIOn: Spray,
ImmefSlOll
Ultrasonics, etc.

Rinse Stage:

Water.
Spray. ImmerslOll

Dryer.

Room Temp AIr
or Heated AIr

Gleaned
Parts Ready
lor Contlnued
ProdUCtIon

Sollmon:
Rearculatlon:

Filtenng. Skimming

'-- pe_noo_lc_Re_rno_va_I ri W~e Treaunent ~EJ
Figure 32-2. Conflgurauon of aqueous clearung process m the metal-cleaning
mdusuy. ICourtesy OJ U.S. EPA. 1989a.i

~1anual wiping and cleanup solvents are being replaced with reduced-vapor
pressure solvent blends of 45 mmHg or less composite vapor pressure; milnv
contain fewer HAP constituents. .

Alternate wipe solvents and batch degreasers tend to be more applicatlOn
specific: i.e.. "general purpose cleaners" will be replaced by several materIals
and processes.

Operator and user technIques are more sophisticated and have lower toler
ances with the substitute materials and processes as compared to the tradi
tional solvents.

32.2.2 Farther Reading and Case
Histories

For further reading and case hIstorIes relevant to Sec. 32.2 topics. see Refs. 1-9.

32.3 Precision Instruments
and Devices
32.3.1 Background 10

The term preCIS/(ln clt'QlIlIIS is difficult to deitne. The following list provides an
indication of the Wide and varied applicability of preCision cleaning.

--,rr~. ID
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Electronics (recording heads, solenoids. micro switches, servo motors)

Medical (heart pacemakers, contact lenses, prosthesis manufacture)

Defense (inertial guidance systems, ball bearings, hydraulic systems)

Aerospace (avionics maintenance, fuel svstems, flight controls)

527

PreClsion-c1eaning applications are characterized by the extremely fine level of
cleanliness required to keep delicate instruments and surfaces operatIng effec
tn'el\', as illustrated In FIg. 32-3. As Fig 32-2 impiies, preClslOn component
cleaning requires the use of more effectIve cleanmg technologIes than those tra
ditionallv employed In heavy mdustnes, such as those dIscussed in Sec. 32.2.
"\1etal Fabrication and Finishlng." The key factors that define precislOn clean·
Ing are those applicatIons In which

• Critical cleanliness standards of particulate and lor organic contammants
need to be satisfied

• Components have sensitIve compatloiilties

::we OF FLYING HEAD

FLYING HEAD
HEIGHT =15-45

MICRO IN

SMOKE PARTICLE
250 MICRO IN DIA

FINGER
PRINT
SMUDGE

o

HUMAN HAIR
OOJIN DIA

~.

I

OXIDE COAnNG 1200 MICRO I~, :

Figure 3:1-3. Size companson oi computer disk dnve head dear·
ance \nth \"anous contaminants. (Counesy oj Digital Eqwpmen[
Corporanon.l
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• Components have physical characteristics such as geometry or porosity
which make dewatering crucial in the cleaning process

• Components being cleaned are costly

The necessary and desirable solvent properties include 10

• A volatile solvent with zero nonvolatile residue

• Sufficient solvent power to dissolve organic soils

• Low surface tension to penetrate small spaces between surfaces and compo-
nents

• High density to assist in displacing and suspending small insoluble particles

• Rapid drying

• Low cost

• Low toxicitv

• Nonflammabilitv

Industry has developed a strong dependence on CFC-113, CFC-113 alcohol
azeotropes, and TCA as the pnmary precision instrumentation cleaning solvents.

32.3.2 Sammary of OptiOIU aDd
Recommendations

A number of options for precision cleaning are available. The following listie clas
sifies the options as either alternatIve cleaning processes or alternative solvents.

AlternatIve c1eanmg processes

• Aqueous
• Semiaqueous
• Pressurized gas
• Supercritical fluids
• Plasma cleanmg
• Ultra VIOlet / ozone

Alternate solvents

• Hydrochlorofluoroc3rbons (HCFCs)
• Alcohols with perfluorocarbons
• N-methyl-2-pyrrolidone
• Perfluoronated alkanes
• Aliphatic hydrocarbons
• Miscellaneous solvents (e.g .. ketones, ethers)

Discussion here will be limited to the most widely applicable optIOns. The doc
uments referenced at the end of this section can be consulted to obtam greater
detail on each of these materials and processes.

r
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Aqueous. The process design and equipment selection are the key to achIev
ing acceptable aqueous alkaline cleaning in preCIsion applications. ImmerSIOn
with mechanical agitation or ultrasonics and spray methods are those being
most widelv Incorporated In the substitution for solvent-cleaning methods.
Aqueous methods are generallY superior to solvent methods in removal of
InorganIc. polar soils and of particulate matter. However, tor high-molecular
weight oils and fluorocarbon greases, multiple cleaning steps or inclusIOn ot
cleaning-enhancement methods. such as ultrasonics, mav be necessarY. Among
the sIgnificant concerns \\"Ith aqueous cleaners are soil removal trom parts With
complex geometries; cleanIng-material compatibilltY WIth polymers, elas
tomers. corrosion-sensItive substrate metals, allovs. and porous surtaces; and
process control. The rinsmg and drvlng steps are of particular concern.
Equipment must be careiuilv deSigned and controlled. In addition. energ:' con
sumptIOn, the need tor high-purity water. and wastewater disposal can have a
SIgnificant cost impact. Table 32-6 summarizes the advantages and disad\'an
tages aSSOCIated With each aqueous cleaning method. All of these factors
should be considered carefullv and wlthm the broader context of the envIron
mental regulatory Issues described In Sec. 32.1. Figure 32-4 shows a generailzed
configuration of an aqueous cleanIng process. This general design can also be
applied to the general metal fabncatlOn and metal-finishing applications dIS
cussed in Sec. 32.2.

Semi·Aqueous. Hvdrocarbon/surfactant cleaners can either be emulsified
In water and applied In a manner SImIlar to the aqueous cleaners discussed
above or they can be applied in concentrated form and rinsed with water. These
methods and materials, collectlyely, are commonlY known as seml-aqueolls

cleallers. The general advantages and disadvantages of these matenals are Simi
lar to those of aqueous cleaners. Semi-aqueous methods can provide greater
"oil removal and emulsification ot higher-molecular-weight hydrocarbon soIls
and greater compatibility with corroSIOn-sensitive materials. Semi-aqueous
cleaners may pose tlammability and odor concerns that must be addressed in
the equipment design-t>.g., terpene hvdrocarbons. Semi-aqueous cleaner sta
bilitv may also pose partIcular process control challenges, e.g., auto-oxidation,
philse separation, and gelling ot organIc components. Figure 32-5 is a general
conceptualized semI-aqueous cleanIng system.

Supercritical Fluids." 511Pcrcntlcal f711ids (SCFs) are characterized by their
eXIstence In a Critical temperature and pressure regIon as tollows:

0.9 < T. < 1.2 and 1.0 < P, < 3.0

where T, and P, are reduced temperature and pressure, respectivelY. T.= TiT
<lnd P.=P/P where T and P are the actual temperature and pressure, respec
tIvelY, ilnd T and P, are the critical temperature and pressure, respectivelY.
\Yhen elevated to temperatures near or greater than the cntical temperature and

. If I' liM 'WI



Table 32-8. Advantages and DisadvantaJies of Aqueous Cleanmg

at high pressures. these compounds. which are gases at ambient temperatures,
become tlulds WIth high soil dissolution propertIes, high diffuslvitv.low VISCOS

Ity, and low density. The aC\'antages ot this technology are its flexibilitv of
application. rapiditv of cleanIng, and reasonable operating costs. The disadvan
tages include the high capital cost of designing and operating a system that

i
t
f
I

I
I
I

C1earung difficulty-Parts "ith blind
holes and small crevices mav be difficult
to clean and may re{jUlre process Optl
mIZallon.

Process control-Aqueous processes
re{julre careful engmeenng and control.

RinsIng-Some aqueous cleaner reSidues
can be difficult to rinse trom surraces.
\iomOnlC surfactants are especIallY diffi
cult to nnse. Trace reSidues ma\' not be
appropnate for some appiJcatlC1n5 and
matenals. SpeCial precautions should be
appiied for parts re{julring subsequent
vacuum depOSitIOn. hquld oxygen con
tact. etc. Rinsing can be Impro\'ea USll1g
01 water or alcohol nnse,

Disadvantages

Floor space--ln some Instances. aqueous
cleaning may requIre more t100r space.

Drving-For certaIn part geometrIes with
crevICes and blmd holes ar.·InC rnav be
difficult to accomplish. An addltlonai drv
mg sectIOn mav be reqUired.

\latenai compatlbllitv--Corroslon llt met
.:lis or delayed environmental stress crack
Ing ot certain poivrners mav occur.

Water-In some applications hl~h-puntv

water 15 needed. Dependm~ 0:1 ('untv and
volume. hlgh-punty wate~ can 'be expen
sIve.

Energ\" consumPllon-Ener~\' consump
tJOn rnav be hIgher than tor solvent clea~
Ing In apphcatlOns that require heated
nnse and drYing stages.

\Va,rewater disposai-ln some Instances
use or aqueous cleaning mi1\' requIre
wastewater treatment pnor to al,ch.:Jrge,
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Advantages

Safety-Aqueous systems have tew prob
lems with worker safety compared to
manv solvents. Thev are not tlammable or
explosive. It is important. however, to
consult the Matenal Safety Data Sheets tor
information on health and safety.

Cleaning-Aqueous systems can be read
ily designed to clean parncles and films
better than solvents.

Multiple degrees of freedom-Aqueous
svstems hav; multiple degrees at tr~om
tIl process design to'rmularion and concen
tration. This enables aqueous processes to
pronde supenor cleamng tor a wider
vanetv at contamination.

Inorgamc or polar soils-Aqueous dearung
IS parncularlv good tor dearung morgaruc
or polar matenals. For en\1.ronmental and
other reasons. many machme shops are
usmg or convertmg to water-based lubn
cants and coolants versus oil-based. These
are Ideallv SUited to aqueous cherrustry.

Oil and grease removal-Drgamc films.
0115. and greases can be removed very
effectlvely bv aqueous chemlstr\".

Multiple cleamng mechamsms-Aqueous
cleanmg tunctlOns bv several mechamsms
rather tLhan Just one' (solvency). including
saponificatIOn (chemical reaction). dIS:
pl~cement. emulSificatIOn. dispersIOn. and
others. Particles are etfectlvelv removed
bv surface actlvltv coupled with the appil
cation of energv,

Lltrasomcs at:'FllCabllItv-l:ltr~s0nlcsare
much more errectlve In water-ba,ed sui·
vents than In CFC·]].) soln'nts,

Chemical cost-LllW consumption and
inexpensIve



Solvent Substitutes 331

Parts !rom
ManutaClUnng

Process

WaSIl Stage

Heated Detergent
SoIUlJon: Spray.
ImmersIOn
UIlraSOnlCS. etc.

Rinse Stage.

Water.
Spray. ImmefSlOl1

Dryer.

Room Temp Air
or Heated Air

Cleaned
Parts Ready
tor Continued
ProouetJon

Solution:
RecmculallOll:

Flilenng. SlUmming

____P_eno<lJ__C_R_8lTlOV__al__--'ri Wasle Treatment HPOTW I
Flear. 32-4. Conflgurauon of aqueous cleaning process. ICounesy oj U.S. EPA.
1989.1

Cleane-::l
Parts

to Dram

sed-Loop Water
nnent

Water
nnen! or

Parts to
t>e Cieaneo

HyOrocartlon/
EmulSion DryerSurfactant Rinse

WaSIl Stage Rinse Force-::l Hoi Air

I I- ::( ~
-

~
- -

HyOrocaroorv
Recycle

Surfaclant CD Clo

Reuse ~
Trea

(VSlleDispose 01 -
RecyCle Trea

CD Direct
Decanter

Fleure 32·5. Semi-aqueous process for ImmiscIble hydrocarbon solvent.

i

j

operates at high temperatures and pressures. These conditions may also be
detrimental to the item being cleaned_ Water. carbon dioxide, methane, ethane.
ammonia, and ethanol are among the compounds being considered for SCF
applications. Carbon dioxide has received the most investigation to date. Figure
32-6 shows a conceptualized SCF system that uses carbon dioxide.

\
-- '1,1' Ii_ 'WI



Figure 32-6. BasIc model design for carbon dlOxide super
cnUca! cleanmg SVSlem. ICoW1esy o}Ja.ckson. 1987.)
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Hydrochlorofiuorocarbons. 1il lise of HCFCs. particularlY q) HCFC-l-l1 band
(2) HCFC223ca / CD, have been proposed as a means of replacJnl:: CFC: 1::; and
TC.-\ due to theIr similar phvslcal and chemIcal propertle~. In these InstZlnCe",
sImilar equIpment and procedures could be employed. HCFC-l-l1b IS not
approved as a \'Jpor degreaser replacement matenal under SNAP and IS more
corrosive than CFC-l1J. HCFC-22Sca/cb is under 5'\Ar re\"le\\". HCfC-223
ca/cb IS quite expensIve as compared to CFC-l13 and Wil1lJnI\' be a\',1;;,lble m
limited quantitIes. Although the soil dissolutIOn propeme:; ilnd wstem reqUIre
ments make HCFC attrac:Jve. these compounds are iIsted ,1" CL1SS II ozone
depleting compounds In the Clean AIr Act Amendments ot 1990. As sucn, thev
are subject to oroductlOn limitatIOns and willlikeiv be phased out no bter than
tne year 2030. F:cure 32-7 shows an advanced vapor dt:~reiber de~lgneJ to mmi
:-\1ze atmosphenc emiSSIons even with low-boiling-poll1t solvents .

•f',
'I
'\
'\

. I

Alcohols with PerDuoroalkanes.:' Alcohols have excellent sod dis50lution
propertIes tor polar, polar organIc. and hYdrocarbon :;pils, partlculari\' when
heated or as a boiling liqUId. However. the extreme flammabdlt\' hazards assoCl
,Hed WIth heated-alcohol cleanIng have made this approach impractlcli m the
pa:;t. A recentl\- mtroduced technIque. the use of a perflullrocarbon \'Jpor "bliln
ket" ilbc1\'e heated illconoi In a cieanm~ system, renders the alctlhol \',lC'llr mm
tbmmilble. Further. the perrluorocilrDons ilnd alcohol are re!,1tI\'e!V Im;;tlSClble,
Theretore, the\' C1n be used t0l:;ether and recovered tor reu~e \\'Ith mlnl""li mlx
Inl:; ThiS [echnolol:;\' m,l\' prc)\'e useful \\'Ith materials sensitl\"t' tp aqLcpus or
l1ther solvents or WIth matenals With complex parts geometne:--. Howe\·er. such
5vstems retam SIgnIficant desll:;n and operating requirements. f'ertluowcilrbons
are also expensIve. For these two reasons capital ilno operating costs will be high,

r

PerDuorocarbons." Thts group or compounds have all 11\'droge~ atoms
substituted With iI tluonne atom. Thus. they are hlghlv stable molecuies. They
haye low tOXICltv and are nontlammable, However, they are very cost(v. Also,
because they are both mtrared absorbers and verv stable. they have a high

--.....-.r-~·r..
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Figure 32·7. Ad\',lnC'ed-desll!n degreaser for use
wah low·bolling,p0lnl solvents. (Courtesy of Du Ponl.l
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)

~lobal warming potentiaL Perfluoroalkanes' greatest potentIal applicabon is In
cleanIng gyroscopes and gUidance equipment that contaIn iluorinated lubn
(ants and where elilstomers and poiymenc matenills require cieanmg.

32.3.3 Further Reading aDd Case
Histories

For further readings ilnd case histones relevant to Sec. 32.3 tOpiCS, see Refs. 1. ~ .
.1nJ 10.

32.4 Printed Circuit Board
Manufacture and Assembly
32.4.1 Background I

The ilssemblv of electronics components histoncallv has created the need for
the remo\'al of residues from assemblies after soldenng. Solder flux reSidues
are charilcterized as a mixture ot raw flux. tlux Jecomposibon products, reac
tion products between the flux components and metal oxides, and reSidues
from soldering oils and contaminants from previous operations left on the
boards. I CFC-l13 became the prevalent defluxing and printed circuit board
cleaning solvent by the late 19705. The use of TCA and TCA-alcohol azeotropes
in electronics cleaning has been less, but significant. nevertheless. No other sin
gle industry sector has been so completely affected due to the internatIOnal
phase-out of its two most widely used cleaning solvents. Both chemicals have
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been fundamental elements contributing to product performance and reliabil
ity. The electronics industry involves a variety of substrate materials, including
numerous polymeric and elastomeric materials, complex geometries, and low
tolerance configurations. The complexities of electronics cleaning will not be
discussed in detail here.

32.4.2 Summary of Options and
Recommendations'

The six primary methods for replacing the highly volatile. ozone-depleting sol
vents and their applicability are summarized in Table 32-7, with CFC-l13 and
TCA serving as benchmarks. Table 32-8 provides information on the applicabil
ity, costs, and relative strengths and weaknesses of the eight material and
process combinatIons prevalent in the substitution for CFC-113 and TCA. The
Technology and Economic Assessment Panel under the Montreal Protocol has
noted the follOWing technical trendsJ in replacing ozone-depletIng solvents m
electrOnics manuracturIng:

• No clean soldenng is the tirst choice to eliminate CFC-l13 and TCA. It can
decrease costs, aVOId hazardous solvent waste disposaL and if operated under
controlled atmosphere. minimize dross contaming lead oxide. Some manufac
turers report mcreased productIOn efficienCY and improved reliability.

• For those ap'plications where cleaning remains necessarv, aqueous methods
predomInate. .

Table 32-9 provides a comparison of aqueous-cleaning systems ranging trom
batch dishwasher types that are preferred by small specialty shops to conve\,-

Table 32·7. Cleaning Options to Replace CFC-113 and Methyl Chlorofonn

A'1ueous SemI- Aqueous SemI-
5<loontned aoueous A'1ueous sapOnified aoueous

'\0 clean underbrush underbrush spraY spraY spraY

CFe-113
and

methYl chiaro/ann

ROSin 11u>-rTH" \ \ X X \ X
\\ ater->0Iuble tlu>-rTH .\ \ \

Synthetic actlyated
tlu>-rTH \ X

RU~ln rlu>..-SMt \ \ \ X
Water-soluble paste-S\\ X \

ROSin flux-miX taD and
oottom SM and rtH \ X \ X

Water-soluble flux-ml' top
and bottom SM and rTH X X X

Low-solids flux \

Controlled-atmosphere
soldenng \

"rTH=plated through holt·
t:5urtace mount.
5O\C.a:: Ref.!.

----.ror~. r D
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Table 32·8. Summary Comparison of Cleaning Processes

H\."orocarbon sunactant SaponIfIed aqueous Aqurou~

I~sue Lnderbrush in·hne ~prav Batch L nderbrush In-hne sprav Batch In-hne spraY a.arch

E~ulpment cost tmld·r.lncel 530,000 5160,(100 S40,OOO 530,000 5100,000 S40,OOO 5100,000 Sci,L>">")

Fh)()r ~Pr1(l.' rt>\1U1rt.'menl
Imln1mUmlltt:) 100 ;00 40 11)(1 200 -lD 200 ~J

Apphcable In surtoce mount
't'(hnolog" ISMTI '-0 It'S Yes \'0 Yes les Limned ~,C'":fE"d

C,)mront>nr (omp.ltloIlU\' b:"oU~ l ..n...· ~toderiitE" \.1ooerale Low \1oderatr .\hx:jerate Hi~h ' ..
Del{"ct rate A\'era~~ ,Avera~E" AVE."ra~e ::"\'era~e A \"f''Tace A \'era£:f' Lower ~c v.. t'f

Thr{'lu~hrur r.atto I,H'eritc.t.>lllt/mm) \".anable \"anabJe '. dnardt>

Cnmplt.·\!t\, Dt m ... t"i1.Hllm Ltll\ HIgh Lll\'\o' LOW \1E"dlUm Low 'v1E"dium L" .....

\\',lst<'StrC'"m h.lndltnc, 'en.··~~r.... ~t:'\.-C'Ss.arv '-t"Ct"Ss..1TV '\.,t:"'<"t"'Ssarv "'\jKess.arv '\,£>Cessarv 'Kf'Ss.ar.... '\.. t"'\.-n~r\

He"'lth .1nd s..lft:I," ISSUt"S 'lust t>e \1uS! be \-lust be .\luS! be 'v1ust be \lust be 'v1ust be '1usr N'

pvaJucllt"d t"VilJUo:1teJ t:'vatuclu.>d evaluated evaluated t'vaJuatt"d t"valualf"d t'''.J,u.lred

rr(lc~s rle'\lblilt\" Lp...... H,£h H,gh L0\"; \tl.edlUm \1E"dlum Low ~,""'"

IJll·~ltmt'"l,'t... t Lll\<, 'v1E"d,um Lu...... Low HI~h ~o" HI~h ,-~....
rr()c~~m~ n~1 pt'f "Qllan' lOCI!

,,'mp.1tt'tl to CFC-IIJ ::." ~x ~)( .ax 2" 1 " Ix

Table 32-9. Companson of Aqueous Process Machine Types·

Brush DIshwasher Hit:h-throut:hput

I'nnClpk Lnderbrush SpraY Sprav
\\'.l1er ,oiubk (\\,/S) tlu\ "0 Yes 1'""
SllP(lnuler Posslblv Y<'5 Yes
H\'\.lnll,.",lrb{)n I .,;,urractant

I HC 5\ ",.lsh rhase Posslbl,' Yes le5
-;urr.lCl' m"unlt'd deVIce (SMD) ...." Posslblv Yes
Thmu"hput 1m- , h - ') llJ--+ll 1-2 ~25

\\.ller ,,'nsen'.1110n IL ' m :) 20-::.0 25--+0 1'-15

El...·ctncltv Cl)n~t'n:(ltl0n tJ':--1 1-1,5 05-1
Lltr.lsom,", .... 0 .... 0 .... 0

Ck-.1ntn" \ledlOCTe Vetv good \'etv good

Dr\'tnt: ,l\',lJl.lble \ledlOCTe \1ediocre Verv good
Noor sp.Ke \m-I , .. , ' , t-10---)

H.1ndilng con\·t."~·nr (,,"vevor \lanual \lanuallrobot
NC\lbJlltV Poor Excellent Excellent

Tank Ct"'ln\'e\"·::--r-:zeJ

ImmerSion S~ra\'

Yes Yes

Yes Yes

les ) es

1'<'5 It'5

:-25 :;..=.{)

10-50 10-50
0:;"1.5 1-2
Possibly '.;0

Good to .\1ed1OCTP to
verv good ,'eIT £ood

Vanable Vanable

10-20 10-20

HOlSt ConvevC'r

Excellent Poor

·The infOrmatIOn 1:1\,.,n tn thIS table IS tVPlcal or machines avaIlable on the mternatlOnal market. The perrormance
(11 Indl\'ldual m.Khl~esmay vaT... conStde'r~bl\' and potential users are adVised to check With thelT suppiler as ro the
,"curacv or thiS mtormatlon under thelT speclfic conditions ot use,

-11.118 1ft
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orized systems that are better suited for major circUit-manufacturing centers.
Semi-aqueous cleaners, particularly terpene hydrocarbons, were among the
substitutes initially considered and implemented by many companies wishing
to make rapid transition from ozone-depleting solvents. Semi-aqueous cleaners
appear to be more limited in application than aqueous methods due to cost
associated with explosionproof equipment, waste disposaL and wastewater
treatment.

32.4.3 Further ReacliJlg and Case
Billtorie.

For further reading and case histories on Sec. 32.4 topics, see Refs. 1, 3, and 11.

32.5 Maintenance Activities
32.5.1 Background

Maintenance activitzes at industrial and manufacturing facilities are defined here
as the cleaning of products during rework or refurbishment and cleaning of tool
ing, equipment, work areas, and work surfaces associated with general factory
housekeepmg. Histoncally, many facilities used "general purpose cleaners" for
both production and maintenance acti\'ities. Thus, the solvents listed in Table 32
1 serve as the histoncal baseline in this portion of the discussion as well.

32.5.2 Summary of Option. and
Recommendations

The general recommendations made in Sec. 32.2" "Metal Fabrication and
Finishing," applv to factory maintenance activities and rework or refu'rbish
ment of parts. However, the soils encountered dunng mamtenance and repair
of mechanical devices in products and equipment (motors, compressors.
engines, vehicle wheels, etc.> tend to be oxidized, solidified, or reacted; are more
carbonaceous in nature: and contam more msoluble particulate matter and salts
than encountered during the manufacturing process. In these situatIOns.
mechanical impmgement, such as plastiC media blasting; high-pressure aqueous
alkaline cleaner spray; high-pressure surfactant/steam spray; terpene hydrocar
bon (particularly o-limonene) wipe and immersion; C7-C12 hydrocarbon WIpe
and immersion; C4-C6 acetate wipe; and blends of the aforementioned organic
solvents as wipe and ImmerSion cleaners offer the greatest degree of soil dis
placement. emulsification, or dissolutIOn. Special attention must be paid to
coated parts and composIte matenals to ensure that coatings and other sensltlve
components--€.g., gaskets. seals, and plastic devices-are not adverselY
affected by the cleamng matenal or process. Parts with complex geometries mav
have special drying considerations. In most cases, additional labor hme and
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increased user diligence will be required when any ot the above materia is and
processes are substituted tor high-volatility solvents listed in Table 32-1.

32.6 Nonmetallic Materials

These materials include composites (e.g., graphite-epoxy), elastomenc maten
als, iiberglass, and thermoplastic and thermoset polymers.

32.6.1 Summary of Options and
Recommendations

ComposIte matenals tvpicallv may be cleaned using the alternatIves di",cussed
in Sec. 32.2 and 3:'..3. However. special care must be taken to perior:":1 pro
longed, sensitive-exposure bench tests of composites in the candidate cleaning
materials in order to identitv any subtle embrittlement and corrosion' eitects.
Elastomeric materials varv In their resistance to aqueous solutions. The literil
ture should be consulted to identity situations involvIng sensitIve elastomers.
Low-vapor-pressure solvents may cause sIgnificant swelling to elastomers, ilS
the slow-evaporating solvent is absorbed into the suriace and requires substan
tial amounts of time ior residual solvent to desorb and evaporate. This also
increases the potential for Irreversible damage to the elastomer. CertaIn polv
menc materials, such as polycarbonate and methacrvlate and other acrvlics,
tend to craze or crack when exposed to low-volatilitv ester, acetate, and ketone
solvent liquids. In cases where sensitive parts are encountered, the use of a
hIgher-volatility, less aggressive solvent is unavoidable. The most bemgn alter
nates include methanoL ethanol. isopropanol, acetone, and aqueous soiutlOns
of these solvents.

32.7 Adhesives. Coatings. Inks.
and Aerosols
32.7.1 Background

Table 32-10 1 lists the common adhesive solvents. It is estimated that 48 percent
ot the U.s. coatings and inks market in 1986 was solvent-based formulatlOns.
TCA has been a popular aerosol propellant, with flammable hydrocarDons such
as propane, butane, and pentane also used.

32.7.2 Summary of Options and
Recommendation. ;

Alternates to solvent-based adhesives include powder coatings, hot-melt adhe
sives, radiation-cured adhesives, moisture-cured adhesives, water-based solu-

Ir',la r.
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Table 32·10. Physical Properties of Common Adhesive Solvents

Flammable limit Water
Flashpoint. in air soluble in Density
open cup (volume'iC at 25 O() 100 g solvent (g/l a't

Solvent (0C) Upper lower (g) :WO()

TeA NF- 1.2.5 7.5 0.05 1.314

Methvlene chloride NF 2..2.0 14.0 0.17 1.316
Toluene 7.2..2 7.0 1.3 0.05 0.870

N-hexane -27.8 6.9 1 ,,- 0.01 0678.~

MEK -5.6 11.5 1.81 11.80 0.804
Ethvl acetate -"" 11.0 " ,,- 3.3 0900_._::l

"NF=no flashpomt.
SOliRCE: Ref. 1.

Table 32·11. SummarY of Substitute Solvents for TCA in Aerosols

r

Major product applicatIOns Performance tactors

Automotive and Household
industrial products Pesticides products

TC.l. X X X

SubstItute solvents
Petroleum distIllates X X X
AromatIC hvdrocarbons X X
Alcohols X X
Ketones X X
Water svstems X X X
DImethYl ether (OMEl X
HCFC propellants' X X X

"Includes HCFC-22 and HCFC-l-l2b.
'" 'UeE: Ref. 1

Flammabilitv

None

High
High
HIgh
High
low to no'l1t>
High
None

Densltv

0.75
O.S;
0.80
081
1.00
0.66

1-1.21

I
I,

tlOm (a latex, or emulsion). hi~h-solids adheSIves, and other solvent-based
adheSIves. such as acetone. ethvl acetate, heptane. and toluene. Alternative
coatings and inks becoming commerclallv avatlable mclude powder coatlnC:s.
water-based coatings, and high-solids formulatIons. Table 32-11 summarIzes
substItute solvents tor aerosols.

32.8 Material and Process
Change Considerations

The most vulnerable point In the process ot changmg anv fundamental manu
factunng activity. such as cleanIng, IS the transition into the factory settIng.
This activity is the least predictable. the least rational, and cannot be totallY
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simulated in bench or pilot testmg. Parameters to investigate, when consider
ing a cleaning material and process change, include equipment and operatms
parameter vanability during scale-up; agitation and foaming in aqueous clean
ing processes: floor space. throughput limitatIOns, rinsing, and residues with
aqueous and low-volatility solvents in batch or conveyorized systems; drymg;
energy consumption; labor requirements per unit product; operator skills: and
capital and operating costs. The followmg general conclusions are denved from
experience gained in a major aerospace manufacturing facility and may be wor
thY of consideration:

• A "systems approach" is essential for a successful technology.

• An inte!Zrated product team of representatives from all affected functIOns
should be tormed at the begmmng of the project.

• The users and operators of the materIal and / or system should lead the tran
sition.

• Much time, energy, innovation, and perseverance is required dUrIng the
tranSition.

• Material and process change requires a thorough understanding of the svs
tern performance requirements and of the history of the existmg materIals
and processes.

• It is difficult to generalize across industry sectors.
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Possible Substitutes for Hazardous Chemicals

Procroure Hazardous chemical Substitute

Glassware cleaning Chromic-sulfuric acid Detergents. enzymatic
solutions cleaners

Qual. test for halide ions Carbon tetrachloride Cyclohexane

Organic synthesis Chromate ion Hypochlorite ion

Qual. test for heavy metals Sulfide ion Hydroxide ion

Measurement of vapor Carbon tetrachloride Isopropyl alcohol
pressure-temperature by

isotensiscope

Determination of molecular Benzene Cyclohexane
weight by freezing point low-
ering methods

Temperature Mercury thermometers Red liquid thermometers

Storage of biological Formaldehyde Ethanol or other preserv-
specimens ative

Organic synthesis. etc. Ethyl ether Methylt-butyl ether

In-phase change and freezing Acetamide Stearic acid
point depression

Source: FreclD&ll, Harry; Ind
UIlriaJ PoUutioa Preveuioo Handbook



Key separation technologies In pollution prevention.

SolicItUquld '

Uquid Phase

Ion Exenang.
Reverse Osmosis
OItfuslon Dletyslsl

ElectrodlalYlls
MlcralUltra Filtration
FlttrationlOewa18r1nll
~t1llatlonlExtractJon

Electrolytic "e!hods

UquldIG..

Solid Pha..

ScrHnlng
Magnetic s.paratlon
Air CIa..lfIcat1on

Solld/G..

Ga. Phase

Adlorption
IoIembran..
A!tsorptJon
CondenaatlonlCryQ9l"lc:a

Source: Fruman. Harry; lnduotriaJ Pollution Prevention Handbook:

.I.~ Ii_ 1.-'· _.,--~



Table 36·7. Examples of By-Product Recovery Technologies

Technology

Evaporation

Selective ion exchange

Reverse osmosis

U1trafiltration

Biotechnology

Solvent extnction

Distillation

Selective precipitation

Electrodialysis

Crystalliza tion

Description

Removal of solvent as a vapor from a
solution or slurry. The vapor and/or
the residue may be the recovered by
product.

Uses a solid phase containing bound
groups that carry an 10ntC charge,
either positive or negative, with free
ions of the opposite charge that can
be displaced. Chelatl!\g ion exchange
resins have high selectivity for cer
tain cations.

Pressure overcomes the osmotic pres
sure so that water passes a semipenne
able membrane and dissolved salts are
re)f'cted.

Filtration using membranes with small
pore stU. Can be used to filler large
soluble molecules or colloidal solids.

Microbes perlonn Specific enzyme
mediated reacnons.

Two immiSClble liqUId phases are
brought into contact for the transfer
of one or more components.

The separation of the liquid mixture
by partial vaporization and separate
recovery of vapor and residue.

Desired ions are precipitated by con
trol of pH or counter ions.

An electromotive force is used to
transport ionized materials through
an ion-selective, semipenneable
membrane.

Fonnation of high-pUrity crystalline
solids from liquid or vapor.

Applications

Extract proteins

Concentrate metals

Metal recoverv from
plating soluti~ns

Concentration 0/
ammonia

Recover pesticides

Concentrate salts

Acid recovery

Recover pesticides

Methane formation by
anaerobic decomposl:
tion of organic
compounds

Concentration of
precious metals

Extract valuable
organic compounds
from water

Concentrate soluble
metals

Alcohol recovery

Solvent purification

Plating solutions

Concentrating brine
solutions

Recover acids

Recover metals

Mineral recovery

---.J~~. I"



Table 36·8. Application for Wastewater Reuse and Potential
ConstnUnts·

Applications for wastewater reuse

Agricultural irrigation
Crop irrigation
Commercial nurseries

Landscape irrigation
Park
School yard
Freewa~ median
Golf course
Cemetery
Greenbeit
Residential

Industrial reuse
Cooling tower makeup water.
Once-through cooling water
Boiler feed water
Process water

Groundwater recharge
Groundwater replenishment
Saltwater intrusion control
Subsidence control

Recreational! environmental uses
Lakes and ponds
Marsh enhancement
Streamflow augmentation
FIsheries
Snowrnaking

Nonpotable urban uses
Fire protection
Air-conditioning
Toilet flushing

Potable reuse
Blending in water supply
Reservoir
Pipe-to-pipe water supply

Potential constraints

Surface and groundwater pollution it not properly
managed

Marketability of crops and public acceptance

Effect of water quality, particularly saIts, on solids
and crops

Public health concerns related to pathogens (bacte
ria, viruses. and parasites)

Controls may be needed for use area, including
buffer zones, consequently resulting in high user
costs

Constituents in reclaimed wastewater relating to
scaling. corrosion, biological growth, and fouling

Public health concerns, particularly aerosol trans
mission of pathogens in cooling water

Organic chemicals in reclaimed wastewater and
their tOXlcologicaJ effects; IDS, nitrates, and
pathogens in reclaimed wastewater

Health concerns about bacteria and viruses

Eutrophication due to nItrogen and phosphorus in
receIving waters

Toxicity to aquatic lite

Public health concerns about pathogens transmitted
by aerosols

Effects of water quality on scaling, corrosion, bio
logical growth. and fouling

Cross-eonnections

Constituents in reclaimed wastewater. especially
trace organic chemicals and their toxicological
effects

Aesthetics and public acceptance

Health concerns about pathogen transmission. par
ticula r1y viruses

'AdaptPd from Metcalf & Eddy, Inc., Waslt'U'llln Eng/nUT/nge Tualmml, DisposIll, and R~,,~, Jd
E'd., New York, 1991.

Source: Freeman. Harry; Indulllria.l Pollution Prevention Handbook

-- Ill'li8 r.. ·



Table 36-13. Applicable Treatment Technologies for Wastewater Reuse

Treatment technology Description Applications Limita tions

Reverse osmosis Uses the principles of Removal of BOD. COD. Cost
osmosis and differences TS5. NH,-N. TDS. and Scaling
in pressure to ~parate phosphorus pH and temperature
dissolved salts in a solu- ~nsitivitv

tion from water by filter- Pretreatment may be
ing the wastewater required
through a ~miperme- Concentrate may
able membrane. require treatment or

disposal

Electrcxiialysis Electrodialysis concen- Removal of TDS and Cherrucal precipitation
trates or ~parates ionic recovery of metal salts on membrane
species contained in a Pretreatment may be
solution by passing the required
solution through ~rni- Cost
permeable ion-~lective

membranes.

Ultrafiltration Similar to reverse osmosis. Removal of TDS. Cost
ultrafiltration uses turbidity. and oil Scaling
porous membranes to pH and temperature
remove dissolved and ~nsiti\"itv

colloidal materials from Pretreatm~nt may ~
solutions; however. ultra- required
filtration operates at
lower pressures and is
generally limited to
removing larger mole-
cules.

Ion exchange Ion exchange removes Removal of TDS and Spent resins and regC'fl"
specific ions from a solu- toxic metal ions; and erants (i.e., aCld. caU)- .
tion by exchanging them reduction of hardness tic, or bnnel must ~
with ions bound to a spe- by removing calcium diSposed
dally formulated resin. and magnesium ions High concentralJollS oJ
The resin requires back- suspended solids an
washing and regenera- reduce the efficiency
tion once its capacity has of the resm
been reached.

Activated carbon The activated carbon Removal of many Cost as a function of thI
process uses either gran- organic and inorganic frequency of carDon
ular or powdered carbon compounds regeneration
to treat wastewater by Treats organic wastes Contaminant co(1('t'lt~

adsorbing many organic (with high boiling tions should be les.~

and inorganic com- points. low solubility, than 10.(0) ppm
pounds. Once the capac- and polarity), chlori- Suspended solid$lC'SS
itv of the carbon has nated hydrocarbons. than 50 ppm .
~n reached. it must be and aromatics Dissolved moq;aruCS

regenerated. Captures volatile organ- and oil and grease IcIlt
ics in gas mixtures than 10 ppm --

Source: Freeman. Harry; lIldu.tricl PoUu!ioa Prevelllion Handbook

----,rr 11. r .. ..



Table 38·13. Applicable Treatment Technologies for Wastewater Reuse
(Continued)

-
Treatment technology Description

Sedimentation Sedimentation is a settling
process that allows heav
ier solids to separate from
a solution by gravity.

Filtration Fl1tration separates and
removes suspended
solids from a solution by
passing the solution
through a porous
medium (e.g., fabric,
screen, granular rna tena!)

Evaporation Evaporation is a phySICal
separation process m
which energy is applied
to volatilize a solution,
thereby separating a
:.quid from dissolved or
suspended solids.

Dewatering Dewatering includes any
of a number of physical
processes (e.g., vacuum
filtration, sludge drying,
belt filter press) used to
reduce the moisture con
tent of sludges.

Applications

Removal of solids that
are more dense than
water

Dewatering sludges
and slurries

Removal of suspended
solids from liquids

Pretreatment to remove
solids to prevent clog
ging of subsequent
treatment devices (e.g.,
ion exchange, reverse
osmosis, carbon
adsorption)

Treatment of hazardous
wastes

Treatment of solvent
wastes with non
volatile constituents
(e.g., oil, grease, poly
meric resins, pamt
solids)

Separation of dissolved
and suspended solids

Reducing the moisture
content of sludges

Limitations

Not suitable for waste
waters consisting of
emulsified oils

Not suitable for reduc
ing toxicityof the
wastewater

Not swtable for gelati
nous solids

Limitations on sus
pended solids concen
tration of liquids

Effectiveness depends
on the volatility of the
solution •

Cost

Limitations depend on
the dewatering
process used for a par
ticular type of sludge
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New technology 0'
• , I ver recovery

~unoc u.e 1" U 1.I"ate IIOC',

I Ie_o pr Int Inll;

probably not

,ultable lor

olhet printing

Nooc .vailable. Il~a atlver dl~'

but even eore charge In Ma~tew.ter•

c .. tcn~i"e lJ~C

01 known tech.
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Ilow anoJ II.Ued

potentially
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j~trlea
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photographic
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(clunlng)
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I~roved aepar.tlona
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O~ltr.tton 0' co~t

benefltl would be
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On-alt. cl.anlng 01

raga. recyel,

Hc.br_. 1)(

.",,1 Cfttnl W,

but not

broadl y

E<fJi.-cnt doca

•• Iat. not

wlcMly u~cd

on atta, a.cept

In large planta

general I y

known

Ileduce ....ke - ready"

paper. Ink. roller

cI cal\lng

.«Lea we ('ugltlv.)

..i .. I 001

rcdx:ed w.... vol ....

~Iowly be,a..,e
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Solve,.t 'IJL~lltu·

t I otl~

Accel~raled re4ctlwl

rates

I"vroved .ep~ration

leading to sourca
redue t Ion or by·

produc t recycl e

Recovery 0' efC.
methyle~ chloride

blowing .gent.

Replece (f( blowing
agenle

Scrap '0.. pl •• tlc.

Increa•• compaction In

collectlon·r~. u••

of virgin pla.tlca

'eplace VOCs with

lIe"envt" 50lve-nt ...

water

I~roved calalys,s.

uitruonici.

HI .~rgy r~i.tion

"el"branes. Ion

e~change

Ablorbenta. C~aa

t Ion

Us. 0' olh.r/a.'.r
MCfC'.

U.. 0' COl

EII.lnate blowIng

• gent

Helt In collectIon.
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spec i , Ie
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available

ongolnlJ In

un

lIenerally

known;
.pecific
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hing

Inv.. tillated

All being In·
va.tlllatad et

UO to 'ull

Ic.l •

Hobll _I t

proce.. being

atudled

eli.inate walt., ..y

in/decr•••e reaction

elf iclency

fe~r by·productl.

reduced n altfllt neede<:t
to "drive- r.aetiona

Incr ••aed producl

yleld·llttle .co.

i-Vact

Could .llow lolvent

(usually water) to be

reused

Reduce orone I.yer

~e. Co.t benefit

•• price••lyroclet

"Inl.ll. Olone leyer
~ga; -or. COllly

l.prove COlt e".ct

lvena•• of Ie rap

recovery

geo«r.lly

in llenerel .ense

"e.-and to
other I~trie,

high In IrdJatry

.1.0 to uaer.

(e.I., refrlll·

....to)

high In I~try

11.lted In other

IndJstrl ..

hIgh In Induatry

11.1 ted In other

Induelrl ..
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Scrap pla~tlc - Icgrc"

g.tlon beforc rccycle

)erap pla.lI' " la.Hove
compallbillty 0' d •• "

• 1.. llar .... Icr .. l. In....
Oepolv-crlrallon·
,ouHe reduct ion

Ilodegrad.blc pla'tlci
a~ product lubstitutci

I~roved Icpultlonl
(c.g .• lolventa)

Solvent sub~tltutIQf~

(he-Ic.-I C~II"

blillcri

Ch~tcal 10lvoly,11

t 0 IIOnOIllC r I

Surch derived
plntlci

"arbrancl.
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Very Illllc

llO leC1U to

be unduw.y

Produeu
available

generally·

~nown

oouolng to

edent poll.

Increale value 0'
recycleable plastiC'

AII ow l ..uellr ellaled
rCUI •

lecovcry of varioul

condensation polv-crs

(polyelter. nylon)

Queltlon whelher
thcy offer rul

envlro benefit or

arc I~t not visible
In landfllli

lcue. of rceovered

..t.rlal unlikely

beyond prevailing rete

"Inl.Ire environ.

I..-=t. potential

IlabllltV

high in incLatry

Ii.lted in other

Ind'$! r i es
hlllh in Indl.."y
11.'ted In other
IndullrlCi

un!< nown, Ii.II ed

I i.ited

con' ldult lall ty
probl_

11.1 ted;

confidential ity
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Pelnt 2tlS

"fa. (and

awl ication)

.rolder raOlla of
watcr-belcd~ palntl,

varni~hcI

More water-beled

prod':tl
"ovlng lne.
orably for ....d

.~ed \10('1. 101·

vent waltel. POOIlEI
Plooucrs NOU

lI.ted by
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Cleanup solv~"l re-\l~e.

",(Orpuf.llon in

fH tJoUII(. ,~

the u' Itt. .rnVt"

.olvents instead

of photo· reactive

Product life cycle

i~ro,,_nt.·

red<Jc.a need for
new prod<Jc!5

"Sched"lrd" operation.

10 ~.I~ile reuse

U•• 01 vernonia 011

.o)'bean 0 I I

Inveatigate dl"er.nt

coatlnga, platlnga,
_I.la aa _ana 01

optlalrlng Mcoatlng

prolectlon to use

(al50 conaider lW'oder

"etal 'Inlahlng)

In "iOe use,

b"t .... y bene

fIt IrOlll a

plant demo

UO UO<kr"ay
in CA

Hew idea, .~

UD ..y be

under"ay In •
general .ense

r ...<lucrd ,olvent

..astes

HI qu.lity lowlno
VOC pi" oO.Jc t wII I be

avall.ble

Could chang. th. way

indualfy lind the
p.bllc lool< al

prodJc:U

high

.~ . bUI will
be v.ry proO.Jcl

r.pecilic

pottntially hIgh

Improved paint atrip

ping - using no VOC'a,
caustic, or recycling

.genU

C~r. all technlquea

caoatlc, lolvent,
blaatlng (aand, al •• I.

plallic ahot)

All in wide use;lower VOC'" ,.ustie

c~rlaon 0' wast." lolld wa't.
wa.te., cOlta

Ny be use'ul

high in industry

Ilaited in oth.r

lncLr.triu

~

'oprovrd .ppllcUlon
technology to redUce

Nterlal con.~llon

and_lulonl

High aollda coatlnga.
.Iectroat.tlc, .elt,

.tc.

low pr.aaure/Hlgh

vol ... Ipr.y 8\fl

.Incr••• lng

In u'e

Incr... lng

In ute

lll.lnat., reduce
VOC'a

lledJced pelnt un

lledxed YOC'. end

put leulet.

-1111-

high In Indatry
II_ited In other

lndl4trlu

high in inclJatry

llaited In oth.r

Indust!"i ..
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NICAla (C02-carrier) Being devel

oped by UCC;

<k1nonsIfat i 00

...y be useful

hdxed VOC lO-10l

.efor.ulltion required
~nown; I i.11 ed

Improved IIOC col
Icction frON conven

tional 'pray. othcr

application mrthods

S.. II(cr) ICIII clrbon No work under-

or cooden'lt Ion wlY
Iyste-. for Voc cap

turc/recovery

ledJce VOC'I
ledJce lolv. purchlsea

"Inlnhe uae of
Incineration

....11 .. hclIl
tiea pertlcullrly

could benefit;

other industr'.5

too

I

~

•
~
1

-P......,

'"k.
"fll-

26Y) lecovery 0' wa.te/

CACCS' Ink

Ink lub cl ean out

S.. II ICIII flltrelloo

\Ill II orNed

Solvent CIICIde/
reual O~tr.tlon
Ny help KClptlOC1

In un by
lome largef

plan"

EAlenUvely
prec. Iced

tll.lnate dl,poIII of

In.... /.olventl

Hinl.llc aolvent
wlltca to dllpole

11.ltcd - by

peruptlon

eJltenalve

ultcr b.ud inlla

as lubstltulu
for VOC-ly.le....

1I.lted appllcl

tlon, certlln leg
-entl of prIntIng

IllILatry very

rnlll.,.,t - new

prIntIng Iyllc.s

.. III be nuded

11.lted tll.lnate YOC'I
Ippllcatlon
for lpeel f Ie

pr Int lOll new.

I i.'ted
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ex:>

P~trol~,m

R~f I,"nll

StHI

Ind,," r y

191 I",,,ov~d lo{allon of

pr od"c I I V~ we I I •

I",,, uve<.l <.II ,11,nll

m ....s; I~ss looic

lnha'Ktd 011 r~covNY

fra. sands, ~s, ~Ic.

Oily wat~r .~~r.

E~lalon b,~aklng;

Sal t r~val; oi I

to fetdstock

lank bottom r~u.~

Spi Iltd 011

Itecovery and

Prev~ntlon

Pollulion
control tr"", cok.
_king

Unknown beyond the

industry'S already
eolenSlve eflorts

I-provtd hardware

and f~nUI
&tu<.ll •• on 0/11 up'
aratlon. Pos.lbla

-..Itl·step proce•• lng

Convert to usabl.
product., e.g_, cDk.

E.tenaiv. EPA I&D

Lroderway

Dry quench lng of cDka

UO,

COf" lanll y

~nown·_y

not be coat

effect lve
currently

I&D ongoing

In use

outside u.S.

Hini.ile dry holes,

IIkJds, etc.

Reduced tUlcity of
..d.

Cleanup of e.isting

wastea, Incr••se

yield

Disch.r•• of cl.aner
wat.r or r.us. of
water. lecycl. of oil

ElI.lnate " .. te

lncr•••• yl.ld

EII.lnat.
cont_lnatlon;

recycle of product

ElI.lnate IUSpect

clrclnogen pertlcu'
lite., VOC'I, etc.

II.ittd·by

confidentl.llly
in Industry

I i.lttd by
confident 1.1 i Iy
in tndk.tstry

I i.i ttd by

conf Ident i.1 i Iy
In Industry

only I.aittd by

confidentl.llty
lIide.pr...d i I

p.bllc ~in

Il.lttd by
confldentl.llty

Stwe If
p.bl ic d<.aln

high

II.ittd and

11-
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Inve.llilalion halardoua ..alte
lar oecanler Slud~e

reu~e

.elurn 10 Oven Under EI i.I""le I htcd o.one

fleclrlc Arc furnace PellCl lie ~JIt lila Eli.lnate halardous good it succ.ss·

lfAf) o. •• t reuse underway ..aUe tul-wlthln

j
i~.try only

~ fAf waste acid .ecovery C.f2 .a raw Propo5C"d. EI i•• nate ..... e .ludge I i.i led. bued
\D ...nag~nl-bolh _terl.1 probabl y nol .olid., and porche•• on pi ant dc~ I go..• aource red.JCllon .nd j~l ...nled of virgin fluorapar

II recycle

Pick I I ng ec i d New ~&ne tech- Wew prO<LcI/ EII.lnate need to cxlen.lve If
IIlat\ag~nt a,)lj nologYi dlatlll.tlon procen tr~ neutr.llle. diapose coU effective
recovery Allied 0' sludQea

~ - - - ~ ~ -

Hon" ferrous HJ
"et.la

Mtnl.I,e'ell.lna.e

SO. 'r~ a~ltlng

E11.Ioa.. un 0'
,oke In ... ltlog

Araenlc ""at r~v.1

Ira. ~~llcr ..Iaalana

Wydro-et.llurglc.1

ch..lc.1 conver.lon

0' Myh to MyO.

Alt.rnate pyro.et.l

lurel,.1 proc•••••

ualng '0.1 or other

rcdJctanta

Or. beneflcl.tion

Very 11.1 ted
UO underway
(e.g., Pb tra.

betterica)

hoceun In

v.rl_ .tagu

or devel~t

outside u.s.

l 1.1 ted 11£0

underway

EII.loet./reduc.
.. lor .Ir pollutant

(11_IOIt...jor .Ir,

wat.r .nd .olld w•• te

probl_

Allow gre.ter recycle

0' du.t rl,h In ..t.1

e.tcoalve

.lao atecl

ut~lv.

.1.0 alecl

•• tenalv. In

lndu5trYi II.ited
.I.e.....ere
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I'hyllul (end che._) I i_it~ U.o .educe ote. ~ waste. e.len.ive In

or. btne'lehtloo over ~y Industry; Ii_lIed

yelt~ el.e.....ere

liar i oua proctduru (. t ens i va RiD Probably ooly 'Mall e.teoslve in

L.:1"lI Invnt Iglted underway to I~ct 00 'Inll wlste. Industry; I i.ited

'or AI recovery, _et .... tlci· «(N f ) et.e.....ere

cryolite tecovery pated reg"la-

I ions

j
!i!!'

.',,I
=j
I

~
I

(J1

a

Improv~ recovery 0'
Al 'r~ low grade

bau.ite and red "......

waste

AI ..... "'" pol' liner
I'I\.iInayt:1ncnt

Casting ~ld-sand

reuse

Ileproc... lnv h.. bttn

cOOlldered

Sooae NOt k

..l<.IetwlY

Signl'icant redJction

in di.po.ed aend.

o'le" hezerdou.

e.lensive In

industry; 11.lted

el.~ere e.cept

possibly ~tul

Ito underway; (Ii.lnate CII wa.tea

prO<Lc t q..oallt y

In quut Ion

I
I

Hetal

f inhhin\l

<Eltctro
platin\l)

l41 Eli.inale cyanide balhl

and rinsts

Improve recycle ability

'or CII-platlng batha

and r Inau

Non-(II platlnv 'or

Cd, III

I~ov~ aelt r.-oval

e.g •• "lIng ....tK-_.
I•• evaporetlve t~h.

110 evidence.

0' R&D

Allow eonllnwd use

0' "beu" lechnolOllY
Ilt<b:e freqo...ncy of

replac-nt

.edl ... potent iel

In Indu&try
li.lted .Ia~ere

widuprcad In

Indu&lry. ll.lted
.I,~erc

wldupn8d In

I rdJa try. II.iled

el,ewttere

.t<b:. beth replace

Nflt f re<fJtOC y

No organi ztd

UD fOUld--oU

UO "'f'haah

00 ..hla end CII

I~ovtd brlght~re,

etc. I~oved recov.1

racyel. 0' brlghtenera.
ae Ida, etc.

Improv~nt~ In

ancillary prOC.llt.

that generate aludgea

and water waate~
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R~place Cr VI with

Cr III In briyht Cr

pl"tln.,

Altern.t~ cOdtlng>

By·product utiliJatlon

In place of new

IUnu'acture

lI"th an<.J I In>e wat er
recovery

I~rov. color 0'
Cr III 1ini ih. Demon

~tlat~ ~'l.. ival.nce

Ion dcpoiillon,

~intlng. pla.tlc
coat log, .. terl.1

'lb" I tutlOll

AI~ by-pr~t Ir~

aoodl.log wa.tea

Ele<otrodl.lya"

Some use, a~

R&D

Some R&D 0lI

dcpo" It ion,

very Ilttl.
R&D dona 0lI

r~latlvc i.·
pacta 01 alter

nate coatiogs,
..terl.l,

RID .t Gcorgla

Icch.

Proc.c •• •c~

not 10 have
echi.v«J Ita

potential

Hinl.i •• Cr VI waates

that requlr. tre.t.cnt

e" haurdoua

(Atenaiv. rcplac~nt

0' h.avy .etala poa·
aibla-but with poa.ibl.
wa,tea fr~ alternat.
Ncoatlog.N

EII.lnat. hlllh voll_

Al wut.

Reduce dl.charg••
Ireat~l; Increaae

bath II'.

.Ktcn8lve/.cdiu.

In indu6lry. none

elsewhere

I •• i ted In the

ahort ter.

unknown

lIlilOOWli poaalbly
•.- In inorll.
che. industry

•

flectronl" 1164 Hetala removal (e.g.,
prlnt~ ci reult
boards)

Rcplace iolv~nt

"aanlO\l

Conv.ntlonal/lnnova

tlva .. tal preclplt.·

tlon racovery

Aquaoua "eaning

\lei I known,

wl~ly used

'or dl,poul.
very 11.1 ted

reuu practiced

RID U'>derway

Hlnl.h...tal

diapoul

(11_lnala VOC. or

'reon/chloro-cerbon
,olv~1 uaa

wldupnad

part Icul ar I y

In ..tal fini~ing

wideapreed -
..Ial flnldllng
painting, etc.
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Table 2. Checklist for All Industries Source: USEPA; Facility pollution Prevention Guide l
Waste Origintrype

Material Receivin&,
Packaging materials. off-spec materi
als. damaged container. inadvertent
spills. transfer hose emptying

Raw Material and Product Storage!
Tank bottoms; off-spec and excess
materials; spill residues: leaking
pumps. valves. tanks. and pipes: dam
aged containers; empty containers
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Pollution Prevention and Recycling Methods

Use "Just-in-Time" ordering system.
Esublish a centralized purchasing program.
Select quantity and package type to minimize packing

waste.
Order reagent chemicals in exact amounts.
Encourage chemical suppliers to become responsible

partners (e.g.• accept outdated supplies).
Esublish an inventory control program to trace

chemical from cradle to grave.
Rotate chemical stock..
Develop a running inventory of Wlused chemicals for

other departments' use.
Inspect material before accepting a shipment.
Review material procurement specifications.
Validate shelf-life expiration dates.
Test effectiveness of outdated material.
Eliminate shelf-life requirements for stable compounds.
Conduct frequent inventory checks.
Use computer-assisted plant inventory system.
Conduct periodic materials tracking.
Properly label all containers.
Set up staffed control points to dispense chern icals

and collect wastes.
Buy pure feeds.
Find less critical uses for off-spec material (that

would otherwise be disposed).
Change to reusable shipping containers.
Switch to less hazardous raw material.
Use rinsable/recyclable drums.

Esublish Spill Prevention. Control. and Countermeasures
(SPeC) plans.
Use properly designed tanks and vessels only for their

intended purposes.
Install overflow aIanns for all tanks and vessels.
Maintain physical integrity of all tanks and vessels.
Set up written procedures for all loading/unloading

and tt'3I1Sfer operations.
Install secondary contairunent areas.
Instruct operators to not bypass interlocks. alarms. or

significantly alter setpoints without authorization.
Isolate equipment or process lines that leak or are I'l()(

in service.
Use sealless pumps.
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Waste OrigirvType

Table 2. (Continued)

Pollution Prevention and Recycling Melhods

Raw Material and Product Storage!
(Continued)

Laboratories!
Reagents. off-spec chemicals. samples.
empty sample and chemical containers

Industry-Specific Checklists

Use bellows-seal valves.
Document all spillage.
Perform overall materials balances and estimate the

quantity and dollar value of all losses.
Use floating-roof tanks for voe control.
Use conservation vents on fixed roof tanks.
Use vapor recovery systems.
Store containers in such a way as to allow for visual

inspection for corrosion and 1e4ks.
Stack containers in a way to minimize the chance of

tipping, puncturing. or breaking.
Prevent concrete "sweating" by raising lhe drum off

storage pads.
Maintain Material Safety Data Sheets [0 ensure correct

handling of spills.
Provide adequa.t.e lighting in the storage area.
Maintain a clean. even surface in transportation areas.
Keep aisles clear of obstruction.
Maintain distance between incompatible chemicals.
Maintain distance between different types of chemicals to

prevent cross<ontarnination.
Avoid stacking containers against process equipment
Follow manufacturers' suggestions on me storage and

handling of all raw materials.
Use proper insulation of elearic circuitry and inspect

regularly for corrosion and potential spar1cing.
Use large containers for bulk storage whenever possible.
Use containers with height-to-<Jiameter ratio equal to one

to minimize wetted area.
Empty drums and containers thoroughly before cleaning

or disposal
Reuse scrap paper for note pads: recycle paper.

Use micro or semi-micro analytical tethniques.
Increase use of instrumentation.
Reduce or eliminate the use of highly toxic chemicals in

laboratory experiments.
Reuse/recycle spent solvents.
Recover metal from eatalyst.
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Waste Origin/fype

Table 2. (Continued)

Pollution Prevention and Recycling Methods

Laboratories (Continued)

Operation and Process O1anges
Solvents. cleaning agents. degreasing
sludges. sandblasting waste. caustic.
scrap metal. oils. greases from equip
ment cleaning

Operation and Process O1anges
Sludge and spent acid from heat ex
changer cleaning
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Treat or destroy hazardous waste products as the last
step in experiments.

Keep individual hazardous waste streams segregated.
segregate hazardous waste from nonhazardous waste.
segregate ~ydable waste from non-recyclable waste.

Assure that the identity of all chemicals and wastes is
clearly marted on all containers.

Investigate mercury ~overy and recycling.

Maximize dedication of process equipmenL
Use squeegees to recover residual fluid on product

prior to rinsing.
Use closed storage and transfer systems.
Provide sufficient drain time for liquids.
Line equipment to reauce fluid holdup.
Use-cleaning system that avoid or minimize solvents

and clean only when needed.
Use countercurrent rinsing.
Use clean-in-place systems.
Oean equipment immediately after use.
Reuse cleanup solvenL
Reprocess cleanup solvent into useful products.
Segregate wastes by solvent type.
Standardize solvent usage.
Reclaim solvent by distillation.
Schedule production to lower cleaning frequency.
Use mechanical wipers on mixing tanks.

Use bypass control or pumped recycle to maintain
turbulence during turndown.

Use smooth heat exchange surfaces.
Use on-stream cleaning techniques_
Use high pressure water cleaning to replace chemical

cleaning where possible.
Use lower pressure steam.
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Table 3. Checklist (or the Printine Industry

Waste OriginlI'ype

Image Processing/Empty containers.
used film packages. outdated material

Image Processing!
Photographic chemicals. silver

Plate MakingIDamaged plates. developed film.
outdated materials

Plate Making!
Acids. alkali. solvents. plate coatings (may
contain dyes. photopolymers. binders. resins.
pigment. organic acids). developers (may
contain isopropanol. gum arabic, lacquers.
caustics), and rinse water

. Fmishing/Damaged products. scrap

Printing!
Lubricating oils, waste ink. cleanup solvent
(halogenated and nonhalogenated), rags

Industry-Specific Checklists

Pollution Prevention and Recycling Method

Recycle empty containers.
Recycle spoiled photographic film.

Use silver-free ftlms. such as vesicular. diazo.
or electrostatic types..
Use water-developed litho plates.
Extend bath life.
Use squeegees to reduce carryover.
Employ countercurrent washing.
Recover silver and recycle chemicals.

Use electronic imaging. laser plate making.

Electronic imaging/laser print making.
Recover silver and recycle chemicals.
Use floating lids on bleach and developer

. tanks.

Use countercurrent washing sequence.
Use squeegees to reduce carryover.
Substitute iron-EDTA for ferrocyanide.
Use washless processing systems.
Use better operating practices.
Remove heavy metals from wastewater.

Reduce paper use and recycle waste paper.

Prepare only the quantity of ink needed for a
press run.

Recycle waste ink and solvent
Schedule runs to reduce color change over.
Use automatic cleaning equipment
Use automatic ink leveler.
Use alternative solvents.
Use water-based ink.
Use UV-curable ink.
Install web break detectors.
Use automatic web splicers.
Store ink property.
Standardize ink sequence.
Recycle waste ink.
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Table 4. CheckJist for the Fabric:.lted MeW Industry

Waste Originlrype

Machining Wastes!
Metalworking fluid

Machining Wastes!
Metal wastes. dust. and sludge

Parts Oeaning!
Solvents

Parts Oeaning/
Aqueous Cleaners

Parts Deming!
Abrasives

Parts Cleaning!
Rinsewatcr

Industry-Specific Cbecklists

Pollution Prevention and Recycling Methods

Use of high-quality metalworking fluid.
Use demineralized water makeup.
Perform regularly scheduled sump and machi~ cleaning.
Perform regularly scheduled gask.et. wiper. and seal

maintenance.
Filter. pasteurize. and treat metalworKing fluid for reuse.
Assigning fluid conttol responsibility to one person.
Standardize oil types used on machining equipment.
lmprove equipment scheduling/establish dedicated lines.
Reuse or recycle cutting. cooling. and lubricating oils.
Substitute insoluble borates for soluble borate lubricants.

Segregate and reuse scrap metal

Install lids/silhouettes on tanks.
Increase freeboard sp~ on tanks.
lnstallfreeboard chillers on Lmks.
Remove sludge from solvent tanks frequently.
Extend solvent life by precleaning parts by wiping. using

air blowers. or predipping in cold mineral spirits dip.
Reclaim/recover solvent on- or off-site.
Substitute less hazardous solvent degreasers (e.g..

petroleum solvents instead ofchlorinated solvents) or
alkali washes where possible.

Distribute pazu on rack to allow good cleaning and
minimize solvent holup.

Slow speed of parts removal from vapor woe.
Rot.."'te pans to .illow CGooensec solvent d=::p-off.

Remove sludge frequently.
Use dry cleaning and stripping methods.
Use oil sepantion and fllt.raIion to recycle solution.

Use of greaseless or water-based binders.
Use an automatic liquid spray system for application of

abrasive onto wheeL
Ensure sufficient water use during cleaning by using

water level controL
Use synthetic abrasives.

Improve rac~ and barrel system design.
Use spray. fog. or chemical rinses.
Use deionized water mak.eup 10 increase solution life.

- - ---,rr 11. I D
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Table S. Checklist (or the Metal Castini Industry

Waste OriginIType

Baghouse Dust and Scrubber Was~1
Dust contamin~d with lead. zinc.
and cadmium

Production of Ductile Ironl
Hazardous slag

Casting!
Spent casting sand

Industry·Specific Checklists

Pollution Prevention and Recycling Methods

Identify the source of contaminants. e.g.. coatings on
scrap. and work with suppliers to find raw materials that
reduce the contaminant input.

Install induction furnaces to reduce dust production.
Recycle dust to original process or to another process.
Recover conurninants with pyrometallurgical t.reatrnem.

rotary kiln. hydrogen reduction. or other processes.
Recycle to cemeflt manufacturer.

Reduce the amount of sulfur in the feedstock.
Use calcium oxide or calcium fluoride to replace

calcium carbide as the desulfurizJtion agent.
Improve process control
Recycle calcium carbide slag.

Material substirution. e.g.. olivine sand is more difficult
to detoxify than silica sand.

Separate sand and shot blast dust.
Improve metal recovery from sand.
Recover sand and mix old and new sand for mold

making.
Recover sand by washing. air scrubbing. or thermal

t.reaanent.
Reuse sand for consuuction if possible.
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Table 6. Checklist (or the Printed Circuit Board Industry

Waste Origintrype

PC Board Manufacture!
General

aeaning and Surface Preparation!
Solvents

Pattern Printing and Masking!
Acid fumes/organic vapors; vinyl poly
mers spent resist removal solution; spent
acid solution; waste rinse water

Elecrroplating and Electroless Plating!
Plating solutions and rinse wastes

94

Pollution Prevention and Recycling Methods

Product substitution:
Surface mount technology
Injection molded substrate and additive plating

Materials substitution:
Use abrasives
Use nonchelated cleaners

Increase efficiency of process:
Extend bath life. improve rinse efficiency. countercur
n::nt cleaning

Recycle/reuse:
Recycle/reuse cleaners and rinses

Reduce hazardous nature of process:
Aqueous processable resist
Screen printing versus photolithography
Dry photoresist removal

Recycle/reuse:
Recycle/reuse photoresist stripper

Eliminate process:
Mechanical board production

Materials substitution:
Noncyanide ba1hs
Noncyanide stress relievers

Extend bath life; reduce drag-in:
Proper rack design/maintenance. better precleaning!
rinsing. use of demineralized wa1er as makeup. proper
storage methods

Extend bath life: reduce drag-out:
Minimize bath chemical conceru.ration. increase bath
temperature. use wetting agents. proper positioning on
rack. slow withdrawal and sample drainage. comput
erized/automated systems. recover drag-out. use
airstreams or fog to rinse plating solution into the
tank, collect drips with drain boards.

Extend bath life; maintain bath solution quality:
Monitor solution activity
Control temperature
Mechanical agitation
Continuous filtration/carbon treatment
Impurity removal

Improve rinse efficiency:
Closed-circuit rinses
Spray rinses
Fog noules
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Waste Origintrype

Electroplating and Electroless Plating!
(Continued)

Etching!
Etching solutions and~ wastes

Industry·Specific Cbecklists

T~ble 6. (Continued)

Pollution Prevention and Recycling Methods

Improve rinse efficiency (continued):
Increased agitation
Countercurrent rinsing
Proper equipment design/operation
Deionized water use.

Tum off rinsewater when nOl in use.
Recovery/reuse:

Segregate streams
Recover metal values.

Eliminate process:
Differential plating
Use dry plasma etching.

Materials substitution:
Nonchelated elchams
Nonchrome etchants.

Increased efficiency:
Use thinner copper cladding
Pattern vs. pand plating
Additive vs. subtractive method.

ReUse/recycle:
Reuse/recycle etchams.
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Waste OrigintType

Table 1. Checklist (or the Coatini Industry

Pollution Prevention and Recycling Methods

Coating Ove~pray/

Coating material that fails to
reach the object being coated

Stripping Wastes!
Coating removal from parts
before applying a new coat

Solvent Emissions!
Evaporative losses from process
equipment and coated parts

Equipment Oeanup Wastes!
Process equipment cleaning with
solvents

Sou rce Reduction
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Maintain 50% overlap between spray pattern.
Maintain 6- to 8-inch distance between spray gun and the

workpiece.
Maintain a gun speed of about 250 feetlminute.
Hold gun perpendicular to the surface.
Trigger gun at the beginning and end of each pass.
Properly train operators.
Use robots for spraying.
Avoid excessive air pressure for coating atomization.
Recycle overspray.
Use electrostatic spray systems.
Use turbine disk or bell or air-assisted airless spray guns in

place of air-spray guns.
Install on-site paint mixers to control material usage.
Inspect pans before coating.

Avoid adding excess stripper.
Use spent stripper as rough prestrip on next item.
Use abrasive media paint stripping.
Use plastic media bead-blasting paint stripping.
Use cryogenic paint stripping.
Use thermal paint stripping.
Use wheat starch media blasting paint stripping.
Use laser or flashlamp paint stripping.

Keep solvent soak tanks away from hear sources.
Use high-solids coating formulations.
Use powder coatings.
Use water-based coating formulations.
Use UV cured coating formulations.

Use light-to-daric batch sequencing.
Produce large batches of similarty coated objects instead

of small batches of differently coated items.
Isolate solvent-based paint spray booths from water-based

paint spray booths.
Reuse cleaning solution/solvent
Standardize solvent usage.
Clean coating equipment after each use.

Reexamine the need for coating. as well as available
alternatives.

Use "longer lasting plastic coatings instead of paint.

App~ndix B
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Envtronmental Matrtx

Product

Material type-Based on a materials inventory of components/parts (refngerator/freezer
compartments. refngeration system. compressor, condenser. evaporator. fins. electric com
ponents).
Eliminate high-impact materials: substitute for CFC-12 with lower ozonl!'-depleting-poten
ti.al and global-wanning-potential alternatives.

Material unount
Reduce material intensiveness: specify pounds of material.
Residuals-Specified in Retirement stage.

Process

Energy
Reduce mergy use: specify energy consumption for compressor. fans. antisweat heaten
(average yearly energy use).

People
Noise: specify fre<:juency and maximum loudness.

Residuals
Reduce waste: specify systems for recovering refrigerant during service; specify level of
refrigerant loss during normal use and service; requirements for reuse, remanufacture.
recycle of components are stated. in Retirement stage.

Distribution

Material type
Reduce impacts associated. with packaging materials: sperify low-impact materials.

Material amount
Reduce material intensiveness of pack.1ging: specify pounds of material.

Energy
Conserve transportation energy: specify constraints on energy associ.lted with delivery.

Residu.als
Reduce packaging waste: specify reusable, recyclable packaging.
Reduce prcduet waste: specify maximum amount of damaged products during distribution.

Management

Information
Provide consumers with information on energy use: mret OOE labeling fe<:juirements for
energy efficiency.

Cultural Mat:r1x

Product

Material
Color preferences.
Size (dependent on frequency of shopping and on convenience).
rUtishes and materials (affects cleaning, appearance).

Process

Material
Manual vs. automatic defrost:
Compartmentalization-ability to organize food.

Residuals
Food spoilage-ability to control temperature.

Management

Information
Instructions clearly written.

Soun:e: FreelIWl, Harty; Industrial Pollution Prevention Handbook
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Cost Matrtx
Product

Material
Retail prier.
Cost for replacement parts.

Process

Material and labor
Service costs (cost for service and parts).

Energy
Electricity IS/kWh x kWh/yr).

Distribution

Material. energy, and labor
Delivery and installation cost.

Residuals
Packaging disposal cost.

Management

Information
Manufacturer's guarantee. . ' .
Paybad period to user for purchasing more expensIve energy-effiaent urnt.

Performan~ Matr1x

Product

Material
Dimensions: H x W x 0; capacity in cubic feet; shelf area; usable storage space.
Features: ice making; meat keeping; cruper humidity.

Process

Matenal
Identify best available technology for refrigeration system components as a practical
limit to perform.tner.

Specify usefulliie of product and components
Specify reliability.
Specify durability.

Energy
Identify thermodynamic limits to performance (e.g.• maximum efficiency determined by
temperatures inside and outside the refrigerator).

Specify temperature control: balaner. uniformity. compensation.

Distribution

Material
Specify product demand.
Specify installation time and equipment requirements.
Specify packaging requirements for protection and containment.

Energy
Specify location of retail outlets relative to market.

Management

Source: Fruman. HarTY; Indu.crial Pollutioa Prc"entiou Haadboot



Legal Matrix

Product

Material
Consumer Product Safety Co.mmission.
Montreal Protocol for discontinuing the use of CFCs.
TSCA (Refrigerants meet regulations for use).

Process

Energy
National Appliance Energy Conservation Act-January 1, 1993 Imaximum energy con
sumption rate = E = 16.0 AV + 355 kWh/yr (AV= adJUSted volume of top-mounted
refrigeratod].

Distribution

Residuals
Packaging: German take--back legislation; community recycling ordinanc1!.

Management

Information
FTC guidelines on environmental claims.
OOE labeling ~uirementsfor energy efficiency.

Source: Fruman. Harry; lnduJtriaJ Pollution Prevention Handbook
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, Design Strategtes-General strategy

;' ~uct life eltlenslon

Material life extension

Matenal selection

Reduced material intensiveness

Process improvement (see Chaps. 21-26)

Efficient distribution

Improved management practices

Improved information provision

Source: Frumau. HarTy; lodultrial PoUutiOll Prevelllioo Haodbook:

Speofic strategy

Appropriately durable
Adaptable
Reliable
Serviceable
Remanuiacturable
Reusable

Recycling

Refonnulation
Substitution

Pr~ substitution
Pr~control

Improved process layout
Inventory control and material h.lndling
Facility planning (Chap. 12)

Transpomtion
Packaging

Office management (Ch.lp. 30)
Total quality management (Ch.lp. 9)
Accounting (Chap. 16)

Product labeling (Ch.lp. 20)



POU..UTION- - =, '-Fe:::;'~'~- -
p~~;= \~I g\~ UuQl~\.

_ ____"'.'~.. ~'" ',..AoPOLLUTIONPREVENTION TIPS ~~' ,
.....

SOLVENT LOSS CONTROL
THINGS YOU CAN DO NOW

2ackcround:

Chlorinated solvent users are facing greater regulation and cost in the use
of these products in cleaning applications. Public concern over ozone
depletion and "greenhouse--" gases, shrinking alternatives to and cost of
res:duals disposal and accelerating raw material costs have all users looking
fer alternatives.

Defense suppliers ~ust meet military specification cleaning requirements
wh:ch often L ..mit use of less costly alternatives. Many larger indus:.ries
aoopt military specifications as the:r own standards for simplicity. L::1til
c:'anged and alternative cleani:1g processes have been approved, many suppliers
must still use chlorinated and halongenated solvents.

Solvents either under regulatory control now or have been identified for
future controls include:

Solvent

Methylene Chloride
Perchloroethylene
Trichloroethylene (TCE(
1,1,1, Trlchloroethane (TCA)
Trichlorotrifluoroethane

(CFe 113)

Property

Toxic, suspected carcinogen
Toxic, suspected carclnogen
voe - photochemical reactor
Stratospheric ozone depleter
Stratospheric ozone depleter

... 1 use, losses occur malnly from fugitive releases in the work place,
disposal of still bottoms and cleanir.g residue from tanks. Losses can be
reduced by taking several simple and relatively inexpensive steps. Pending
approval of less costly and environmentally sound cleaning alternatives, an
audi t of your operating practices and processes could identify areas to
reduce consu.mption, reduce generation of waste, and save money. This report
identifies where losses occur, outlines reduction techniques and presents one
company's results achieved through conservation actions on open top and
in-line cleaners.

Alcatel, a Raleigh, North Carolina electronics manufacturing company, has
achieved measurable results by ~plementing many of these recommendatlons. A
summary of the company's actions is included in this report.

POLLUTION PREVENTION PROGRAM
NORTH CAROLINA DEPARTMENT OF ENVIRONMENT. HEALTH. AND NATURAL RESOURCES
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OPEN TOP CLEANERS

Wi th open top vapor cleaners (OTVC) , losses occur both when in or out of
operation. During idling or downtime, losses occur at the solvent vapor and
air interface. Evaporation from cold solvents and convection currents from
warm freeboards move (diffuse) solvent vapor into ambient air around the
cleaner. Losses can also occur at any solvent feed line connector, pump seals
or any other physical linkage in the system.

Losses from OTVC while in operation are greatest during workload entrj into and
exit from the cleaning tank vapor zone. Air and solvent are displaced by the
basket or part as it is lowered into the the tank. The vapor zone also
contrac'Cs and expands as the hot vapor condenses on and heats parts being
cleaned. This pumping effect and movement of the vapor zone increases mixing
in the air above the vapor zone and subsequen'C exhaust out of the cleaner.
These losses can be reduced by simple operational changes and minor equipment
modification.

Air flow around open areas increases solvent loss. Exhaust co~~ection systems
over cpen top cleaners capture air laden solven'Cs to reduce work place
concentrations bu'C often contribute to greater solvent l.osses by creating
positive air flows away from the vapor zone. Processing air captured in the
exhaust system through carbon absorbers and cycling back into the solvent zone
helps but does not elL~inate losses. Some centrol options are ~isted in Table
I.

IN-LI~'E CLEANERS

In-line cleaners will have solvent losses similar to open top cleaners but
paths to the environment differ. Solvent drag out from in-line cleaners is a
major source of solvent loss. Since the solvent surface is not as open to the
air during idling times, diffusion into the air around the machine will not be
as great.

Some losses are similar in both open top and in-line cleaners. The rate at
which a part is moved through the vapor zone has a large i:-.fluence on the
amount of vapor or solvent pushed or pulled from the cleaner - whether c~en

top or in-line. In general, the slower the movement, the less solvent is lost.
Solvent filling and draining with both types of cleaners provide additior:al
opportunities for conservation. Filling from buckets will cause greater loss
than from a closed circuit system.

Solvent loss source remedial actions, process modifications and possible
equipment changes are listed in Table II.

\
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TABLE I - SOLVENT LOSS CONTROL OPEN TOP CLEANERS

SOURCE OF LOSS

Evaporation, convection,
diffusion, out top.

Drag out/vapor zone
disturbance

Vapor Zone
disturbance

Mechanical Leak,
other losses

ALTERNATIVE CONTROLS

Increase freeboard to width
ratio to at least 1.0.

Install freeboard refrigera
tion coils (operates ato-20 F.).

Reduce primary conaenser
temperature.

Install automated cover.

Capture escaping solvent
with exhaust system. (CAUTION:
VACUUM HEAD CAN ACCELERATE
EVAPORATIVE LOSSES)

Reduce part/work unit move
ment in and out of vapor zone
to minimum speed consistent
with oroduction needs. If
automated do not exceed
11 feet/min.

Reduce basket or work Slze to
utilize 50% or less of
opening.

Check joints, ccnnectors and
seals in solvent system with
halon detector. Stop all
leaks. Use specified gaskets
and mater-lals.

Install downtime cover.

OTHER CONSIDERAT-

Place unit where air
currents across top
are minimized. (Away
# " #
~rom Wlnaows, ~ans,

vents, etc.). Defle
air currents away fr
open tops.

Plan for increased c
densate water cispos

Top snould be kept
closed during idle
or Downtimes. Keep
conoenser calls on
ouring oowntl~e.

Add carbon absorber
and recycle cautured
solvents (may not be
as effective as frp-·
coaro refrigeratic

Orient part fcr Dest
drainage. Keeo work
load ln vapor zone
until conaensatlon
stops. Keep w:rkloac
wlthin freeboard
until dry. Remove
slowly. If r:~se

wlthin same tank,
drain parts over
solvent sump.

Lower work into and
remove from vapor zon
at slow steacy rate.

Scale often for~s

around leaks for
visual detection.
Leak checks should
be routlne maintenanCE
activity.

Insure good f;~ aroun~

80ges.



SOURCE OF LOSS

Solvent losses to ambient
alr

Mechanical

Opera~ional

TABLE II - LOSS CONTROL - IN-LINE CLEANERS

ALTERNATIVE CONTROLS

Freeboard to width ratlo
should be a~ least 1.0.

Install freeooard refr~gera

tion system (for vapor cleaners
only)

Minimize air flow around unit.
Keep entrance and exit openings
closed durlng down time.

Check all connec~ions, teo leaks,
ana se~ up contlnuous malntenance
program.

Transfer solvent through closed
piping 1000 system.

Check top eages for leaks. Re
caulk as necessary.

Reduce entrance and eXlt
openlngs.

Reauce conveyor speed to mini
mum consisten~ with prODuction
neeas.

Keep work load in vapor zone
untll condensation stops.

OTHER CONSIDERATIONS

Plan for increased cc
densa~e water dispose

Consider adding
extension ~o exit to
extend drying tlme.
Install flaos over op
ings for use during
down time.

Install carbon absorb
tion unit in loop to
cao~ure ana recycle
solvent.

Glass tops Should be
cnecked for cracks.
Replace if leaking.

Opening should have 1
than 10% free width
during part passage.

Do not exceed 11 fpm.

Allow to dry within
cleaner if posslble.
Orient parts for
optimum drainage.

Install sump cooling system
and activate during down~ime.

Spray rinse at a down
ward angle into solve
Spray nozzle should b
as far into freeboarD
as work will permit .

•



;'':'''CATEL

Alcatel manufactures circuit boards for their own telephone switching
systems. The Raleigh operations consumed some 86,000 pounds of eFe I s during
1987. Manufacturing cleaning operations incorporate both in-line and open
top vapor cleaners.

In June, 1989, Alcatel manufacturing engineering personnel initiated i~

process changes to reduce Freon consumption. An old Detrex in-line cleaner
was replaced with a $90,000 new design Detrex cleaner which has added cooling
coils at the entrance to and exit from the cleaner. Internal modifications,
designed to reduce solvent loss from the cleaning zone, have been added.
Dailv CFC usaae has dropped from 13 callons to 4 callons Der cay from this
one operation. This amounts to a 70\ consumptive reduction. Based on a five
day, 40 hour week production schedule, the unit will pay for itself in less
than :6 months at today's Freon prices. If present 15% cr...:arterly prlce
increases continue or accelerate as expected, the pay back period could be
less than 12 months.

Add: tionally, open top cleaner losses have been ::-educed from E gallons pe::
day to 5 gallons per day. This was accomplished through .improved
maintenance, stopping leaks, keeping cooling coils on and covered during
idling and down time and redirecting air flows away :::.-om cleaners.
Additionally, Alcatel installed an automated hoist on one open tep cleaner to
regulate entry and exit speeds of parts thus reducing drag out. On an annual
basis the combined solvent consuIl1ption from open top and ':"n-line cleaners
would be reduced 57%. Conservation actions are on-going. Additional
operational practice changes are being implemented to reduce ::'osses due to
drag out from open tank cleaners.

Alcatel's total consumption of Freon, 86,000 pounds in 1987, 74,COO pounds in
1988 (business slow down), will be reduced to 46,000 pounds in :989 mainly as
a ::-esult of the purchase of new equipment. A 1990 goal of 31,CCO pounds ~as

been established with all solvent usage to be elir~nated by 1993. The company
is moving aggressively to meet these goals.

?or additional i~formation ccntact:

Office 0: ~aste Reduction
Pollution Prevention Program
N.C. Department of Environment, Health & Natural Resources
Post Office Box 27687
Raleigh, NC 27611-7687

Telephone: (919) 571-4100

COPYRIGHT: OCTOBER 1989

N.C. Department of Environment, Health ar.d Natural Resou~ces

Reprint with Permlssion

(300 copies reprinted Mav 1992 at a cost of 5.05 per CODY)

\f\
! \.'

III II_ i ...



SMALL SOLVENT RECOVERY SYSTEMS
Hany North Carolina firms are saving thousands of dollars each year in ra~

material and ~aste disposal costs by. recovering and reusing waste
solvents. Widely available batch solvent recovery systems can
cost-effectively recover solvents contained in waste material. The
recovered sol vents can then be reused in the production process. This
Idll reduce operating costs by reducing the quantity of r81.' material
needed in the process as well as the volume of waste which has to be
managed. Hany recovery systems can pay for themselves in 8S little as a
year or less. Types of available batch distillation systems, operating
costs, and cost sBvings are discussed in the following sections.

Batch Solvent Recoverv Systems

A bas ic
source,
belol.':

batch distillation system consists of a boiling chamber, heat
condenser, and a clean solvent collection container, as shol.'n

)O~"( ~:

VI; ... "

Batch Distillation System

The units operate by first pumping or pouring spent solvent into the
boiling chamber. The top is then sealed and the unit started. After
approximately 1 to 1 1/2 hours, clean solvent will start flowing into the
collection drum. About 6 hours later the solvent will stop flowing and
the recovery process will be complete. The unit is then turned off and
allowed to cool. The top is then removed and the residue (distillation
bottoms) is removed from the boiling chamber. The system is now ready to
process the next batch of waste material. One batch of waste material can
thus be processed about every 8 hours.

POLLUTION PREVENTION PRCX3RAM
NOATH CAROLINA DEPARTMENT OF ENVIRONMENT, HEALTH, AND NATURAL RESOURCES
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SMALL SOLVENT RECOHRY SYSE~!:::

Batch distillation systems can recover most common solvents either under
atmospheric or vacuum distillation. This includes methylene chloride,
1,1,1 trichloroethane, acetone, mineral spirits, xylene, methyl ethyl
ketone, and toluene. Solvents can be recovered from a wide variety of
waste materials including paints, lacquers, wash-off solvents, inks,
cleaning solvents, degreasing solvents, and adhesives. The recovered
material, depending on its composition, can be reused in the production
process as make-up or as cleaning solvent. The residue left in the
distillation system after the solvent is recovered in most cases is a
hazardous waste. Unless the distillation bottoms can be reused they must
be manifested and sent to a permitted hazardous waste management
facility. Check with the Solid and Hazardou~ Waste Management Branch
about management options for this material. They can be contacted at
919-733-2178.

Solvent wastes should be kept segregated by their common constituents or
characteristics during the collection process. This will improve the
recovery efficiency of the process as batch distillation systems cannot
readily fractionate mixed solvents. All materials ",ith a boiling point
bela.. the unit's set operating temperature will be recovered. Those .:ith
a higher boiling point ~ill be left in the distillations bottoms.
Depending on the physical and chemical characteristics of the solvent
mixture, batch systems may be able to separate individual solvents if
there is a significant difference in their boilinS points. To recover
compounds with high boiling ?oints (up to 500 F) or heat-sensitive
compounds, a vacuum unit can be used to lower the boiling chamber
operating temperature. This will reduce the solvents boiling temperature
and increase the unit's ability to recover high boiling point compounds.

Commercial units are available in a range of sizes; the smallest can
handle 5 gallons of waste material per batch. These systems are usually
electrically heated and, depending upon the unit's size, power
requirements range from about 1/2 to 6 kilowatts. A water- or air-cooled
condenser is used to cool the solvent vapors. A ..ater-cooled condenser
will use from 1/4 GPM to 2 GPM depending on the size of the system. Some
units also require compressed air to operate the boiling chamber cover.

The distillation system must meet all applicable fire and electrical codes
and be of explosion-proof design if flammable solvents are recovered.
Additionally, the units must be installed and located in accordance with
all local building codes. This can include installing explosion-proof
electrical systems and placing it in a location which meets certain
building standards for explosion hazards.

Before a system is selected and installed, the waste solvent must be
analyzed to determine if it can be recovered and the applicable operating
parameters. This testing is usually done by equipment vendors and may
include a chemical analysis and/or a small test run on a model unit. A
list of equipment suppliers can be obtained from the Pollution ~revention

Pays Program.



SMALL SOLVENT RECOVERY SYSnMS

Capital and Operating Costs

Page 3

The capital cost of a batch distillation system will depend on the
equipment's manufacturer, the unit's capacity, and its operating features.
For example, the cost of stills produced by one firm range from about
$3,000 for a 5-gallon capacity system to $15,000 for a 55-gallon system.
These are modular systems and only require water, electricity and, in some
cases, compressed air before they are fully operational. Example
installation costs are as follows:

o Electrical: materials and installation costs for 50 feet of wire,
conduit and explosion-proof fittings will cost about $300.

o Water: materials and installation cost for 50 feet of piping,
valves, and necessary fittings will be about $200.

Operating costs will vary with the size of the unit and will consist of
utility costs, labor, and, in some cases, disposable boiling vessel
liners. The breakdown of the typical costs for a 55-gallon capacity
system are as follows:

o Labor (1 hr/shift)
o Electricity
o Water

$20.00 per batch
4.00 per batch
1.50 per batch

Total $25.50 per batch

To this value must be added the cost of disposing of the residue generated
during the recovery process. Costs will vary depending on the disposal
option chosen, but off-site incineration can cost at least $3.00 per
gallon for distillation bottoms containing non-chlorinated solvents. The
cost of incinerating the bottoms from the recovery of chlorinated solvents
will be higher. For the example system, this can add about $10-15 to the
cost of each batch of non-chlorinated solvents recovered.

Cost Savings

On-site batch distillation systems can pay for themselves through reduced
raw material costs, waste disposal costs, and liability. With the cost of
recovering and reusing a solvent as low as $0.70 per gallon, the savings
in virgin solvents costs alone can pay for the system. Add to this the
reduced quantity, up to 901, of hazardous waste which has to be managed
and disposed of. Typically, payback periods range from 1 to 2 years, but
can be as short as a few IIIOnths. The actual period will depend on the
value of the recovered solvent, the quantity of solvent in the waste
lIaterial and the current lIethod used to manage the waste solvent and the
cost of managing the distillation bottoms ..

A furniture plant in Mt. Olive paid for their distillation system in one
year through reduced solvent purchases. The cOlllpany uses a IS-gallon
cspacity system to recover spent lacquer thinner from the plant's wash-off
operation. . Becaus. the composition of the solvent changes with
distillation, the reclaimed solvent cannot be reused in the wash-off
operation. Acetone is added to the reclaimed solvent and this
reconsti tuted mixture is used for thinning coat ings in the plant's spray

IIIIII,...--·



SMALL SOLVE~l RECOVERY SYSTEMS

operation. The total cost of the r~constituted mixture is $1.67, while
virgin solvent for the spray mix I'ould cost $2.67. The company estimates
that the savings in material and waste disposal costs is $5,700 a year.

On-site solvent recycling allowed a Lenoir-based firm to recover 95% of
the xylene they used to clean their coating equipment and supply tanks.
This saved the company more than $3,500 per year in virgin solvent and
disposal costs. which paid for the recovery system in just 13 months.
Additionally, it reduced the amount of waste material they had to store,
reduced the amount of virgin material in inventory and allowed for added
room for paint storage.

Additional Information

For additional information on solvent management contact:

Pollution Prevention Program
Office of Waste Reduction
N.C. Dept. of Environment, Health, and Natural Resources
Post Office Box 27687
Raleigh, NC 27611-7687

Telephone: 919-571-4100

COPYRIGHT: March 1987

Poflution Prevention Program
N. c. Department of Environment. Health, and Natural Resources

Reprint with Permission

(300 reprinted May 1992 at a cost of $.04 per copy)
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The typical total cost of purchasing and installing a two stage counter-

current rinse system is about $1,800.

$2,300.

A three stage system would be about

page 4
There are no direct operational costs associated with these techniques.

Though, they should be included in the facility's routine inspection and
The typical total cost of purchasing and installing a two stage counter-

maintenance program.
current rinse system is about $1,800. A three stage system would be about

$2.300.

pa~ Back
here are no direct operational costs associated with these techniques.

The pay back period for installing a counter-current rinse tank will
Though, they should be included in the facility's routine inspection and

depend on the quantity of water saved and the raw water costs. For example,
~aintenance program.

if a two stage syste~ is used to reduce the water flow from 6 gpm to 0.6 gp~,

and the water and sewer charges are $2/1 ,000 gallons, the pay back period will
Pay Back

be about 70 weeks. After this initial pay back period the system will reduce
The pay back period for installing a counter-current rinse tank will

operating costs by about $1,350 per year, through water savings.
depend on the quantity of ...ater saved and the raw ...ater costs. For example,

In acdition to these direct cost savings, a water conservation program can
if a two stage system is used to reduce the water flow from 6 gprn to 0.6 gp~,

r~duce the capital cost of any required end-of-pipe wastewater treatment system.
and the water and sewer charges are $2/1 ,000 gallons, the pay back period will

A rough "rule of thumb" is that a precipitation system costs about $2,000 per
be about 70 weeks. After this initial pay back period the system will reduce

gallon of flow per oinute. Thus a substantial reduction in water flow can
operating costs by about $1,350 per year, through ,,"ater savings.

produce correspo-nding savings in treatment system costs. However, small or
In addition to these direct cost savings, a water conservation program can

token reductions will yield very little, if any, savings.
reduce the capital cost of any required end-of-pipe wastewater treatment system.

A rough "rule of thumb" is that a precipitation system costs about $2,000 per

Selected References
gallon of flow per minute. Thus a substantial reduction in water flow can

1. Kushner, J. B. and A. S. Kushner. Water and Waste Control For the Plating
produce corresponding savings in treatment system costs. However, small or

lhop; Second Edition. Gardner Publications. Cincinnati, Ohio. 1981.
token re uct ons will yield very little, if any, savings.

2. Mohler, J. B. "The Art and Science of Rinsing". American Electroplating

Society. Winter Park, Florida. 1973.
Selected References

1. Kushner, J. B. and A. S. Kushner. Water and Waste Control For the Plating

Shop. Second Edition. Gardner Publications. Cincinnati, Ohio. 1981.

2. Mohler, J. B. "The Art and Science of Rinsing". American Electroplating

Society. Winter Park, Florida. 1973.
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3. Mohler, J. B. "Water Rinsing". In: Metal Finishing Guidebook and

Directory Issue:

1982. pages ~98-5l0.

Additional Information

For additional information on water conservation in the electroplating

industry or other pollution prevention techniques, contact:

Pollution Prevention Program
NC Department of Environment, Health, & Natural Resources
P.O. Box 27687
Raleigh, North Carolina 27611
Teleynone: (919) 571-~100

COPYRIGHT: 1985

Pollution Prevention Program
NC Department of Environment, Health, & Natural Resources

Reprint with Permission

(300 copies reprinted May 1992 at a cost 0: 5c each)
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the May, 1982 issue of Plating and Surface Finishing) can be used. Such a system

is shown below:

WOI,

OVIULOW

'I"

Gravity Feed System

Counter-current rinsing is not without its draw backs. One problem is the

high cost of purchasing the systems. Another is that space limits the use of

this technique as extra floor space is needed for the additional rinse tanks.

Capital and Operating Costs

The cost of a new 600 gallon two sta-ge counter-current rinse system is

about $1,300 while a 900 gallon three stage system is about $1,800.

Installation costs, while very site specific, are estimated to be about $500. If

extra tanks are available on-site then the cost of constructing a rinse syste~

will be significantly less. For example, a gravity fed system using two separate

tanks can cost as little as $120 to make. The costs includes $60 for an aerator,

$10 for a mechanical flow control valve and $50 for I" PVC pipe and necessary

connectors for the overflow. The actual cost may be significantly higher

depending on the modifications made to the rinse tanks.
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Counter-current rinsing uses significantly less ~ater than a single flo~ing

rinse. Typically, t~o counter-current rinse tanks can reduce ~ater use by 90 to

97Z. The addition of a third tank ~ill reduce ~ater use by 95 to 99pageA2fourth

rinse tank ~ill further reduce ~ater use, ho~ever the additional small quantity

otoHH€@f~eeY~@n~aYi~s~~gi~~~~~q~~ntlyless ~ater than a single flo~ing

r ins e. TyjHc:hll.1l.¥,t~ c ~gAt e't"~:t rtM!Y~ sJr~lIlnk!5S~ fO'80Z; ar~gllHenC;e Ib'!J1~gtole ts

97Z. eXl!ll~n%d!Hf~cel- 'pl~1l1fl8 ~Mlfa.,;:I!..PJl~ 'Wa:tw~~et¥19Sb~tlh.99%AsSlimlfotllrthbath

r insio {:\!f1kOi.ldunfMUe~7PllflG~e m.iJ tJ.ert ctAA3l, ~~dtHt9J.Jd:li;i t<1~al: hlm<fJihaq.ualtl!tria:e,r can
,

of wa~i!fa~eveid> tMf¥ttna{(.leaJlt4gn~no~)vedsolids. A single rinse tank ~ould need

alr~utiltl!1~~'ta€ellWies>Aftefre§lt.rih~edfremte\fsih:gr~~t~.UneI«! l'i=Ung sehtion

exam4fl~g~~~~~lt~at!figeo~e~~tion~~Pn~t~gWa~~~n~~~~~Qr~~~.ri~~%u~an~h~o~a~hneed

solu~l1bYl ~~ngilH§nS2710~0'8~tWgAortdt~'lh&l-%.];~qi#e@fs~:q~llcH1~otl~inPlalWltUlI;ea dl;liple

contM1l8tnor~t@'fi~nSX€Jt~Mol\:l.:ps~Mc9n~11&sgalAo~n:gfiefrretfh;~~hcdld r.eed

abou t 6, from gM1e\\sreQlit fl"~ ~ ,..:~n£eI:f:Orc'illlche g'l!t~na~d pUwirw sndtl1:dbbtted

d ra g~~O if\~o e~~e t tJli'lse a~~nJqr sfJ;r~~geaQ:~ntefl"cfjl~Un~a~~setrte;H~9..t(1UIldWi-.bl!dcon
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line and gravity feed or pump the rinse ~ater from the last rinse tank to the

first. Only a few inches of head is needed to gravity feed the ~ater. If it is

not possible to provide the required head then pumps can be used to circulate the

~ater. Either small submersible pumps or a simple air lift pump (as described in
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Counter-Current Rinsing Operation

a series

of rinse tanks. Fresh ~'ater is fed into the rinse tank farthest from the pro-

cess tank and overflsws, inturn, to the rinse tank closest to the process tank.
Counter-Current Rinsing peration

The work piece then, is dipped in the least pure water first and the cleanest

lOa..ter last. An example of a three stag;: counter-furrent linse sy,stem is shm.n
in coullter-current rinsing, the rinse ~water is c rculate through a series

bldow:
of rlnse tanks. Fresh water is fed into the rinse tank farthest from the pro-

cess tank and overflows, inturn, to the rinse tank closest to the process tank.
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WATER CONSERVATl ON FOR ELECTROPLATERS : RINSE TAii~ DES IGN

Are your pouring money do..-n the drain? You are if your firm does not

have a water conservation program. \o,'ater is expensive to buy. treat. and

dispose of. A water conservation program can cut water consucption by up

to 50%. or even more, and the cost savings can pay for the required rr.aterials

in a very short period of time. "'ith average water and sewage rates about

$2/1000 gallons. reducing the flow to a rinse tank by just 1 gpm can save $250

per year. Multiply this by the 20 or more rinse tanks in an average shop and

it can add up to thousands of dollars per year ir. savings. Add to this the

reduced capital costs of a waste treatment system and the savings can be

even greater.

There are numerous methods which have been developed to conserve lOater in

electroplating shops. Three of the major techniques, rinse tank design. counter

current rinsing and rinse water reuse are the subjects of this series.

Rinse Tank Design

Proper rinse tank design is the cornerstone of any water conservatior.

program. The most important factor in rinse tank design is to ensure that the

rinse water is completely mixed. This will eliminate short: circuiting of the

feed water and effectively use all of the tank's volume. As sho..-n below I

a rinse tank must include a feed water distribution line. air agitation. and a

flow control valf50LLUTION PREVENTION PRCX3RAM
NORTH CAROLINA DEPARTMENT OF ENVIRONMENT, HEALTH. AND NATURAL RESOURCES
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Air
Flaw

Source: (1)

W'tCT
SUPpl1

Proper Rinse Tank Design

A ~ater distribution line placed on the bottom of the far end of the tank

~ill evenly distribute the fresh ~ater throughout the tank's volume. The inc om-

ing water creates a rolling action ~hich will help to scour the ""ork piece

clean as ~ell as dilute the drag-out throughout the tank's volume. The dis-

tribution line can easily be constructed by drilling holes at 3-inch intervals

into a ~ or 1 inch PVC pipe and capping-off one end.

Air agitation ~ill help remove any plating solution clinging to the sur-

:ace of the work piece as well as mix the contents of the tank. Air can be

introduced into the tank by an aerator placed diagonally across the bottom of

the tank. This can be a commercially available aerator or one can be constructed

by drilling 1/8 inch holes at 1 to 5 inch intervals in a 1 inch PVC pipe and

capping-off one end. The total area of the holes must be somewhat less than

the cross-sectional area of the pipe. but not less than 2/3 as this would put

too much back pressure on the blower. The air pressure must be supplied by

a blower, as an air compressor can contaminate the solution with oil.

A flow control valve is used to restrict the fresh water feed rate to an

optimum level. The simplest and least expensive type is a mechanical flow con-

trel valve. This type of valve will maintain a specific flow rate independent

•
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of the water faucet setting. These flow controllers are usually rated in ~ gpm

intervals from 1 gpm, and are available in plastic or plated brass.

An alternative is the use of a conductivity control system. This uses a

conductivity probe to measure the level of dissolved solids in the rinse tank.

i.'hen the level exceeds a predetermined maximum value, the cC'l:troller will open

the fresh water feed valve. ~'hen the level reaches a preset minimum valve the

water flow is stopped. This type of system is best used when the amount and

type of work varies greatly from day to day. The major draw backs to this type

of system are the relatively high system cost, difficulty in establishing the

concentration limits and the need for regular system maintenance.

Capital and Operating Costs

These water conservation techniques are very inexpensive to install and

operate. The typical costs of these techniques are detailed below:

o ~'ater distribution line: The cost of 8 feet of ~ inch PVC pipe,

necessary connections and an end cap is about $30 installed.

o Aerator: A cOlUJercially available aerator costs about $60 installed.

An in-plant fabricated unit will cost about the same amount.

o Flow control valve: The installed cost of a mechanical flow control

valve is about $10 for a metal valve and $25 for a PVC valve. These

valves are available from local plumbing supply houses. The con

ductivity control system will cost about $500 and up to purchase and

install. These systems are available from a number of manufactures

including Myron L (Carlsbad, California) and Beckman (Cedar Grove,

New Jersey).

The total cost for installing a water distribution line. an aerator and a

mechanical flow control valve would be about $100 for a typical rinse tank.
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There are no direct operational costs associated with these techniques.

Though, they should be included in the facility's routine inspection and

maintenance program.

Pay Pack

The pay back period for installing or ret~ofitting these ~ater conservation

techniques into a rinse tank will depend on the quantity of loJater saved, as

well as the water and s~wer costs. For example, if ",ater flm..· is reduced from

6 gPl:l to 3 gpm, and t~e ~ater and sewer charges ,He $2/1000 gallons, the pay

back period will be about 7 weeks for a typical rinse tank. After this initial

pay Jack period the ....ater conservation systeo will reduce operati:1g costs by

$750 per year, through water savings.

In addition to these direct cost savings, a I.'ater conservation program

can reduce the capital cost of any required end-of-pipe waste",ater treatment

system. A rough "rule of thumb" is that a precipitation system costs about

$2,000 per gallon of flo", per minute. Thus a substantial reduction in ",ater

flo'" can produce corresponding savings in treatoent system costs. HOloJever, small

or token reductions ",ill yield very little, if any, savings.

Selected References

1. JRB Associates. Three Case Studies to Improve Industrial Waste Management

in Baltimore-Area Metal Finishing Plants. 83-4, Haryland Hazardous Waste

Facilities Siting Board, Annapolis, Maryland. 1984.

2. Kushner, J. B. and A. S. Kushner. Water and Waste Control For the Plating

Shop. Second Edition. Gardner Publications. Cincinnati, Ohio. 1981.

3. Roy, C. H. In-Plant Conservation. American Electroplaters' Society.

Winter Park, Florida. 1980.
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Additional Information

For additional information on water conservation in the electroplating

industry or other pollution prevention techniques, contact:

Pollution Prevention Program
NC Department of Environment, Health, & Natural Resources
P.O. Box 27687
Raleigh, North Carolina 27611
Telephone: (919) 571-4100

COPYRIGHT: 1985

Pollution Prevention Program
NC Department of Environment, Health, & Natural Resources

Reprint with Permission

(300 copies reprinted May 1992 at a cost of 5~ each)



WATER CONSERVATION FeR ELECTROPLATERS: RINSE WATER REUSE

Techniques for Rinse ~ater Reuse

Rinse water does not have to be discharged to the sewer after it :5 used only

once, but can be recycled through the production line. This techni~ue for water

reuse, known as reactive rinsing, takes advantage of the cherr:ical r::akeup of the

rinse water to not or.ly reduce I.;ater usage but to actually increase rinsing

efficiency, thus improving plating quality.

A good example of this technique can be found in the nickel plating line. As

shown below, water consumption can be reduced by two-thirds in a typical line by

recycling the rinse water.

WORK FLOW-------------------

ALKALINE

CLEANER
RINSE ACID RINSE NICKEL RINSE

WATER

~

~ickel Plating Line

In this example nickel rinse water is recycled back to the acid dip rinse tank.

This allows nickel plating solution dragged out of the process bath to be dragged

back into the bath. This will not harm the rinse step and will allow the fresh

POLLUTION PREVENTION PRCX3RAM
NORTH CAROLINA DEPARTMENT OF ENVIRONMENT, HEALTH, AND NATURAL RESOURCES
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water feed to the acid rinse tank to be turned off. The acid rinse ~ater can then

be recycled to the alkaline cleaner rinse tank. This not only allo.... s the feed

water to this tank to be shut off, but it will im?rove the rinsing efficiency by

helping to neutralize the dragged in alkaline solution. This will prolong the

life of the acid bath as the rinse water dragged into it will already be partially

neutralized. Thus the acid bath will not have to be dumped as often. In this

example rinse water use .... as reduced from 9 gpm to only 3 gpm.

This concept can be taken one step further and the rinse ",ater can be

recycled between process lines. One facility used this technique to reduce water

usage in three process lines from 48 gpm to 16 gp~ ry being able to shut off 8

fresh water feed lines. The scheme used is sho~u below:

i
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u

§

EJ.3..
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Source: (2)

Example of Interprocess Reactive Rinse System

Some replumbing is all that is needed to set-up a rinse water reuse system.

The rinse water can be either gravity fed or pumped to the next rinse tank. Only

a small amount of head pressure is needed to run a gravity system.

------.T~. In

One way to
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supply this pressure is to use building bricks to elevate the tanks. PVC pipe can

then be used to connect the tanks together. If the rinse tanks cannot be elevi~ed

or the water must be piped across the shop, then a pump system can be used. A

simple system can be constructed by using small submersible pumps (2-5 gpm) anil ~"

PVC pipe. As a safety measure level controls can be added to regulate the fl~ of

water between tanks.

The reuse of rinse water cannot be used indiscriminately as it could ron-

taminate process baths and reduce plating quality. However, if care is taken in

evaluating each potential use, then the use of this t~chnique can proiUce

significant water savings.

Capital and Operating Costs

Rinse water reuse is one of the most cost effective water conservation

techniques available. The typical costs per application (i.e. connecting together

2 rinse tanks) is sho~~ below:

o Gravitv fed system:
(

- Cost of 10 feet of ~" PVC pipe and necessary fittings is about $5.00.

- Cost of installation, 4 man hours, and contingencies is about $85.00.

- Total cost is about $90.

o Pump system

- Cost of a 3 gpm submersible pump, 30 feet of ~" PVC pipe and necessuy

fittings is about $70.

- Cost of installation, 8 man hours, and ~ontingencies is about $180.00.

- Total cost is about $250.

There is no direct operational costs associated with this technique. Howevar,

the equipment should be included in the faCility's routine inspection and

maintenance program.

- II. Ii_ I.""'·
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Pay Back

The pay back period for installing a rinse water system will depend on the

quantity of water saved and the water costs. For exarr.ple, if a system is

installed on a typical nickel plating line the water flow rate can be reduced fro~

9 gpm to 3 gpm. Assuming water and sewer charges are $2/1000 gallons, then the

pay back period for a gravity system will be about 6 weeks and for a pump sysr.e~

it will be about 18 ..eeks. After this initial pay back period the ..ater reuse

system will reduce operating costs by $1,500 per year, through water savings.

In addition to these direct costs savings, a water conservation program can

reduce the capital cost of any required end-of-pipe waste~ater treat~ent system.

A rough "rule of thumb" is that a precipitation system costs about S2,OOO per

gallon of flow per minute. Thus a substantial reduction in water flow can produce

corresponding savings in treatrr.ent system costs.

reductions will yield very little, if any, savings.

Selected References

However, small or token

1. Kushner, J. B. and A. S. Kushner. ~ater and ~aste Control For the Plating

~ Second Edition. Gardner Publications. Cincinnati, Ohio. 1981.

2. Saltzberg, Eo R. "A Manual of New Waste and Water Conservation and Reuse

Methods for the Electroplating Industry". Presented at the 1983 Triangle

Conference on Environmental Technology. Chapel Hill, Korth Carolina. 1983.

3. JRB Associates. Three Case Studies to Improve Industrial Waste Management

in Baltimore-Area Metal-Finishing Plants, 83-4. Maryland Hazardous Waste

Facilities Siting Board, Annapolis, Maryland. 1984.
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Additional Information

For additional information on water conservation in the electroplating

industry or other pollution prevention techniques, contact:

Pollution Prevention Program
Office of Waste Reduction
~.C. Department of Environment, Health, and Natural Resources
P.O. Box 27687
Raleigh, NC 27611-7687

Telephone: (919) 571-4100

COPYRIGHT: 1985

Pollution Prevention Program
Office of Waste Reduction

N.C. Department of Environment, Health, and Natural Resources

Reprint with permission

(300 copies reprinted at a cost of ~ each)
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WATER AND CHEMICALS REDUCTION FOR COOLING TOWERS

Are you pouring money down the drain? Are you operating a
cooling tower in the once-through mode or relying on manual
control of air-conditioner bleed-off rates? This may result in
undue expenses in the form of unnecessary chemical, energy,
labor, and water costs. A once-through system employs no
conservation practices and is the most expensive alternative in
most instances. The manual bleed/feed approach is at best a
calculated gamble, and it may lead to water pollution or
operational problems. Random manual bleeding of the system to
control the dissolved solids and manual addition of chemicals
does not take into account the variability of the loading on a
system from day to day. Instead the bleed/feed approach is
usually based on "average" conditions. When the loading exceeds
this average an insufficient volume is bled off and the solids
level becomes too high. The converse is true as well; below
average loading results in excessive bleed off of water.

An automated bleed/feed system can reduce water consumption by as
much as 60 percent. The cost savings can pay for the controls in
a very short period of time. As an example, with combined water
and sewer rates of $2/1000 gallons, reducing the water usage by
just 1 gpm can save $1000 annually. with a large system, the
savings can add up to thousands of dollars annually. When this
is added to the reduced operating costs (chemical and energy) the
savings are even greater.

The chemical composition of the cooling water must be maintained
at the proper level for the system to operate efficiently. Proper
control is also necessary to protect the air conditioning
equipment. Maintaining cooling water composition is accomplished
by: (1) bleeding tower water from the system to overcome the
concentrating effects of evaporation and (2) pumping the
appropriate quantity of chemicals into the cooling water.
Excessive bleeding or chemical addition to the system will result
in the discharge of excess chemical conditioners and/or active
biocides thereby causing or contributing to water pollution or
toxicity problems. Using automatic bleed/feed controllers is a
practical approach to reducing the operating costs and minimizing
waste from a cooling tower. A diagram of an automated system is
shown in Figure 1.

Automatic controllers continuously monitor the concentration of
dissolved material in the cooling water. When the concentration

POLLUTION PREVENTION PRCX3RAM
NORTH CAROLINA DEPARTMENT OF ENVIRONMENT. HEALTH. AND NATURAL RESOURCES



exceeds a~preset level, the controller opens the bleed valve and
activates the chemical feed pump. Thus the tower is kept at the
optimum concentration at all times and unintentional discharge of
active chemicals is eliminated. This results in a cost savings
in many areas. Labor costs for cleaning and manually adjusting
chemical feed rates are reduced. Energy consumption is lowered
by minimizing scale build up on the heat exchanger surfaces
(scale acts as an insulator, thereby reducing the efficiency of
the unit). The consumption of both chemicals and water is
reduced by avoiding excessive bleeding during periods of lower
air conditioning load.

FIGURE 1. AUTOMATIC FEED AND BLEED-OFF SYSTEM FOR COOLING TOWERS
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A bypass feeder (shown in Figure 2) can be easily incorporated
into the system to safely introduce chemicals to prevent
biological fouling and minimize bacterial growth. The proper
feeding of these biocides, periodic dosing combined with
temporarily switching off the automatic controllers, provides a
means of obtaining maximum biological control while minimizing
chemical usage and the potential discharge of toxic chemicals.

FIGURE 2. BY-PASS FEED SYSTEM FOR ADDING
BIOCIDES TO COOLING TOWERS
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Capital and Operational Costs

Automatic bleed/feed controllers and by-pass feeders are not
expensive to install or operate. The typical costs for these
controls are detailed below.

- Controller: A commercially available controller complete
with conductivity probe can be obtained for $325.
Installation for the controller will add and additional
$75. Several systems are available. The Pollution
Prevention Program can provide a list of vendors if
desired.

- Chemical Feed Pump: A chemical feed pump and associated
appurtenances can be obtained for about $150.

- By-Pass Feeder: A by-pass feeder for adding biological
control agents in the cooling system can be obtained for
about $150.

The total cost for installing an automatic bleed/feed system and
the equipment to introduce biological control agents into the
system would be about $1000.

There are no direct operational costs associated with the
automatic bleed/feed system. However, the units must be included
in the facility's routine inspection and maintenance programs.

Pay Back

The pay back period for installing automatic bleed/feed controls
will depend on several factors such as the quantity of water
saved, including both water and sewer costs; savings resulting
from reduced chemical costs; energy savings; and reduced labor
costs. As an example, the North Carolina Department of
Administration has installed automatic bleed/feed systems on
fifteen air conditioning systems in government office buildings
at a total investment of $15,000. The Department has reported a
payback period of five (5) weeds and total annual savings of
$149,000 as a result of the automated system. The Department of
Administration is now recommending that all State owned cooling
towers and air conditioners by fitted with bleed/feed
controllers.

Specific water, energy, chemical, and labor cost savings
experienced by the Department of Administration are as follows:

- Chemicals The chemical costs have been cut from $17,300/yr
to $5,445/yr. (savings = $11,855).

4



Energy

Labor

Water

The energy savings as a result of the automation
has been determined to be 13 percent. At
$O.05/KWH this translates into an annual savings
of $68,842.

All chillers require cleaning and rodding at
least annually. Assuming an hourly wage of
$8.00, the labor costs for cleaning and rodding
were reduced by $2,400/yr due to less frequent
need for cleaning. Labor costs for daily manual
adjustments of the chemical feed and tower bleed
rates were $2,826. (Total savings = $5,226).

Since the installation of automatic bleed/feed
controllers cooling water is now used for 4.5
cycles as opposed to 1.5 cycles before. This
saves 34,900,000 gallons of water annually.
Based on a combined water and sewer rate of
$1.83/1000 gallons, the annual savings is
$63,900.

Additional Information

For additional information on automatic bleed/feed systems for
cooling towers, contact:

poliution Prevention Program
N.C. Department of Environment, Health, and Natural Resources
P.O. Box 27687
Raleigh, North Carolina 27611-7687
Telephone: (919) 733-7015

topyright: May, 1987

Pollution Prevention Program
N.C. Department of E~vironment, Health, and Natural Resources

Reprint with Permission

Printed at a cost of 5¢ per copy.
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As a way to reduce the increasing costs of purchasing coolant concentrate. many
companies are implementing coolant management programs. Reasons for reclaiming
coolants regularly include longer tool life, decreased reject rates, improved surface
finishes, and provisions for a cleaner, odorless work area.

The primary reasons that coolants are discarded are the buildup of solids.
bacterial gro\llth, and excessive tramp oil in the coolant. If on a regular basis coolants
are removed from the machine sumps. treated to remove these contaminants. and
brought back to specification by adding new coolant concentrate. the amounts of coolants
used yearly could be drastically reduced. Approximately 10% of the coolants are lost to
dragout and evaporation. Replenishing this 10% with new makeup solution usually
maintains biocide levels, but other additives such as rust inhibitors may also be needed.

Reducing Tramp Oils in Coolants - Since tramp oils such as hydraulic and lube oil are
major causes of coolant breakdown and rancidity associated with the formation of
hydrogen sulfide; all hydraulic oil leaks should be repaired. A preventative maintenance
program to periodically inspect and replace gaskets, wipers, and seals should be
performed.

Coolant Selection· Use only quality stable cutting and grinding fluids with the best
recyclability. Examine the coolants for resistance to bacterial attack, corrosion
protection, residues left on work pieces, and hazardous additives when evaluating cutting
and grinding capabilities. Try to reduce the number of different coolants being
employed to more easily facilitate recycling. Sometimes only the coolant concentration
needs to be changed for different apP.lications.

Coolant Makeup Water - Tap water with a high mineral content can adversely affect
coolant performance by deteriorating emulsions. causing corrosion, and enhancing
microbial growth. Purification of makeup water through deioruzation can help. You
may want to explore the possibilities of using deionized wate for coolant bath makeup
water.

POLLUTION PREVENTION PRCX3RAM
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Coolant Concentration and Chemistry - Refractometers or titration kits should be made
available to operators (along with training on how to use them) to monitor and maintain
proper coolant concentrations. Refractometers cost between $150 - $200. Low pH
readings signify low coolant concentrations and related problems of increased metal fines
and suspended solids. Also, a drop in pH can be due to increased microbial growth.

Sump Maintenance - Another step that can be taken to reduce the required frequency of
coolant treatment or coolant dumps is to install oil skimming devices on each machine
sump. By removing excess tramp oil from the sump, you will be removing pan of the
food source for bacteria which causes the coolant to turn rancid. A number of
companies make oil skimming devices which remove floating tramp oils. Skimming
wheels cost between S100 - $500. It is necessary for the sump to be still while the oil
skimmer is operating, otherwise the oils will not float to the top to be skimmed. A good
time to operate the oil skimmer is during lunch break. The oil that is skimmed from
each sump could be collected and managed as waste oil.

To help extend the life of the coolant, machine sumps clean-out should be
scheduled on a regular basis. The frequency will of course depend upon the use of the
machine. It is particularly important that the shavings be removed and the sumps
cleaned with an alkaline cleanser when dirty coolant is removed from the sump for
cleaning or disposal. The built-up metal shavings harbor bacteria which can
recontaminate the new or rejuvenated coolant. These areas with built-up shavings are
also somewhat impenetrable to the biocides contained in the coolant.

Coolant Circulation - With the exception of the times when the sump is still to operate
the oil skimmer, the sump should remain agitated. Bothersome anaerobic bacteria are
able to grow and reproduce much more rapidly in a stagnant sump than in a well
agitated sump.

Coolant Recvclin2 Equipment

There are many different types of equipment available for recycling coolants.
This equipment ranges from simple filtration or oil skimming equipment to multiple
stage machinery incorporating filtration, centrifugation, and heat pasteurization.

Centrifu~ation - This process involves mechanical rotation of the coolants to provide
several thousand a's of separating force. Centrifugation is able to remove hydraulic oils
and other emulsified tramp oils as we'll as free floating oils and solids.

Coalescin~ Separators - This technique uses an olephilic high surface area medium to
coalesce oil to form larger droplets. These larger oil droplets float to the surface and
can be skimmed off using adjustable weirs. Coalescers are not effective for removing
water miscible hydraulic oils or other emulsified oils.
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Hydro<:yclones - This process uses centrifugal force to remove solids from the fluid. It is
not effective for removing small quantities of tramp oil, but can remove solids down to 5
microns. This system is mechanically simple and easy to operate.

Proper Trash Disposal

Care must be taken to keep cigarettes, napkins, chewing tobacco and other trash
out of the coolant sumps and chip bins. Cleanliness fosters good work habits and can
have a positive impact on coolant recycling efforts.

Conclusions

Proper coolant management and coolant recycling are effective ways for
metalworking operations to save money on raw materials and waste management and. to
reduce waste generation. For more information about coolant management contact:

N.C. Pollution Prevention Program
Department of Environment, Health and Natural Resources
P.O. Box 27687
Raleigh, NC 27611-7687
(919) 571-4100 .
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WATER CONSERVATION FOR TEXTILE MILLS

Techniques

Are you pouring money down the drain? You are if your fi~ does not have a

water conservation program. Water is expensive to buy, treat, and dispose of.

A water conservation program can cut water consumption by up to 30i.:, or even

more, and the cost savings can pay for the required materials in ~ very short

period of time. For example, with average water and sewage rates about $2/1000

gallons, reducing the flow to a washer by just 1 gpm can save $250 per year.

With the large number of washers in an average plant, the savings can add up to

thousands of dollars per year. Add to this the reduced capital costs of a waste

tre~tment system and the savings can be even greater.

There ~re numerous methods which have been developed to conserve water at

textile mills. Sorr.e of the techniques ~pplicaDle to a wide variety cf firms are

discussed below:

Counter-current Washing. This measure is employed frequently on

continuous preparation and dye r~nges for water and energy savings. Clean

water enters at the final wash box and flows counter to the movement of the

fabric through the wash boxes. Thus. the cleanest· water contacts the

cleanest fabric, and the more contaminated washwater contacts the fabric

immediately as it (the fabric) enters the actual process. This method of

water reuse is opposed to the traditional washing method of supplying clean

POLLUTION PREVENTION PROGRAM
NORTH CAROLINA DEPARTMENT OF ENVIRONMENT, HEALTH. AND NATURAL RESOURCES
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water at every stage of the washing. Water and energy savings are related

to the number of boxes provided with counterflow. Countercurrent washing

can be applied at desize washers, scour washers, mercerizing washers,

bleach washers, dye ranges, and printhouse soaper ranges.

Reuse of Final Rinse Water from Dyeing for Dye Bath Make-up. The

rinse water from the final rinse in a batch dyeing operation is fairly

clean and can be used directly for further rinsing or for make-up of

subsequent dyebaths. Several woven fabric and carpet mills use this rinse

~ater for dyebath ~ake-up.

Reuse of Soaper T,.,'astewater. The colored wastewater from the soaping

operation can be reused at the backgrey washer, which does not require very

high quality water. Alternatively, it can be used for cleaning :loors and

equipment in the print and color shop.

Reuse of Scouring Rinses for Desizing. The rinsewater from the

scouring operation is adequate [or reuse in other processes that do not

require extremely high water quality, such as des~zing. This is particu

larly true with scouring ..'astes £:-00 syr.thetlc or cotton/syncr,etic blend

fabrics. Scouring rinses may, in certain cases, also be reused for the

washing of floors and equipment.

Reuse of Mercerizing or Bleach Washwater for Scouring or Desizing.

Mercerizing or bleaching rinsewater can be used in scouring and cesizing

operations as long as size recovery is not practiced. The caustic or

bleach stream will generally degrade many size compounds to an extent that

they cannot be recovered.

Recycle/Reuse of Water Jet Weaving Wastewater. The jet weaving

wastewater can be reused within the jet looms. Alternatively it can be

II
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reused in the desiz~ng or scouring process. This is provided that fabric

impurities and oils~are removed by in-line filters.

Use of Automatic Shutoff Valves. An automatic shutoff valve will

control the flow of water into a process unit based on time, level or

temperature. One plant estimated that a reduction in water use of up to

20% could be achieved ~ith thermally controlled shutoff valves.

Use of Flow Control Valves. A flow or pressure reduction valve can

significantly reduce the quantity of water used in a wash or clean-up step.

They are particularly useful in clea~ing areas .,'here operators are not

always cOLscious of the need for water conservation.

Gooe Housekeeping. A program of I:1aintenance, inspection and

evaluation of production practices should be established. Significant

water reduct ions can be made 'through such areas as minimizing leaks and

spills, proper maintenance of production equipment, identification of

unnecessary washing of both fabric and equipment, and employee education on

the importance of water conservation.

7hese water conservation techniques are not withcut their drawbacKs. SOI:1e

of the techniques can adversely affect size recovery practices, impact quality

of fabric and Itanufacturing processes, and be limited by physical plant con

straints. However, since these measures are generally cost effective, each mill

must evaluate the merits of a particular application within the physical and

processing constraints of the mill.

Capital and Operating Costs

The equipment used in a water conservation program is relatively inexpen-

sive. In most cases it will consist of only valves, piping,small pumps and

111111.18
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tanks. The operating costs for these systems <:Ire usually very low. The major

portion of the cost would be for routine maintenance and in some cases electri

city for the pumps.

For example, the cost of purchasing and installing the equipment necessary

to reuse 75,000 gallons per day of bleach wastewater for scouring, is as

follows:

Pump $ 3,000

Tank/Sump 14,000

Piping 5,000

Electrical 1,000

Total Cost $23,000

The yearly operating costs are estimated to be $1,300.

electrical power for the pumps and coutine maintenance.

This includes the

Pay Back

The pay back period :or a '~'ater conservation system will depend on the

quantity of water saved, the cost of raw I.'ater, sewer fees and ...astewater

treatment costs. For example, the system discussed above would have a 3 month

pay back period. After this initial period the system would save the company

over $95,000 per year in reduced water, sewer and energy costs.

In addition to these direct cost savings, a water conservation program can

reduce the capital cost of any required end-of-pipe wastewater treatment system.

A treatment system can cost several thousands of dollars per gallon of flow per

minute. Thus a substantial reduction in water flow can produce corresponding

saving in treatment system costs. However, small or token reductions will yield

very little, if any, savings.
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For additional information on ~ater conservation techniques or other

pollution prevention methods, contact:
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POLLVTION PREVENTION TIPS

Overview of Coating Technologies

prior to 1966, before the flI"St U.s. environmental regulation was
aaopted, almost every item that was painted was finished with
low-solids soh..ent-borne coatings. Since that time, however,
environmental concerns and the increasing cost of solvents have
created demand for chemical formulations and coating application
techniques that will reduce air emissions and sa\'e raw materials. This
demand increased dramatically with the passage of the 1990 Clean Air
Act Amendments.

Typical soh'ent-based paints contain 60 to 80 percent volatile organic
~ompounds (VOCs), many of which are also listed as hazardous air
polJutants (HAPs) or toxic air pollutants. A number of new resins are
being introduced into the coatings market designed to improve
performance, especially in high-solids and waterborne formulations.
In addition to new coating formulations, technologies are changing
rapidly to improve emciency in coating applications.

To encourage pollution prevention in coating operations, the Pollution
Prenntion Program (PPP) provides this TIP on the advantages and
disadvantages of various coating formulations and application
technologies. Since many variables are invoh'ed in the selection of the
most efficient technology, or combination of technologies, the PPP
hopes that this information will serve as a guide in ,making those
decisions.

P<>II~ti<>X1 P~~'V"~X1ti<>X1 P~c>g~a.XX1

N.C- Dep...taaeat oC E.a.virol::lJlDea... Health••ad N.t~R~
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Coating Formulations

-High solids coatings are solvent-based and have a high resin concentration•. Solids content
typicaUy faUs in the 50 to 70 percent range, although some formulations are higher•

• Advantages

- Reduced VOC and HAP emissions
- Reduced solvent usage
- Reduced inventor)'
- Reduced fiTe hazards
- Reduced number of spray applications

to achieve a given fllm thickness
- lmpro\'ed abrasion and mar resistance

• Disadvantages

- GeneraUy require high cure temperatures
- Sensith'e to inadequate cleaning of

substrate
- Extremely sensitive to temperature and

humidity
- Difficult to control fllm thickness
- Tacky overspray difficult to clean
- May require paint heater in system
- Difficult to control sagging
- Narrow "time-temperature-cure" \\indow
- Cannot use dip or flow coating
- Difficult to repair

In waterborne coatings, water, alone or in conjunction with an organic solvent, acts as the
carr)ing medium. Most waterborne coatings contain an organic co-solvent (usuaU)' 2 to
30 percent) that is added to dissolve the resin.

• Advantages

- Reduced VOC and HAP emissions
- Conventional application processes can be

used
- Reduced toxicity and odor, resulting in

improved worker safety and comfort
- Good storage life
- Easy clean-up
- Reduced fire hazard
- Disposal of hazardous waste minimized or

even eliminated

I. Disad\'antages

- May cause grain raising in wood
- Tendency to foam
- Rubbing requires effort
- Surface must be free of oil and dust
- Longer drying times or increased oven

temperatures required
- High gloss flDish difficult to obtain
- Dean-up difficult once coating is cured
- Great susceptibilil)' to dirt pick-up
- Most of these coatings cost more per gallon

on an equivalent solids basis
- Not many resins available for waterborne

formulations
- Converting solvent-borne coating line ma\,

be complex, i.e., stainless steel or plastic 
lines, valves, etc., are needed

- Problems with atomization, i.e., reduced
paint transfer efficiencies

- Increased runs and sags
- Needs good temperaturelhumidil)' control
- Storage area requires enclosure and heating
- RefInishing is difficult

TrP: Coating Technologies - 2 - June 1993



Powder coatings contain lOO-percent resin in dry powdered form and I built-in curing agenL

I
- Disadvantages

- Heat requirement restricts powder to metal

I
fInis hiDg

- Powder manufacturing limitations

I
-Difficult to make small amounts
- Control of texture size and distribution

limited
- Metallic powder coatings not as

attractive as wet metallic flllishes
- Recirculating system creates negative

pressure in booth
- Need gende air stream to apply powder
- Enhanced Faraday cage effect
- Difficult to achieve thin ftIms below 1.0 to

1.5 mils
- Powder clumping
- DifficWt to change colors
- Needs cool, dr)' storage area
- Powder coatings difficult to match for

repair ",ith liquid paint and hard to strip
- Pretreatment of substrate is critical

...1\.IINICARB .S ra,· S"stem

- Advantages

- Cost savings due to:
- No solvent flash required
- No coatings mix room needed
- Minimal o\'en length required
- Low ventilation requirement
- Floor space economy, i.e., s)'stem

requires two-thirds to three-quarters of
wet paint systems

I- VOC and HAP compliance, i.e., no I

soJ\'ents I

- Quali~' ftnish i
- Durable fmish I
- Good corrosion resistance '
- Coating utilization efficiencies can reach 95 ,I

to 99 percent
- Energy savings I
- Little operator expertise required
- Quick "packagebility" I
- Varie~' of resins available i
- No hazardous overspray, waste sludge, or i

contaminated water I
- Reduced worker exposure to soJvent vapors

,.....------------------
In the tJ1\1CARB™ system, super-critical carbon dioxide replaces a substantial amount of the
conventional solvents used to spray-apply industrial coatings.

- Advantages

- High quality flllish
- Fewer coating applications needed
- Reduced VOCs and HAPs
- Reduced operating costs
- Easy to retrofit
- High transfer efficiency
- May reduce sanding requirements for wood

furniture
- Reduced worker exposure to solvent vapors

- Disadvantages

- Limited experience
- Lower fluid delivery rates than airless or

air spray guns
- Gun and supply tubing is bulky
- Royalty costs

June 1993 - 3 - TIP: Coating Technologies



.• Disadvantages

- Interference of photocure b)' pigments
- Higher capital investment than

conventional ovens
- Higher costs for EB and lTY coatings
- Potential problems \\ith acrylate toxicity
- Shrinkage and adhesion problems \\ith

acrylate
- ~ot applicable to all fmish types because it

produces a specific "look"
~ Dermatitis
- Curing sensitive to shape of part

For radiation-cured coatings (ultraviolet (lTV), electron beam (EB), and infrared (IR»,
electromagnetic radiation is used to alter the ph~'sical and chemical properties of a coating such
that the organic substrate develops cross-linked or solvent-insoluble network structures.

• Advantages

- tTy and £B technologies use coatings \\ith
lower VOC and HAP content than
conventional coatings

-m ovens oxidize various VOC's, thus
reducing potential emissions

- Increased production rates because of short
curing periods

- Low energy costs
- Consistent performance
- Small ovens required
- Low air movement reduces dust and dirt

contamination
- Easily insUilled/retrofitted
- Reduced rITe and explosion hazard

nmE
In a two-component reactive liquid coating system, two low-viscosit), liquids are mixed just before
they enter into the application system. One liquid contains reactive resins, and the other contains
an activator or catalyst that promotes polymerization of the resins.

• Advantages

- Low-temperature processing

• Disadvantages

- Limited experience
- lincured resin may be harmful
- Highly complex process
- High level of operator skill required
- High capital cost
- Limited pot life

Vapor Permeation of Injection~Cured(:oatin~s

After a reactive resin is applied as a liquid, curing is induced by exposing the liquid to a vapor
containing a compound that initiates polymerization. One example is polyol-isocycanate coatings
cured by tertiary amine vapor injection.

• Advantages

- Eliminates or reduces solvent
- Low temperature processing
- Unreacted overspray can be collected for

reuse

- Can be used on heat sensitive substrates

TIP: Coating Te<:bnologie5
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• Disadvantages

- Limited experience
- Highly complex process
- High level of operator skill required
- High capital cost
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Application Technologies

LVHP spray guns operate with compressed air from an air compressor to atomize the painL
Pressures typicaUy range from 40 to 70 pounds per square inch (psi)•

• Advantages

- ExceUent atomization permits high quality
fmish

- High production rates

• Disadvantages

- Extensive overspray
- Booth clean-up cost
- Filter replacement cost
- Waterwash resen10ir treatment costs
- High VOC and HAP emissions

HYLP spray guns operate with a high volume of air delivered at 10 psi or less to atomize the
painL

• Advantages

- Reduced overs pray
- Increased transfer efficienc)'
- Reduced paint waste
- Lower booth clean-up costs
- Reduced fIlter replacement costs
- Decreased waterwash reservoir treatment

costs
- Reduced VOC and HAP emissions
- Portable and easy to clean
- Sprays well into recesses and cavities
- Reduced worker exposure to blowback

i

I
I

i
I

In an airless spray gun, the paint is atomized by increasing the paint's fluid pressure (ranges
from 500 to 6,500 psi) without introducing a pressurized air flow.

• Advantages

- High rates of paint flow
- Relatively high transfer efficiency
- Gun handling versatility (no air hose)
- Ability to apply highly viscous fluids

I • Disadvantages

i-Relatively poor atomization
I - Expensive nozzles
! - Reduced fan pattern control
I - Coatings limitation
I _ Tendency for tip plugging

- Skin injection danger
- Increased operator training required
- Increased maintenance requirement

June 1993 - 5- TIP: Coating Technologies
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About 150 to 800 psi of fluid pressure and 5 to 30 psi of air pressure are used in an air-assisted
airless gun to atomize thelJaint.

• Advantages

- Good atomization, but not as good as air
- Varied fluid delivery
- Low bounceback
- High paint transfer efficiency

• Disadvantages

- Skin injection danger
- Increased maintenance required
- Increased operator training required
- Capital cost

\\'ith an electrostatic spr3)' gun, the atomized paint droplets are cbarged at the tip of the gun by a
charged electrode. The part to be painted is electrically neutral, and the charged paint droplets
are attracted to the .part.

• Advantages

- High transfer efficiency
- Good edge cover
- Good \\Taparound
- Uniform mm thickness

• Disadvantages

- Guns tend to be bulky and delicate
- Extra cleanliness essential
- Faraday cage effect
- Safet)'/fIre hazard
- Parts must be conductive
- High equipment and maintenance cost

Instead of air or fluid pressure, rotary atomizers use centrifugal force to atomize the paint ana
electrostatic charging to attract the paint to the part.

• Advantages

- Excellent atomization
- High solids, waterborne versatility
- Viscosit), flexibility
- High transfer efficiency

• Disadvantages

- Extra cleanliness essential
- Faraday cage effect
- Safety/fIre hazard
- Parts must be conductive

\\'itb roll coating, tbe paint is applied by one or more auxiliary rolls onto an application roll,
which then rolls across the conveyed.flat part.

• Advantages

- High transfer efficiency
- High production rates

TIP: Coating Technologies

• Disadvantages

- CanDot paint bard-to-reaCh areas
- Limited to flat work
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Parts are painted by dipping them (usually by connyor) into a tank of the painL

• Advantages

- lligh production rates
- Low labor requirements
- High transfer efficienc)'

• Disadvantages

- Extremely dependent on viscosity of the
paint

- Not suitable for items \\ith hoUows or
cavities

- Color change slow
- Fire hazard
- Poor to fair appearance

In a flow coat system, to to 80 separate streams of paint are directed to coat aU surfaces of tbe
parts as they are carried through the flow coater on a conveyor.

• Advantages

- High transfer efficiency
- Low installation cost
- Requires little maintenance
- High production rates
- Low labor requirement

• Disadvantages

- Poor to fair appearance·
- Principal control of dry-fLlm thickness is

viscosity of paint

In curtain coating, a waterfall flow of paint coats a part conveyed horizontally. The paint flows at
a controlled rate from a reservoir through a \\ide variable SloL

• Advantages

- High transfer efficiency
- Uniform coating thickness possible

r • Disadvantages
I
I - Suitable only for flat work

- Highly dependent on viscosity

Autodeposition is an oxidation-reduction precipitation process used to deposit organic paint fllms
onto iron, steel, zinc, and zinc aUoy-plated substrates.

• Ad,'antages

- Excellent anticorrosion properties (no
phosphate coating required)

- tOO-percent coverage of surfaces wetted (no
Faraday cage areas)

- Uses waterborne material
- No uternal source of electricity

• Disadvantages

- Dull or low-gloss appearance
- Few colors available
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In electrocoating, a paint mm from a waterborne organic solution is electrically deposed onto a
part.

• Ad\'antages

- Over 90 percent utilization of coating
material

- Very thin, uniform coating on all surfaces
tbat can be reacbed by electricit)'

- Higb production rates
- Corrosion-resistant coating
- Low VOC and HAP emissions
- Process can be fulJy automated
- Can apply second coat on uncured

electrocoat

• Disadvantages

- Substrate limitation
- Separate lines needed (or each color
- Higb cost to install
- Masking problems
- Sophisticated maintenance requirements
- Air-entrapment pockets
- Bulk smaU-part coating difficult
- Corrosion-resistant equipment required
- De-ionized water required
- Sanding/stripping difficult
- High energy demands
- Restricted to large volume finishing
- Coating thickness limitation
- High level of training needed for employees

1. Roobol, ~ormanR. Industrial Painting Principles and Practices. Carol Stream, ll..: Hitchcock
Publishing Co. 1991.

., c. S. Environmental Protection Agency. Technical Reference Manual on Techniques for
Reducing or Eliminating Releases of Toxic Chemicals in Metal Painting. By: Battelle
Laboratories. Draft.

3. V.S. Environmental Protection Agency. Guide to Clean Technology, Organic Coating
Replacements. May 15,1992.

4. Roberto, Oscar Eo, Robert G. Hart, and Thomas C. Jones. Metal Finishing by Autodeposition of
Organic Coatings. Madison Heights, MI: Parker+Amchem Henkel Corporation.

5. "Gunning for the Future: Nordson Sharpens its Aim With UNICARB System." UJ'I.'ICARB
Update. Spring 1991.

For additional information, contact

Pollution Prevention Program
Office of \\'aste Reduction

3825 Barrett Drive, Raleigh, NC 2760~

Telephone: (919) 571-4100

200 COPIes ofthls document were pnnted on recycled paper at I coS! of S24.00 or S0.12 ea.:h
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POLLVTIOlV PREVElVTIOlV TIPS

General Waste Minimization Options
for Metal Cleaning

1. Metal Cleaning

Metal cleaning is an essential function in manufacturing, repairing, and maintaining parts and
equipment in industries such as furniture, machinery, electric and electronic equipment,
instruments and metal Cabricating.

The purpose oCmetal cleaning is to remove impurities from the metal surfaces in preparation of
finishing processes such as electroplating and/or coating; a clean product diminishes the potential
for rejects during further processing steps. The cJe~lningmethods and materials used depend upon
the type of contaminants, which typically are soils, rust, paint, and oil. Usually, because more than
ODe type of contaminant is present on the metal surface, a series of cleaning operations is required
to fully prepare a metal surface for its final treatment.

Below is a review of basic waste minimization options applicable to metal cleaning operations
including strategies for developing pollution prevention techniques for most metal cleaning
applications.

II. General \Vaste Minimization for Parts Cleaning

Each cleaning process generates a specific type of waste that must be managed and disposed. The
costs of proper waste treatment and disposal, more stringent environmental regulations,and
increased liability are forcing industries to re-evaluate wastes generation practices.

Waste minimization in metal cleaning operations can be accomplished through source reduction,
material reuse, and product recycling. The following steps will assist in reducing wastes from most
metal cleaning operations.

A. Preventing Surface Tmpurities

The primary step for control of surface impurities is to identiCy the sources of the pollutants.
Surface pollutants can be incoming soils applied by metal vendors or contaminants such as
coolants,stamping nuids,and rust inhibitors applied in-house.

-+ Peel coatings or shrink wrap may substitute Cor protective coatings oC grease or paint
which require solvent removal. These coverings wilJ prevent dust and oils Crom
depositing on the metal surCaces during shipment, storage, and handling. Because the
used wrapping materials may be sellable to a recycler, revenues may be generated and
disposal Cees may be eliminated.

-+ Moisture which causes rust to form can also be eliminated or reduced by properly drying
the parts between operations or by storing them indoors away from condensation or rain.

B. Selectinl: the Least Hazardous Cleaninl: Agent

Selection of a cleaning process for specinc parts is determined by several Cactors including
physical and chemical properties of contaminants, substrate surface, and cleaning media; the

I>c>II"'W..I.tic>r1. P:re:","~]o.:tiC>:r1P:rc>g:rSllr.ll:'1 September
N.C. De~DlI."& oC E:.avtro..__...&. Health" .Dd N.turalR~ 1993
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amount of contaminant to be removed; the required level of cleanliness; the complexity of the
surface to be cleaned; the quantity of parts to be cleaned; the costs of
materials/equipment/labor; and worker/environmental prOlt'Ction.

In~he search for a less polluting cleaning process, the user should select the least toxic and
most environmentally friendly medium that performs with the desired emciency. Below are
cleaning media and the order in which the)' should be evaluated:

1.'. Water or air.

2.' Abrasive media with water or air as carrier.
'.t

3.· Aqueous solutions.

4. "Acidic or caustic solutions.

5. ': Solvents.
-:"

A new cleaning process or any proposed process changes must be carefully evaluated for
potential effects on substrate and downstream processes such as anodizing, plating, and
painting. Additionally, all regulations and existing permits that the facility must comply \\-ith
should also be evaluated for the effects of a process change.

C. Optimizing Cleaning Efficiencv

If~Ieaningsteps cannot be eliminated and the least toxicJhazardous materials are being used,
the absolute smallest amount of cleaner necessary to obtain an acceptable product should be
applied. Also, proper worker training and retraining are essential to ensure the materials are
applied with the greatest achievable efficiency. Employee; should also be given the
.opportunity to identify wastes and determine ways to eliminate and reduce them.

D. Segregating Wastes and ReuselRecvcling
".-Source segregation \\-ill minimize the amount of wastes generated and disposed and also save

on.purchases of raw materials. In the metal cleaning industry, separating, reusing, and
rec;ycling used solvents result in enormous economic and environmental savin2S. With careful
att.ention to the follo\\ing handling and safely tips, a facility can profit from successful Wa5ie

segregation.

-<Jihe solvents should not be allowed to mix with contaminants such as water, solids, and
.garbage.

- :~Hazardous materials should be separated from non-hazardous so that the latter \\iJl not be
.misclassified as hazardous.

-;AIl used solvent containers should be properly labeled, covered, and stored in a restricted
,area that is kept cool and provides containment in the event of a release.

- ,Employees working with any type of material whether new or spent should be trained on
.' proper handling practices.

- ;To comply with applicable regulations and prevent a spill incident, the facility must ensure
'that required procedures are followed and personnel safety equipment is worn 'when
workers handle any regulate,d raw materials or wastt:S.

Facility conditions such as space for materials storage and/or recycling equipment; costs of
equipment, training, and manpower; and suitability to processes determine whether spent
solvents may be segregated and recycled on- or off-site. For more information on solvent
recycling from metal cleaning operations, call the N.C. Pollution Prevention Program at
(919) 571-4100.

TIPS: MeW Cleanil'ij! ·2- September 1993



Chapter

3
Waste Reduction Techniques

and Technologies

Gary E. Hunt
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3.1 Introduction to Waste Reduction
Techniques

Waste reduction techniques can be applied to any manufacturing pro
cess, from something as simple as making a paper clip to something as
complex as assembling the space shuttle. Available techniques range
from easy operational changes to state-of-the-art recovery equipment.

25



26 Waste Minimization Overview

The common factor in these techniques is that they reduce bottom-line
operational costs.

\Vaste reduction is not a new concept-it has been around as long as
humans have been producing products. \Vhile it has been known over
the years by a number of names, it is merely optimization of the pro
duction process. For example, a late-eighteenth-century electroplating
manual states that "nothing whatever should be allowed to go to
waste in well-conducted works."l The manual includes many waste re
duction methods that are applicable and are discussed in the litera
ture even today. This points up the fact that many waste reduction
techniques are relatively "low-tech." In fact, many industries find that
simple operational changes, increased training, and improved inven
tory management can significantly reduce waste generation rates.

Waste reduction techniques can be broken down into four major cat
egories, as shown in Table 3.1. Because the classifications are broad
there will be some overlap. In actual application. waste reduction
techniques generally are used in combination so as to achieve maxi
mum effect at the lowest cost.

The selection of specific reduction techniques by an individual busi
ness must be based on accurate and current information on waste
stream generation and waste management costs. This is accomplished
by developing and implementing a waste reduction program as a key
part of a comprehensive waste management plan. Components of the
reduction program include procedures for collecting information, eval
uating options, and identif.ving cost-effective waste reduction tech
niques. Once identified, the techniques can be implemented and be
come an established part of the facilities management and operation.
Approaches to developing such a program are discussed in Chap. 4.

TABLE 3.1 Categories of Waste Reduction
Technlaues

Inventory management
Inventory' control
:\1ateriaJ control

Production process modification
OperatIOn and maIntenance procedures
Material change
Process equIpment modificatIOn

Volume reduction
Source segregation
Concentration

Recovery
On-site recovery
Off-site recovery

- 1111 ma t D
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One point of caution: An evaluation should be made of a reduction
technique's impact on all wastestreams, not just the targeted one. This
thorough evaluation must be done before the technique is imple
mented. For example, while changing from a solvent to a water-based
cleaner will eliminate the generation of hazardous waste, it may also
increase the wastewater's organic load, possibly to such an extent that
the facility cannot meet its discharge limits without incurring signif
icantly increased wastewater treatment costs.

3.2 Inventory Management

Proper control over raw materials, intermediate products, final prod
ucts, and the associated wastest~',;ams is now being recognized by in
dustry as an important waste reduction technique.:! In many cases
waste is just out-of-date, off-specification, contaminated, or unneces
sary raw materials, spill residues, or damaged final products. The cost
of disposing of these materials not only includes the actual disposal
costs but also the cost of the lost raw materials or product. This can
represent a very large economic burden on any company. For example,
one furniture company had to spend thousands of dollars, at $5/gal, to
properly dispose of two-years' worth of unused coating materials. This
expense was in addition to the $7/gal the material originally had
cost,3

There are two basic aspects to inventory management: controlling
the types and quantities of materials in the plant inventory; and con
trolling the handling of raw materials, along with the finished prod
ucts and wastestreams in the production facility. The former aspect,
referred to as inventory control, includes techniques to reduce inven
tory size and hazardous chemical use while increasing inventory turn
over. The latter aspect, referred to as material controls, includes meth
ods to reduce raw material and finished product loss and damage
during handling, production, and storage.

Any effective inventory management program must include process
waste. Handling waste as if it were a product will help reduce waste
and increase the potential for recovery. Many of the techniques dis
cussed in this section can be applied to waste material as well as to
raw materials and finished products.

3.2.1 Inventory control

Methods for controlling inventory range from a simple change in or
dering procedures to the implementation of just-in-time (JIT) manu
facturing techniques. Most of these techniques are well known in the
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business community; however, their use as very effective waste reduc
tion techniques has not been widely recognized. Many companies can
help reduce their waste generation by tightening up and expanding
current inventory-control programs. This approach will significantly
impact the three major sources of waste resulting from improper in
ventory control: excess, out-of-date, and no-longer-used raw materials.
For example, a manufacturer of polyvinyl chloride products reduced
the quantity of out-of-date and ofT-specification raw materials gener
ated by over 50 percent through inventory control. Techniques used
included purchase of containerized rather than bulk materials, reduc
tion in purchase quantities, and separation and reuse of excess mate
rials where possible. The program took six months to implement at a
negligible cost and saved $50,000 per year in raw material and waste
management costs. 4

Purchasing only the amount of raw materials needed for a produc
tion run or a set period of time is one of the keys to proper inventory
control. Excess inventory often results from a purchasing department
getting a "good deal" on a chemical and buying a tank-car load when
only a drum is needed. The excess must be disposed of because it goes
out of date before it can be used. Better application of existing inven
tory management procedures should help to reduce this problem and
should be coupled with education programs for purchasing personnel
on the problems and costs of disposing of excess materials. Addition
ally, the set expiration dates on materials should be evaluated. espe
cially for stable compounds. to see if they are too short. A furniture
manufacturer reduced excess inventories by having one person as
signed to the job of purchasing all solvents and finishes for all divi
sions. Purchases were based on long-term production schedules, which
in turn had been developed to fully utilize finishing materials. 5 An
other company, a large paint formulator. reduced the quantity of dis
continued finished product by developing a computerized procedure to
search inventory at 2 plants and 27 warehouses for available stock be
fore formulating another batch. Transportation costs for moving the
finished products are small compared to the high hazardous waste dis
posal costs. 6

Another approach to inventory control is to purchase the material
in the proper amount and the proper size container. If large quantities
of a material are used, then purchasing it in bulk will produce less
waste, both in product loss and empty packaging, than if it were pur
chased in drums or,bags. On the other hand, small containers may be
better than bulk purchases if the material has a short shelf life or is
not used in large amounts. Some companies are purchasing material
in returnable, reusable containers, thus eliminating the generation of
empty bags or containers. In some cases. raw materials such as pig-
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ments and biocides can be packaged in small soluble bags which allow
the material and container to be put right into the processed
product. 7,8

If surplus inventories do accumulate, steps should fIrst be taken to
use the excess material within the plant or company. If this is not suc
cessful, then the supplier should be approached to see if it will take
the material back. If the supplier won't, the next step is to identify
possible users or markets outside the company. Only if this fails
should other management options be examined. The subject of market
development is covered more fully in Sec. 3.5.

The ultimate in inventory control procedures is JIT manufacturing,
since this system eliminates the existence of any inventory by directly
moving raw materials from the receiving dock to the manufacturing
area for immediate use. The final product is then shipped out without
any intermediate storage. J1T manufacturing is a complex program to
implement and cannot be used by all facilities; however, when appli
cable, it can reduce waste significantly. For example, using JIT tech
niques, the 3M Company reduced waste generation by 25 to 65 per
cent in its individual plants. 2

Developing review procedures for all material purchased is another
step in establishing an inventory control program. Standard proce
dures should require that all materials be approved prior to purchase·
and checked before acceptance at the facility. In the approval process
all production materials should be evaluated to determine if they con
tain hazardous constituents, and if so, what alternative nonhazardous
substitute materials are available (see Sec. 3.3.2). Also, brief evalua
tion procedures should be established for all incoming raw materials
to avoid the acceptance of wrong, ofT-specifIcation, or defective mate
rials. This will reduce the potential for generation of off-specifIcation
products, damaged process equipment, and disposal of unusable raw
materials.

Development of review procedures determination can be made ei
ther by one person with the necessary chemistry background or a com
mittee made up of people with a variety of backgrounds. Needed in
formation can be obtained from the Material Safety Data Sheets
(MSDS) provided by the chemical supplier. If these data sheets do not
contain enough information, the supplier should be contacted and
asked to provide the necessary information in confidence. If the chem
ical supplier is unable or unwilling to provide the information, either
a new supplier should be found or the materials should be chemically
analyzed. Any material which has been approved can be ordered; new
material must first go through the approval process. This approach
fits very well with health and environmental regulations, which re
quire chemical inventories and collection of MSDSs. Evaluation of

•
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this information can lead to fewer chemicals being stored, used, and
released, thus reducing regulatory burdens and potential liabilities.
Many kinds of companies, hailing from the electronics industry to the
textile industry, have established successful material review
programs. 9,10.11 Material review procedures should also be applied
during new-product development. Before a new product is produced, a
thorough evaluation of the materials and processes used to make the
product should be made. The use of hazardous materials can then be
reduced as much as possible prior to beginning production,12,13

3.2.2 Material control

An important area commonly overlooked or not given proper attention
in many manufacturing facilities is material control procedures,
which includes storage of raw materials, products, and process waste
and the transfer of these items within the process and around the fa
cility. Proper material control procedures will ensure that raw mate
rials will reach the production process without loss through spills,
leaks, or contamination. It also will ensure that the material is effi
ciently handled and used in the production process and does not be
come waste. Examples of potential sources of material loss are shown

TABLE 3.2 Potential Sources of Process Material Loss

..:\rea Source

Loading Leaking fill hose or fill line connections
Draining of fill lines between filling
Punctured. leaking. or rusting containers
Leaking valves. piping, and pumps

Storage Overfilling of tanks
Improper or malfunctioning overflow alarms
Punctured. leaking, or rusted containers
Leaking transfer pumps. valves, and pipes
Inadequate diking or open drain valve
Improper material transfer procedures
Lack of regular inspection
Lack of training program

Process Leaking process tanks
Improperly operated and maintained process equipment
Leaking valves, pipes, and pumps
Overflow of process tanks; improper overflow controls
Leaks and spills during material transfer
Inadequate diking
Open drains
Equipment and tank cleaning
OfT-specification raw materials
OfT-specification products

.I"'-~--·-
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L'1 Table 3.2. A resin manufacturer provides an example of how proper
raw-material transfer procedures can reduce waste generation. \Vith
this manufacturer it was common practice to let the residual material
in the hose from the phenol delivery trucks drain into the plant's
wastewater collection system after the storage tanks were filled. The
unloading procedures were then changed to require the hoses to be
flushed with water and the phenol-water mixture be stored in a tank
for use in the production process. 14

Material loss can be greatly reduced through improved process op
eration, increased maintenance, and additional employee training.
Many sources of material loss, such as leaks and spills, can be easily
identified and corrected. For example, a dairy plant reduced its prod
uct loss by 65 percent through an improved maintenance program. 15

Many of the techniques which can be used to reduce material loss are
discussed in Sec. 3.3.1.

Another problem area which is frequently overlooked is waste han
dling procedures. Waste should be handled and managed like a prod
uct. Allowing a rec:.,rclable or clean waste material to be contaminated
may reduce or eliminate any recovery potential. One way to improve the
material control procedures is to have at least one person responsible for
handling and tracking waste materials within the plant. This approach
can be very cost-effective when the waste material is recoverable or
has some market value. This area is discussed further in Sec. 3.5.

3.3 Production Process Modification

Improving the efficiency of a production process can significantly re
duce waste generation. Use of this approach can help reduce waste at
the source of generation, thus decreasing waste management liability
and costs. Some of the most cost-effective reduction techniques are in
cluded in this category; many are simple and relatively inexpensive
changes to production procedures. Available techniques range from
eliminating leaks from process equipment to installing state
of-the-art production equipment. The waste reduction techniques in
this category can be divided into improved operation and mainte
nance, material change, and equipment modifications. Each topic is
discussed in more detail in the following sections.

3.3.1 Operational and maintenance
procedures

Significant amounts of waste can be reduced through improvements
in the way a production process is operated and maintained. This ap
proach is one of the most overlooked of all waste reduction areas be-

•



32 Waste Minimization Overview

cause many wasteful operational practices have gone on so long they
have become standard operating procedures. Also, in many cases,
maintenance is so busy correcting current problems that preventive
mainter.ance is overlooked until it is too late. Improvements in oper
ation and maintenance usually are relatively simple and cost
effective. Most of the techniques are not new or unknown. However, a
good deal of information on the source and cause of the waste gener
ation must be known before effective measures can be developed.

A certain dairy processing facility provides a good example of sig
nificant waste reduction through improved operation and mainte
nance procedures. A milk loss prevention program was instituted
which included employee training on proper operations, causes of
product loss, and impact of waste generation; increased maintenance,
including correction of current leaking equipment; better tracking of
product losses; and development of improved operational techniques.
This program saved the company $288,000 per year and has resulted
in a significant reduction in the organic content of the wastewater. All
this was obtained without any capital costS.IS.I6

Operational procedures A wide range of methods are available to op
erate a production process at peak efficiency. These methods are nei
ther new nor unknown and are usually inexpensive to institute, as lit
tle or no capital cost is necessary. For example, a manufacturer of
plumbing fixtures changed the concentration of chrome in its electro
plating baths to the low end of the recommended operating range. By
reducing the chrome concentration from 3700 mg/liter to 3350
mg/1iter the amount of chrome which had to be treated was reduced by
9 percent v.rithout affecting product quality. This not only saved raw
material and treatment chemicals, but it also reduced wastewater
treatment sludge generation. 1i

Improved operation procedures are quite simply methods which
make optimum use of the raw materials used in the production pro
cess. Some examples are shown in Table 3.3. Most production pro
cesses, no matter how long they have been in operation or how well
they are run, can be operated more efficiently. Many sources of waste
generation become overlooked because "that is just the way the pro
cess works." Additionally, some process steps may in fact be unneces
sary, and eliminating them will reduce waste generation. For exam
ple, a paint manufacturer found that instead of using a series of coarse
to fine filters for grit removal, only the fine filter was necessary. AB a
result of this change to using only one filter, the generation of spent
filter cartridges was reduced by 50 percent. 6 .A..nother company discov
ered that standard operating procedure was to degrease all parts com
ing into the facility and then re-oil those that did not require further
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TABLE 3.3 Examples of Operational Changes to Reduce Waste Generation

Reduce raw material and product loss due to leaks. spills. drag-out, and ofT-soecifica-
tion process solution. .

Schedule production to reduce equipment cleaning. For example, formulate light to
dark paint so the vats do not have to be cleaned out between batches.

Inspect parts before they are processed to reduce number of rejects.

Consolidate types of equipment or chemicals to reduce quantity and variety of waste.

Improve cleaning procedures to reduce generation of dilute mixed waste with methods
such as using dry cleanup techniques, using mechanical wall wipers or squeegees.
and using "pigs" or compressed gas to clean pipes and increasing drain time.

Segregate wastes to increase recoverability.

Optimize operational parameters (such as temperature. pressure. reaction time.
concentration. and chemicals) to reduce by-product or waste generation.

Develop employee training procedures on waste reduction.

Evaluate the need for each 'operational step and eliminate steps that are unnecessary,

Collect spilled or leaked material for reuse.

"oCRe!:: From Refs. 4, 6. .." 19. and 20.

coating and that cleaning only those parts which needed further pro
cessing would reduce waste solvent generation. 18 Thus, asking why a
process step has to be done will help identify reduction possibilities.

These approaches can be used by all sizes and types of facilities,
even by well-designed and well-operated complex operations. For ex
ample, an organic chemical company, during a comprehensive process
evaluation, found three significant sources of isobutylene emissions to
the atmosphere. Laboratory scale tests found that changes in the re
action conditions (temperature, residence time, and concentration)
would almost eliminate isobutylene emission while also increasing
product generation. For example, for one reaction step emissions were
reduced 99 percent. primary product yield was increased from 94.5 to
99.7 percent, and batch cycle time was reduced by half. The total sav
ing from the operational changes at all these reaction steps was
$500,000 per year, with a total capital cost of $80,000. Additionally,
the need for air pollution control equipment was eliminated. 20

Once proper operating procedures have been established they must
be fully documented and made part of the employee training program.
A comprehensive training program is a key element of any effective
waste reduction program. For example, a dairy reduced waste by 14
percent and a semiconductor manufacturer reduced waste by 40 per
cent through use of such training programs. 18

.
22 For a program to be

effective, all levels of personnel should be included, from the line op
erator to the corporate executive officer. The goal of any program is to
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make the employee aware of waste generation, its impact on the com
pany and the environment, and ways it can be reduced. Top level man
agers have to be made aware of the costs, problems, and liabilities of
waste management, and the economic benefits of waste reduction.
Line managers must understand the effect of their process line on
waste generation in order to focus on how waste can be reduced, how
to educate and motivate their employees. The majority of the training
program should be directed at the line operators. Some possible pro
gram elements are shown in Table 3.4. The training program should
emphasize management's commitment to waste reduction, the benefi
cial impact of reduction on job security, and the improvements reduc
tion will make to the local environment. All employees should attend
refresher sessions on a regular basis. All new workers should undergo
the training, which could be done as part of an established worker
right-to-know training program for new employees.

Companies have taken a number of different approaches to waste
reduction training. One facility has developed a training video to in
troduce waste reduction to the line operator with simple written waste
reduction procedures for each line operation. Also at this facility,
training and v-.rritten material were developed for line supervisors and
all levels of management. IS A furniture manufacturer took a rather
unique approach. Working closely with the line operator, video equip
ment was used to record the operator's spray technique. The tape was
later reviewed by the operator and training personnel to identify prob
lem areas and provide corrective procedures. The operator was video
taped again later so that the operator could see the improvements.
The company estimates that coating use and the associated waste gen-

TABLE 3.4 Elements In a Waste Reduction Training Program

1. Explain the need for waste reduction and emphasize benefits to employee and
communIty.

2. Explain the direct etTect that an employee can have on improved work and living
environment.

3. Express management's commItment to waste reduction.

4. Explain waste management terminology in simple terms.

5. Present general overview of environmental regulations which impact the facility.

6. Examine improved operational practices for reducing waste generation. Illustrate
good and poor operating practices utilizing slides or video. Use positive language,
e.g., "this is a better way of doing things," instead of "this is what you have to do."

I. Solicit ideas for waste reduction methods and explore possible solutions to
identified problems.

SOURCE: From Ref. 23.

III/ Ii_ r .1



Waste Reduction Techniques and Technologies 35

eration costs were reduced by about 10 percent. This represented a
savings of about $60,000 per year in coating material costs alone. Sav
ings were also realized through reduced waste from spray booth
cleanout and reduced air emissions.3

Maintenance programs One company stated that one-fourth to one
half of its excess waste load was due to poor maintenance. 24 A strict
maintenance program which stresses corrective and preventive main
tenance can reduce waste generation caused by equipment failure.
Such a program can help spot potential sources of release and correct
a problem before any material is lost. A good maintenance program is
so important because the benefits resulting from the best waste reduc
tion program can be wiped out by just one process leak or equipment
malfunction.

A maintenance program can include maintenance cost tracking and
preventive maintenance scheduling and monitoring. To be effective. a
maintenance program should be developed and followed for each op
erational step in a production process, with special attention to poten
tial problem points. A strict schedule and accurate records on all
maintenance activities should be maintained. The type of information
which should be collected and updated regularly in order to establish
a preventive maintenarice program is listed below: 25

• A list of all plant equipment and location

• Operating time for each item or area

• \Vhich items are critical to the process\es)

• Problem equipment

• Previous maintenance history

• Vendor maintenance manuals

• A data base of equipment repair histories

Computer-based maintenance scheduling and tracking programs are
available from a variety of vendors. A comprehensive program can
also include predictive maintenance. This approach provides the
means to schedule repairs or replacement of equipment based on ac
tual condition of the machinery. A number of nondestructive testing
technologies are available for making the necessary evaluations for
this approach. 26

Maintenance procedures themselves produce waste, such as process
materials, rags, scrap parts, oils, and cleanup residue. These wastes,
too, can be reduced by using standard waste reduction techniques such
as revised operational procedures, equipment modification, source

..
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segregation, and recovery. For example, before a filter is replaced, all
process material should be drained from the housing, either under
gravity or pressure, and collected for reuse. 27

3.3.2 Material change

Hazardous material used in either a product formulation or in a pro
duction process may be replaced with a less hazardous or nonhaz
ardous material. Reformulating a product to contain less hazardous
material should reduce the amount of hazardous waste generated dur
ing both the product's formulation and its end use. Using a less haz
ardous material in a production process will generally reduce the
amount of hazardous waste produced. Some examples of material
change to reduce waste generation are given in Table 3.5.

Product reformulation is one of the more difficult waste reduction
techniques, yet it can be very effective. .As more manufacturers imple
ment inventory management programs, pressure will increase on
chemical supply companIes to produce products with lower quantities
of hazardous materials. Due to the proprietary nature of product for
mulations, specific examples of product reformulation are scarce. Gen
eral examples include eliminating pigments containing heavy metals
from ink, dyes, and paint formulations; replacing chlorinated solvents

TABLE 3.5 Examples of Waste Reduction Through Material Change

Industry

Household appliances

Printing

Textiles

Air conditioners

Electronic components

Aerospace

Ink manufacture

Plumbing flxtures

Pharmaceutic.als

Technique

Eliminate cleaning step by selecting lubricant compatible
with next process step.:!s.

Substitute water-based ink for solvent-based ink. 29

Reduce phosphorus in wastewater by reducing use of
phosphate-containing chemicals. 30

Lise ultraviolet light instead of biocides in cooling wwers. 3~

Replace solvent-containing adhesives ....ith water-based
produet5. 31

Replace water-based film-developing system mth a dry
system.9

Replace cyanide cadmium-plating bath ....ith a noncyanide
bath. 32

Remove cadmium from product.33

Replace hexavalent chrome-plating bath mth a
low-concentration trivalent chrome-plating bath. 34

Replace solvent·based tablet-coating process ....ith a
water-based process. 36

·Superior numbers refer to sources in Reference list at end of chapter.

--,rr~. 10
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with nonchlorinated solvents or water in cleaning products; replacing
phenolic biocides with other less toxic -compounds in metalworking
fluids; and developing new paint, ink, and adhesive formulations
based on water rather than organic solvents. The applicability of this
technique will be very product-specific, but with the ever-increasing
cost and liability associated with waste management, it is a very im
portant waste reduction and business strategy.

Hazardous chemicals used in the production process can also be re
placed with less hazardous or nonhazardous materials. Changes can
range from using purer raw materials to replacing solvents with
water-based products, which is a very widely used waste reduction
technique that is applicable to many industries. Many of these
changes involved switching from a solvent to a water-based process so
lution. For example a diesel engine remanufacturing facility switched
from cleaning solvents and oil-based metalworking fluids to water
based products. This change reduced their coolant and cleaning costs
by about 40 percent. Additionally, the company was able to eliminate
a cleaning step, and machine filters lasted twice as long, thus reduc
ing material and labor costS. 37 A material change may also allow the
elimination of a process step. A manufacturer ofhome appliances used
this approach to replace an alkaline degreasing step used in a stamp
ing process. A water-based degreaser had replaced a solvent degreaser
using l,l,l-trichloroethane. However, the alkaline degreaser residue
on the parts caused deterioration of the stamping dies. The cleaning
step was then eliminated by selecting a new lubricant which was
noncorrosive to the stamping dies. Additionally, this lubricant did not
have to be removed before the next process step, annealing, because it
would be burned off in the annealing ovens. 28

This last example points out one major source of possible problems
with material changes, i.e., an adverse effect on the production pro
cess, product quality, or waste generation. This possibility can be
overcome by carefully evaluating possible impacts of the proposed
change on worker health, product quality, process operation, inven
tory, production costs, and waste management. Conducting pilot-scale
tests, trial runs, and phasing in the change over time will help elim
inate some potential problems.

One important area which is sometimes overlooked in making a ma
terial change is its impact on the total wastestream. Switching from a
solvent-based to a water-based product can increase wastewater vol
umes and concentrations, which could adversely affect the current
wastewater treatment system, cause effluent limits to be exceeded,
and possibly increase wastewater treatment sludge production. Thus,
before any change is made, its impact on all emissions must be eval
uated. For example, a small metal fabricator switching from a solvent-
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based to a water-based product can significantly increase the organic
and oil concentration in the wastewater. This increase may require
the plant to install new or additional wastewater treatment capacity
and/or pay significantly increased sewer use fees.

Reducing or eliminating hazardous materials from the production
process can decrease not only hazardous waste generation, but also
the quantity of hazardous materials in air emissions and wastewater
effiuents. This can, if properly evaluated, reduce the capital invest
ment in treatment systems needed to meet pollution discharge limits.
For example, a producer of gift-wrapping paper switched from solvent
based to water-based inks. This change saved the company $35,000
per year on hazardous waste management costs. Furthermore, it
saved the company from having to install an air pollution control sys
tem, to control volatile organic carbon emissions, which would have
cost several million dollars. 31

3.3.3 Process equipment modification

Waste generation may be reduced by installing more efficient process
equipment or modifying existing equipment to take advantage of bet
ter production techniques. New or updated equipment can use process
materials more efficiently, producing less waste. Additionally, higher
efficiency systems may reduce the number of rejected or off-spec
ification products, thereby reducing the amount of material which has
to be reworked or disposed of. The use of more efficient equipment or
processes can pay for itself through higher productivity, reduced raw
material costs, and reduced waste management costs. The necessary
capital investment can usually be justified by the increased produc
tion rates. and reduced \vaste management costs provide an added
bonus. 33

.
9 Some examples of process modifications are given in Table

3.6.
Modifying existing process equipment can be a very cost-effective

method for reducing waste generation. In many cases the mociifica
tions can just be relatively simple and inexpensive changes in the way
the materials are handled within the process to ensure that they are
not wasted or lost. This can be as easy as redesigning parts racks to
reduce drag-out in electroplating operations, installing better seals on
process equipment to eliminate leakage, or installing drip pans under
equipment to collect leaking process material for reuse. 38

.
18 In many

cases, process mo~ifications and improved operational procedures are
used together to reduce waste. One chemical company reduced the
waste from a sump in a production area from 31,750 kg/year to 1360
kg/year by installing a sight glass, using better pump scales, and pur
chasing a broom. 39 Modifying equipment to improve operational effi-
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TABLE 3.6 Examples of ProductIon Process Modifications for Waste Reduction

Process step Technique

Chemical reaction Optimize reaction variables and improve process controls.
Optimize reactant-addition method.
Eliminate use of toxic catalysts.
Improve reactor design.

Filtration and washing Eliminate or reduce use of nIter aids and disposable
nIters.

Drain nIter before opening.
Use countercurrent washing.
Recycle spent washwater.
Maximize sludge dewatering.

Parts cleaning Enclose all solvent cleaning units.
Use refrigerated freeboard on vapor degreaser units.
Improve parts draining before and after cleaning.
Use mechanical cleaning devices.
Use plastic-bead blasting.

Surface tinishing Prolong process bath life by removing contaminants.
Redesign part racks to reduce drag-out.
Reuse rinse water.
Install spray or fog nozzle rinse systems.
Properly design and operate all rinse tanks.
Install drag-out recovery tanks.
Install rinse water flow control valves.
Install drip racks and drainboards.

Surface coating Use airless air-assisted spray guns.
Use electrostatic spray-coating system.
Control coating viscosity with heat units.
Use high-solids coatings.
Use powder coating systems.

Equipment cleaning Use high-pressure rinse system.
Use mechanical wipers.
Use countercurrent rinse sequence.
Reuse spent rinse water.
Use "pigs" to clean lines.
Use compressed gas to blowout lines.

Spills and leaks Use bellow-sealed valves.
Install spill basins or dikes.
Use seal less pumps.
MaximIze use of welded pipe joints.
Install splash guards and drip boards.
Install overflow control devices.

SOURCE: From Refs. 18, 21, and 40-44.
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ciency requires a thorough understanding of both the production pro
cess and wastestream generation. In many cases it is best to phase in
the required process modifications over a period of time to reduce any
potential effects on the whole production process and to evaluate its
impact on the wastestream. As discussed before, the impact on all
wastestreams must be evaluated.

Installing new, more efficient equipment and, in some cases, modi
fying current equipment will require capital investment in equip
ment, facility modifications, and employee training. The extent of the
investment will vary over a large range depending on the ty"J)e of
equipment used. Replacing a solvent vapor degreaser with a house
hold dishwasher to clean circuit boards may cost only several hundred
dollars, while replacing a spray coating operation with a powder coat
ing system may cost hundreds of thousands of dollars and require new
facilities and extensive employee training. \\That they have in com
mon is that they both will pay back the investment costS.I 8

Examples of new, more efficient process equipment are numerous in
the literature, but little is usually said about reduced waste genera
tion and management costs. The following example shows what one
company saved when new process equipment was installed. \Vhen an
automated metal electroplating system was installed to replace the
manual operation, annual productivity increased and system down
time decreased from 8 percent to 4 percent. Chemical consumption de
creased 25 percent, resulting in an annual reduction of $8000 per year
in raw material costs. \Vater costs were reduced by 81100 per year,
a..!1d plating wastes, including acids, caustic. and oils, decreased from
204 kg/day to 163 kg/day. Treatment costs for the process water used
in the plating operation were reduced by 25 percent. Annual person
nel and maintenance cost savings attributable to the new system are
S35,000 per year. The automated system has also eliminated worker
exposure to acids and caustics, which had been required with the pre
v'ious manual operation.! 7

As discussed earlier in this section, the use of more efficient process
equipment can also mean changing to less hazardous process materi
als. For example, one furniture company switched from a manual
staining operation using solvent-based materials to an automatic
staining system using water-based stains. The new process reduced
the time required to stain a pallet of parts by 95 percent and reduced
raw material usage by 20 percent. The savings in labor alone paid for
the new staining -system in just three months. 3

One important factor which is sometimes overlooked in evaluating
the cost-effectiveness of equipment modifications is the cost associated
\'·:ith reworking or disposing of off-specification products. This can be
very expensive, not only in terms of labor and materials. but also in
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waste management costs. In many manufacturing operations which
involve coating a product, such as electroplating or painting, chemi
cals are used to strip off the coating from rejected products so that
they can be recoated. These chemicals, which can include acids, caus
tics, cyanides, and chlorinated solvents, often are hazardous wastes
which must be properly managed. By reducing the quantity of parts
which must be reworked, the quantity of waste can be reduced.

3.4 Volume Reduction

Volume reduction includes techniques to separate hazardous wastes
and recoverable wastes from the total wastestream. These techniques
are usually used to increase recoverability, reduce the volume and
thus the disposal costs, or increase management options. The avail
able techniques used range from simple segregation of wastes at the
source to complex concentration technology, as shown in Table 3.7.
They are applicable to all types of wastestreams. These techniques can
be divided into two general areas: source segregation and waste con
centration. Only those methods which are actual waste reduction
techniques .......ill be discussed in this section.

3.4.1 Source segregation

Segregation of wastes is in many cases a simple and economical tech
nique for waste reduction. For example, by segregating wastes at the

TABLE 3.7 Examples of Waste Reduction Through Volume Reduction

Industry

X-ray film

Resins

Printed circuit boards

Pesticide formulatJOn

Research laboratory

Aircraft components

Paint formulation

Furniture

Technique

Segregate polyester film scrap from other productJOn waste
and recvcle~'

Collect waste resin and reuse In next batch. 52

ese fdter press to dewater sludge to 6017,- solids and sell
sludge for metal recovery.:7

L'se separate bag houses at each process line and recycle
collected dust Into product.· 5

Segregate chlonnated and nonchlorinated solvents to allow
oiT-site recovery. I;

Use ultrafiltration to remove recoverable oil from spent
coolants. 13

Segregate and reuse tank-cleaning solvents in paint
formulations. 23

Segregate and reuse solvents used to f1ush spray-coating
lines and pumps as coating thinner. JJ

·Superior numbers refer to sources In Reference list at end of chapter.

..
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source of generation and handling the hazardous and nonhazardous
wastes separately, waste volume and thus management costs can be
reduced. Additionally, the uncontaminated or undiluted wastes may
be reusable in the production process or may be sent off site for recov
ery.

The segregation technique is applicable to a ",ride variety of
wastestreams and industries and usually involves simple changes in
operational procedures. For example, in metal-finishing facilities,
wastes containing different types of metals can be treated separately
so that the metal values in the sludge can be recovered. Keeping spent
solvents or waste oils segregated from other solid or liquid waste may
allow them to be recycled. Wastewater containing toxic material
should be kept separate from uncontaminated process water to reduce
the overall volume of water which must be treated.

A commonly used waste segregation technique is to collect and store
washwater or solvents used to clean process equipment (such as tanks,
pipes, pumps, or printing presses) for reuse in the production process.
This technique is used by paint. ink, and chemical formulators, as
well as by prInters and metal fabricators. For example. a printing firm
segregates and collects toluene used for press and roller cleanup oper
ations. By segregating the used tal uene by color and type of ink con
taminant, it can be reused later for thinning the same t::-/pe and color
of ink. The firm now recovers 100 Dercent of the waste toluene, totallv
eliminating a hazardous \vastestr~am.1i -

Another way to apply the segregation technique is to collect and re
use back in the product dust and excess materials generated during
the manufacturing process. This technique is used by one pesticide
formulator to reduce the volume of hazardous waste it generates. The
firm collects the dust ge:;.erated during the formulation process in a
separate bag house for each process line. The collected dust is then re
used in the product as an inert filler. This has eliminated the gener
ation of 20,412 kg'year of waste, saving the company $9000 in dis
posal costs and $2000 in raw material costs. These savings paid for the
necessary equipment in less than a year. 1

i

3.4.2 Concentration

Various techniques are available to reduce the volume of a waste
through physical treatment. Such techniques usually remove a por
tion of a waste. s'uch as water. For example, concentration techniques
are commonly used to dewater wastewater treatment sludges and re
duce the volume by as much as 90 percent. Available concentration
methods include gravity and vacuum filtration. evaporation, ultra
filtration. reverse osmosis, freeze vaporization, filter press, heat dry-

111'11_ rW'-
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ing, and compaction. Many of these actually are recovery techniques
and will be discussed further in the next section. Concentration tech
niques are available for all types of wastestreams and are used by a
wide range of industries.

Unless a material can be recycled, just concentrating a waste so
more waste can fit into a drum is not waste reduction. In some cases
concentration of a wastestream may also increase the likelihood that
the material can be reused or recycled. For example, filter presses or
sludge driers can increase the concentration of metals in electroplat
ing wastewater treatment sludge to such a level that they become
valuable raw material for metal smelters. A printed circuit board
manufacturer dewaters its sludge using a filter press to 60 percent sol
ids. The company receives $7200 per year through the sale of the
dewatered sludge for copper reclamation. 17

3.5 Recovery

Recovering wastes can provide a very cost-effective waste manage
ment" alternative. This technique can help eliminate waste disposal
costs, reduce raw material costs, and possibly provide income from a
salable waste. Recovery of wastes is a widely used practice in many
manufacturing processes and can be done on site or at an off-site fa
cility. It has been used for centuries to increase productivity and prof
itability. In fact, the organic chemical industry in the mid-1SOOs pro
duced .aniline dyes which were made from coal gasification plant
waste.46 Current production facilities have the potential to increase
greatly the recycling of waste materials based on present regulatory
impacts, increased waste management costs, and new waste recovery
technologies and approaches.

Waste recovery should only be considered after all other waste re
duction options have been instituted. Actually reducing the amount of
waste generated at the source will usually be more cost-effective than
recycling. In many cases this is because a waste is lost raw material or
product which requires time and money to manage and recover. Also,
simply generating and handling a waste produces a range of regula
tory, health, and environmental liabilities.

All of the previously discussed waste reduction techniques can be
used in conjunction with recovery to produce a cost-effective waste
management program. One company, a producer of breaded foods,
used a variety of waste reduction techniques to significantly reduce
waste generation. A management and employee training program on
waste reduction techniques and their impact on company profits was
instituted. Improved operation and maintenance procedures were in
stituted, including using dry cleanup for spills and equipment, install-

'Ii
i
i
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ing or modifying drip trays under process equipment to better collect
lost process material, and developing better systems for collecting and
handling waste materials so they could be sold to a recovery firm.
These, plus a number of reduction techniques, decreased water usage
by about 30 percent, eliminated the landfilling of waste solids, re
duced the organic load of the wastewater by almost 80 percent, and
allowed the company to sell 2,359,000 kg/year of solids to recovery
firms. 47

The effective use of recovery will depend on the segregation of the
recoverable waste from other process wastes or extraneous material.
This segregation ensures that the waste is uncontaminated and the
concentration of recoverable material is maximized. The waste, then,
must be handled like a product. Many of the inventory control tech
niques discussed in Sec. 3.1 can be applied to waste materials. Some
companies have assigned responsibility for the handling, collection,
and scheduling of recovery of waste material to one individual.13.4i.48
This helps ensure that the maximum value of the waste can be recov
ered.

3.5.1 On~slte recovery

In most cases the best place to recover process wastes is within the
production facility. Wastes which are simply contaminated versions of
the process raw materials are good candidates for in-plant recycling.
Such recovery can significantly reduce raw material purchases and
waste disposal costs. Waste can be most efficiently recovered at the
point of generation, because the possibility of contamination with
other waste materials is reduced. as is the risk involved with handling
and transporting waste materials. See Sec. 3.4 for information on seg
regation techniques. Some examples of on-site waste recovery are
shown in Table 3.8.

Some wastestreams can be reused directly in the original produc
tion process as raw material. This easy reuse is usually accomplished
when the waste material is lightly contaminated or is excess raw ma
terial. Examples include the cleaning waste from printers, coaters,
and chemical or product formulators; electroplating drag-out solu
tions; process solutions from filter changes; and dust collector residue
from pesticide formulators.21.27.38.45 Lightly contaminated waste can
sometimes be reused in operations not requiring high-purity materi
als. For example, spent high-purity solvents generated during the pro
duction of microelectronics can be reused in less critical metal
degreasing operations, or a caustic waste material can be reused to
treat an acid wastestream.

Some waste may have to undergo some type of purification before it

111I'1i_ 1.1
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TABLE 3.8 Examples of Waste ReductIon Through Recovery and Reuse

Industry

Printing

Photographic processing

Metal fabrication

Mirror manufacturing

Printed circuit boards

Tape measures

Medical instruments

Power tools

Textiles

Hosiery

Food processing

Wastewater treatment

Pickles

Chemicals

Industrial and consumer
products

Aluminum die-easter

Technique

Use a vapor-recovery system to recover solvents. l7
•

Recover silver, fIxer, and bleach solutions. 17

Recover synthetic cutting fluid using a centrifuge
system.33

Recover spent xylene using a batch-distillation
system. 33

Use electrolytic recovery system to recover copper
and tin;lead from process wastewater. 49

Recover nickel-plating solution using an
ion-exchange unit. 40

Use reverse-osmosis system to recover nickel-plating
solution. 40

Recover alkaline degreasing baths using an
ultrafiltration system. 17

Use ultrafiltration system to recover dye stuffs from
. wastewater.50

Reconstitute and reuse spent dye baths. 50

Send all solids off site for by-product recovery.47

Reuse waste caustic solids to treat acid
wastestream. 5l

Transfer waste brine pickle solution to a textile
plan t as a replacement for virgin acetic acid. 02

Use spent electrolyte from one division as raw
material in another. 53

Purifv hvdrochloric aCId in wastestream and seii as a
product". 54

Segregate and sell office paper, corrugated
cardboard, paper trimming, and rejected paper
products. 2

Sell waste fumed amorphous silica for use in
concrete. 50

·Superior numbers refer to sources In Reference list at end of chapter.

can be reused. A number of physical and chemical techniques avail
able on the market can be used to reclaim a waste material, as shown
in Table 3.8. These techniques range from simple filtration to state
of-the-art techniques such as freeze crystallization. 56

.
57 The method of

choice will depend on the physical and chemical characteristics of the
wastestream recovery economics, as well as on operational require
ments. For a number of wastestreams there are economical small

--.rr-_ rWi
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modular recovery units available. Some of the materials commonly re
cycled by these modular units are spent solvents, electroplating pro
cess waste, and spent metalworking fluids.

A certain manufacturer of shopping carts provides a good example
of on-site recovery methods and cost savings. The company installed
three atmospheric evaporators on the nickel- and chrome-plating
lines. These units evaporate water from the plating bath, allowing all
rinse water to be returned and thus recovering all dragged-out nickel
and chrome plating solutions. With the start-up of the evaporators,
raw chemical use declined dramatically: purchases of 1800 kg of
nickel sulfate per month have declined to zero; chromic acid purchases
have declined by 75 percent, from 900 kg/month to 200 kg/month; and
sodium bisulfite used in the waste treatment process for chromic acid
has declined from 1800 kg/month to 200 kg/month. Annual savings
are projected to be $112,500. The cost of the three atmospheric evap-

.orators was $60,500, with a payback period of only seven months and
an annual savings of 8145,000.9

Most on-site recovery systems will generate some type of residue
(i.e., contaminants removed from the recovered material). This resi
due can either be processed for further recovery or properly disposed
of. For example, a solvent distillation system will usually recover only
90 percent of the input spent solvent for reuse. The residues or distil
lation bottoms are a hazardous waste and as such must be managed in
an approved manner. The economic evaluations of any recovery tech
nique must include the management of these residues.

3.5.2 Off-site recovery

\Vastes may be recovered at an ofr-site facility when 1.11 the equipment
is not available to recover on site, (2) not enough waste is generated to
make an in-plant system cost-effective. or (3) the recovered material
cannot be reused in the production process. OfT-site recovery usually
entails recovering a valuable portion of the waste through chemical or
physical processes or directly using the waste as a substitute for vir
gin material. Some materials which are commonly reprocessed off site
are oils. solvents, electroplating sludges and process baths, lead-acid
batteries, scrap metal. food-processing waste, plastic scrap, and card
board. Wastes directly used are usually chemically or physically spe
cific for a select p.urpose (i.e., have the same physical or chemical prop
erties as the raw materials they replace) and can range from
concentrated acids to chemical by-product streams. This alternative is
described further in Sec. 3.2.1. Some examples of materials which
have been recovered off site are shown on Table 3.8.

For wastes regulated under the Resource Conservation and Recov-
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ery Act (RCRA) there are regulatory barriers to some forms of off-site
recovery. Additionally, for hazardous waste the generator is liable for
the waste material handled at a recovery facility and for any residue
produced. This responsibility may pose possible long-term liability
problems. Check with state and federal regulatory agencies for the im
pact of the regulation on any off-site recovery activity.

The cost of off-site recycling will depend on the purity of the waste
and the market for the waste or recovered material. Some materials
may be salable, while others may require a fee to be paid for disposal.
The markets for some wastes, such as scrap metals and waste oils, are
very volatile, and a waste material which has a value one day may
have none the next.

For some process materials, such as solvents, the supplier may pro
vide services to pick up the material, recover it, and return it for re
use. Known as tolling, this vendor service provides a good way to re
duce disposal and raw material costs because the reclaimed material
is usually cheaper than virgin material. This arrangement is widely
used for metal-cleaning operations, such as machine shops or automo
tive repair stations, that use cold cleaners. In these operations, a sol
vent cleaner is provided for use in a leased parts-washing sink. On a
regular schedule the supplier brings in fresh solvent and removes the
spent solvent for recovery. This procedure is much cheaper for a small
company than if it were to dispose of the solvent itself; however, the
generator is still liable for proper recovery of the solvent and manage
ment of the distillation residues.

In some situations a waste may be transferred to another company
for use as a raw material in the other company's manufacturing pro
cess. This exchange can be economically advantageous to both firms
as it will reduce the waste disposal costs of the generator and reduce
the raw material costs of the user. This upgrade of a waste into a prod
uct requires a strong commitment from the generator to find markets
for the waste material. In some cases the production process or the
waste may have to undergo some modification in order to make a more
salable product.

A product-development approach can be used to identify and de
velop markets for a waste material. An example of the ordered steps
in such an approach follows: 53

.
58

• Determine waste composition and generation rate.

• Evaluate on-site and in-company uses.

• Evaluate ofT-site uses and locate potential customers and markets.

• Identify any processing required to meet product specifications.

• Evaluate potential customers.

..,.11_ ,_ -,
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• Negotiate recycle agreement.

The marketing effort is usually undertaken by individuals in a
company's sales or purchasing department, with support from engi
neering and technical staff. Some larger companies have dedicated
groups for just marketing waste materials and surplus materials.
Markets for the waste can be identified through advertising, contacts
with trade associations, waste exchanges, industrial contacts, brokers,
and a number of literature sources.58,59

Regional waste exchanges have been set up by a number of states to
act as information clearinghouses of wastes that are available and
wastes that are sought. A waste exchange can help identify possible
markets for a material. The service usually offered is a listing in a cat
alog or computer data base form of wastes available from generators
and sought by users. This information is distributed throughout a spe
cific geographic area. A company interested in a waste contacts the
waste exchange, which forv:ards the inquiry to the listing company.
Usually, actual negotiations and material transfers are handled di
rectly by the companies. A current listing of waste exchanges is given
in Table 3.9.

Before a company looks outside itself for markets, internal uses
should be evaluated. Probably some of the most cost-effective recy
cling efforts are made within a company because the waste replaces
material that otherwise would have to be purchased or produced. It
may be possible to use the material directly, or the material may have
to undergo some further processing, as discussed below. One chemical
manufacturer had the distillation bottoms from a production process
refined at an outside custom processor for use as raw material at an
other facility, saving the company over Sl million per year in raw ma
terial and disposal costs. 53 One approach for excess ofT-specification
material is to set up a corporate waste exchange using a newsletter or
even a computer data base system to help identify users for waste ma
terial. This approach has been taken by a number of companies. 12,27.59

For example, one large corporation purchasing department lists sur
plus materials at all plant locations in a computer data system. Before
any materials are purchased for a given plant, the purchasing depart
ment checks to determine if they are available at another location. 27

Some wastes may have to be upgraded before a market can be found
for them. This upgrading can be in the form of purification, concen
tration, particle sizing, or other processes. The material itself can un
dergo processing, or else the production process can be modified to pro
duce a higher-quality wastestream. For example, a circuit board
manufacturer found that in order to market its copper-containing
wastewater treatment sludge, the sludge must have a low iron concen-
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TABLE 3.9 North American Waste Exchanges

Alberta Waste Materials Exchange
4th Floor Terrace Plaza
4445 Calgary Trail South
Edmonton, Alberta
Canada T6H 5R7

California Waste Exchange
Department of Health Services
Toxic Substances Control Division
714 P Street
Sacramento, CA 95814

Canadian Waste Materials Exchange
Ontario Research Foundation
Sheridan Park Research Community
Mississauga, Ontario
Canada L5K 1B3

Great Lakes Regional Waste Exchange
470 Market St., S.W., Suite 100A
Grand Rapids, MI 49503

Indiana Waste Exchange
Environmental Quality Control
1220 Waterway Boulevard
P.O. Box 1220
Indianapolis. IN 46206

Industrial Material Exchange Service
P.O. Box 19276
Springfield. IL 62794·9276

SOL'Rel:: From Ref. 60.

Industrial Waste Information Exchange
New Jersey Chamber of Commerce
5 Commerce Street
Newark., NJ 07102

Manitoba Waste Exchange
do Biomass Energy Institute
1329 Niakwa Road
Winnipeg, Manitoba
Canada R2J 3T4

Montana Industrial Waste Exchange
Montana Chamber of Commerce
P.O. Box 1730
Helena, MT 59624

Northeast Industrial Waste Exchange
90 Presidential Plaza, Suite 122
Syracuse, NY 13202

Southeast Waste Exchange
Urban Institute
UNCC Station
Charlotte, NC 28223

Southern Waste Information Exchange
Institute of Science and Public Affairs
Florida State University
P.O. Box 6487
Tallahassee. FL 32313

tration and be high in solids and copper concentration. An effort was
undertaken to modify the wastewater treatment process so that iron
containing treatment chemicals were not used. Additionally, the
sludge was dewatered using a filter press to 50 percent solids. This
dewatering increased the copper concentration to 25 to 35 percent by
weight, and a market for the material with a copper smelter was
found. This effort, along with finding uses for several other waste
streams, now allows the company to market over 90 percent of the
hazardous waste it generates. 61

3.6 Summary

As has been shown, a wide range of waste reduction techniques cur
rently exist and are available for most manufacturing steps. However,
technology alone will not reduce waste generation. Only a comprehen-

..
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sive waste reduction program will be successful. Such a program
should include management commitment, data collection, cost
effective technology selection and implementation, employee training
and involvement, and program monitoring. The foundation of any suc
cessful program is the evaluation of what wastes are generated and
why they are produced. Based on this information, a range of reduc
tion techniques can then be identified and evaluated, and the cost
effective ones implemented.

Sources of specific information on waste reduction techniques are
available from a number of places. The best source, however, is dis
cussion with the process operators, who in most cases can identify op
erations and equipment problems which generate waste. Additional
information may be obtained from trade associations and trade jour
nals, as well as government research reports, regulatory agencies, and
technical assistance groups.

Industrial trade associations can provide the most detailed and cur
rent technical information. Many associations have staff experts with
extensive knowledge and experience in waste management. A list of
trade associations can be found in Ref. 62. Trade publications are an
other very good source of information. Many journals contain articles
on case studies, current research, vendor information, and suggestions
from industrial experts.

Other sources of technical information are federal and state regula
tory agencies and technical assistance programs. The U.S. Environ
mental Protection Agency (U.S. EPA) has established an Office of Pol
lution Prevention to help promote waste reduction efforts by the
regulated community. These efforts include research, education, and
technical information. A number of states have established waste re
duction technical assistance programs. The level of assistance offered
by these programs varies, and the programs may include on-site tech
nical assistance, access to information data base and documents,
workshops, referral ser\Tices, research, and matching grant programs.
Current programs are discussed in Chap. 12. Check with your respec
tive state environmental agencies to find out if such a program is
available in your locality.

In the final analysis, waste reduction depends on looking at waste
in a different way, not as something that inevitably must be treated
and disposed of, but for what it really is-a loss of valuable process
materials, the reduction of which can have significant economic ben
efits. One corporate executive summarized it all when he stated that
waste is a specialty product for which a market has not yet been
found. 63
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ESTABLISHING A POLLUTION PREVENTION PROGRAM

i--------------------------------~--,

PERFORMING A POLLUTION PREVENTION AUDIT

• PRELIMINARY WASTE ASSESSMENT

• DETAILED WASTE ASSESSMENT

• IDENTIFYING POLLUTION PREVENTION OPTIONS

• FEASIBILITY ANALYSIS

• THE AUDIT REPORT
L_________________ _ ~

IMPLEMENTING POLLUTION PREVENTION MEASURES

EVALUATING THE POLLUTION PREVENTION PROGRAM

MAINTAINING THE POLLUTION PREVENTION PROGRAM

•



IFEASIBILITY ANALYSIS

PURPOSE: Apply a framework for evaluating and
selecting 'Pollution Prevention options
considering all applicable requirements
and limitations.

tl Environmental. evaluation

tl Technical evaluation

~ Economic evaluation

1995
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IFEASIBILITY ANALYSIS

IENVIRONMENTAL EVALUATION

-I Will the option effectively reduce waste at the
, source?

! Are there cross-media effects? (e.g. does
I reducing emissions lead to liquid waste ?)

- Is toxicity, degradability, or treatability of the
i waste changed ?

~ Are more non-renewable resources used?

~ Is more energy used?

1995



I FEASIBILITY ANALYSIS

TECHNICAL EVALUATION

tl Will product quality be improved or maintained? I

e Are the new equipment, materials, or procedures
compatible with production operating procedures,
work flow, and production rates?

e How long will production be stopped during
Ii system installation ?

~ Will additional labor be needed? .

~ Will workers need special expertise to run
i equipment?

e Is their enough utility capacity to run the equipment?
lor, must it be installed at increased capital cost?

~ Is space available?

eJ Will the vendor provide acceptable service?

~ Is the system safe for workers?

~ Will the system create other environmental
i problems?

1995
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IFEASIBILITY ANALYSIS

I__E_C_O_N_O_M_I_C_E_Lt._:4_L_U_~_TI_O_N 1

-I Use the framework of Total Cost Assessment to
account for:

, Direct costs

, Indirect costs

, Liability costs

, Less tangible benefits

1995



IFEASIBILITY ANALYSIS

II-.D_J_R_EC_T_C_O_S_TS I

tl Capital expenditures

, BUildingt.=.~ _

UggLpment and installation

, Utility connections

, Project engineering'----- _

tLQPeration and maintenance

tl Expenses

, Raw materials

, Labor

, Waste disp...::...o-=-sa:..;:,.::.I _

, Water and energc..L..Y _

, Value of recovered material

1995
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IFEASIBILITY ANALYSIS

I~J_N_DJ_R_E_C_T_C_O_S_T._S I

~ Administrative Costs

~ Regulatory Compliance Costs

, Permitting··

, RecordkeePl!!g and reportingC--- _

, Monitoring~ _

, Manifesting~ _

~ Insurance

~ Worker's compensation

~ On-site waste management

~ On-site pollution control eCf!!!pment operation

1995
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IFEASIBILITY ANALYSIS

ILIABILITY COSTS

.~ Penalties

~ Fines

~ Personal injury·

~ Property damage

~ Environmental cleanup costs

1995
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IFEASIBILITY ANALYSIS

I_L_E_S_S_t_)l_N_G_IB_L_E_B_E_N_E_~_lT._S 1

~ Increased sales due to:

, Improved product qL....-u_al_ity~ _

,Enhanced company imag'--e _

, Consumer trust in environmentally sound products

~ 1mproved sUQPlier/customer relations

~==R=e=d=u=ce=d==h=e=a=lt=h=m=a==in=te=n=a=n=c=e================

r
Increased productivity due to improved
employee relations

1995

.1 Improved relations with regulators
Yi:::::::::=::===========================::=:====================::=::;:j



CHAPTER 4
FINANCIAL CONSIDERATIONS'

4.1 INTRODUCTION

As companies incorporate pollution prevention approaches in their strategic planning, capital
investment priorities, and process design decisions, it is vital that they understand both the
quantitative and qualitative dimensions of assessing pollution prevention projects. These
projects tend to reduce or eliminate costs that may not be captured in cursory financial
analyses due to the way the costs are categorized and allocated by conventional management
accounting systems. Additionally, pollution prevention projects often have impacts on a
broad range of issues, such as market share and public impact, that are difficult to quantify
but that can be of strategic importance. Identifying and analyzing all costs and less tangible
items is an important step in an evaluation of the potential benefits of a pollution prevention
project.

The process for assessing pollution prevention projects, panicularly the financial analysis
component, fits with the framework of the standard capital budgeting model. However, the
process described here, referred to as capital budgetingfor pol/ution prevention projects
expands on and broadens the way capital budgeting is often practiced.2 The approach
described here attempts to address this tendency of financial analyses to omit
environmentally-related costs, which typically are lumped into overhead accounts, allocated
to products, or overlooked in the cost identification process. This chapter also focuses
relatively greater attention on the more qualitative impacts of projects. While this is not the
only way to evaluate a project, it does provide an accurate method for ensuring that important
benefits and potential impacts are included in the analysis.

Section 4.2 provides an overview of capital budgeting and the key concepts and factors used
to perform a financial analysis of a pollution prevention project. Section 4.3 describes how to
establish a cost baseline, a necessary first step in any evaluation of pollution prevention
projects. Section 4.4 presents a process for evaluating projects against the baseline. Section

This chapter is derived from the United Stales Environmental Protection Agency document "A Primer for

Financial Analysis ofPollution Prevention Projects".

The standard capital budgeting model in theory incorporates Ail changes in operating and administrative
costs; anecdotal evidence. however, suggests that in practice many "indirect costs" are excluded.

--------------EP3--------------
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4.5 introduces the various intangible qualitative costs to be considered in conjunction with a
financial analysis to detennine the~ impact of a proposed project.

4.2 KEy CONCEPTS IN eAPITAL BUDGETING

Pollution prevention can take many fonns -- from simple "housekeeping" improvements,
which cost little to carry out, to the installation of expensive capital equipment. Although
many pollution prevention projects, such as material substitution or process redesign, do not
require large outlays for the purchase of equipment, they may require significant engineering
expense, create incremental costs or savings, or may require extensive qualitative assessment
related to such issues as product quality or employee health and safety. The analytical tools
described in this section are applicable to the assessment of most pollution prevention
initiatives that fit under the wnbrella of the capital budgeting process.

Pollution prevention projects are a recent addition to the list of typical capital budgeting
projects and generally include:

~ New manufacturing equipment;
~ Replacement equipment; and
~ Plant expansion and construction.

Capital budgeting is a process of evaluating capital investment options based on a company's
needs and analyzing the impact of an investment on a company's cash flow over time.
Pollution prevention and other capital projects are justified by showing how the project will
increase revenue and how the added revenue will not only recover costs, but substantially
increase the company's earnings as well. Financial tools demonstrate the importance of the
pollution prevention investment on a life cycle or total cost basis; in tenns of revenues,
expenses, and profits. Key concepts and factors used in capital budgeting are described
below:

Life cycle costing: Also referred to as Total Cost Accounting, this method analyzes the costs
and benefits associated with a piece of equipment or a procedure over the entire time the
equipment or procedure is to be used. The concept was fIrst applied to the purchase of
weapons systems for the U.S. military. Experience showed initial purchase price was a poor
indicator of the total cost; costs such as those associated with maintainability, reliability,
disposal/salvage value, and training/education needed to be considered in the financial
decision making process. Similarly, in justifying pollution prevention, all benefits and costs
must be spelled out in the most concrete tenns possible over the life of each option.
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FfNANCIAL CONSIDERATIONS ~ 4-3

Present worth: The importance of present worth, or present value, lies in the fact that time is
money. The preference between a doUar now or a dollar a year from now is driven by the fact
that the dollar in-hand can earn interest. Mathematically, this relationship is as follows:

PresentValue =
Future Value

(1 + interest)Nwlflbtr of years
p = F

(l + r)"

where P is the present worth or present value, F is the future value, r is the interest or
discount rate, and n is number of periods. In the above example $1 in one year at 5% interest
compounded annually would have a computed present value of:

p = $ 1.00

(1+.05)1
= $.95

Because money can "work," at 5% interest, there is no difference between $.95 now and
$1.00 in one year because they both have the same value at the present time. Similarly, if the
$1 was to be received in 3 years, the present value would be:

p = $ 1.00

(1 + .05)1
$.86

In considering either multiple payments or case into and out of a fInn, the present values are
additive. For example, at 5% interest, the present value of receiving both $1 in one year and
$1 in 3 years would be $.95 + $.86 =$1.81. Similarly, if one was to receive $1 in one year,
and pay $1 in 3 years, the present value would be $.95 - $.86 =$.09. As a result, present
worth calculations allow both costs and benefits which are expended or earned in the future
to be expressed as a single lump sum at their current or present value.

Comparative/actors/or financial analysis: The more common methods for comparing
investment options all utilize the present value equation presented earlier. Generally, one of
the following four factors is used:

~ Payback period: This factor measures how long it takes to return the initial
investment capital. Conceptually, the project with the quickest return is the
best investment.

Internal rate 0/return: This factor is also called "return on investment" or
ROI. It is the interest rate that would produce a return on the invested capital
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FINANCIAL CONSIDERAnONS .. 4-4

equivalent to the project's return. For example, a pollution prevention project
with an internal rate of return of23% would indicate that pursuing the project
would be equivalent to investing the money in a bank and receiving 23%
interest.

Benefits cost ratio: This factor is a ratio detennined by taking the total present
value of all financial benefits of a pollution prevention project and dividing by
the total present value of all costs of the project. If the ratio is greater than 1.0,
the benefits outweigh the costs and the project is economically worthwhile to
undertake.

Present value ofnet benefzts: This factor shows the worth of a pollution
prevention project as a present value swn. It is determined by calculating the
present values of all benefits, doing the same for all costs and subtracting the
two totals. The new result would be an amount of money that would represent
the tangible value of undenaking the project.

While finns can use any of these factors, the importance of life cycle costing or total cost
analysis makes the present value of net benefits the preferred method.

4.3 ESTABLISHING A BASELINE

The first step in detennining the cost of a project is to establish a baseline for the analysis.
The "do-nothing" or "status quo" alternative is generally used as a baseline. Then any
changes in material use, utility expense, etc., for other options being considered are measured
as either more or less expensive than the baseline.

McHugh3 outlines four tiers of potential costs that should be examined relative to pollution
prevention projects:

~ Tier 0: Usual costs such as direct labor (wages and benefits, including
vacation, holidays, etc.), raw materials used in the production process, and
equipment used for production;

~ Tier 1: Hidden costs such as monitoring expenses, reporting and record
keeping, and permit requirements.

McHugh, R.T., "The Economics of Waste Minimization," Hazardous Waste Minimization. McGraw-Hill,
1990.
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FINANCIAL CONSlDERATIONS .. 4-5

Tier 2: Future liability costs such as costs to respond to or clean up accidental
releases of contaminants or other incidents, personal injury, property damage,
etc.

Tier 3: Less tangible costs such as consumer response, employee relations,
and corporate image.

McHugh's Tier 0 and Tier I costs cover typical direct and indirect costs such as engineering,
materials, labor, construction, utilities, depreciation, recordkeeping, etc., as well as waste
collection and transportation services, raw material consumption (increase or decrease) and
production costs. Conventional cost accounting schemes tend to spread Tier 2 costs
indiscriminately over all activities, regardless of actual use. Full cost accounting seeks to
uncover these costs and properly assign them to specific activities. Often such determinations
require an estimate of the amount of a resource that is consumed in the production process
(e.g., the amount of electricity used by a piece of equipment).

Tier 2 and Tier 3 represent intangible costs, which are more difficult to define and include
liabilities that could arise from third party lawsuits for personal or property damages, and
benefits of improved safety and work environments. Although it is difficult to accurately
account for these intangible costs, they can be most important. Section 4.5 provides
additional information on these costs and their role in any analysis of potential pollution
prevention projects.

4.3.1 Measuring Baseline Costs

The simplest way to establish a baseline cost is to add up the relevant input and output
materials for the process and then compute their appropriate dollar value. Tbis is done by first
completing a material balance for the process (see chapter 4 for a discussion on preparing a
material balance). Exhibit 4-1 shows an example material balance.

Once the material balance is completed, determining the baseline cost becomes a simple
matter of pricing each input and output and multiplying their volumes by the appropriate unit.
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Exhibit 4-1: ADDual Material Balance for the Hazardous Solvent

Fugitive EmissionsFugitive Emissions

A.
100 Gal

(Solvent Vapor)

A.
! 50 Gal

(Solvent Vapor)

SOOO Gal

New Solvent

•
1000 Gal

Cleaning Tank Rinse Tank
900 Gallons --,- _

(Drag out) A.

Water

Waste Water

•
saso Gal

An example using a small electronics firm illustrates how to compute baseline costs. The
fum cleans metal pans with a chlorinated solvent that is hazardous to workers. In addition,the
wastewater that results from rinsing the pans must be treated before it can be
discharged to the environment. For these reasons, the company is considering ways to
reduce the volume of wastewater generated. The fInn's current costs for parts cleaning are
provided in Exhibit 4-2.

Exhibit 4-2
Current Costs for Parts Cleaning

Item CostllJnit # Units CostlYear

Solvent S3.25/gal 1,000 gal S 3,250.00

Water S2.10/1,000 gal 5,000 gal S10.50

Waste Treatment S2.50/gal 5,850 $14,625.00

Total Annual Cost S17,885.50

Although the next step would be to examine expected business changes such as business
expansions, new accounts, rising prices, etc., for simplicity, the Exhibit 4-2 costs and
volumes are assumed to be constant. This means that the current annual costs will be same in
the out-years except for one very important aspect. the time value ofmoney.
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Due to the assumptions made regarding constant cost, the $17,885 annual cost shown in
Exhibit 4-2 can be assumed to repeat each year. The present value calculations shown earlier
in the chapter enable this annual expenditure to be expressed as a single sum which includes
the effects of interest. The first year's cost, assuming the bills are paid at the end of the year,
would be the amount of money that would have to be banked starting today, to pay a $17,885
bill in one year. Using a 10% interest rate, the calculation is as follows:

p = S17,885

(l + 10)1
= $16,260

This means that if $16,260 is banked at 10% interest, it would provide enough money to pay
the $17,885 bill at the end of the year: Similarly, the second, third, fourth, etc., years
expendirures can also be expressed in present value. This is done in Exhibit 4.3.

Exhibit 4-3
Present Value Calculations For The Electronics Finn

Year Expenditure PresenJ Value

1 S17.885 S16,260

2 S17,885 S14,781

3 S17.885 S13,437

4 S17,885 S12,216

5 S17,885 S11,105

6 S17,885 SIO,096

7 S17,885 S9,178

8 S17,885 S8,343

9 S17,885 S7,585

10 S17,885 S6,895

Total SI09,896

The bottom line to the analysis is that the total cost of the current cleaning system over the
next 10 years, given a 10% interest rate, is $109,896 in present value terms, In other words,
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$110,000· invested today at 10% interest would be sufficient to pay the entire material and
disposal costs for the parts cleaning operation for the next 10 years. Hence. any changes to
the operation of the firm can now be compared to this $110,000 baseline. Any change which
would result in a lower 10 year cost would be a benefit because it would save money; any
option with a higher cost would be more expensive and should not be adopted from a
fmancial or economic standpoint.

Simple pollution prevention projects often require little more financial justification than the
savings related to Tier aor possible Tier 1 costs. However, as a firm gets more sophisticated,
the less tangible Tier 2 and 3 costs are likely to become more important. Even if these costs
cannot be accurately predicted, in cases where two investment options appear to be
financially equivalent, if one is a pollution prevention project, the Tier 2 and 3 consideration
can favor that option.

4.3.2 The Effect of Pollution Prevention Projects on Revenues and Expenses

With few exceptions, the goal of most business endeavors is to make a profit. As a result, the
costs and benefits cash flows for each option can be related to the basic profit equation:

Revenues - Expenses =Profit

The most important aspect is that profits can be increased by either an increase in revenues or
a decrease in expenses. A benefit of pollution prevention is often lowered expenditures and
increase profit. The remainder of this section examines the different categories of pollution
prevention revenues and expenses.

Revenues: In its simples definition, revenue is money coming into the firm; from sales of
goods or services, rental fees, interest income, etc. From the profit equation, it can be seen
that a revenue increase leads to a direct increase in profit and vice versa if all other revenues
and expenses are held constant.S

Because a pollution prevention project can either increase or decrease production rates, it is
important to examine the project's effects on revenues. For example, often firms can cut
wastewater treatment costs if water use (and in turn the resulting wastewater flows) is

Given the number of assumptions regarding costs, growth, etc., that must be made in these calculations,

rounding the calculated values to 2 significant figures is generally wise.

The condition of other expenses/revenue being held constant is assumed throughout this chapter.
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regulated to non-peak times at the wastewater treatment plant. However this limitation on
water use could hamper production.

Consequently, even though the finn's actions to regulate water use could reduce wastewater
charges, unless alternative methods are found to maintain total production, revenue could
also be decreased.

Conversely, a change in production procedure as a result of a pollution prevention project
could increase revenue. For example, a process change such as moving from liquid to dry
paint stripping can not only reduce water consumption, but also affect production output.
Since cleanup time from dry paint stripping operations (such as bead blasting) is generally
much shoner than from using a hazardous, liquid based stripper, it could mean not only the
elimination of the liquid waste stream '(the direct objectives of the pollution prevention
project), but less employee time spent in the cleanup operation. Hence, production, and in
turn revenues, could be enhanced through pollution prevention.

Although less common, one more potential revenue effect is the generation of marketable
byproducts as a result of pollution prevention efforts. Hence, pollution prevention has the
potential to either incre~ or decrease revenue and profits.

Expenses: Expenses are moneys leaving the firm to cover the costs of operations,
maintenance, insurance, etc. The major cost categories for pollution prevention investment
consideration and their effects on total expenses are outlined below.

., Depreciation expense: If the pollution prevention project involves the
purchase of capital equipment with a limited life (such as storage tanks,
recycle or ~ecovery equipment, new solvent bath systems, etc.), the entire cost
is not charged against the current year. Instead a system of depreciation
spreads that expense over time. Depreciation expense calculations allocate the
equipment's procurement costs (including delivery charges, installation, start
up expenses, etc.) by taking a percentage of the cost each year over the life of
the equipment.

For example, if a piece of equipment was to last 10 years, an accounting
expense of 10% of the procurement cost for the equipment would be charged
each year.6

This method is called straight-line depreciation. Although there are other methods available since straight
line depreciation is easy to compute, it is the method of choice in the chapter. Invesonent projects under consideration
at any given time should use the same depreciation method to allow for accurate comparisons of expense and revenue
impacts between the alternatives.
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Interest expense: Pollution prevention investment implies that one of two
things must occur; either a finn must pay for the project out of its Om1 cash, or
it must fmance the cost by borrowing money from a bank, seeking funds from
private sources, etc. In the case where a finn pays for a pollution prevention
project out of its O\ffi cash reserves, the action is sometimes called an
opportunity cost, which is discussed later. If cash for the project must be
borrowed, there is an interest charge connected with using someone else's
money.

Labor expense: In most cases, the fInn's labor requirements will change due
to the pollution prevention project. As pointed out in the dry paint stripping
example, this could be a positive effect that increases available productive
time, or, if extra man hours are required to run new equipment, perform
preventive maintenance, etc., there could be a decrease in employees'
productive time.

When computing labor expenses, the Tier 1 costs could be significant. For
example, if a material substitution project eliminated a hazardous input
material which eliminated a hazardous waste, there could be a signifIcant
decrease in labor required to handle and store the waste in a safe manner.
Hence, both direct, Tier 0, expenses and secondary, Tier 1, expenses (e.g.,
hours per week for preventive maintenance on equipment) can have an effect
on manpower costs.

Training apense: Pollution prevention may also involve the purchase of
equipment or new, non-hazardous input materials which require additional
operator training. In computing the total training costs, both the direct costs
and the man hours spent in training must be considered as an expense. In
addition, any other costs for refresher training or training for new employees,
which is above the level currently needed, must be included in the analysis.

Floor space txpense: As with any opportunity costs, the floor space cost must
be based on the value of alternative uses. For example, multiple rinse tanks
have long been used to reduce water use in electroplating. If a single dip rinse
tank of 50 square feet is replaced with a cascade rinse system of 65 square
feet, then the floor space expense would be the financial worth of the extra 15
square feet and must be included as an expense in the financial analysis for the
pollution prevention project. Unfortunately, computing this floor space
opportunity cost is not always as straightforward as it is with the case of
training costs. In instances where little square footage is required, there may
be no other use for the floor space which implies a zero cost. In other cases, if
the area is currently only being used for storage of extra parts, bench stock.
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FINANCIAL CONSIDERATIONS" A-II

feed materials, etc., the costs may involve determining the worth of having a
drum of chemical or an extra part closer to the operator.

Insurance expense: Depending on the pollution prevention project, insurance
expense could either increase or decrease. For example, if a heat recovery still
was added to a process operation, fire insurance premiums could increase. Or
if the use of a hazardous material is eliminated, health insurance costs for
employees could go do~n. Depending upon the premium change (if any),
expenses, and in turn. profits could increase or decrease as a result of the
pollution prevention project.

Other factors that could affect the decision whether to implement a pollution prevention
project include cash flow and opportunity cost. Although cash flow does not have a direct
effect on the firm's revenues or expenses. the concept must be considered before undertaking
any pollution prevention project. If the project involves procurement costs, they often must
be paid upon delivery of the equipment. Conversely, cash recovery could take years. Hence,
three things can affect a firm's available cash. First, cash is used at the time of purchase.
Second, it takes time to realize financial returns from the project through enhanced revenues
or decreased expenses. Finally, depreciation expense is calculated at a much slower rate than
the initial cash is spent. As a result of the investment, a firm could find itself cash poor.

Opportunity cost is also important because to the extent a firm uses its cash to purchase
equipment for a project, it forgoes the opportunity to use that cash for other investments. As a
result, revenues that could have been generated by the cash (e.g., interest resulting from
saving the money) should be treated as an expense and reduce the value of the pollution
prevention proj ect.

Although it is true that the cash will not be available for other investments, opportunity cost
should not be considered as an expense. The opportunity lost by using the cash is considered
when the pollution prevention project competes for the firm's funds and is expressed by one
of the financial analysis factors discussed earlier (e.g., net value of present worth, pay back
period, etc.). It is this competition for a firm's limited funds that encompasses opportunity
cost, and opportunity cost should not be accounted directly against the project's benefits.

A minimum rate of return or hurdle rate is often used to express this opportunity cost
competition between investments. For example, if a firm can draw 10% interest on cash in
the bank, then 10% would be a valid choice for the hurdle rate as it represents the firm's cash
opportunity cost. Then in analyzing investment options under a return on investment criteria,
not only would the highest returns be selected, but any project which pays the finn a return
less than the 10% hurdle rate would not be considered.
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Pollution prevention has good investment potential. In reducing or eliminating waste
generation and the related disposaVtreatment expenses, pollution prevention can have a
significant impact on the firm's bottom line. Even in cases where revenues are not generated,
reducing the expenses and liabilities associated with managing wastes represents a substantial
reduction in overall expenses and an increase in profit.

4.4 EVALUATING POLLUTION PREVENTION OpPORTuNITIES

This section describes how to analyze a pollution prevention project. The hypothetical firm
introduced in the previous section takes in used parts, cleans them in a dip tank using a
hazardous solvent, and applies a new finish. The financial analysis will compare the current
solvent cleaning operation with two pollution prevention alternatives: a solvent recycle
system and non-hazardous material substitution.

4.4.1 Establishing the Baseline

As indicated in Section 4.3, the first step is to defme the baseline cost. Once this is done, it is
possible to evaluate the fmancial effects of any change to business as usual. Exhibit 4-4
shows the material balance for the current system.

Exhibit 4-4: Baseline Material Balance>

Fugitive
Emissions..

3950 Gal

..000 Gal

New Solvent ~

Solvent

Cleanini

Procell

i3950 Gal •
! ~ Waste

To Disposal

Based on the material balance, annual costs can be assigned for the process. The resulting
cash flow is shov.n in Exhibit 4-5.
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Exhibit 4-5
Baseline Costs

Element Rate Annualiud Costs

Procurement Expenses None

Operations Expenses

•• Utilities N/A'

•• Operating Expense N/A

•• Maintenance/Spare Parts N/A

•• Input Solvent SJ.50/gal $14,000

-- Waste Disposal S2.SO/gal $9,875

To express these annual costs in present value terms, a time reference must be selected so that
each option can be considered over the same length of time. Since the recycle equipment has
an expected life of 10 years, the baseline and both options will be examined over this time
period.

For the purpose of illustration, the fIrm's discount rate (the fInn's internal interest or "hurdle"
rate) is assumed to be 15%, and the inflation rate is assumed constant at 5% per year. Since
the discount rate and inflation rate work against each other (Le., interest makes your money
more valuable over time and inflation makes it less valuable over time), they can be
combined. However, for simplicity, they are treated separately in this analysis. All present
value computations are made using 15% interest and all expenses are increased at an
inflationary rate of 5% per year.

To account for prices that rise faster than inflation, annual real price increases (in excess of
inflation) of 1% of the cost of solvent and 4% of the cost of disposal are assumed. In these
cases, the cost of solvent increases 6% per year (5% inflation + 1% real price increase) and
waste disposal increases 9010 per year. Given these assumptions, the baseline expenses for the
next 10 years are shown in Exhibit 4-6.

These expenses are not applicable for the baseline because it is only necessary to consider
increases/decreases when analyzing the options.
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Exhibit 4-6

Ten Year Baseline Costs

Annual Cost

Year Item wlo Recycle Annual Total

I New Solvent S14,ooO

Waste Disposal S9,875

S23,875

2 New Solvent S14,840

Waste Disposal SIO,764

S25,604

3 New Solvent SI5,730

Waste Disposal SI1,732

$27,462

4 New Solvent SI6,674

Waste Disposal SI2,788

$29,462

5 New Solvent SI7,674

Waste Disposal $13,939

S31,613

6 New Solvent S18,734

Waste Disposal S15,194

S33,928

7 New Solvent $19,859

Waste Disposal $16,561

$36,420
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Ten Year Baseline Costs

8 New Solvent 521,050

Waste Disposal 518,051

$39,101

9 New Solvent 522,313

Waste Disposal 519,676

S41.989

10 New Solvent 523.652

Waste Disposal 521,477

S45,099

In many cases, firms simplify these calculations by assuming costs will be constant over the
life of the project. If this is the case, then all outyear costs would be same as was done \\-ith
the Exhibit 4-5 example.

The intermediate step in the financial analysis will be to compare the annual costs of the two
pollution prevention options with the annual costs of the baseline process. Then the present
value of the annual cost savings (or cost increase) of the options can be calculated. This will
be done for the base line and both options simultaneously at the end of the analysis.

The final step will be to swn the present values from each year to obtain the net present
value. The net present value represents the quantifiable worth of the project.

4.4.2 Examining The Recycle Option

As before, the first step will be establish the mass balance, as shown in Exhibit 4-7.
As is the case with many recycle options, a salable by-product is generated (the recycled
solvent), but instead of offering the solvent for sale, the finn is using it as an input to offset
the cost of new solvent so there is no revenue impact. Further, since the actual cleaning
operation has not changed, there should be no change in production rate as result of this
option. As a result, there are no revenue impacts to consider.
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Exhibit 4-7: Mall Balaace

Procell

New SOlveDt
3600al

Fugitive
EmiJlioD'

A
SOG~

SolVeDt
Cluaiaf

/~~
39500.1 \:: ~ W ute

~ ReCYcle? To Disposal
/ 3100.1

36400a1

This material balance is converted to a cash flow in Exhibit 4-8. As mentioned earlier, the
recovery equipment has a life of 10 years. Further, there is no salvage value; the solvent must
be chemically treated at the end of year 5 to retain its effectiveness at a cost of $1 000; and no
additional permits are required to operate or install the equipment.

Exhibit 4-8
Costs for Solvent Recycling

Element Rau Base Year Costs

Procurement Expenses

Recycle ~uipment:

Tanks, Pumps, Mixers, etc. $40,500

Installation: Design, Piping, Labor, etc. $20,000

Contingency (@lO%) $6,000

Total: $66,500

Operations Expenses

Recovery System

Utilities $240
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Element Rate Base Year Costs

Operating Expense )hr/day@S201hr S5,000

Maintenance/Spare Parts 5% of Capital S3,325
Cost

Input Solvent S3.50/gal SI,260

Waste Disposal S2.50/gal S775

Other expenses to consider include:

• Depreciation. It is assumed to'be straight line, "",ith the procurement costs expense at
I0% each year for I0 years.

Interest. The finn borrowed the capital costs, "",ill make annual payments for 3 years,
and must pay 12% interest annually. Note: the principle ($66,500) will be repaid in
three equal installments. The interest expense is calculated for each year based upon
the current balance. (The actual monies borrowed, or repaid, are neither revenues nor
expenses and do not appear in the fmancial analysis).

Labor. The equipment requires I hour of maintenance per day. This expense
($20/hour) is included in the operations expenses listed above. For simplicity, the
wage rate is assumed constant except for cost of living increases due to inflation.

Training. Training was supplied by the recycle equipment supplier with training on
site so there are no direct costs. Three operators must spend 2 hours each learning the
operations. Their wage costs are also taken as $20/hour.

Floor Space. The equipment is relatively compact, will be installed integral to the
process, and carries a zero floor space expense.

As done with the baseline, annual costs for the recycling option must also be spread over
time as they will actually occur. Exhibit 4-9 shows the costs, by year, for the 10 year life of
the recycle equipment.
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Exhibit 4-9
Ten Year Costs for Recycle Option

Year item w/Recycie Total

I Interest Expense ($66,500 x 12%) $7.980

Depreciation Expense $6,600

Initial Training S 120

Operating Expenses

(Labor. Utilities, Maintenance) S8,565

New Solvent S1,260

Waste Disposal $ 775

S25.3OO

2 Interest Expense ($44,333 x 12%) S5.320

Depreciation Expense S6,600

Operating Expenses (5%w'yr. increase) S8,993

New Solvent (6%/yr. increase) (360 gal.) SI,336

Waste Disposal (90/c/yr. increase) SS45

$23,094

~ interest Expense (S22,166 x 12%) S2.660

Depreciation Expense $6,600

Operating Expenses S9,442

New Solvent S1,416

Waste Disposal $921

$21.039

4 Depreciation Expense S6,600

Operation Expenses S9,915

New Solvent S1,501

Waste Disposal 1,004

$19.020

5 Depreciation Expense S6,600

Operating Expenses . S11,4109

New Solvent $1.591

Waste Disposal $1.094 I
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Year item wlRecycie Total

S20,695

6 Depreciation Expense S6,6OO

Operating Expenses SIO,931

New Solvent SI,686

Waste Disposal SI,I92

S20,409

7 Depreciation Expense S6,6oo

Operating Expenses SII,477

New Solvent S1,787

Waste Disposal S1,300

S21,164

8 Depreciation Expense S6,6OO

Operating Expenses SI2,051

New Solvent $1,895

Waste Disposal SIAI7

S21,963

9 Depreciation Expense S6,6OO

Operating Expenses S12,654

New Solvent S2,008

Waste Disposal SI,544

$23,806

10 Depreciation Expense S6,6OO

Operating Expenses S13,287

New Solvent S2,129

Waste Disposal SI,683

$23,699

Again, these annual costs will be compared to the baseline after all cash flows for the options
have been computed.
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4.4.3 Evaluating Material Substitution

This option consists of replacing the hazardous solvent used for cleaning in the baseline case
v.ith a non-hazardous cleaner which is used in the same manner. The fum has been fortunate
to find a cleaning solution which is sewerable and does not require disposal as a hazardous
waste. The cost of sewering the 3,950 gallons is assumed to be negligible.

In pollution prevention projects that involve substituting a non-hazardous material for a
hazardous material, part of the analysis must consider how well the new product or process
works in relation to the current practice. In this example, it is assumed no operational
changes are required so production levels can be maintained. However, the cost of the new
cleaner is nearly 25 percent higher: $4.60/gal. The fust-year costs for implementing this
option are shown in Exhibit 4-10.

Exhibit 4-10
First Year Costs for the Material Substitution Alternative

E/~nunt Rau Annualized Costs

Procurement Expenses None

Operations Expenses:

Operating Expense N/A

Mamtenance/Spare Parts N/A

Input Solvent S4.60/gal $18,400

Waste Disposal $00

Training $120

Other expenses to consider include:

.. Depreciation. Since there is no capital expenditure, there is no equipment to
depreciate.

Interest. The company has the cash to absorb the additional cleaner cost v.ithout
borrov.ing any additional capital. Hence, there is no interest expense.

.. Labor. There is no additional equipment maintenance requirement and the wage rate
is again constant except for cost of living increases due to inflation.

---------------- EP3 ----------------
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Training. As before, it is assumed that the vendor provides the training and 3
operators spend 2 hours learning how to handle, test, and maintain the new cleaner.
Their wage rate is taken as $20/hour (from the previous example).

Floor space considerations. The current solvent storage capacity for the finn is
adequate for the new material.

With the same assumptions regarding cost increases, the annual costs for switching to the
non-hazardous cleaner, over the ten year period, are shown in Exhibit 4-11.

Exhibit 4-11
Ten Year Material Substitution Costs (5%/Yr. Increases)

Year Item Annual Cost

1 New Cleaner S18,520

2 New Cleaner $19,320

3 New Cleaner $20,286

4 New Cleaner S21,3OO

5 New Cleaner S22,365

6 New Cleaner $23,484

7 New Cleaner $24,658

8 New Cleaner $25,891

9 New Cleaner S27,I85

10 New Cleaner $28,544

4.4.4 Making the Financial Comparison

With all the annual costs computed, the fmal comparisons can be made. Exhibit 4-12 shows
the annual baseline costs (from Exhibit 4-6) in the first column; columns 2 and 3 show the
annual costs for recycle (from Exhibit 4-9) and the increase or decrease from the baseline;
and finally, colUII".ns 4 and 5 show the annual costs for material substitution (from Exhibit 4
11) and their associated change from the baseline.
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Exhibit 4-12
Annual Cost Comparison

Year Baseline Recycle Savings MaterW Savings
Substitution

I 23.875 25,300 (1,425) 18.520 5,355

2 25,604 23.094 2.510 19,320 6,284

3 27,462 21.039 6,423 20,286 7.176

4 29.462 19.020 10,442 21,300 8.162

5 31,613 20,695 10,916 22,365 9,248

6 33.928 20,409 13.519 23,484 10,444

7 36,420 21.164 15,256 24,658 11,762

8 39,101 21,963 17.138 25,891 13,210

9 41,989 23,806 18.183 27.185 14,804

10 45,099 23,699 21,400 28,544 16.555

If an option's annual costs are less than the baseline. the difference is considered a benefit.
Conversely. if the option's annual costs are higher than the baseline (indicated by
parenthesis), the difference is considered a cost. So that the two options can be compared, the
final steps are to bring each option's costs and benefits back to present value. compute the net
difference, and make the fmancial decision. These calculations:.:.re shown in Exhibit 4-13.
The present value calculation uses the fonnula from page _ with the interest rate set at 15%.
(Recall that 15% was set as the example finn's "hurdle" rate or acceptable internal interest
rate).

p = F

(l + r)"
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Exhibit 4-13
Present Values ofthe Costs and Benefits

Recycle Option MateriIIJ Substitlltlon

Year Differtnce Present Value Difference Present Value

I (1,425) (1,239) 5,355 4,657

2 2,510 1,898 6,284 4,752

3 6,423 4,223 7,176 4,718

4 10,442 5,970 8,162 4,666

5 10,916 , 5,427 9,248 4,598

6 13,519 5,844 10,444 4,515

7 15,256 5,735 11,762 4,422

8 17,138 5,602 13,210 4,318

9 18,183 5,169 14,804 4,208

10 21,400 5,290 16.555 4,092

NET PRESENT VALUE $43,919 $44,946

4.4.5 Making the Final Decision

In this example, both options display a positive effect on profitability. The two proposals
each generate a new benefit compared to the baseline. Likewise, the proposals also meet the
finn's internal hurdle rate (15%), because their present values are positive when calculated
using a 15% discount rate.

The final task is to select between the two options. In that they have the same present worth
of new benefits, they are equivalent under the fmancial criteria. However, as previously
discussed, when projects appear financially equivalent, consideration of other tier costs can
swing favor toward a particular option. The above analysis considered only Tier 0 and Tier 1
costs. Eliminating the use of hazardous solvent limits the potential intangible Tier 2 and 3
costs for cleanup, lawsuits, etc. Given these considerations, and the fact that material
substitution is higher on the pollution prevention hierarchy, the material substitution option is
clearly the most beneficial option.
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4.5 THE IMPORTANCE OF CONSIDERING INTANGffiLE COSTS

As stated earlier, Tiers 2 and 3 include less tangible considerations such as effects on product
quality, productivity, public image, market share, stakeholder relations employee health and
safety, and fmancial liability which, while very important, are more difficult to account for.
This section provides some guidance on addressing these factors and highlights their
significance. Some of these issues, such as public impact, tend to be straightforward. The
impact of a pollution prevention project is preswned to be positive, and the question is "to
what extent and how quickly". Other issues, such as product quality, arise as (possibly)
unintended consequences of the effort to reduce waste. In these cases, pollution prevention
changes may have either a positive or negative impact. After determining the nature of the
impact, it is important to consider ways to restructure the project to minimize unwanted
consequences.

Product Quality. Customers are increasingly demanding environmentally-friendly products
yet are rarely v,rilling to surrender price or quality to achieve their demands. A pollution
prevention project that is detrimental to product quality (e.g., through inferior material
substitution or process changes that fail to meet design specifications) will rapidly translate
into lost sales or into increased costs of rework and downtime. Alternatively, a pollution
prevention initiative may improve quality and/or enable a product to be marketed as "green,"
a benefit that may engender greater market acceptance and boost sales. Concerns about
impacts on quality need to be addressed up-front by:

• Conducting sufficient engineering review and testing before specifying equipment or
changing a product or process;

Securing guarantees from the vendor;

Planning for incremental ramp-up of production using the new process or new
material; and/or

Securing customer feedback to determine what impact changes may have on
consumer acceptance.

A project proposal should include a section on product quality that outlines possible concerns
and describes in detail the measures that have been taken to anticipat~ address,
and resolve these concerns. Almost nothing can kill a project faster than the fear that it may
hann product quality, and the justification package must allay those fears as much as
possible.

Impact on productivitylcapacity: Process changes resulting from implementing a pollution
prevention project could pot.. :ially increase or decrease the producti~ty and/or effective
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capacity of a plant. For example, an aqueous degreaser may reduce solvent use but may
require a longer cycle time to remove contaminants effectively, thereby increasing
throughput time and lowering productivity. On the other hand, installing new equipment to
add a parallel process line might both reduce solvent use required for product changeovers
and increase productive capacity. As with determining effects on product quality, engineering
review of new process specifications is crucial to assess a project's effect on production.
Thorough review should enable the impact on productivity/capacity to be estimated with
sufficient accuracy to permit its inclusion in the financial analysis. If this is not possible, the
potential impacts should be explored and described qualitatively, perhaps using sensitivity
analysis to quantify their effect.

Public image. Having an "envirorunentally-correct" image continues to become more
important. Many companies now tout their "green" credentials. For example, Sun Oil
Company recently launched a major ad campaign to publicize its signing of the CERES
(formerly Valdez) principles, the first Fortune 500 company to do so. \Vhile a good public
image is important for its own intangible reasons, its value is increasing as the link between a
company's public image and market acceptance of its products becomes stronger. Image can
be especially important to a company that has suffered a poor environmental reputation. For
example, Polaroid, which had received a lot of negative publicity for its toxic discharges,
now promotes its pro-active strategies of pollution prevention and recycling. The company
has received widespread recognition for many of its innovative environmental programs.

Although almost any pollution prevention project can bolster the environmental record of a
business, one that directly addresses publicly-recognized problems can be especially
valuable. If a proposed pollution prevention project eliminates a source of bad publicity, such
as the discharge of effluent that discolors a waterway, the public relations benefits of the
project should be strongly emphasized in the justification package.

Market share (i.e., consumer acceptance). Numerous surveys have documented the trend of
green consumerism, and companies have responded by emphasizing environmental attributes
in new product development. The growing inclination of consumers to buy "green" refers to
purchases of products or services that are environmentally-benign or that are offered by
companies with good environmental records. A pollution prevention project that "creates" a
green process or product may have a significant impact on sales, depending upon customer
demand. A project justification proposal could promote the value of this factor by including
survey data related to the particular industry or product type. Additionally the report could
show how a specific product or company, in a similar situation or industry, either gained
market share after emphasizing its green qualities or lost market share due to a poor
environmental record. To further demonstrate the significance of this issue, developing
computer-generated scenarios based on experiences of similar companies could be valuable
in demonstrating how even small impacts on market share can generate large returns on the
bottom line.
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Stakeholder relations. The term "stakeholders" can broadly include almost any person,
group or organization with which a business has contact: employees, stockholders, lending
institutions, customers, suppliers, surrounding communities, and others. Though small,
privately-held fIrms may not be as susceptible to shareholder pressure as large corporations,
they may be equally or more sensitive to the interests of such other stakeholders as the
surrounding community and employees. For businesses in small towns where they are one of
the major employers, many of these interests overlap. Benefits of a pollution prevention
project may affect relationships with these groups in different ways, as detailed in some of
the other issues (public image, employee health and safety, market share). Generally, most
firms place importance on the value of being recognized as a good neighbor.

Employee health and safety. Improving working conditions can have substantial short and
long-term benefits, including lower worker compensation rates due to safer conditions, lower
health care payments, increased productivity, and reduced absenteeism.

Pro-active environmental strategy. Environmental regulations in Egypt and elsewhere show
a clear trend toward increasingly stringent limitations for contaminations in air emissions,
wastewater, and solid waste. Companies that incorporate these anticipated tougher levels in
their strategic planning will have advantages over those companies that continue to avoid the
requirements. Pollution prevention projects have the ability to position a company to meet or
surpass projected future toxic use and discharge limits. A strong argument for a pollution
prevention project is its capacity to alleviate such unknown factors as purchase price, waste
disposal costs, or new health issues, that accompany the use of substances known to be
environmentally damaging.

Financialliahility. Financial liability can be associated with storage, transportation, and
disposal of wastes; property damage associated with the misuse of wastes or materials; civil
actions; or fines or penalties imposed by government entities. Although reducing liability can
be one of the most significant advantages of a pollution prevention project, this benefit is
usually difficult to characterize and thus may be "underweighted" in a project assessment.

Companies, environmental consultants, the academic community, and others have developed
a variety of methods that attempt to characterize potential liability risk. These range from
precise projections of financial exposure based on historical data of actual occurrences to
current efforts to use fuzzy logic to translate managers' qualitative responses into quantitative
assessments. As no method has gained wide acceptance and many are complex and require
considerable time and expertise to employ, it is beyond the scope of this chapter to describe
their design or use in detail.
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4.6 CONCLUSION"

The key point to remember is that finns are in business to make a profit, and pollution
prevention can be critical 10 profitability. In the past, environmental expenditures were seen
as pure cost sinks with no payback potential. It is becoming apparent that in the realm of
pollution prevention there are a number of areas where expenditures can be cut significantly.
One study of waste reduetlon projects showed that in 29 cases that included data on payback
period, over 80% had payback periods of less than 3 years.

There is no doubt that environmental management can make a difference in reducing
accompany's expenses. The task becomes one of selling improvements in the expense side of
the profit equation. Reducing an expense is as effective as increasing revenues when it comes
to profit.

The final considerations in justifying pollution prevention invesnnents are the Tier 2 and 3
intangible costs. Many types of projects can affect revenues, expenses, and/or cash flow, but
pollution prevention projects are relatively unique in their additional positive effects.
Although difficult to express in concrete financial tenns, both environmental compliance and
pollution prevention can have far ranging benefits in tenns of reduced long tenn liability,
customer relations, public goodwill, and employee morale. While these factors may not serve
to justify the investment in a project by themselves, they must enter into the analysis.

This chapter has introduced the basic financial tools and described a preference for using Net
Present Value as an appropriate method offmancial comparison. Suggestions were made on
what types of costs should be considered in evaluating pollution prevention projects. and how
those costs should be calcUlated over the project lifetime. An example case study using an
industrial process and two pollution prevention options illustrated the key concepts presented
in the chapter. Finally, the financial results of the case study were evaluated and the meaning
of those results was discussed.

In conclusion, this chapter presents financial tools and a suggestion of other less tangible
benefits which can be used to justify pollution prevention projects on an equal basis with
other funding requests.
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1995

ESTABLISHING A POLLUTION PREVENTION PROGRAM

r-----------------------------------.
PERFORMING A POLLUTION PREVENTION AUDIT

• PRELIMINARY WASTE ASSESSMENT

• DETAILED WASTE ASSESSMENT

• IDENTIFYING POLLUTION PREVENTION OPTIONS

• FEASIBILITY ANALYSIS

, THE AUDIT REPORTL_________________ _ ~

IMPLEMENTING POLLUTION PREVENTION MEASURES

EVALUATING THE POLLUTION PREVENTION PROGRAM

MAINTAINING THE POLLUTION PREVENTION PROGRAM
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ITHE AUDIT REPORT

PURPOSE: Summarize the results of the audit to
serve as abasis for implementing
Pollution Prevention measures.

tl The report can be used for:

, Providing a schedule for implementation actions

, Securing internal/external funding _

, Buildin~ort for the p:-Ia_n _

, Evaluating and maintaining the p_ro~goL-r_am _
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ITHE AUDIT REPORT

IITEMS TO BE INCLUDED IN THE REPORT

tl Results of the audit

tlQPtions 1iiQi)0sed

~ Results of option screening

~ Results of feasibility anaylsis

tl Project ifuiP"t:>sal for each selected option

tl Estimatedt!me for installation and start-up

-Ii Perform*pc,e measures to evaluate the project
after impJ~mentation
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1995

ESTABLISHING A POLLUTION PREVENTION PROGRAM

i-----------------------------------,
PERFORMING A POLLUTION PREVENTION AUDIT

~ PRELIMINARY WASTE ASSESSMENT

• DETAILED WASTE ASSESSMENT

• IDENTIFYING POLLUTION PREVENTION OPTIONS

• FEASIBILITY ANALYSIS

• THE AUDIT REPORT

~----------------- -----------------~

IMPLEMENTING POLLUTION PREVENTION MEASURES

EVALUATING THE POLLUTION PREVENTION PROGRAM

MAINTAINING THE POLLUTION PREVENTION PROGRAM
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IIMPLEMENTING POLLUTION PREVENTION MEASURES

PURPOSE: Move forward toward realizing Pollution
Prevention progress by installing the
selected improvement projects.

~ Select options for implementation

~ Identify coordinator to carry out the Q!:Qjects

~ Obtain funding

4 Carry out general steps for any capital improvement project
(e.g. planning, design, procurement, construction, and
operator training

1
Convince those who must work to new procedures that the
change in philosophy from end-at-pipe treatment to pollution

I prevention makes sense and serves to improve efficiency

• Use posters around the site to emphasize the importance
of Pollution Prevention and waste reduction (e.g. costs,
health and safety, efficiency)

·r Devise a schedule (take into account time for personnel
to adjust to new protocols)

r
1995

Set up a monitoring program alongside the Pollution
Prevention program to measure improvements
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PREFACE

This report has grown out of many years of thought and
discussion about how cultural values affect environmental behavior.
We have learned a great deal from many people who cannot all be
acknowledged here. However, we would especially like to thank

. -' ~, who helped to conceive this
project and has been instrumental in carrying it out; - _

~ __ ,____ __ .• )and - _ . (University of
) who ably served as project advisors; -

(University of .) and· (University of
) for their extensive comments on earlier drafts of this

report; and . . and - . . . for their work in
producing the final document. Finally, we would like to gratefully
acknowledge the support of the late , whose work on
attitude and behavior change inspired a generation of researchers
and substantially contributed to making America a more tolerant and
environmentally responsible society.

The first draft of this report was presented at a
national/international workshop held in. . - .
This discussion among a diverse group of government officials and
academics was one of the most stimulating in which we have ever
participated. We learned a great deal from the workshop, some of
which we are still assimilating. During the Spring of 1993 we had
the opportunity of presenting our findings at a meeting of the

_ . _ and at a state pollution
prevention conference organized by . _ ~. This report
is immeasurably better because of these experiences.

This report builds upon and synthesizes the work of a large
number of researchers, government officials, and activists whose
work contributes to preventing pollution. Perhaps the greatest
single benefit that we hope this work produces is to make this
community more self-conscious, and to stimulate further work in
exploring and resolVing cultural barriers to pollution prevention.

July, 1993
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EXECUTIVE SUMMARY

In this report we discuss cultural barriers and incentives to

pollution prevention behavior and make recommendations to state and

other pollution prevention programs on how to address cultural

barriers and incentives. CuItural barriers such as beliefs,

desires, emotions, attitudes, values, mental models, and patterns

of reasoning can be as powerful in inhibiting pollution prevention

behavior as physical, institutional, technological, or legislative

barriers. Likewise, changing beliefs, values, attitudes, and other

cuI tural barriers can play an important role in facilitating

pollution prevention behavior.
Although there are many pollution prevention programs at the

state and local levels, many of these programs are not as effective

as might be hoped. Programs that simply provide information to

producers and consumers are often ineffective and sometimes even

counterproductive. In some cases such programs may reinforce

values, attitudes, and behaviors that must be changed if we are to

prevent pollution.
The purpose of this report is to survey what is known about

cultural barriers and incen~ives to pollution prevention, to make

some tentative recommendations, and to set an agenda for future

research. We review literature from several different disciplines

including psychology, sociology, economics, and philosophy. While

enough is known to identify some barriers and facilitators as well

as to make general recommendations, important gaps in our knowledge
remain. Furthermore, substantial difficulties are involved in

bringing different areas of academic and other professional

expertise into conversation with one another.

Pollution prevention has risen in importance as it has become

increasingly clear that human activity is bringing about many local

and global environmental changes that are detrimental to humans and

other living things. Thus far, however, most of our efforts have

been directed toward trying to ameliorate or reverse what has

1
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already been done. These clean-up efforts are helpful, but they

are not sufficient to address the extent and magnitude of our

current problems, particularly because they do not address the

long-term challenges posed by environmental change. What is needed

is a vision of a sustainable future, and some sense of how to get

there from here. Individuals, businesses, and government will all

have to share the burden of this transition. Indeed, if pollution

prevention is to succeed over the long term, it must increasingly

be seen not as a burden, but as a way of life voluntarily chosen

and willingly embraced.
Pollution is, in part, a behavioral problem, and behavior can

be extremely difficult to change. Yet a change in behavior will be

necessary if long-term environmental goals are to be met, and it
will surely also be accompanied by cultural changes that involve

significant shifts in values. A fundamental shift in focus needs

to occur. Rather than seeing the environment as something external

to us that it is the responsibility of environmental professionals

to maintain, we must focus on seeing ourselves as situated in an

environment which it is our responsibility to preserve. Prevention

approaches focus on a sense of obligation and responsibility.

The prevention approach to pollution problems is gaining

attention because we have corne to recognize that our current

efforts don't provide a complete solution to the problem. Although

the current strategy of "command and control" has proven valuable

in dealing with pollutants once they are created and in the system,

it does not address preventing the creation of pollutants in the
first place. Pollution prevention provides us with the other

critical tool necessary for dealing with the problem of pollution.
It can also prove valuable by creating a solution which has the

commitment and investment of all those involved and which instills

the kind of individual behavior and sense of responsibility on

which long-term environmental protection is built.

The incorporation of a pollution prevention approach will not

be without difficulty. Many barriers and difficulties stand in

the way of implementation--the pollution prevention approach places

2



values must be sensitive to charges of manipulation and

exploitation. Thus, it is important in the implementation of

pollution prevention programs to respect people as active
information processors and knowledge-users. Indeed, if long-term
success rather than merely the short-term modification of behavior
is to be achieved, it is vital that people's values, beliefs, and
reasoning become more reflective, and this requires treating them

with respect. Thoughtful, reflective citizens are more likely to

produce long-term sustainable change than those whose motivations

and concerns are short-term. It is also important to recognize
that pollution prevention does not require a radical revision of

everyday values. Surveys show that environmental values are
strongly held by many Ameri~ans. For many people the strongest
motivator for pollution prevention will be concerns for children

and community, values already deeply rooted in American life.
The literature we have surveyed regarding cultural barriers to

pollution prevention comes from a wide variety of disciplines.

Consequently there is some fragmentation of information, and often
wide diversity in methods, use of concepts, and structure of

models. Because of these gaps in the available literature, we have

found that the best way to use it for policy purposes is to read it

suggestively. Much of the literature is quite rich when approached
in this way.

Our literature review covers studies that have employed four
basic methods: surveys, behavioral experiments, ethnographic

interviews, and the synthetic-analytic approach. These different

methods employ various usages of key concepts and words. In an
effort to simplify the use of concepts across the various

disciplines and methods, we identify seven factors that affect
behavior: beliefs, desires, attitudes, values, emotions, patterns
of reasoning, and mental models. Depending on how these factors
are functioning, they can either facilitate behavioral change or
act as a barrier to it. While these concepts apply most naturally

to individuals, they also apply to institutions and collectives.

Beliefs, desires, and emotions are most immediately connected

4
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great demands on all actors including government, business, and

consumers for greater knowledge about the effects of their actions,

common tools of measurement and evaluation, and coordination of
efforts toward a common goal. Yet despite these difficulties, the

potential of adding pollution prevention to the tools that we
already have is so great that it is important to pursue it.

State pollution prevention programs could make a difference
over the long term in a number of different areas, including

production and consumption of toxics, consumer products, energy

use, climate stabilization, and pollution prevention education.

But first it is important to have a clear understanding of what
pollution prevention is. We can generally distinguish two types of
pollution prevention behavior. One kind is directed toward
reaching some existing goal by employing alternative means that
produce less pollution. Another kind involves actually shifting

our goals.
Since pollution prevention bears on many different yet often

overlapping issues, a successful program must be "multi-media"--it
cannot rely on a single method or approach. Additionally, in order
to be maximally effective, pollution prevention programs must touch
the lives of all citizens. Thus, various cultural barriers and
:acilitators must be addressed if pollution prevention behavior is

to become the norm. Bringing about long-term, sustainable change

toward pollution prevention involves understanding the cultural

beliefs, desires, emotional responses, attitudes, values, patterns

of reasoning, and mental models that sustain present behavior.
Despite the importance of cultural barriers to pollution
prevention, of all the barriers they are the least understood,
because they are complex, and they are often neglected or
overlooked. Overcoming these barriers is key to successfully
~plementing a prevention program.

One of these cultural barriers concerns people's values. A
successful pollution prevention program depends on people coming to
value efficiency and even sufficiency over excessive consumption.

Yet any program whose success depends on a reorientation of basic

3



mental models, attitudes toward risk, and values. Next we consider

the effects of the social milieu of the individual, since social

norms and community expectations are clearly important in
sustaining a pattern of behavior. Even if a person is not closely

linked to a community, the prevailing norms and expectations may

still bring the person's behavior into conformity with community

values. We then look at facilitators and barriers that may affect

the performance of environment-friendly actions, including a sense

of efficacy, public commitment, rewards, coercion, shame and

embarrassment, and personal experience. Finally, we consider four
factors involved in the effectiveness of information provision:

salience, utility, persuasiveness, and feedback mechanisms.

Our report contains sixteen tentative recommendations that we

have developed based on what we have learned from analyzing the
literature and from interviews with a variety of people active in

pollution prevention. They are general recommendations, based on

our research and our best guesses, and therefore intended to be

used as guidelines for those who work in pollution prevention.

Although they cannot be applied mechanically, they should be useful

when applied with the insight and sensitivity of those who work in

particular programs and who know what their own specific needs are.
Our recommendations are as follows:

1) Rewards and incentives may not be as effective as values

in sustaining behavior over the long-term.

2) Values that we already hold can be powerful.

3) Specific values may be more important in generating

action than general values.

4) Knowing how to prevent pollution may be as Lmportant as
wanting to prevent pollution.

S) How information is presented helps to determine its
effectiveness.

6) The credibility of information is affected by its source.

7) New info~tion is understood in terms of old concepts.

8) Stories, anecdotes, and analogies can be powerful
resources.
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with individual behavior. Values and attitudes underlie and help

to generate or rationalize particular beliefs, desires, and

emotions. Mental models provide the framework in which these

features are embedded. Patterns of reasoning affect the perceived

relationships between these elements and can also produce new

beliefs or values. All of us hold beliefs that are true and also

beliefs that are false. We have a multiplicity of desires, a

plurality of attitudes, and a host of diverse values. Any attempt

to overcome cultural barriers to pollution prevention behavior must

confront the reality of our existing mental models. A number of

different conceptual models for behavioral change have been

employed in the literature we surveyed, but two models have been

especially influential: the rational choice model and the attitude

model. The basic idea behind the rational choice model is that

people's behavior is determined by their interests. The attitude

model supposes that people I s actions are caused. by underlying

positive or negative dispositions toward the results of these

actions. We briefly review three specific types of attitude

models: a causal model of environmentally relevant behavior, a

psychological-social model of energy conservation, and a decision

making model of environmental behavior.

Although the existing literature related to c~l~~~~l =ar=iers

to pollution prevention behavior is strikingly uneven w~~h respec~

to the problems it addresses, it is possible to summarize some

basic themes: behavioral studies have focused primarily on

individuals and households rather than institutions and workplaces;

emphasis has been placed on relatively small day-to-day choices

rather than major investment decisions; and relatively little

attention has been paid to how one environment-friendly behavior
may lead to others.

In our literature review, we begin by looking at some themes

that have emerged. about how various individual attributes may

affect pollution prevention behavior. The attributes we consider

are demographic factors, positional factors (reflecting one I s

situation, e.g., homeowner or renter), attitudes and past behaVior,

5
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mental models, attitudes toward risk, and values. Next we consider

the effects of the social milieu of the individual, since social

norms and community expectations are clearly important in

sustaining a pattern of behavior. Even if a person is not closely

linked to a community, the prevailing norms and expectations may

still bring the person's behavior into conformity with community

values. We then look at facilitators and barriers that may affect

the performance of environment-friendly actions, including a sense

of efficacy, public commitment, rewards, coercion, shame and

embarrassment, and personal experience. Finally, we consider four
factors involved in the effectiveness of information provision:

salience, utility, persuasiveness, and feedback mechanisms.

Our report contains sixteen tentative recommendations that we

have developed based on what we have learned from analyzing the
literature and from interviews with a variety of people active in

pollution prevention. They are general recommendations, based on
our research and our best guesses, and therefore intended to be

used as guidelines for those who work in pollution prevention.

Although they cannot be applied mechanically, they should be useful

when applied with the insight and sensitivity of those who work in

particular programs and who know what their own specific needs are.
Our recommendations are as follows:

1) Rewards and incentives may not be as effective as values

in sustaining behavior over the long-term.

2) Values that we already hold can be powerful.

3) Specific values may be more important in generating

action than general values.

4) Knowing how to prevent pollution may be as important as
wanting to prevent pollution.

S) How information is presented helps to determine its
effectiveness.

6) The credibility of information is affected by its source.

7) New information is understood in terms of old concepts.

8) Stories, anecdotes, and analogies can be powerful
resources.
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9) It. is generally more effective to work through existing

communities or groups than to build new ones.

10) Information about the effects of our past actions

influences present behavior.

11) People are more likely to act if their behavior clearly

makes a difference.

12) peo~e are more likely to act if they feel responsible

for an outcome.

13) Public commitment makes people more likely to act.

14) Role models are important.

15) Change agents are important.

16) The quality of relationships matters.

Our repo~ concludes with an outline of an agenda for future

research and other work into cultural barriers and facilitators to

pollution prevention behavior. Gaps in the existing literature on

cultural barriers suggest that it will be important to provide

defini tion and organization to this new field of study that

incorporates such diverse disciplines. Several particular areas of

research within the arena of cultural barriers also deserve more

attention. For instance, although we gained insight into how

values are formed in general, we lack methods for predicting value

c~anae. Future research on this topic will be necessa~f, ~s will

ccns~deration of the e~hics of modifying tne values of otners. The

role of psychological research should be emphasized as well,

because pollution prevention is ultimately a matter of human

behavior. It is humans who make consumer choices and energy use

decisions and who can bring pressure to bear on those who pollute.

To that end, we also need more specific information about how

people make consumer decisions, particularly those related to

capital purchases such as furnaces, cars, or refrigerators.

Finally, practical considerations suggest that research on

institutions as well as individuals will be necessary, and on-going

analysis of existing pollution prevention activities will

undoubtedly contribute to the success of any pollution prevention

program.
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PART I: '!'HE PROBLEK

In this report we discuss cultural barriers and incentives to

pollution prevention behavior and make recommendations to state and
other pollution prevention programs on how to address cultural
barriers and incentives. Cultural barriers such as beliefs,

desires, emotions, attitudes, values, mental models, and patterns

of reasoning can be as powerful in inhibiting pollution prevention

behavior as physical or technological barriers. Likewise, changing
beliefs, values, attitudes, and other cultural barriers can play an

Lmportant role in facilitating pollution prevention behavior.
State governments are well positioned to help bring about the

transition to a society that preventB pollution, away from one that
devotes an ever-increasing share of its resources to trying to

mitigate the effects of pollution. Through public information
programs, outreach, technical assistance~ and proactive planning,
state governments can be effective agents in. making pollution

prevention a reality.
Although there are many pollution prevention. programs at the

state and local levels, many of these programs are not as effective

as might be hoped. Programs that simply provide information to

producers and consumers are often ineffective and sometLmes even

counterproductive . In some cases such programs may reinforce

values, attitudes, and behaviors that must be changed if we are to
prevent pollution.

The purpose of this report is to survey what is known about
cultural barriers and incentives to pollution prevention, to make

some tentative recommendations, and to set an agenda for future
research. We review literature from several different academic
disciplines including psychology, sociology, economics, and
philosophy. While enough is known to identify some barriers and
facilitators and to make'some recommendations, ~portant gaps in

our knowledge remain. Furthermore, substantial difficulties are

involved in bringing different areas of academic expertise into
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conversation with one another.
Pollution prevention has risen in importance as it has become

increasingly clear that human activity is bringing about many local

and global environmental changes that are detrimental to humans and
other living things. For example, the diminishing of the ozone

layer weakens the shield that protects living things from

ultraviolet radiation: the pollution of air and water poses health

risks; and the production and consumption of toxic materials makes

sections of our cities and states unsightly and unsafe.

Thus far most of our efforts have been directed toward trying
to ameliorate or reverse what has been done. Efforts to clean up
pollution can help to alleviate the situation, but they are not

sufficient to address the extent and maqni tude of our current

problems. "End-of -pipe H regulation imposes large costs on the

economy, and it cannot answer the widespread popular concern about

even very small concentrations of pollutants.
Most important, amelioration efforts do not address the long

term challenges posed by environmental change. What is needed is

a vision of a sustainable future, and some sense of how to get

there from here. State and federal agencies alone cannot ensure

this transition. For such a vision to be successfully implemented
it will have to engage with people'S basic values and aopeal to

~he~r sense O~ responsibility. :~Q~V~QUd~~, ~U6~~eS6es, ana
government will all have to share the burden of pollution

prevention. Indeed, if pollution prevention is to succeed over the

long term, it must increasingly be seen not as a burden, but as a

way of life voluntarily chosen and willingly embraced.

Government regulation has an important role to play, and it is

difficult to imagine a future in which it does not playa part.

But the excessive .use of regulation creates an atmosphere that is

not conducive to long-term success. For in order to secure a

sustainable future we must engage people'S voluntary impulses and

desires for change, and a social climate characterized by

government coercion is inhospitable to these impulses and desires.

As a nation we must make reflective choices about the level of

9
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environmental quality that we desire and align our behavior with

our considered judgments.
Clearly there will never be complete agreement across all

sectors and communities about the appropriate level of

environmental quality. But we must move beyond the present

situation in which conflicts arise not just between people, but

also within people. Many of us desire higher levels of

environmental quality, yet our behavior contributes to

environmental degradation. Part of the reason for this is the work

situations we find ourselves in, our lack of alternatives with

respect to our consumer choices, and so on. Yet both as

individuals and as a society we must do more to reconcile our

values and our behavior, and our beliefs and our actions.

pollution prevention strategies and policies can make an

important contribution in securing long-term environmental success.

State programs in particular, because they can reflect regional

choices and values and serve as laboratories for experimentation,

have the potential to be on the cutting edge of pollution

prevention. However, it will not be easy for state pollution

prevention programs to define their roles and to carry them out

successfully. Pollution is, in part, a behavioral problem, and

behavior can be extremely difficult to change. Yet if long-term

environmental goals are to be met, changes in behavior must occur.

If new environment-friendly patterns of behavior are to be stable

and enduring, they must be accompanied by cultural changes that

involve significant shifts in values.

~ A PREVENTION APPROACH

Prevention is a major goal in various areas of human life. As

a society we have come to see that prevention is the best solution

for various health problems such as cancer and heart disease. At

a personal level most of us recognize that preventive maintenance

for our cars and homes is a good strategy. The focus on prevention

brings with it a sense of'obligation and responsibility. In order

for many public health programs to be successful, people must come

to feel responsible for their own health. Instead of seeing their
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bodies as machines that it is the job of health professionals to

maintain, they must come to see themselves as embodied, with the

responsibility to do what they can to keep themselves healthy.
Like these other prevention approaches, pollution prevention

requires a fundamental shift of focus. Rather than seeing the

environment as something external to us that it is the

responsibility of environmental professionals to maintain, the

pollution prevention approach focuses on seeing ourselves as

situated in an environment which it is our responsibility to

preserve.
A prevention approach to pollution is gaining attention

because of the widespread perception that our current efforts at

environmental' protection are failing. Many people argue that our

current patterns of resource use are inconsistent with global

equity and also deprive future generations of what should be their

birthright. Moreover, while non-renewable resources appear to be

in good supply, pollution generated from human activity

increasingly threatens renewable resources such as air, water,

soils, biodiversity, ozone, and climate.
In addition to these large-scale concerns, many people believe

that our "command and control" approach to environmental protection

~sn't a complete sol~ticn to t~e :-=obl~. ~all~tic~ ?=event~~n is

the other part of the solution. While command and control can be

effective in dealing with pollutants that are already in the

system, we need in addition to seek a solution that attempts

wherever possible to eliminate the creation of the pollutants in

the first place.

Command and control has been criticized because it imposes an

adversarial model on environmental regulation, thereby driving out

"win/win" alternatives. It has also been criticized because it can

foster a minimal comllli.tment, that is, encouraging people to do -only
what is absolutely necessary to meet standards and no more. And

command and control has been further critized because it locates

the responsibility for dealing with pollution with the government

and with business rather than encouraging the individual behavior
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and sense of responsibility on which long-term environmental

protecticn is built.
Despite the difficulties involved in moving to a pollution

prevention focus;~ such an approach has much to recommend it.
Actions that pre';ent pollution can have a greater impact than
actions that try to mitigate a problem which already exists. For

example, purchas~g a fuel-efficient car will contribute less to
pollution than the careful maintenance of an inefficient vehicle,

and cutting back on packaging can do more for waste reduction than
recycling paper. Moreover, many of the problems that result from
human activity, such as the release of chlorofluorocarbons, are

difficult if not impossible to control once they have been set in

motion. Controlling pollut~on at its source is often much more

effective than responding once it has become diffuse.
Generally across the economy, a pollution prevention approach

makes good economic sense and will contribute to competitiveness
and stimulate newpusiness opportunities. Both international and

domestic experien~e shows that pollution prevention and economic

growth can go hand-in-hand. In many cases, it is cheaper to
prevent pollution than to clean it up. Over the long term many of
the strategies involved in pollution prevention programs will lead
to more efficient and effective use of resources, thus contributing

to both economic and national security and sustainability. This

does not mean, however, that all facilities, sectors, and regions
will benefit equally from pollution prevention. Changes of policy

and focus always. create winners and losers, even if only in
positional terms. Not every facility in every industry will
survive in a pollution prevention environment.

Perhaps the most important reason for adopting a pollution
prevention approach is that it has the potential to prOVide a

central organizing principle for our environmental protection
efforts. These efforts have often been fragmented across various
divides: single-medium ·programs are often not coordinated with
each other; regulatory agencies at different levels of government
often make different, even inconsistent, demands; the culture of
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enforcement often seems contradictory to the culture of problem

solving.
The pollution prevention approach provides an opportunity for

dealing with these problems in a consistent way. By providing a

common focus for environmental protection efforts, it can establish
common ground on which to negotiate these divisions. However, it

would be foolish to expect these divisions to disappear entirely.

To some extent they are established by legislation and nourished by

history and tradition. At the same time the pollution prevention

approach presents us with our best opportunity for overcoming these

divisions.
At this stage, however, pollution prevention should be thought

of as a vision for the future rather than a policy of the present.
If pollution prevention were easy to implement it would already be

in place either through the magic of the market or through

administrative directive. Many barriers and difficulties need to
be overcome. The pollution prevention approach places great

demands on all actors including government, business, and consumers

for greater knowledge about the effects of their actions, common

tools of measurement and evaluation, and coordination of efforts

toward a common goal. Yet despite these difficulties, the

potential of pollution prevention is 50 great that it is ~portant

to pursue it.

!b. SOME KEY POLLUTION PREVENTION ISSUES

State pollution prevention programs could make a difference

over the long term in a number of different areas, including

production and consumption of toxics, consumer products, energy

use, climate stabilization, and pollution prevention education.

Before discussing these areas, it is important that we have a clear

understanding of what pollution prevention is.

Pollution prevention means different things to different
people. To some people it is a fashionable buzzword with little

content; to others it is a new set of demands and responsibilities

piled on top of others that are themselves barely manageable. In

practice, for many people, pollution prevention means getting
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businesses to reduce their use of toxic materials.
In addition to these understandings of pollution prevention,

this term is also defined in the federal Pollution Prevention Act

of 1990, in subsequent US EPA policy statements, and in legislation

passed in more than half the states. US EPA's definition of

pollution prevention includes source reduction and any other
practices that reduce or eliminate the creation of pollutants

through increased efficiency or conservation. Source reduction is

any practice that reduces the amount of any hazardous substance,

pollutant, or contaminant that is released into the environment, or
reduces the hazards to public health and the environment associated
with the release of such substances. A broad definition of

pollution prevention includes recycling because it is an activity

which avoids the creation of new pollutants. Definitions in state

legislation are narrower in some cases and broader in others.

We can generally distinguish two kinds of pollution prevention

behavior. One kind of pollution prevention behavior is directed

toward reaching some existing goal by employing alternative means

that produce less pollution. Examples of pollution prevention
behavior of this type include replacing toxic solvents with

nontoxic ones, reducing packaging, using energy-efficient light

bulbs, bicycling instead of driving, and carrying a cup to work.

Another kind of pollution prevention behavior involves shifting our

goals. For example, telecommuting may not be a perfect substitute

for commuting. Contact by fax or telephone is not the same as

face-to-face interaction. Yet telecommuting may serve enough of

the purposes of commuting to make it a feasible alternative, and it

may also open up other possibilities that may help us to realize

other goals (e.g., by permitting us to work at home, and so on).

Similarly, avoiding the use of toxic lawn chemicals may require us
to grow different plants.

The areas identified as pollution prevention target areas for
the purposes of this report overlap in various ways. For example,

programs that promote energy efficiency contribute to climate

stabilization by reducing emissions of carbon dioxide. Reducing
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packaging of household products may help to minimize consumption

and production of toxic materials. Furthermore, pollution

prevention education is important to making gains in all of these

areas.
Before discussing some of the key concepts involved in

thinking about cultural barriers to pollution prevention, we will

briefly discuss these five areas of concern.

1. The Production and consumption of Toxics

One important target of pollution prevention programs is the

production and consumption of taxies. Although we need to reduce

the production of toxics and also provide consumers with effective

alternatives for the toxics that are now in use, this issue may be

overemphasized relative to other pollution prevention issues. This

may be a result of the fact that pollution prevention programs are

often housed in offices whose main charge is the regulation of

toxics, and they are often funded by fees and penalties assessed on

producers who use toxic materials. The use of toxics is a tempting

target for those who are interested in pollution prevention because

there are a relatively small number of large actors in this area

about whom quite a lot is known due to various reporting

requirements. It is important to remember, however, that not all

One problem that arises when considering the question of

toxics concerns its definition. Scientists, regulators, and

industry may all have different views about whether or not a

particular product should be considered toxic. In addition to

definitional differences, the toxicity of many materials is a

matter of great uncertainty. Moreover, people have different

attitudes toward this uncertainty. Toxicity is probably best

thought of as a matter of degree: but here again, people differ

about the degree of risk that they regard as acceptable. To some

extent a pollution prevention perspective helps us to cut through

these problems: it makes sense to reduce the use of any material,

however toxic, whenever possible.

Materials that are to some extent toxic occur in a wide range
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of household products. For example, metals such as cadmium, lead,
and mercury are used in batteries, pigments, plastics, and paints.
Toxic organic substances include solvents, petroleum distillates,

and volatile organic compounds that are used in cleaners,
lubricators, paints, varnishes, plastics, dyes, and pigments.
Acids and alkalies are found in such common household products as

bleaches and cleaners.
The production and consumption of toxics pose a range of

societal problems. They present issues both with respect to worker

safety and safe household use. There are also well-publicized
difficulties in disposing of toxic materials. Although people use
these materials, they do not readily accept living near disposal

sites. Pollution prevention programs have the potential to

minimize these problems by reducing the amount of toxic material

that is produced and consumed.
2. Consumer Products

Consumer products is an area with a great deal of pollution

prevention potential. Tracing the life cycle of a product from

production to disposal demonstrates the range of problems that can
result from consumer products. Extractive industries that make
available the raw materials for consumer products are associated
with many environmental problems. Mineral extraction is associated

with problems of air and water quality and often leads to toxic
residues. Logging often creates ecological problems and threatens

other resources such as fisheries. Fabrication processes pose

problems in many different areas. After a product has worn out,
been exhausted, or fallen from favor it is dubbed ·garbage," and

becomes a problem for waste disposal.
In recent years problems of waste disposal have gotten a great

deal of attention. It is becoming increasingly difficult for
communities to find adequate waste disposal sites, even when the
waste is not classified as hazardous. Alternatives to landfills
such as incinerators have engendered a great deal of resistance.
Yet according to reports of the Organization for Economic
Cooperation and Development, the per capita waste generation of
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Americans, and indeed most people in the industrialized world,

continues to increase. The pressures of waste disposal are felt by

people in various areas of their lives, ranging from litter in

their communities to higher taxes and fees to fund the creation of

new waste disposal sites.
Reuse and recycling are two approaches to these problems

associated with consumer products. Many products can be

efficiently recycled, requiring significantly fewer environmental

inputs than the fabrication of a replacement product. For example,

a recycled aluminum can be produced with about one-third of the

energy investment of a new can. A reusable glass bottle can be

used 40-50 times for the energy investment reqUired to manufacture

a replacement. But there are'serious difficulties in the economics

of recycling, and many consumer products cannot be.recycled at all.

Although experiments in recycling such products as automobiles are

currently underway, prevention is a simpler and more effective

approach if it can be put into practice.

Packaging reduction is one obvious target for pollution

prevention programs. Since 1990 McDonald's has been working with

the Environmental Defense Fund to reduce waste. This campaign

appears to be successful in several ways: McDonald's is taking

~irrnifi=ant stens to reduce waste: b7 ~emonst=3tina thei=

commitment to waste reduction, McDonald's has gained pUblic

relations benefits; finally, the efforts McDonald's has been making

have contributed to educating its employees, suppliers, and

customers about pollution prevention.

More generally, the use of reusable shopping bags, bulk

purchasing, and packaging reduction shows that our purposes as

consumers can be just as well served with fewer environmental

inputs. However, in the long term it may be necessary to go beyond

programs that take our present goals as fixed. Consumer products

are a means to quality of life and fulfillment, not ends in

themselves. We need to begin thinking about how quality of life

can be improved with fewer environmental inputs.

3. Energy Use
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The use of energy entails many different environmental

problems. The use of fossil fuels such as wood, coal, and oil

produces large amounts of atmospheric pollution that are difficult

and expensive to control. pollutants that result from the

combustion of fossil fuels cause respiratory and cardiovascular

problems in humans, degrade visibility, and may contribute to

cliJete change. These pollutants are also implicated in the

production of acid precipitation which has deleterious effects on

ecosystems and materials. Nuclear power generation is regarded as

unacceptably unsafe by many people and creates problems of waste
disposal that have not yet been solved. Even -renewable- energy

sources such as solar, wind, and hydroelectric generation create

visual or noise pollution and, sometimes have undesirable ecological

effects.
Energy efficiency is central to pollution prevention since

using less energy is the most effective way of reducing the

pollution that results from its use. Many effective programs that

encourage energy efficiency ar.e currently in place. The EPA's
-green lights· program has had an important effect on business, and

some local utility companies have mounted aggressive campaigns that

include subsidies for residential insulation and the use of energy
efficient lighting sources. Innovative pricing structures have

also helped to reduce peak demand. New cars and appliances are in

most cases much more energy efficient than those they replace, and

stickering programs help consumers to make informed decisions.

Yet despite these gains, much remains to be done in reducing

the use of energy. While the United States is now producing more

economic benefits from less energy consumption than it was two

decades ago, these gains are relative and not absolute: American

energy consumption continues to rise. We continue to have a more

energy-intensive economy and society than almost any other country.

The potential for further. efficiency gains is very great. However,
changes in life-style may be required to realize some of these
gains.

As we shall discuss in Part II of this report, energy
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efficiency is an area that has received a great deal of attention.

Faced with the same economic incentives, different people sometimes

respond in very different ways. We are challenged in the pollution

prevention area both to produce greater gains in energy efficiency

and also to see how what is known about energy use can be

transferred to other areas with pollution prevention potential.

4. Climate Stabilization
In recent years concern has mounted about the possibility of

anthropogenic climate change. Many scientists believe that

emissions of such gases as carbon dioxide, meth~ne, and

chlorofluorocarbons caused by human activity have the potential to

bring about a dramatic change of climate in a relatively short

period of time. If such climate change occurs it will have serious

effects on wilderness and endangered species, on the fabric of

international relations, and on the American economy and way of

life.
The issue of climate stabilization is complicated, but it is

clear that pollution prevention activities have a role to play in

reducing the risk of climate change. One of these areas has
already been discussed. If we succeed in reducing our production

and consumption of fossil fuels, then the threat of climate change
will to some extent diminish. Further, a general pollution

prevention focus that seeKS to produce greater quality of life from

fewer environmental inputs and outputs is likely to contribute to

climate stabilization. At this stage climate stabilization perhaps

is best seen as a welcome secondary effect of other pollution

prevention activities. Over the long term, however, the

possibility of climate change could well have a dramatic effect on

how we organize our economy and society.

5. Pollution Prevention Education

Pollution prevention education is an important concept that
underpins efforts in all four of the other areas. If pollution
prevention is to be successful, people will need to be effectively

educated about toxics, consumer products, energy, and the risk of

climate change. Moreover, they will need some basic competence
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with respect to the pollution prevention concepts that underlie all

of these specific concerns. In this respect pollution prevention

education must be holistic and comprehensive, focusing on the

systemic sources of pollution and how they can be addressed.

Education can be considered in both a broad and narrow sense.

In the broad sense education permeates all areas of our lives.

Education occurs when we talk to friends and neighbors, watch

television, and learn from experience. In this broad sense almost

every pollution prevention program can be thought of as having an

educational dimension.
Education in a narrower sense is what occurs in such

institutions as schools and colleges. Although in recent years

environmental education has become more prominent in educational

institutions, the goal of pollution prevention challenges us to

reform curricula and even to rethink some of the basic concepts of

education. There are some recent attempts to do this in higher

education, coordinated by the National Pollution Prevention Center

for Higher Education at the University of Michigan.

Education both broadly and narrowly construed can be either

declarative or procedural. Declarative education focuses on

teaching students what is the case. It involves knowledge that is

primarily propositional in form--the sort of knowing that in the

philosophical literature is called "knowing that." Procedural

knowledge focuses on teaching students how to do things. It is

directed toward giving students the behavioral competence to

undertake specific tasks. In the philosophical literature this

sort of knowing is referred to as "knowing how." Both kinds of

education are important for pollution prevention. Shifts in

beliefs, values, attitudes and so on require propositional

knowledge; but acting on this knowledge requires behavioral skills

and competencies.

Pollution prevention education can take many specific forms.

In one form it may consist in making available to students

information that will make them aware of alternatives to everyday

pollution producing activities. For example, pollution prevention
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education may teach students about composting as an alternative to

disposing of organic wastes in landfills. This kind of education
can be useful, but i ts effectiveness is limited by many of the
difficulties that face public education campaigns in general (see

Part II. B. 3) .
A second form of pollution prevention education may directly

address the cultural barriers that we discuss in this report.
Students may specifically learn about various obstacles to the
employment of pollution prevention technologies and practices. By
making students aware of these obstacles, we may hope to overcome
them. For example, once students learn that they tend to

systematically underestimate the amount of waste they produce, they

may become more conscious about household waste and do a better job

of reducing it.
A third form of pollution prevention education is the most

challenging. Orr (1992) notes that while the importance of
literacy and numeracy are emphasized in our educational systems,
the idea of "ecological literacy· has yet to take hold. We might
think of ecological literacy as competence in understanding the

environmental effects of our actions. An ecologically literate
person would be one who associates with each commodity that he or
she cons~~es all of i~~ envi=cr~e~tal effects f=cm its producticn
to its disposal. For example, an ecologically literate person
would understand both the short-term and long-term environmental
consequences of burning one gallon of gasoline when deciding what

kind of car to buy.

Ecological literacy is a challenging ideal because rather than

being an additional goal or area of study, it suggests a
systematically different approach to education. Ecological
literacy might be taught in conjunction with history, art, or
mathematics. Indeed the very functioning of a school could well
provide a lesson in ecological Iiteracy. With the help of
teachers, students could research both the sources and effects of
the energy that powers the school; the life-cycle of the food that

is served in the cafeteria could be studied along with the systems
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that bring water to the school and dispose of it as waste.

Because pollution prevention is so closely associated with how

we live our lives, many exciting pollution prevention programs can

be undertaken in the schools, ones that employ "hands-on"

techniques that may produce lasting effects on students. Indeed,

many very good educational programs are already in place. These

programs have an important role to play in addressing pollution

prevention. Despite their potential benefits, pollution

prevention programs face some unique and extremely complex

problems. An understanding of these problems helps to explain why

historically there has been a lack of attention to source reduction

and other pollution prevention measures. Since pollution

prevention bears on many different issues ranging from energy

consumption to the production and consumption of toxic materials,

a successful program must be -multi-media"; it cannot rely on a

single method or approach. In order to be maximally effective,

state pollution prevention programs as well as those at other

levels of government must touch the lives of all citizens. Every

producer and consumer is a pollution prevention actor.

~ CULTURAL BARRIERS AND FACILITATQRS

Various cultural barriers must be addressed if pollution

prevention is to become the norm. New pollution prevention

technologies will do little good if people do not use them.

"Getting the prices right" is part of the solution, but in some

areas people have shown remarkable resistance to change even in the

face of shifting economic incentives. Moreover, it is unlikely

that we will systematically restructure our economy so that it

rewards pollution prevention behavior unless pollution prevention

comes to be something that people strongly value.

Discussions often polarize between those who believe that in

order to achieve pollution prevention corporate and governmental

institutions must change~ and those who believe that the burden is

on individuals to change their values and behavior. We believe

that this is a false dilemma. In order for institutions to change,

individuals will have to make new demands upon them. Individuals
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are more likely to change their values and behavior in a

sympathetic institutional environment.
Bringing about long-term, sustainable change toward pollution

prevention involves understanding the cultural beliefs, desires,

emotional responses, attitudes, values, patterns of reasoning, and

mental models that sustain present behavior. It is in these areas

that cultural barriers to pollution prevention in both individuals

and organizations can be found. It is important to remember,

however, that what is a barrier from one point of view can be, from

another perspective, a facilitator. For example, if a bias toward

the "near and dear" is identified as a barrier to adopting a

pollution prevention perspective, then from another point of view

this presents a challenge to design programs which exploit this

psychological tendency on behalf of pollution prevention.

CuItural barriers to pollution prevention exist in government,

business, and in American culture as a whole. Government agencies

are typically regulatory, reactive, and single-medium focused

rather than cooperative, proactive, and holistic in their outlook.

History, tradition, reward structures, organization, and

bureaucratic inertia may all contribute to resisting change.

SLmilar barriers exist in the private sector. In addition, the

:?ressure to satisfy regulators, managers, and stockholders c~n

crea~e an a~~osphere wnich discourages innova~ion that does not

immediately improve the bottom-line. Moreover, the pollution

prevention community tends to focus on government and business to

the exclusion of concerns about the general public. Yet,

ultimately, changes in government and business will. be closely

associated with changes in popular outlook.

Shifts in these cultural barriers and facilitators have the

potential for enabling enduring and comprehensive changes in

patterns of human action. Despite their importance, of all the

barriers confronting pollution prevention programs, cultural

barriers are the least understood. Although they are complex,

neglected and overlooked, overcoming these barriers is key to

implementing a pollution prevention approach.
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~ VALUES AND RESPONSIEILITY
Pollution prevention programs must overcome various cultural

barriers if they are to be successful. One of these barriers
concerns people's values. A successful pollution prevention
program depends on people coming to value efficiency over excessive
consumption, and its long-term success may even depend on people

coming to value sufficiency over efficiency.
Any program whose success depends on a reorientation of basic

values must be sensitive to charges of manipulation and
exploitation. Governments and other powerful institutions have
opportunities to create events and shape messages in misleading and
manipulative ways. In Lmplementing pollution prevention programs

it is important to respect people as active information processors

and knowledge users. People should not be viewed as laboratory

animals to be manipulated in order to obtain some desired result.

Indeed, if long-term success rather than merely the short-term
modification of behavior is to be achieved, it is vital that
people's values, beliefs, and reasoning become more reflective, and
this requires treating them with respect. It is also Lmportant to
recognize that pollution prevention does not require a radical
revision of everyday values. Surveys show that environmental

values are strongly held by many Americans. For many people the
strongest motivator for pollution prevention will be concerns for

children and community, values already deeply rooted in American
life.

Rather than being autonomy-threatening, pollution prevention
programs that have a long-term focus can contribute to people'S

autonomy and sense of responsibility. Many environmental problems

have the character of collective action problems--widespread

deleterious effects are brought about unintentionally by the tiny
contributions of a great many people. Such problems occur in part

. because people feel alienated from their communities and the
consequences of their actions; they persist because people feel
powerless to change them. Pollution prevention strategies have the
potential to empower people. People who are empowered are more

24

- If I' Ii_ ,ft ,~., ".-f



likely ~o see themselves as responsible actors. When people see

themselves as responsible actors they are more likely to make a

difference. For this reason a non-coercive pollution prevention

approach has practical as well as moral value. Thoughtful,

reflective citizens are more likely to produce long-term

sustainable change than those whose motivations and concerns are

short-term.
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PAR1' II: A SURVEY OF THE LITERATURE

From one perspective, it can be said that the literature that

relates to cult\lral barriers to pollution prevention is

overwhelming; from~another perspective it is sparse. Researchers

from a wide variety of disciplines have done work that may be

thought to bear on some aspect of our problem, but very little work

has been done that is directly focused on cultural barriers to

pollution prevention. In these circumstances a review of the

literature is inevitably Lmpressionistic. Different researchers

would probably emphasize different aspects of the literature. It

would be foolish· to expect complete agreement about what is

important or to expect one review of the literature to be

definitive.

One approach that we have used to some extent is to look at

literature that examines behavior that appears to be analogous to

pollution prevention behavior. Recycling is generally not

considered a core pollution prevention behavior, but we have

proceeded on the assumption that important insights can be gained

from looking at the literature which examines recycling. In a more

limited way we have examined the literature on smoking and seat

belt use. Although we believe that insights can be gained here,

thus far we have been disappointed in much of what we have found.

In addition to the problem of determining exactly what

literature is relevant to the project, a further problem lies in

trying to synthesize the literature that has been identified as

relevant. Even when questions are closely related, different

researchers often focus on different aspects of problems. Concepts

are used in different ways and different models are employed.

These differences make it difficult to compare results directly.

When the literature is read from a problem-oriented perspective,

the fault lines that separate disciplines and research traditions

emerge very clearly.

As a result of this fragmentation, the best way to use the
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ESTABLISHING A POLLUTiON PREVENTION PROGRAM

r-----------------------------------,
PERFORMING A POLLUTION PREVENTION AUDIT

• PRELIMINARY WASTE ASSESSMENT

• DETAILED WASTE ASSESSMENT

• IDENTIFYING POLLUTION PREVENTION OPTIONS

• FEASIBILITY ANALYSIS

• THE AUDIT REPORT

~----------------- -----------------~
IMPLEMENTING POLLUTION PREVENTION MEASURES

1995
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IEVALUATING THE POLLUTION PREVENTION PROGRAM

PURPOSE : Develop a pre-program baseline to be
'used for measuring Pollution
.Prevention progress.

~ Quantitative criteria

~ Descriptive criteria

1995



...,
.;.

:;:~~~;-~

.::~~
~:-",,~_.~.
. ~:.-.r; , ..
.... -J" ...

~,,1(J.";.,
~,~;..a:::::...:.

~i.·:,;.·_-::l<.Jl"

:.o..JE'".-:;:l-"1,.-

~~<~{fi
-~!"1"'::~

"..-:-., ...

-.~
. ---.. -;.~~."""".~- ~ ...
-~~~~·:·r·:"~:~~:~-~~-~· .~.__.~:_-.~

~':.~. ,:;..... +.•• -:

'.. '.
F._. •..., .. r'

11111. In

. ;{:

t



IQUANTITATIVE CRITERIA

~ Disposal cost savings,

~ Reduced insurance claims

~ .Monitoring data

~ Amount of waste generated

tl Amount of waste recycled

tl Levels of hazard (toxicity, acidity, reactivity, i9 nitability

1995
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I QUANTITATIVE CRITERIA

IQUANTITATIVE MEASUREMENT MODELS

~ Actual change

~ Production-normalized change

~ ThroughPut ratio

~ Degree of hazard

1995



IQUANTITATIVE CRITERIA

PROBLEMS WITH DEFINING AN ACCURATE BASELINE

~ Data quality

.~ Adjusting for production

~ating increases and decreases

1995
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IQUANTITATIVE CRITERIA

PROBLEMS ASSOCIATED WITH COMPARING CURRENT
DATA TO THE BASELINE

t.1 Delayed effects of Pollution Prevention Q!Q.9rams

~ Real vs. ~er changes

~ Tendency to attribute any change to Pollution Prevention I

1995
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IDESCRIPTIVE CRITERIA

~ Number of Pollution Prevention ~ects

~ Number of ~ects showin~uantity reductions

tl Number of auditors

~ Number of completed audits

eJ Levels of training offered

tl Levels of funds allocated to Pollution Prevention

1995
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1995

ESTABLISHING A POLLUTION PREVENTION PROGRAM

r-----------------------------------,
PERFORMING A POLLUTION PREVENTION AUDIT

• PRELIMINARY WASTE ASSESSMENT

• DETAILED WASTE ASSESSMENT

• IDENTIFYING POLLUTION PREVENTION OPTIONS

• FEASIBILITY ANALYSIS

• THE AUDIT REPORT

L-----------------T-----------------~
-"~

IMPLEMENTING POLLUTION PREVENTION MEASURES

EVALUATING THE POLLUTION PREVENTION PROGRAM
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I MAINTAINING THE POLLUTION PREVENTION PROGRAM

PURPOSE: Ensure that the Pollution Prevention Program
is on-going and leads to continual improvements

• Have employees review processes and operations to determine where and
how toxic substances are used and hazardous wastes are Qenerated

~ Solicit recommendations from employees on ways to continue elimination
or reduction of wastes produced

~j Find ways to involve suppliers and customers in the continual effort

• Acknowled e and reward em 10 ee contributions to the Pollution Prevention effort

inal audit

__I Relay results of measured progress to the personnel

tl Set up internal waste charging system

__ISet up financial reward system to provide incentives for proactive efforts

tl Make waste auditing a regular event and train employees to perform the audits

tl Establish a Pollution Prevention Awareness program

1995
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CASE STUDY 2: LEATHER MANUFACTURE

....UDIT ....ND REDUCTION MANUAL

INDUSTIUAL EMISSIONS ....ND W ....STES

Company B operates a tannery in soulh-east Asia pr~ssing caltJe hide~ into finished lealher.

mainly for side upper leather in shoe manufacture. Treatmenl of the hides involves a senes of

balch operations involving application of a wide range of physical and chemical processes.

Wastewaters discharged contain pollutants from the hides, products from their decomposition.

and chemicals and various spent solutions used for hide preparalion and during the lannmg

process. Solid wastes and some almospheric emissions also arise.

The company was required 10 meel new government standards for discharge of wastewater to the

local Watercourse. This necessitated improvements to elcisting treatment facilities which were

then limited to crude settlement in three lagoons operated in series. Primary sludge produced

was disposed of in liquid form on a large area of surrounding land.

I n the light of Ihis situation. the companv engaged a local consulting engmeering firm to aSSist

their staff in carrying out a wasle audit and waste reduction programme with a view to developing

the best and mosl cost-effective solution to the waste Ireatment and disposal problems.

The principal tannery operations carried out typical of many tanneries throughout the world.

may be summarised as follows.

Pretaoniog lor Bamhousel Operations

• soaking of the imported, preserved (weI-salted) hide in water overnight 10 remove blood.

dung, curing sail and water-soluble and saline-soluble proteins;

• unhairing (complete dissolving of all hair) by immersion in lime and sod.ium sulphide - and

subsequent reliming;

• trimming and mechanical removal of extraneous tissue from the flesh side of the hides - and

subsequent splitting (lime splitting) of the upper two-thirds grain layer from the lower. less

valuable split layer;

• deliming by treatment wilh a weak acid (lactic acid) and bating with an enzyme

based chemical 10 remove hair remnants and degraded proteins;

• piclc.ling using salt and sulphuric acid solutions to give the required acidilY 10 the skins 10

prevent subsequent precipitation of chromium salts 00 the skin fibres - pickled splits are Ihen

sold to other tanneries for further processmg, only the grain layers being tanned and finished

by Company B.

Thus. wastewaters from the beamhouse contain high levels of sll5pended solids and dissolved

organic matter, curing salt and grease. in addition 10 unused process chemicals (particularly

sulphides); they will also be alkaline, having a high oxygen demand.
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Caae Study 2; Leatller Manufacture

Tanning

Chrome tanning is carried out using chromic sulphate. The tanning process stabilises the

proteineous (collagen) ne[Work of the hide. Acidic effluents are produced which contain unused

trivalent chromium salts.

Post·Tanning Operations

These involve:

• pressing (samming) to remove moisture;

• a second levelling by shaving;

• dyeing and softening of the tanned hide with emulsified oils (fatliquoring), preceded by

occasional secondary tanning using synthetic tannins (syntans) and tanning extracts;

• drying and final trimming;

• surface coating and buffing (f!Dishing)

The following case study describes the waste auditJwaste reduction approach taken.
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PHASE1:PREASSESSMENT

Step 1: Audit Focus and Preparation

It was decided that the study investigations would be carried out by a chemical engineer from the

consulting firm's staff who had previous experience of carrying out waste audits. assisted bv the

tannerys plant chemist.

Company B's own laboratory was not equipped to carry out many of the tests normally associated

with wastewater analysis and so arrangements had to be made to deliver samples to a local private

company providing laboratory analytical services.

In view of government pressures, it was decided to concentrate on wastewater discharges ansmg

from the beamhouse and subsequent tanning operations. However, atmospheric emissions were

also investigated having particular regar~ to health and safety. Solid waste arisings, in particular

Wastewater treatment plant sludges, were also studied.

The waste audit team was keen to gain the support of production personnel in order to ensure

that comprehensive information on all tannery operations could be readily obtained. As a fU"st

step therefore, the study objectives were fully explained to selected staff responsible for the

various.production activities.

The investigations were initiated by gathering relevant information from company files. This

preliminary search yielded site and drainage plans, raw material purchase records and water

meter records associated with on-site borehole abstraction.

A preliminary check on water usage was carried out by calculating the water usage per tonne of

wet-salted hide processed. This was found to be 61 mJ/tonne. It was noted that this was some

22% higher than the typical average working figure of 50 m3/tonne reported in technical litera

cure. suggesting that ways of introducing considerable water savings should be possible as a result

of the waste audit/waste reduction study.

Step 2: Usting Unit Operations

The consultant and the plant chemist started the tannery study by walking around the processing

and waste treatment areas. listing all the unit processes and making notes on their function and

use. Help was also sought from various plant operators who were familiar with the day to day

plant operations. The unit operations were listed in Table 1. with processes which did not

produce liquid waste shown in brackets.
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Case Study 2: Leatl1er Manufacture

Table 1: Unit Operations

Soaking
Unl1alring and Reliming
(Trimming, Fleshing and Splitting)
Deliming and Bating
Pickling
Chrome Tanning
Pressing
(Shaving)
Secondary Tanning, Dyeing and FatJiquonng
(Drying, TrimmIng and Sorting)
(Finishing)

As part of the company's long-term planning, the plant chemist noted tbat consideration was

being given to moving tbe hide splitting operations further downstream the process line (after

tanning) in order to improve the accuracy of splitting and bence overall process controL as

commonly practised at other tanneries. The existing arrangement and design of process units,

many of which were relatively old., did Dot however lend themselves to this change being imple

mented rapidly.

Step 3: Constructing Process Flow Diagrams

A flow diagram was then prepared to illustrate the interrelationship between the various unit

operations (Figure 1).
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Figure 1: Schematic Diagram 01 Tannery Operations

INPUTS UNIT PROCESS OUT?UTS
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PHASE 2: MATERIAL BALANCE: PROCESS INPUTS AND OUTPUTS

Step 4: Determining Inputs

The audit preparation phase (Step 1) had already highlighted the availability of well-documented

raw material purchasing records. The data produced also proved to be a good check on the raw

matenal quantities quoted by the plant foremen per unit operation.

Tbe raw material usage data obtained were set out as in Table 2.

Table 2: Annual Consumption of Process Chemicals

Process Chemicals

Sodium ChlOride (Other than cUring salt
prnent in raw hide)

Hydrated Lime
Sodium Sulphide (62% NazS)
Sulpnunc Acid
Soda Ash (anhYdrous sodium carbonate)
Bate f95% ammonium sulpnate,

S% enzymes)
CalCIum Formate
Lactic Acid (30%)
Sodium Formate
BactenClde
Ammonium Chloride

Sub-total

Chemicals Absorbed by the Hide (l)

Tanohn (1~ chromium)
Syntans A& B
Dyes
o-t Oil
Other Oils
Tannin Extracts
Soyanch Flour
Titanium Dioxide
Methyl CellUlOse
Semi-Sol Glue

Sub-total

Total

tonneS/annum

S22

",23
44S
160

74
55

40
35
26
19
9·

2,618

760
424
n
17

295
190
4S
30

9
17

1,864

4,462

(i) Absorption estimated at 90%, 10% disctlarge<:110 waste - except tor Tanohn, absorption 75%. 25% diSCharge
to waste

Due to the nature of the raw materials and the well-organised materials storage system which was

found to be in operation. no significant handling losses were occurring.

It was noted tbat tbe company incurred no charges for consumption of water drawn from a site

borehole_ A separate town water (potable) supply was available for domestic usc. Domestic

wastewater passed to the nearby watercourse via a septic tank.

Itl'li_ 'W -
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Case Study 2: Leather Manufacture

Having already tabulated the key production stages (Step 2), raw material usage listed in Table 2

was used to derive average quantities per unit operation throughout the tannery, on both a daily

basis and per tonne of hide processed.

The data compiled were set out in Table 3.

Table 3: Chemical Inputs per Tannery Unit Operation

Unit kgttonne hlce kgltonne
Operation (at unit ooeratlon) wet-salted hide

Soaking:
Bactencide 1.6 (i) 1.6
Sodium Camonate 0.8 (i) 0.8

UnJtaUing;Reliming:
HYdrated Lime (unhalnngj 48 (I) 48
Sodium Sulphide (62% ~S) 43 (i) 4J
HYdrated Lime (relimrng) 58 (i) 58

DdimingiBating:
Lactic Acid 5 (Ii) 43
Bate 10 (Ii) 8.7
Ammonium Chloride 1.3 (Ii) 1.1

Pickling:
Sodium Chloride 60 (Ii) 51.9
Sulphunc Acid 21 (ii) 18.2

Ovome Tanning:
Tanolin Ibaslcc:t1romicsulpnate. 16% CrJ+) 60 (Ii) 51.9
Sodium Chloride 60 (ii) 51.9
Syntan A 25 (ii) 21.6
Sodium Formate 8.9 ni) 7.7
Sodium Carbonate 10 (Ii) 8.7
Bactencide 1 (ii) 0.9
Syntan B 41 (Ii) 35.5

kg/d

64
32

1.920
1.720
2.320

172
348

44

2.076
728

2.076
2.076

864
308
348

36
1,420

Secondmy Tannin& Dyeing
anti Fatiiquoring:
Dyes
Calcium Formate
Syntan B
Soyanch Flour
TItanium DiOXide
Glue/Methyl Cellulose
Tannin Extracts & Oils

Total

20 (iii)
10.3
44 (Iii)
16 (Iii)
8 (iii)
8 (iii)

118 (iii)

7.0
3.6

15.4
5.6
2.8
2.8

41.3

280
145
616
224
112
112

1.652

19.693

(I) BaSed on 40 tonne, wet-salted hide per day
(Ii) Based on fleshed, spli1ltrimmed hide. after relimlng - 34.6 tonnes per day
(iii) Based on chrome tanned leather. after pressing/shaving - 14.0 tonnes per day
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Case StudY 2: Leather Manufacture

Step 5: Recording Water Usage

The next step was to record the water usage at the tannery and determine how it was used. It was

noted that Water obtained by the company from the site borehole was pumped to a covered

storage tank at ground level and then pumped again to a high-level storage tank. Water then

gravitated to the site distribution mains under static head via a water meter. readings for which

were recorded weekly in a log book.

Analysis of these records indicated a daily average total water consumption for the site of 2.450

m3/d. This figure was then broken down into average water usage per tannery unit operation in a

similar manner to that carried out for the process chemicals. Since the tannery wet processes

were all carried out in revolving vessels of known capacity, providing mechanical agitation to

accelerate the wet-chemical operations, batch process water inputs were readily quantifiable.

Rinsewater usage which was continuous for a fIxed duration per batch was also known from

previous work carried out by the company. This had involved checking the time taken to fill a

vessel of known volume for a given water valve setting.

The results were summarised as setout in Table 4.
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Case Study 2: Laather ManutaetlJre

Table 4: Water '""uts per Tannery Operation

Unit
Operation

Soaking:
Prewasn
Process Water
Rinse Water

Unhairing/Reliming: .
Process Water
Rinse Water
Soak Water (reliming)
Rinse Water

Deliming/Bating:
Pre-rinse
Process Water
Rinse Water

Pickling:
Brine Water
Acid Dilution Water

Chrome Tanning:
Process Water
Rinsing,

P~ssing:

Secondary Tanning, Dyeing
and Fatliquoring:
Prerinse
Process Water
Rinse Water
Process Water

General Aoor and Plant Wasnwater

Total • Process Wate~

- Rinse Wate~

General WUhdown
Total

mJltonne nide
(at unrt operation)

4.3 0)
1.9 [I)
2.1 (I)

19 0)
11.0 [I)
19 (i)
2.1 (i)

42 (ii)
1.0 0il
1.385 (ii)

-2.49 (Ii)
084 0i)

0.586 0i)
4.51 (Ii)

0.202 (Ii)

9.15 (Iii)
0.4 (Iii)

18.6 (Iii)
0.4 (Iii)

mJltonne
wet-saltlld hide

4.3
1.9
2.1

1.9
11.0

1.9
2.1

3.535
0.865
1.2

0.215
0.073

0.507
3.9

0.175

3.2
0.14
5.5
0.14

15.5

12.115
33.535
15.500
61.250

172.0
75.0
84.0

75.0
440.0
76.0
84.0

145.4
34.6
48.0

B.6
2.9

20.3
156.0

7.0

128.0
5.6

250.0
5.5

620.0

484.6
1.345.4

620.0
2.450.0

(I) Based on 40 ton".. wet-sa/ted nide per day
(ii) Based on fleshed. splitlbimmed hide. after relimlng • 34.6 tonnes oer day
(iii) Baed on chrome tanned leather. after pressmg/shaving - 14.0 tonnes per day

Step 6: Measuring Current Levels of Waste Reuse/Recycling

It was noted that no wastes were reused/recycled at the tannery.
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Case Study 2: Leather Manufacture

Step 7: Quantifying Process Outputs

The audit team listed the process outputs from each tannery unit operation as set out in Table 5

below.

Table 5: Process Outputs

Unrt Operation Wastewater By-PrOduetl Atmospnerlc
Waste Reuse EmISSIons

Soaking Process and
Wash/Rinse
Waters

Unhairing/Reliming Process and Hydrogen Sulphide
Rinse Waters

Trimming, Fleshing and Splitting Trimmings and
Fleshings

Delimlng/Bating Process and Ammonta
Rinse Waters

Pickling Process Brine/
Acid Dilution
Waters

Pickled Hide Storage Pickled Splits

Chrome TannIng Process and
Rinse Waters

Pressing and ShaVIng Press Liquors ShaVings

Secondary Tanning. Dyeing and Process and
FatJiquoring Rinse Waters

Drying, Trimming and Sorting TrimmIngs

Finishing Solvent Vapours

Final PrOduct Fin ished Leather
(gram layer)

Action Was then taken to quantify these outputs in Steps 8, 9 and 10.

Step 8: Accounting for Wastewater

Process wastewater flows were based on totalling up batch water inputs and making allowances

where appropriate for water retention by the hide at each process stage based on percentagc::s

reported in technica1literature.

Composite samples of the various discharges were also taken for laboratory analysis.

The results of this e.xerc:i!.e were summarised in Table 6.
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Table 6: Average Flows, Strengths and Pollution Loads of Strong Liquors

Unit Operation Row BOD 5S
mJtd %ot pH mgtl kg/C % of mgtl kglC "" ot

total total total

Soaking 276 42.1 6.8 2.200 607 19.8 4,400 1.215 30.0

Unnainng 103 15.7 11.5 15.500 1.597 52.0 22.100 2.276 56,1

Aelimlng 103 157 11.7 650 67 2.2 1,550 170 4.2

Oelime and Bating 66 10.1 9,5 6,lXXl 396 12.9 2.100 139 34

Plck"ng 37 5.5 2.7 2.900 108 3.5 5.200 192 47

Chrome Tan & Press
LJquors 33 5.0 3.5 5.500 215 7.0 1.100 35 0.9
Seconcary Tanning.
Dyeing &
Fathauonng

. 1st dump 19 2.9 40 2.lXXl 38 1.2 500 11 0,3
·2nCdump 19 2.9 3,7 2.200 42 1.4 8SO 16 04

Total 656 100.0 3.070 100.0 4.055 100,0

It was decided that having quantified the main. strong-liquor pollulion loads per unit operation.

separate quantification of running rinsewaler pollulion loads per unit operation was not Justified

since this would have meant setting up numerous V-notch weirs and many additional sampling

points. thus increasing significantly the time input and analytical work required.

The relatively weak continuous-flow rinse waters were thus monitored using a V-notch weIr

located in a common drain within the tannery and combining frequent spot samples to give a

daily composite for the whole tannery. Total rinsewater flow including general floor and plant

washdown was estimated to be 1.944 m3/d with an associated BOD and 55 strength of 273 mgll

and 396 mgll 55. Corresponding pollution loads (flow)( strength) were thus 530 kg BODld and

770 kg 55/d.

The overall wastewater flows and BOD and 55 strengths and pollution loads were lhen tabulaled

in Table 7.

Table 7: Combined Wastewater Flows. Strengths and Pollution Loads

Wastewater Flaw BOD 55
mJ/d mgll kg/d mgll kgld

Strang Uquors 656 4.680 (i) 3.070 5180 (I) 4.055

Ainse Wat.rs/General 1.944 273 530 396 no
Washdown

Total 2.500 1.430 (I) 3.500 1.950 (i) 4.825

(i) ConCllntratians calCUlated from flow/pollution load data

66



Case StUdy 2: Leatner Manuracture

Bascd on an average 40 tonnes of wet-salted hide processed. it was noted that these overall

ligures equate to 65 m3 wastewater/tonne. 90 kg BOD/tonne and 121 kg SS/tonne. ie fairly

typical unit loads compared with average figures for similar tanneries elsewhere but some

20-25% high in terms of wastewatcr flow.

An assessment was also made of chromium and sulphide pollution loads based on selected

additional wastewater analyses carried out. This yielded pollution loads of 198 kg Crid and 412

kg S"ld. equivalent to 4.9 kg Cr!tonm: and 10.3 kg S"/tonne. Again. it was noted that these Joad.s

were fairly typical in the consultant's experience even for well operated tanneries. although

somewhat higher (14% and 21% respectivelv\ with respect to figures reported by \VHO. 1982.

A number of other checks were also made. It was noted that while it was difficult to measure

combined Wastewater flows entering tbe wastewater treatment system. the final lagoon effluent

discharged via a rectangular weir. In order to obtain some cross-check on tbe combined raw

wastewater flow set out in Table 7. the final effluent /low to the nearby watercourse was moni

tored using this weir. An average flow over the study period of 2,200 oo3/d was recorded.

A limited number of samples of the lagoon effluent were taken and results compared with the r3\

Wastewater analyses tabulated in Table 7. These indicated pollution load reductions averaging

4DCO BOD and 70% 55. Based on an average sludge conccntration of 6% dry solids. calculations

indicated that the volume of primary sludge generated averaged 56 m3/d. The audit team noted

lhat while this sludge was periodically being disposed of on surrounding land.. this practice would

not he allowed to continue in the iuture as liquid run-off caused additional pollution problems m

the nearby Watercourse. particularlY during wet weather.

Step 9: Accounting tor Gaseous Emissions

It was decided that consideration oi atmospheric pollution issues in the context of this project did

not justify the need for making use of portable gas detection equipment. such facilities in any

case not being readily available. It was also considered that resources required to quantify

gaseous emissions would be out of proportion to the extent of the problems occurring. However.

various useful observations were made during the site survey.

A strong smell of hydrogen sulphide (H:S) gas was evident at the primary sedimentation stage of

the Wastewater trealment plant. H:S was also evident. although only to a limited extent. within

the tannery processing areas where alkaline beamhouse liquors combined with subseauent acidic

streams within the internal drainage system.

The plant chemist knew that the hYdrogen sulphide was a highly-roxic gas having a threshold limIt

value (TLV) of 15 ooglmJ (100 ppm by volume) in air. He also knew that the extent [Q which H:S

could be released from solution to atmosptlere was pH dependent, high pHs favourmg the

ionISed form (HS') and hence reduced risk of sulohide stripping. He therefore notea [hat any
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future wastewater treatment scheme would be best designed to allow pretreatment of alkaline

beamhouse liquors (pH at least 10) before they were alJowed to mix with other, acidic waste

flows.

No release of ammonia associated with deliminglbating was apparent but it was noted that release

of some solvent vapours in the working areas associated with leather finishing could be a potential

health risk to production staff. Discussions with the management subsequently revealed that

plans were already underway to install forced-ventilation equipment to cater for this problem.

Step 10: Accounting for Off-Site Wastes

The only wastes which were recycled were f1eshinlrs wbich were transported to a local rendering

company, these amounted to an average of 9.200 kg/d.

Trimmings and shavings were disposed of to a local municipal landfill site and amounted to

14.600 kg/d.

No sale costs associated with disposal of the fleshings could be readily identified at the time of the

waste audit. It was later established that no charge was levied by the tannery in return for the

~endering company providing transportation facilities at their cost.

Trimmings and shavings were disposed of at an annual cost of USS14.000.

Step 11: Assembling Input and Output Information for Unit Operations

From the information collected the preliminary material balances were started by assembling the

input and OUtput data for the tannery and the wastewater treatment plant. These were tabulated

under Step 12.

Stap 12: Deriving a Preliminary Material Balance for Unit Operations

A preliminary material balance of data associated with operations within the tannery was first

drawn up on an overall input/output materials basis. The information was tabulated as set out
below.
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Inputs kg/d

Raw Hide 40.000
Chemicals (other than cUring salt present In 19.693

raw hides)
Water 2.450.000

Total 2.509.693

1
CNeralI TanllefY Operll1lons

1
CArtputs kgJd

TrimmIngs and ShaVings 14.600
Reshings 9.200
Pickled Split uyer 13.500
Finished Leather 5.600
Wastewater 2.600.000
Ga5el:lus Emissions Not quantifIed but not consloered

to be a major output

Total 2.542.900
.

A material balance was then drawn up on a unit operation basiS with specific reference to chro

mium and sulphide. A material balance for the wastewater treatment plant was also compiled.

Inputs

Unhalring

kg/d
s·

430 (a)

(a) Based on 1.720 kg/d sodium sulphide containing 25% S'

1
Unhainng

1
Outputa kg/d

S"

u"",'. IRelimlng 412 fa)
Oehme and Bating

Rinsewaters 5 (b)

Total 417

ia) Based on 103 mJ/d unhairing liquors at 4.000 mgll S'
lb) BaSed on 1.944 mJ/d rinsewaters containing 2.5 mgll S'
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Inputs

Chrome Tannrng

la) Based on 2.076 kgld Tanohn containing 16% C~+

kgld
Cr

332 (a)

Outputs

Chrome Tan & Press l..Jouors

Chrome Leather
Rlnsewaters

Total

...
Chrome Tanning

1
kgld

Cr

BJ (a)

249 (b)

3 (Ci

335

(a) Based on 33 mJ/d chrome liouors at 2.500 mgtl C~+
(bl Based on 2.076 kg/d Tanohn containing 16% CrJ+ and 75% chrome aOsorptlon into hide
(c) Based on 1.944 ".,J/O nnsewaters containIng 1.5 mgll CrJ·

Inputs mJ/d

Raw Wastewater 2.600

1
Wastew81ef TrNtmen1 Plant

1
Outputs mJ/d

Primary Effluent 2,200
Primary Sludge 56

Total 2.256

Step 13: Evaluating the Material Balance

The waste audit team were confident that they had obtained an adequate material balance (within

5-10%) for the tannery as a whole as well as for the specific chromium and sulphide chemicals
used.
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The material balance for the wastewater treatment plant was also considered reasonable taking

into account that some water seepage was possibly occurring through the base of the crude

lagoons, thus contributing to the 13% difference between inflow and total outflows recorded.

Step 14: Refining the Material Balance

It was considered that the material balance information obtained was sufficient to meet immedi

ate requirements but that it would be usefuJ to carry out a further waste audit once any waste

reduction measures had been implemented.
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PHASE 3: SYNTHESIS

Step 15: Examining Obvious Waste Reduction Measures

It was noted that the rinsewater usage following unhairing wa~ appreciable. amounting to some

18% of the total water usage throughout the tannery.

It was considered that significant savings could be achieved at this stage by changing from a +.

hour running rinse to a two-stage batch wash operation. each of 20-25 minutes duration. It was

anticipated following a short-term trial that it should be possible to achieve a consistent bOCCe

reduction in rinsewater usage. that is. from 44{) m3/d to 176 mJ/d.

The audit team also realised that considerable water wastage was taking place by tannery staff

leaving numerous hoses running in between general {loor and equipment washdown operauons.

On the basis of an average of 15 hoses in continuous use. it was estimated that water passing to

drain surplus to actual requirements could be as much as 136 m3/d. some 5% of the total waste

water (low. Recommendations were therefore made for the fitting of pistol~grip self-closing

valves on all hoses in use througnout the tannery.

Thus, it was concluded that total wastewater flows could be reduced from 2,600 mJ/d to 2.200

mJ/d. reducing the wastewater production to a more respectable 55 m3/toDne wet-salted hide

processed.

Step 16: Targetting and Characterizing Problem Wastes

a) Sulphide Liquors

As indicated in Step 9, it was evident that pretreatment of all sulphide-containing liquors was

needed before they became mixed with other acidic flows; the possibility also existed of at

least partial recycle of fine-screened sulphide liquors in subsequent unhairing operations.

The management favoured a flexible approach with the treatment system designed to handle

the total daily sulphide liquor flow if required. conscious that sulphide liquor recycle would

probably require a higher level of surveillance of the efficiency of the unhairing operation

which might not be readily achieved on a consistent basis in practice.

The audit team theD proceeded to draw up design flow and strength data for the pretreatment

of sulphide-bearing Waste streams; and also for the subsequent combined wastewater treat

ment facility required to meet the government's new discharge requirements.

Sulphide-bearing liquors were takeD as being all the process and rinsewaters associated with

the unhairing process and all wastewater associated with deliming/bating other than the final

rinse. The resultant average design flow and sulphide load assessed were as shown in Table 8.
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Table 8: Characteristics of Sulphide-Bearing Wastewaters

Parameler

Row
Sulphide

Actual

590 mJld
412 kgld (700 mgll)

DesIgn

600 m31d
420 kgld
600 kgld

(700 mgll • ave.)
(1.000 mgll • maxi

• assuming unhalrrng-stage nnslng cameo out on a 2·stage batch basIs to reouce water usage lequlvalent
to 27% of total wastewater flows folloWIng instigation ot water savIng)

An assessment was made of the likely BOD reduction due to oxidation of sulphide. The

theoretical oxygen uptake rate due to oxidation of sulphide was taken as 0.75-2.0 kg O:/kg 5"

depending on the ratio of the thiosulphate:sulphate oxidation products. Taking an average

1.4 kg Oz/kg S· and a 97% S· reduction (down to 20 mg/l SO), this gave a BOD reduction of

560 kg/d.

With reference toTable 7, the combined wastewater BOD load can be expected to reduce

from 3.600 kg/d to 3.040 kg;d., equivalent to 1.380 mg.:l BOD in a reduced flow of ::'200 m3 d.

Regarding the effect on suspended solids loads as a result of fine-screenmg of sulphide

liquors, actual removals were difficult to predict accurately without further test work. As a

conservative approach therefore. it was decided that the calculated total 55 load of 4.825 kg/d

(Table 7) should be carried forward as a design 5S load for sizing and budgetary costIng of the

combined wastewater treatment plant; this gave a concentration of 2.190 mg.:l S5 at tne

predicted future reduced flow.

b) Chrome Liquors

The audit team considered the possibility of recovering chrome from the chrome-bearing

liquors by fine screening, addition of sodium carbonate to precipitate chrome hydroxide (at

pH 8-8.5), filter-plate pressing of the resultant sludge and then conversion of the chrome

precipitate to soluble chromic sulphate using sulphuric acid.

Discussions with the management revealed that this possibility had been considered in the past

but was not favoured on overall technical and cost grounds unless the benefits of economy of

scale could be introduced by providing a centralised chrome recovery plant to serve all

tanneries in the local area. While some preliminary discussions had been held through the

national tannery association. such a scheme was not foreseen at this stage.

It was agreed therefore that for the present, the design of a new wastewater treatment piant

should assume that chrome would be precipitated and disposed of off-site as part of the

primary sludge generated.
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Step 17: Segregation

In order to segregate sulphide liquors for separate pretreatment. it was decided to divert eXlsting

drainage outlets in the unhairing area to a batch treatment plant located within the existing

tannery process building.

Treated flows would then be combined with all other wastewaters at a new treatment plant

located close to the existing ~ettlement lagoon facility.

Step 18: Developing Long-Term Waste Reduction Options

The waste audit consultant was responsible for drawing up outline proposals for the required new

wastewater treatment facilities.

Consideration was given to available methods of sulphide treatment. These inefutlerJ:

• acidification [0 pH 2-3 and aeration, with absorption of the resultant hydrogen sulphide gas in

caustic soda solution within packed-tower scrubbers prior to discharge of the resultant liquor

to d:ain or reuse;

• precipitation with ferrous or ferric salts:

• oxidation using chlorine or hydrogen peroxide;

• oxidation using aeration with a manganese catalyst.

The latter method was considered the most technically satisfactory and cost-effective ~olution

following fine screening. This view was supported by reference to available information sources

concerning operational experience elsewhere.

It was decided to divert existing drainage outlets in the unhairing area [0 a mechanical self

cleaning screen (1 mm) located in a modified floor channel, the upper end being designed to

convey screenings to an adjacent skip.

Screened flows would then gravitate to a submersible pumping station [0 lift flows into one of two

batch-treatment oxidation tanks. one to be used for treatment and the other to be available for

receiving the next batch of liquor. A diffused-air system, using non-clog coarse-bubble diffusers,

was selected to provide mixing and aeration in each tank and a facility for dosing a solution of

manganese sulphate catalyst was incorporated.

The main treatment plant for pretreated sulphide liquors combined with all other wastewater

nows involved the following features:
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• flow/pollution load balancing incorporating coarse-bubble aeratioOimixing;

• pH correction (if required), chemical flocculation with alum and polyelectrolyte and subse

quent primary settlement:

• extended aeration treatment using low-speed mechanical surface aerators (sized to provide a

robust biological system capable of withstanding fluctuating loads);

• batch storage/thickening of mixed primary and surplus secondary sludges prior to pumping to

drying beds and subsequent disposal of sludge cake to landfLll.

Provision for iron salt dosing to the sludge storage/thickening tank was incorporated to precipi

tate any sulphide formed as a result of anaerobic activity within the tank and hence to minimise

odour problems occurring.

A schematic diagram of the proposed Ireatment plant was compiled as illustrated in Figure 2.

Step 19: Environmental and Economic Evaluation of Waste Reduction
Options

Company 8 was placed in a position of having to upgrade its wastewater treatment system in

order to comply with new discharge standards imposed by the government. part of a new empha

sis on the need to control pollution of the environment.

The new effluent discharge standards laid down were 4D mg:1 BOD and 60 mg:1 55. Hence.

provision of a new treatment facility designed to meet these standards consistently was expected

to improve the quality of the local Watercourse substantially.

There was a clear need to minimise capital and operating costs of the treatment scheme to ensure

the overall fmancial viability of the company's operations. Therefore, in preparing outline designs

for budgetary purposes, particular attention was paid to providing a plant which would be robust

and relatively simple to operate.

The COSt of the treatment scheme drawn up was estimated at USSSOO.OOO induding contingencies

and designJconstruction supervision fees. This reflected a conservative approach to the sizing of

the activated sludge process. particularly in terms of aeration capacity. It also took into account

the availability of tWo redundant Water storage vessels suitable for use as sulphide-liquor treat

ment tanks.

This approach was adopted to provide some flexibility over the mode of operation of the plant

with a view to minimising operating costs - it would allow the primary settlement stage to operate

without addition of chemical flocculants if desired. with consequent higher strength effluent



Figure 2: Schematic Diagram of Proposed Wastewater Treatment
Plant
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passing forward to the biological stage; overall sludge yields requiring ultimate disposal off-site

would also be minimised. Provision for chemical flocculants at the primary stage was included

however since it was felt that their use could enable the required fmal effluent quality to be

achieved more con!\istently.

Step 20: Developing and Implementing an Action Plan: Reducing
Wastes and Increasing Production Efficiency

The consultants engaged to carry out the waste audit/waste reduction studies presented the

results of their findings to Company B's management. The data presented were used as a basis

for submitting a planning application to the local government office for approval to design and

instaJlthe proposed wastewater treatment plant.

During a subsequent meeting with the government concerning timing of the proposed deSIgn and

construction work. Company B was informed that the introduction of a charging system for

borehole abstraction was under consideration for possible implementation the follo ....ing year.

This development emphasised to the tannery management the importance of haying carried out

the waste audiuwaste reduction investigations and the need to be alive to further water-saVing

possibilities in the future.

The waste audiuwaste reduction investigations achieved the following objectives.

• A thorough appreciation of all the sources of waste at the tannery.

• Identification and quantification of the major sources of wastewater including waste sulphide

and chromium contributions.

• Evaluation of processing efficiencies from assembled information on unit operations. raw

materials, water usage, products and waste generation.

• Reduction of water usage and associated wastewater disposal problems.

• Identification of problem wastes (ie sulphide liquors) requiring special attention.

• Development of a waste management system which wouid comply with discharge regulations

and result in a much-improved local environment.
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CASE STUDY 3: PRINTED CIRCUIT BOARD MANUFACTURE

Company C manufactures double-sided and multi-lavercd circuit boards for the telecommunica

tions and computer markets. The manufacturing of printcd circuit boards invoJvc~ a complex

scries of phvsical and chemical processing stages and as a result the wastewaters which are

generated are complex. of variable composition and difficult to treat. To compound the treat

ment problems. many of the processing solutions contain proprietary chemicals whose composi

tion is not readily availablc.

The main pollutants in printed CIrcuit board manufacturing wasteWaters are heavy metals. par

ticularly copper. Company Cs wastewatcr frequently exceeded the local authority's standards for

discharges to the public sewerage system. Although the company had implemented some im

provemcnts to its wastcWater treatment system in recent Years. discharges in excess of the 5 mg.l

limit on copper continued to occur and the local authority eventually decided to take legal action.

In respon~e to these problems the company decided to conduct a Wa~te audit in ordcr to:

• bring to the attention of production per~onnel the importance of minimising wa~tage at source

with a view to improving overall production efficiency willie at the same time reducing both

raw material costs and waste treatment costs;

• identify the sources of contamination;

• develop a wastc rcduction strategy to minimise contaminants at source:

• develop a sound understanding of the wa~tewaterproblems to facilitate the design of a cost

effective Wastewater treatment system to comply with discharge standards.

The printed circuit board material is composed of a glass-fibre sheet with copper laminated on

both sides. The uncut boards are received from the suppliers in large sheets and pass through a

shearing stage to cut them to the desircd size. The boards are then drilled and pass through a

surface conditioning stage (deburring) before undergoing a series of treatments in the ~ensitising

area (electrole~s plating). This treatment essentially coats copper into the holes and prepare~ the

holes for electroplating.

The next stage involves the application of a photopolymer-resist material which masks off areas

which do not need to be electroplated. The printed circuit areas are subsequently developed (to

remove unexposed resist areas which arc to be plated) and pass through microetching, coppcr

electroplating, solder electroplating. resist stripping. copper etching and a number of other

selected fmishing treatments as spccified by the customer. The last stages of manufacture involve

final fabrication and electrical testing.

It can thus be ~een that the printed circuit board manufacturing plant is complex and a great

number of different process Wastes are generated. The following case study describes the ap

proach taken to overcome the long-standing wastc treatment problems encountered by the

company. The investigations were hased on the step-by-step approach described in this wastc

audit manual and the studies highlighted a number of areas where processing and treatment

efliciencies could be improved.
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PHASE1:PREASSESSMENT

Step 1: Audit Focus and Preparation

The waste audit programme was initiated by selecting an investigating team to carry out the

required work and compiling ali existing documentation and information relevent ro the project.

In view of the scale of the investigatory work required. the audit team included representatives

from each key manufacturing section. This not only increased employee awareness of and

support for the study programme but enabled a full understanding of the factory processes and

parlicular problem areas to be developed.

The audit team studied the practical aspects of initiating the required stucties. It was decided that

wastewater flow measurements and sampling could be readily conducted using internal resources

but that it would be necessary to engage a contract laboratory to carry out the numerous wastewa

ter analyses required.

Step 2: Usting Unit Operations

Due to the complex nature of the printed circuit board plant it was not considered appropriate to list

all the unit operations in fme detail. Instead.. following adetailed walk around the iacwry. the various

manufaauring stages were compiled in terms of processing areas. Furthermore. as copper was by far

the major contaminant of interest it was decided at this stage to conduct the waste audit with specific

reference to copper.

Figure 1 shows the general schematic process flow diagram which was constructed from the initial

plant investigations. The areas where waste copper was generated were found to be the:

• deburring operation (sensitising);

• sensitising line (electroless plating);

• electroplating line (copper electroplating. solder electroplating. moist strip and copper etch);

• oxide coating area (including oxide deburring, oxide coating. solder stripping and lacquer

finishing).

Step 3: Constructing Process Flow Diagrams

Once the main processing areas which generated waste copper had been identified the process flow

ctiagrams were constructed for each area This involved a more detailed study of each processing

area and the identification of process inputs and outputs. In adctilion to the four processing areas

mentioned, a process flow diagram of the existing wastewater treatment plant was also developed..

Figures 2·6 show the process flow diagrams for these main processing areas. It should be noted that

some diagrams are simplified for the purposes of the case study.
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Figure 4: Process Flow Diagram for 9000 Line (Cu Electroplating Sn/Pb
Electroplating, Resist Strip and Etching

5 - STAGE COPPER ELECTROPLATING

++~
.,,--=-.....::!:~~_ "roc:eu 0 1
Day CfmgtllJ Of 1m! I Dram

1 i 1.5 ! . I
2 \ ! 22S
31~.OI36ll1
• I ~.~ l~

~r Knife

BOARDS
(100kg)

••
CARTRIDGE

FILTERS

',617
, 18.9 ; 373

Copper Anodes

'OCftI

....-.--" Dnlln

Mains
Water

2 - STAGE Sn/Pb
ELECTROPLAT

ING

Process
Drain

3- STAGE
RINSE

ReSist
Make-up.

I 01

Mains Water

!
o. e,m II

I 3610'

02 2 ,2~ I
3120601
• : 22.0 I

'=1

MICRO
ETCH

- STAGE
RINSING

L __....Jr--. Process Drain

-
Persulphate
Etch Solutron

BOARDS----'..-

Mains
Water

Process
Drain

01

RINSE

•03

2 - STAGE
RESIST STRIP

Sulphuncl
Peroxide

EtCh Sol'n
Air I

Knife

3 - STAGE
RINSE

Mains
Water

-..
01 01 .,.rrocess

"'D-.-"'C"'"/m-"',::'II;~Q'"":I';/h":'l Drain ,---==-,;,.-;,........
i'l 01 Dav ,Clmgil) ;a/Vhf

1 2 i 2 ,'75201 '080
3 I 372 J't ' , 165201 ,oeo

I
.

• I 39.6 X..!l 1

• I 5 :

BOARDS

.. 03

BOARDS

DEVELOPER

KEY
: . Tatal CoODer Concentration
Q·F-"'a

DUMPS
0' . Dally to oroc..... s-w.r
D:2 . Mon"''Y to """""9 lank
OJ . OaJry 10 noldlng t&flk

0. . Chan9a hn... Cluenany

81
-It.'.I_ 1_ - -



~
o

.Q
C
CD...

-o...
o
)(

a:
CD
o
o
Cl)
~
::J

UJ

~!'!
::JUJ-, Cen ...
:rCl
Cl)01
::J ••
Q."
-4'"_. 0
::J 0
--(I)r-en
CD en
Cl)

Q.:!!
(/)0
::t~
-S'C

iii'
UJ...
Cl)

3

-i

~

~
o
~
".
:;;

ACID
CLEAN

NEW
STRIPPER

USED
STRIPPER

Sn/Pb
SffiPPED
BOARDS

OXIDE COATED
BOARDS TO
MULTILAYER
PROD'N

DIRINSE.-.

03 +_

RINSE

USED STRIPPER
RETURNED TO
SUPPLIER

+

OXIDE
TANK

(filtered
perlodl·
cally)

( ~Cj~.
LACQUERILACQUER 2J_~

0
•

DIP ~FINISHED 02

BOARDS

,. + +
02 02 02 I RINSE

r7I~l~l..iIIIIIf__ ,
OUMPS-----~ •
01 - Ellery 2 . 5 Weeks 10 Holding Tank 02
02 . Weekly to Process Dlaln
03- Weekly 10 Holding Tank

+
02

01 RINSE

01 RINSE

OXIDE COATING

RINSE

•

3%
H2 SO.

•
"'03

~TITj

10%

H2SO~

•
03

~}fle.:,~]
5 I~

•
~

J
Q!y~
5 1311

SODIUM
PER

SUlPHAT
ETCH

Peraulphate
Elch So!'n

g
I

•02

Mains Waler

,.
02

01 RINSE
(Air)

~.,.
01

~~

LACQUER FINISH

BOARDS
0522 kg

Per sulphate Etch So!'n

I
I

+
02

RINSE

5%

H2 SO.
(Air)

,.
03

RINSE
(Air)

,.
02

+

SOAP
CLEANER
(Alh"n.
OrganIc

Salta)

KEY
C - Tolal Copper Concenlration
Q- Rowral.

+02

SOAP
CLEAN

DE
BURRER

(Row Only ~lIe
Debu".r in Operation)

Mains Water

~

ADS

~
~•

BCWUi



-0.

o..,

1]

IU
:J..

~
IU
(I)..
CI

~..
CI..,
-4
a;
IU..
3
CI
:::J..

:n
lQ
c:...
CI
en

"tJ...o
o
~
(I)

:!!
o
~

o
Ai
lQ...
IU

3

_!!'.B"JSI
I~

12

"25

L~_

K.E

r
OPtn

ABISlJLPtiAIE
BOIlOttYOAIOE

•

I~lYMERI-u I o..~ r--- lY-;~t" ~~I.... ' 33 21800 2.1

SEDIMENTATION TANK
_:::... - 2 55 21528 U

-."" 3 2 3 25155 2 2

r+ (45m3)

I
- - - DlSCt'AffiE 4 4 I 20812 35

-T
TOSlWER __~__I_I__-.:...- 8_0_

00

L

U\ FLOG-
Oac__.,h

--~---,----- CULATION 99 A 1 SAND ...
~.r ~J~J 9J~1 TANK .-I

[l"y ~lmgill 9l'{hl ",gill -... FILTER ~

1 188 21800 --
I 38 21800 18

---
2 II 1 21528 -_.~

2 80 21528 11 /

3 12 , 18384
3 2 J 18J8.4 ;/() /

SPENTflE

/

4 141 ullll2
4 48 1411112 :H

/ BATCH .:5 :><1' CAUSTIC
, 14 ~ 7 SAND TREATMENT

,Ir
~ SODA 1N.... SJ' od9. -.. F1LT:Y ,... (1m3 )

-~ 9[1!!1J
PiT, f0~

1 .
2.0 . 1200 ....

I I ....-.-- SOOlU/.I ~

182

,_
RlNSEWATER FROMJI""" t ~ , & SOOIU~

U Je04 £l EC1R)tE S9 COF'PEfl
SAMPLING TREMIolEI

PlAllNQ

..... ........ TANK ~

- (Cu<5ppm71

~]
SLUDGE TANK

(2,3m3)
tFlllralll

_9~ 9Mi. PIT 1
153 1«00

,.
:31 15031

.... ~

, SlUDGE (

188 171!le RlNSEWATER FROI.AJI"""
AlUM FILTER· (To s.cuu

148 11011 All AS1EAS
.. --PLATE- loncH1lq

_l!_L ---
--PRESS- •••

COtICENrflA TEO SPENT V
_._~-._. ~

SOL 'N'S (Elch Sol'n'"
---_.._.. - ---

EI.drof... Cu. Add
P,.Dlp" • •• BATCH TREATMENT t

TANK (5.5m3 )

t
10
0;

SlJ
Flo

r~
i
2
)

4

-~-

fl'
, fly'

:) .

fS'
,) ,

i



PHASE 2: MATERIAL BALANCE: PROCESS INPUTS AND OUTPUTS

Due to the relative complexity of the printed circuit board plant the inputs and output informa

tion collected for the unit operations were recorded on the process flow diagrams based on Steps

4 - 10 of the waste audit manual. Any areas of inefficient operation and anv opportunities for

Waste reduction were also noted. These opportunities are discussed later in Steps 15 -18.

Step 4: Determining Inputs

Input information was obtained from measuring chemical additions and water use and recording

the area of copper circuit boards processed (etched);etching of the copper circuit boards involves

acid treatment for surface conditioning. or finishing. and represents a significant copper input. In

the case of the electroplating line the weight of copper anode used (the source of copper for

electroplating) was estimated from past data. The wastcwater treatment plant inputs were

determined by measuring the total wastewater flows and concentrations.

Copper input information for the five processing areas was then recorded on the process tlow

diagrams in Figures 2 - 6.

Due to the nature of the copper raw materials (coppcr sulphate solutions and copper lammated

boards) no handling losses were considered to occur prior to the processing operations.

Step 5: Recording Water Usage

The rinsewater flowrates were measured at the inlet to the rinse tanks by measuring the time to

fill a known volume container or by draining down the rinse tanks and measuring the time [0

refill. The company had recently installed flow restrictors on the rinsewater feed pipes. a good

water conservation measure, in order to limit the amount of water being used in the rinsing

operations. In general, the flowrates measured were in accordance with the ratings for the flow

restrictors.

The water usage data was also recorded on the process flow diagrams (Figures 3 - 6).

Step 6: Measuring Current Levels of Waste Reuse/Recycling

Copper-containing wastes were not generally reused at the plant. However, there was an on-line

crystalliser on the sulphuridperoxide etch stage of the electroplating line. The etch solution is

pumped from the etch tank through the heat exchanger and into the copper sulphate crystalliser

where the spent etch solution is cooled to 16°C. Copper sulphate crystals are precipitated and

then conveyed to storage tank..\, drained and subsequently sold to a local plating shop. The

recovered etch solution is returned to the etch feed tank. The quantity of etchant reused is

described as an input in Figure 4.
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Case Sluoy 3: Printed CirCUIt Boaro Manufacture

Step 7: Quantifying Process Outputs

The copper-related process outputs were identified and then quantified from copper plating

records and the measurement of waste masses. volumes and concentrations. Apart from the

quantity of copper plated on to the printed circuit boards. which was determined from production

information and plating thickness used, the process OUtput information was obtained from meas

urements taken in the plant.

Step 8: Accounting for Wastewater

AU the wastewater streams which were identified as containing copper (from Steps 1 and 7) were

investigated in a thoroughly planned and conceived sampling programme. The sampling was

performed over a production week in order to cover the full range of operating conditions and to

ensure representative data. Composite samples were taken for all running wastewater streams

whereas spot samples were obtained in the case of bath tanks and dumpings. Samples were also

taken of the outputs from the wastewater treatment plant. The samples were carefully labelled.

logged and sent out to an independent laboratory for copper and supporting analvses. Wastewa

ter flows and tank volumes were also recorded. The Wastewater information is described in

Figures 2 - 6.

In addition. a process flow diagram describing the layout of the process drains was constructed

(Figure 7). Dye tests were performed to determine the fate of the wastewater streams and the

layout and interconnections of the surface drains. These studies highlighted some unnecessary

and complex rinsewater piping arrangements which were subsequently modified by plant engi

neering staff.
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Case Study 3: Printed Circuit Board Manufacture

Figure 7: Layout of Process Drains
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Step 9: Accounting for Gaseous Emissions

The site investigations indicated evidence of a number of gaseous emissions. These were largely

associated with forced-ventilated fume hoods to remove air-borne particulates from grinding

operations and also acid and solvent fumes from subsequent process areas.

As wastewater issues were considered to be of priority concern for the current waste audit, it was

decided that gaseous emissions would be a subject for further study at a later date.
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Case Study 3: Pnnted Circuit Board Manufacture

Step 10: Accounting for Off-Site Wastes

The quantity of waste material stored on site and transported off-site for disposal was estimated

from in-plant investigations and study of company records. The registerable wastes disposed of

off-site included copper fines (270g/100m2 of board), cartridge fUters, and filter-press cake (1360

kg/week). The tin lead activator dump (0.7 m3/annum) was stored on-site as registerable liquid

waste.

Step 11: Assembling Input and Output Information for Unit Processes

The material balances were started by assembling the complete input and output data. convened

to standard units, on the process flow diagrams (Figures 2 - 6).

Step 12: Deriving a Preliminary Material Balance for Unit Processes

From the collated .information the preliminary balances were constructed for each processing

area.

oj Sensitising Debllrrer

The deburrer located in the sensitising area is operated in a recycle mode (see Figure 2).

Return Water is continuously filtered to remove copper fmes before being fed back to the

deburrer. Captured copper fmes are subsequently baclcwashed from the sand filter and

collected in the bag filter. Essentially the copper inputs are from the brushed boards and the

outputs are from the sand ftlter backwash bag filter and the cartridge filter. An accurate mass

balance could not be constructed from the available information as the thickness of copper

removed from the boards could not be determined precisely. However. the company did plan

to purchase a high-resolution microscope in the near future which would enable accurate

determination and control of copper thicknesses removed.

\
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Case Study 3: Printed Circuit Board Manufacture

b) Sensitising (Eleccroless Platin/:)

The preliminary material balance for the electroless plating line is shown below.

Copper Inputs (kglWeek)

Copper fines from deburrer
BoardS (mlcroetenl
Etch solution
Electroless plating solution

Total

Copper Outputs (kg/Week)

BoardS (plated)
Rinsewaters
Dumps
Microetch dump
8ectroless copper (storage)

Total

0.040
30.700

3.000
25.000

58.743

21.283
4867
0.261

29.000
4.400

60.811

c) Electroplating Line (Microplate 9000 line)

Copper Inputs (kg/week)

BoardS (mlcroetch)
Boards (SulphuriC/peroxide etch)
Copper.nodes
Return etch solution

Total

Copper CNtputs (kg/WMk)

Boards (plated)
Rinsew.ters
Dumps
To etch recover (18 IIminl including
217.000 kg crystallised copper)

Tota'

0.667
209.586
124.500
743.904

1078.657

100.078
1.474
0.523

948.240

1050.315
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Case Study 3: Printed CircUIt Board Manufacture

No make-up or dump of the sulphuric acid/peroxide etch tanks Was made during the study period

and as the crystalliser maintains a constant copper concentration in the etch tank these inputs and

outputs were not considered in the material balance srudyo

d) Oxide coating area

Copper Inputs (kg/weeki

Boards Ideburrrng)
Boards (mlcroetches 10Xl0-o inch)

Total

0.653
0.825

1.478

____________De_bu_mtf_O_0x_ide__Coa_7_g_and__La_cq_ue_r_Fi_,_n_ish__---------....;

•
Copper Outputs fkglweekj

Ainsewaters
Dumps (drain)
Dumps (hOlding tank)
Copper fines Ito drain)
Esllmated copper Increase In OXide
Microetch bath

Tolal

e) Wastewater treatment

0.195
0.003
0.311
0.632

0.347

1488

Copper Inputs (kg/week) I
Pit 1 Influent 12493
Pit 2 Influent 12.893
·Concentrated spent sclullon 1.095

Total 26.481

~

Wastewater Treatment System i,
I

~
Copper Outputs (kg/Weekl I
Sewer discharge 5.239
Filter-plate press sludge 21.242
(Estlmaled by difference)

Total 26.481

• No concentrated copper SOlutions treated In the stuoy perrOd

91
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Case Study 3: Printed Circuit Board Manufacture

The volume of the ftlter-plate press sludge was estimated by difference as the sludge was with

dra\llt1 from the clarifier on an irregular and infrequent basis.

In addition, a material balance was constructed from all the rillSewaters and daily dumps to the

process drains and the feed to the wastewater treatment system over days 1 - 4. (This mass

balance primarily represents the rinsewaters as most of the dumps are carried our on dav 5.)

Copper Inputs (kg)

Rinses

Sensitising
Alkaline cleaner nnse 0.014
Mlcroetell nnse 4404
Acid rinse 0.115
Electroless 0.259
Acid rinse 0.019

Electroplating Line
Mircoetell 0.191
Roor capture 0276
Electroplatmg 0.607
Etell nnse 0.600

OxideA~a

Deburrer 0.653
Etch 0.025

Dumps
Electroplating Line
Mircoeteh rinse 0.048
Electroplate nnse 0.235
Elell rinse 0.180

Total 8.346

+
Drains

+
Copper Outputs (kg)

Treatment plant influent (total) 9.192

Step 13: Evaluating the Material Balance

Each material balance drawn up showed a good agreement considering the complexity of the pnnted

circuit board manufacturing plant and the large number of waste copper sources. Approximately 91

percent of the copper loading into the treatment plant during production days 1 - 4 was accowned for

by the measured wastewater soura:s. The extra 9 percent was probably due to copper being wa-;hed

from contaminated floor areas and further minor sources of copper which were not included in the

survey (eg gold plating line).
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PHASE 3: SYNTHESIS

Step 14: Refining the Material Balance

The preliminary material balance work. while giving very satisfactorv results. had included a

number of assumptions and estimates (by difference) had to be made: this particularly applied to

the oxide-coating and wastewater treatment areas. A decision was therefore made to refine the

material balance backing up the estimates bv further monitoring and information gathering.

Step 15: Examining Obvious Waste Reduction Measures

From the information accumulated from the waste audit and observations which were made while

investigating the plant in detail a number of obvious waste reduction and efficiency improving

measures were identified. These again split into the four processing areas and the wasteWater

treatment plant.

a) Debu.rring operations (scnsitisi/lg area I

It was noted that the sand filter associated with deburring operations was backwashed with

return (dirty) water which would lead to entrainment of copper fines throughout the sand bed.

This could lead to fines being released into the filtered water. The deburred spray water had

a suspended solids concentration of 104 mgll. This high concentration probably accounted for

the fine powder layer which was observed on the printed circuit boards after the deburrer

drier. While this only represented a small input of copper into the sensitising line (0.04 kg;

week), it created a potential adverse effect on product quality control.

The waste copper fines which were collected on the backwash bag filter system (2.6 kg per

3 days production) are transported to a secure landfill site together with sludge cake from the

filter press. However, the fines are relatively pure copper and investigations confirmed them

to have a value of approximately USSO.9/kg corresponding to a small potential income of

USS275 per annum.

bJ TI,e sensitising line (electroless plating)

As discussed previously, the results of the wastewater characterisation showed that a very high

copper loading was from the microetch rinse (90 percent of the sensitising rinsewater copper

load). The sensitising line is a manually-operated plating line and it was observed that no drip

time was used after the microetch. A one minute drip time was thus introduced and a moni

toring programme initiated to record improved Waste loadings. It was subsequently concluded

that a static-rinse drag-out tank should be inslalled in lhe longer term to reduce further the

running rinsewater loading from this source.

c) Electroplating line

Il was nOled that the recirculation pumps on the copper electroplating line had leaking

mechanical seals leading to copper crystallisation on the pump shafts and surrounding floor

areas. This copper material was subsequently picked up by the developer rinse. which flowed

direclly onlo the floor. and discharged to lhe floor drain leading to Pit 12. The copper loading

from this source alone floor drain closed 10 the electroplate rinse was approximalely 70 g1d.

.... •••• __ .. _ .L. ~ ..-,



Case StuOY 3: PrmteO Corcurt 8oaro Manufacture

It was considered that although this pollution load passing to a drain was small. a satisfactory

maintenance programme to prevent aJl such leaks and installation of drip trays and general

deanliness in the copper electroplating areas could reduce this source of waste loading on the

treatment plant. Good housekeeping in aJl copper processing and handling areas could

prevent copper waste loading from other areas I eg copper etca and crystallisation ) from

reaching the drain system.

d) Oxide coaling area

The rinsewater from the deburrer in the oxide coating area was discharged directly to the

process drain. A bag filter was attached to the pipe at the outlet to the drain but during the

in-plam study the capturing device was inefficient leading to significant quantities of copper

fines beingTeieased to the drain system. Contact with acid Wastewaters would subsequently

dissolve the' fines in the process drains. LJsmg existing equipment stocks. a closed-loop

filtration sYStem similar to theone in the sensitising area was added as a relatively simple

control measure. eliminating this source of Waste copper.

e) ~;VasleWtlIer treatment system

A number of inefficient operatlons in the Wastewater treatment system were highlighted in the

waste audit. First. alum was added to the pH corrected (pH 8.5) wastewaterlIl Pit 1. Alum IS

an effective coagulant for colloidal material but is not necessary for metal hvdroxide precipita

tion and increases the volume of sludge produced.

Second. the existing sedimentation basin was of poor design. Inadequate sludge removal

capabilitv and floating sludge were creating effluent discharge problems.

Third. in an effort to overcome the periodic high levels of copper being discharged to the

public sewer. [WO sand filters were installed in parallel after the sedimentatlon tank. However.

from the results in Figure 6 it can be seen that the sand filters were not effective in removing

suspended solids or copper from the WasteWater.

Assuming a 50 percent reduction of copper loading from the sensitising microetch Tlnse

through improved rinsing, and eliminauon of the copper loading from the deburrers and

electroplating area floor drain. a 40 percent reduction in rinsewater loading to the wastewater

treatment piant couid be achieved.

Step 16: TaTgeting and Characterizing Problem Wastes

From Figure 6 it can be seen that the sand filter input concentrations of suspended solids and

copper are approximately equal to the output concentrations from the filter. Furthermore. the

copper discharged to the public sewer was primarily dissolved (75 - 95 percent of total copper

concentration) .and in excess of the sewer discharge limits on days 2 and 5. Previous experience

with the treatabiiity of the printed circuIt board Wastewaters had established that the electroiess

copper Wastewaters were particularly difficult to treat because of the presence of chelating agents



Case Stuay 3: P"nted Circuit Beara Manufacture

in the electroless copper plating solution. In addition. chelating agents were present in the resist

stripping solution. It was noted that when the treated resi.~t strip was dumped to Pit 2 on days 2

and 4. significantly higher copper concentrations were observed in the discharge to the public

sewer than on days 1 and 3. Day 5 (Friday) represents an atypical waste treatment day as weeklv

dumping of tanks in the sensilising and oxide areas occurs on this day.

The chelate containing copper wastewater and combinations of copper and chelate containing

Wastewaters were therefore considered to be 'problem wastes'.

Wastewater treatability tests using alum. sodium hydroxide. lime and a range of tlocculants were

conducted on samples from each individual pollutant source and on combined samples. The tests

indicated that most copper containing wastewaters could be treated very successfully by metal

hydroxide precipitation. However. the cheJating agents in the eJectroless rinse and reslSt strip

rinse affected copper hydroxide precipitation and should therefore be segregated and treated

separately.

As indicated in Table 1. the tests on the influent WasteWater treatment plant indicated that copper

cowd be reduced from relatively high concentrations co less than the 5 m~l standard usmg lime

and anionic polymer tlocculant. In general lime produced a more dense and seuleable precipi

tate than sodium hydroxide although it generated more sludge.
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Table 1: Treatability Tests using Lime and Anionic Polymer

Sample

5ensitising

Microetcn rinse

Electroless rinse

ElectroplatIng Line

Raw!Treated

Raw
Treated

Raw
Treated

iotal Copper In

Supernatant ,mgtl)

260.0
0.3

91
9.0

Microetcn f1nse

Copper electroplate rinse

Copper electroplale f1nse
ReSiSt Strip f1nse 150:50)

Electroplate floor crain

Sulpnuflc:perox,de etCh f1nse

Oxide Coating

Raw 22.0
Treateo 0.2

Raw 33.0
Treateo 0.2

Raw 19.0
Treated 20.0

Raw 440
Treateo 0.1

Raw 4D.0
Treated 0.1

Mlcroelcn rinse

Wastewater Treatment

Influent

"Hourly spot samples

Step 17: Segregation

Raw
Treateo

Raw
Treat&d

1500

11 74 13 73 8.4'
04 0.6 04 40 0.7

It was clear from the fmdings of the Waste audit investigations that waste segregation would form

a necessary part of any long-term waste reduction programme in order to develop a technicall~

satisfactory and cost-effective s~stem. This aspect will be described in Step 18 below.

Step 18: Developing Long-Term Waste Reduction Options

While the waste reduction alternatives described in Step 15 will reduce poJiutant loadings and

result in significant cost savings, an efficientJy designed and operated end-of-pipe treatment

1111118 18'-
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section describes the wastewater treatment and recovery system design which was developed from

the waste audit and treatability studies with the assistance of a consultant engineering company.

The major points for consideration in the system design were as follows.

• Segregation of all the chelate-containing wastewaters from the conventional metal hydroxide

precipitation system.

• Segregation and separate treatment/recovery of all the chelate-containing rinsewaters and

concentrated bath-dumps.

• Collection of all general bath dumps (non-chelate containing) in a holding tank for metering

back to the conventional treatment system at a controlled rate (to prevent surges in copper

loading).

• Upgrading of existing pH adjustment. polymer addition. clarification and sand filtration

systems for efficient metal hydroxide precipitation and subsequent discharge of high quality

effluenL

Information on the type of chelator or chelate concentration was not readily available from the

chemical suppliers.

The sources of chelate containing wastewaters were as follows:

Source

Mild Alkaline Cleaner Battl
Mild Alkaline Cleaner Rinse
Electroless Plating Battl
Eleetrol.ss Plating Bleed
Electroless Plating Rinse
Resist Strip Battl
ReSIst StrIp Rinse

Flowratll Olh'
or VOlume (Jitres)

400 litres
S1alilr.s
588litres
1011h
770 llh
920 litres
390 IIh

Copper ConcentratIon
(mgl1)

63.7
0.8 (max 1.7 mgll)
11000
11000
7.7 (max 10.3 mgl1)
Less ttlan 5.0

The proposed treatment system incorporates the following key elements.

• Collection of all non-compiexed rinsewaters in a common sump for pH adjustment with

caustic (or lime) to pH 9.0 - 9.5.

• Installation of a static-rinse tank after the electroless copper plating bath. The static-rinse

tank will collect most of the drag-out loading from the eleetroless plating bath and will

then be dumped daily for electrolytic recovery. The subsequent continuous-flow rinsewater

(chelate-containing). operated on a counter-current principle, will then be discharged

directly to the public sewer.

• Segregation, cartridge filtration and direct discharge of resist strip rinscwaters (chelate

containing) to the clarified water storage tank.

• Segregation and direct discharge of electroless plating running rinsewaters and cleaner

rinsewaters (chelate-containing) to the clarified water storage tank.
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• Segregation and coHection of resist strip and developer dumps (or bleed) in a separate

holding tank for pH adjustment and direct discharge.

• Segregation and collection of electro less copper (chelate-containing) bath dumps. control

led bleed and drag-out tank coments together with alkaline cleaner (chelate-containing)

and microetch (sensitising) bath dumps in a separate batch recirculation tank for electro

lytic copper recover. Possible alternatives involving sulphide precipitation or sodium

borohydride treatment were also considered but discounted on technical and cost grounds.

• Polishing of electrolytically treated solutions in a chelating ion exchange resin bed prior to

discharge to the clarified water storage tank.

• Segregation and coHection of general bath dumps (eg microetches, predips. acids. alkalis,

etc.) in a holding tank for subsequent metering into the pH adjustment sump.

• Modification of the existing sedimentation tank to incorporate a clarified water storage

tank and provision for capture of accidental spills and emergency waste storage.

• Provision of an inclined-plate clarifier following existing pH control and flocculation units with

sludge pumped to a sludge storage/thickening tank. Thickened sludge will then be periodi

cally pumped from the storage tank for dewatering in the filter-plate press. The reduced

volume of sludge cake will then be disposed of in a secure landfill site.

• Although it is considered that the effluent copper concentration from the proposed

treatment system willcomply with the existing discharge standard of 5 mg/1. it was recom

mended that the company's sand filters be upgraded and included in the treatment scheme

in anticipation of the proposed lowering of the standard to 2 mg/l of copper. In this case. the

clarified wastewater should be polished through a sand/anthracite dual-media bed to in

crease the solids loading capacity of the filters.

Step 19: Environmental and Economic Evaluation of Waste Reduction
Options

As Company C was facing legal action from the local authority with respect to violation of dis

charge standards. the return on investment was not of prime concern in this case study; of more

importance was the development of the most cost-effective reductiOn/waste treatment system

available. and a quality of final effluent for sewer discharge compatible with the local authority's

environmental pollution control requirements.

From Step 18 a number of waste treatment recovery alternatives were identified and a process

design subsequently derived on the basis of technical considerations. However, through the Waste

reduction opportunities described and the segregation and recovery of copper from the chelate

containing and microetch (sensitising) wastes it was estimated that a cost saving of US$22.ooo per

annum on sludge transportation and secure landfill disposal costs could be realised. In addition.

it was estimated that approximately US$3,500 per annum of copper could be recovered using the

electrolytic recovery unit.

The total instaHed cost of the proposed system including the major equipment items (inclined

plate clarifier, sludge storage/thickening tank. filter-plate press. electrolytic copper recovery unit.
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Ford Motor Company's Climate Control Division (CCO) recently completed a demonstration

project with the Quality Environmental Management (QEM) Subcommittee of the President's Com

mission on Environmental Quality (PCEQ). The project demonstrated how pollution prevention and

Total Quality Management (TOM) work together to reduce the environmental impact ot a process,

while at the same time providing a product that meets customers' needs. The pilot project under

taken by the CCO tested the replacement of Trichloroethylene (TCE) degreasers with aqueous

degreaser units.

The CC 0 uses degreasers to remove oils and other contamination from aluminum heat

exchangers found in radiators and heater cores. Heat exchangers are manufactured from stamped

aluminum. In the stamping and assembly processes, oils are used to get the desired shape and fit.

These processes deposit aluminum and dirt particles along with a surface oil residue. During

assembly, heat exchangers are brazed to form an aluminum film which joins the different compo

nents of the part. To be brazed propeny, the part must be as free of contamination as possible.

Therefore. some sort of degreasing operation is required to decontaminate the part. Previously,

TCE vapors were used to remove the oils and other contaminants from the part. FIgure 1 shows

TCE vapor degreasing units previously used by CCO.

This degreasing process had many inherent problems. To begin with, TCE is a hazardous

substance whose emissions are closely regulated. The TCE degreasers required close supervision
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Figure 1. TCE Vapor Degreaser Unit

from a team of skilled operators. Additionally, the escape of TCE vapors from a degreaser

almost always required a costly evaOJation of the production facility and could potentially

shut down operations for a number of hours. Finally, there were questions about TCE's

effectiveness in removing contamination from the suriace of the pans

AQUEOUS OEGREASING SELECTION PROCESS

The CCO Advanced Engineering (AE) StaN designs and tests new processes and

technologies that could improve existing operations, and it also develops manufactUring

techniques for new products. AE is guided by a steering committee of representatives

from its customer base, which includes CCO facilities wonctwide, prodUct engineering staN.

manufacturing engineering staff, and division management. The steering committee sets

the goals, priorities, and resource commitments for all AE Staff projects.

In early 1990 the AE Staff, along with the steering committee. realized that worker

health and safety could be improved by replacing TCE degreasers wrth a less hazardous

2
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process. Such a substitution could also reduce environmental costs. As Ford corporate 51aft

identified the sources of solvent releases in the U.S., the AE Staff realized that CCO's TCE

degreasers accounted for a substantial portion of the entire company's chlorinated solvent emis

sions.

Investigation of a new brazing technique contributed to the replacement of TCE degreasers.

In the new process, the surface of the heat exchangers degreased with TCE required additional

preparations. Despite this, the new technique was attractive because it offered CCO a better.

simpler braze compared to the current process, especially if an if'1l)l'Oved degreasing operation

could eliminate much of the additional preparations. Finally, CCO anticipated that a new degreasing

process would reduce production costs.

At the time of the initial decision to explore alternate degreasing techniques, the AE Staff

integrated quality techniques into their project evaluation process through a process evaluation flow

chart. They later realized they were also working on a pollution prevention project. aimed at lower

ing the toxicity of the degreasing process.

CCO's AE Staff committed an engineer to the project to decide which technology should be

tested as a potential replacement for the TCE degreasers. As a starting point. CCO's degreasing

operation was benchmarked against similar operations. Benchmarking researches techniques

currently used by other companies involved in similar operations and establishes a scale for com

paring and contrasting alternatives in order to identify areas of if'1l)rovement. One can thus com

pare one's own process to others as well as learn what other experimenters have determined to be

feasible processes. Benchmarking also offers the opportunity to avoid costly mistakes that others

may have already committed. As can often be the case, the technique was limited by the fact that

CCO competes for business against outside suppliers. As a result, it was often difficult to get

detailed information about how competitors were undertaking a particular operation.

Even so, benchmarking helped identify a number of technologies that merited further

investigation. For those technologies, prospective equipment and chemical suppliers were asked to

submit further information about their products. Bench testing of available chemicals was also

performed to ensure compatibility with the aluminum. Along with benchmarking, this initial testing

led the engineer and the steering committee to choose aqueous degreasing for pilot testing.

Once aqueous degreasing was selected, the engineer had to select what type of cleaning

process should be used. Three choices were available:

1. Immersion cleaning
2. Ultrasonic cleaning
3. High pressure spray cleaning

Immersion cleaning and ultrasonic cleaning were eliminated from the potential list because

they were either incompatible with the heat exchangers or they were not yet a reliable technology.

3
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High-pressure spray represented the best aqueous technology because most of its effectiveness

derives from mechanical rather than chemical action.

Because pilot testing requires a production setting, CCO selected its Sheldon Road plant in

Plymouth. Michigan to be the test site. This plant is within twenty miles of most of the company's

research and engineering resources. Plant personnel would be involved with the equipment at their

site, so they were asked to participate in the evaluation process. At this point, a Quality Action

Team (QAT) was formed to facilitate the flow of information between individuals working on the

project. including the Advanced Engineering Staff, the division representatives, the plant representa

tives. and the suppliers.

To ensure that the plant would not suffer financial detriment by hosting the pilot stUdy, funds

were allocated to cover any maintenance expenses and to pay the Sheldon Road employees to act

as loaders and unloaders on the test apparatus. Because plants are held financially accountable for

their operations. they are usually unwilling to take risks which may hurt profitabilrty. But when

division or corporate management is willing to bear the risk, company operations are more willing to

try something new. Corporate assumption of financial risk has been used throughout Ford as a

means to initiate a number of pollution prevention programs.

Alter selecting the high-pressure spray aqueous degreaser, a small-scale trial was con·

ducted at an equipment supplier's facility. This trial validated the compatibility of the technology and

also offered an opportunrty to test some of the available cleaners in a "production type" system.

AE then conducted its own trials using a bench scale washer to replicate the production

process. By setting up a bench-scale washer, CCO was able to avoid many of the expenses that

could arise if a mistake occurred during production. The first advantage to working in bench scale is

that the technology can be evaluated wrth a minimum investment. Should the technology prove

inadequate, it can be abandoned at this point without a major loss. The second advantage of using

bench-scale testing is that a wide variety of substances can be tested without incurring large costs,

especially from wasted samples. What often happens is that a drum of material is purchased and a

sample from it is tested. If the material is unsatisfactory, it must either be returned to the supplier (if

they will accept it) or property disposed, which is often rather expensive. But when bench-scale

testing is performed, a five gallon pail of the material will normally be sufficient, and such small a

quantities are often provided gratis by sales representatives. Testing then consumes all the material

or leaves such a small volume of unused product that proper disposal is not difficutt.

The aqueous degreasing program also requires a cleaner, so approximately a dozen

different chemicals were evaiuated for this purpose. The cleaners were divided into groups based

on their pH. The three groups were:

• Strong alkaline cleaners (pH> 13)
• Moderate/mild alkaline cleaners (7 < pH < 13)
• Acidic cleaners (pH < 7)
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Due to the incompatible, aggressive nature of the strong alkaline and acidic cleaners, both

groups were eliminated from future consideration. Of the moderate/mild alkaline candidates, testing

showed that the moderate alkaline cleaners provided the best part quality. The cleaners' pertor

mance was measured using five main parameters.

,. Oxide layerthickness - Anoxide layer inhibns the brazIng process; therefore cleaners which
promoted oxide growth were eliminated.

2. Residual carbon contamination - This offers a measure of the amount of oil removed from
the part. All cleaners tested exceeded the level of cleanliness that the vapor degreaser
provides.

3. Aluminum surtace attack - Etching rerroves a ponlOn of the aluminum c!aading, which can
adversely affect brazing: therefore this property was kept to a minirrum.

4. Suriace wetabiHty - Surface wetabilrty offers a measure of how well water-based brazing
materials will work. All attempts were made to maximize this parameter.

5. Oil rejection and treatability - All cleaners were evaluated to ensure that they tormec
unstable errulsions with the oil so that the oil could be recovered. AOOltionally, to make the
aqueous system as simple as pOSSible, the cleaners had to be dischargeaDle to the sewer
system without further treatment.

Atter these five properties were used to decrease the number of cleaners. low voiume

production trials were pertormed to rank the remaining cleaners. With the ranking established, large

volume trials were conducted until a suitable cleaner was found. These production trials demon

strated that the effectiveness of the cleaners is influenced by telTlJerature, concentration, and time

of contact.

Upon completion of the low-volume production trials, a pilot system was purchased. The

pilot process was a scaled-down version of the production system. The degreasing unit featured

three-stage processing, with individual stages for a pre-waSh, a detergent wash, and an overtlowing

rinse. The equipment included blowers to minimize drag-out and cross contamination between

stages. Attached to the prewash was an oil decant system capable of recovering more than 99% of

the free oil without the use of chemicals. Finally, the system contained a drying unit to remove all

moisture from the pan. The pilot unrt was capable of washing' 00 radiators per hour. a fraction ot

the production level. The unit was installed at Sheldon Road in January of 1992, two years after tt1e

start of the project. As testing progressed. evaluation of cleaners continued. Some of the cleaners

which performed well in small trials were unable to withstand production conditions and had to be

eliminated. Figure 2 is a schematic of the pilot system.

System characteristics of the pilot unit were monitored and recorded. These data were

used to determine operating costs, chemical usage. control requirements, waste treatment issues.

utility usage, and best operating practices. The data allowed AE to tell its facilrties what was in

volved with the new process and predict the costs of operating a production unit. These data also

confirmed that the basic goals of pollution prevention were achieved.
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Figure 2. Pilot Aqueous Degreaser System

The pilot testing, completed in July 1992, demonstrated the success of aqueous

degreasing. The aqueous system proved that it provided more cleaning at a lower cost than the

TCE vapor degreasing system. By changing the process, a hazardous substance was removed

from the plant, improving both health and safety as well as the plant's environmental impact. Plus. rt

was possible to recover the used oil for reclamation. Finally, the pilot work showed that aqueous

degreasing is an easily controlled process.

The equipment used in the pilot process was returned to the manufacturer for retrofitting

After this, the machine entered full production at CCD's Connersville, Indiana plant. Monitoring will

continue to provide long-term data on the process. Improvements will also be tested, including an

examination of ultrafiltration to enhance emulsified oil recovery and decrease cleaner usage.

The President's Commission on Environmental Quality

Ford Motor Company joined the President's Commission on Environmental Quality in 1991

and was active on the Quality Environmental Management (OEM) subcommittee. The subcommit

tee was charged with developing procedures that companies can use to implement OEM. In order

to carefully develop the procedures, twelve projects from eleven companies were solicited to act as

demonstration projects. The leaders of these projects were required to describe their quality

process and how they measured results. They were. also asked to identify barriers and incentives to
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OEM and pollution prevention. Ford selected the aqueous degreaser project when asked to provide

a demonstration project.

The PCEO had previously developed a theoretical flow chart outlining the procedures a

company should use to undertake pollution prevention projects. The PCEO flow chart, shown in

Figure 3, closely resembles a standard Total Quality Management (TOM) flow chart. Because Ford

had been using quality principles for a number of years, the process evaluation flow chart used by

CCO AE also closely resembled the PCEO flow chart.

Defer Mar~inal
Options

& Develop Process
Flow Diagrams

Criteria to ID
Streams

Economic
Evaluations

Form a QAT
Team

Do the Obvious

&
Empower Team

Members
&

Establish Common
GoallVision

&
Consider External

Members/Customers

Communicate
Perfonnance

Figure 3. PCEa Flow Chart

The PCEO demonstration project began in the middle of the aqueous degreaser pilot

project. Therefore much of the information gathered for the PCEO was generated under normal

conditions and not affected by the attention the PCEO brought to the proJect. Because the PCEO

project at Ford was guided by the Chairman and Chief Executive Officer, Harold Polling, and the
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Vice President for Environmental and Safety Engineering, Helen Petrauskas, resources that nor·

mally would not be available were dedicated to this project.

Forming cross-functional teams is the first step in any TQM endeavor. These teams are

referred to by the PCEQ as Quality Action Teams (QAn. A QAT is supposed to use all the knowl·

edge and resources available to team members. Ideally, this pooled insight helps the team avoid

many of the pitfalls that can occur in projects relying on a narrow range of expertise. QAT members

should include all stakeholders in a project. whether they are customers, engineers, product design·

ers, vendors. or others.

Advanced Engineering normally forms OATs with representatives from vendors, the plants,

the division, and other necessary resources such as the Research LabOratory. Due to the sensitive

and technical nature of process modifications, public representatives usually do not participate in the

decision-making process. But because of the anention brought to this project by the PCEO, com

munity members were invited to join the team. The State of Michigan Office of Waste Reduction

Services and the Southeastern Michigan Council of Governments both prOVided representatives.

The QAT was very pleased to have these representatives, who provided a community perspective

and valuable technical assistance. By viewing the community as a customer, Ford has shown there

is a great potential for mutual benefit in such projects.

The high-profile nature of this project undoubtedly energized the OAT. The enthusiasm of

Helen Petrauskas especially encouraged others, reinforcing the belief that a project has a greater

chance of success with the support of management. Experience seems to indicate that top man

agement support is also critical to the success of pollution prevention projects.

Utlimately, Ford's experience with the aqueous degreaser project was combined with the

eleven other projects to provide a blueprint for other companies to follow. One of the most important

findings IS that pollution prevention and TOM are complementary activities. A second finding is that

a financial incentive such as pollution credits would hasten the pace of pollution prevention projects

In January 1993, the PCEO issued a report, entitled Total Quality Management: A Frame·

work for Pollution Prevention. Using the experiences of Ford and the eleven other par1icipating

facilities, the report provides a guide lor companies interested in developing their own pollution

prevention programs using TOM. Included in AppendiX A of this report is the PCEQ Executive

Summary, which highlights the twelve projects and some of the key findings.

8
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• TOM and pollution prevention are cofllJlementary concepts
• Pollution prevention can be achieved without large capital investments
• There is no universal method to measure progress in pollution prevention
• Systematic and rigorous analyses are the basis for any pollution prevention project. but

flexibility is required in application
• Unders1anding the potential incentives and barriers to a pollution preventio n project can add

to the success of the project (PCEQ. pp. ix-x)
• "Management commitment is Ct'Ucial to the success of a OEM system" (PCEQ, p. , 6)

A successful pollution prevention program using TOM can achieve many b€nefits. The

following positive results were illustrated by the twelve PCEO projects:

• Potential cost savings
• Advances in technological innovation
• Increased public acceptance of the facility
• Improved relationships with regulators
• Increased recognition for individuals and teams
• Safer wor1<ing conditions

However, b€fore any pollution prevention project is undertaken. one should be awareot the

following barriers to using pollution prevention with TOM:

• Resources for any project are limited
• Many may prefer business as usual
• Management and employees may be unaware of the benefits of pollution prevention
• Accounting systems do not measure environmental costs or values, so the true gains of any

project may not be known
• Fear of compromising product quality or production efficiency
• Technological limitation (PCEQ. pp. 8-")

The PCEO project has identified a number of TQM tools and techniques that helped make

the twelve projects successful. These tools and techniques, rorrently used in most TOM programs.

include:

• Cause and Effect (or Fishbone) Diagrams
• Control Charts
• Histograms
• Pareto Charts
• Flow Charts

A complete description of the different tools and techniques as well as how to implement

each are included in AppendiX B.

9
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Discussion Questions

BUSINESS

• What costs should be attributed to an existing/proposed process and how should they be accounted

for?
Direct

• Environmental audits

• Chemical/raw material costs

• Operaung supplies

• Waste

- Utilities

• Labor

- Cleaning and maintenance

Indirect

• Uability

• Episodic events (i.e .• plant shutdowns)

• Health and safety

• Community image

• Changes in quality

• Changes in costs of processes dOwn the line

anributed to the process being evaluated

• At what point does a project which has many positive benefits but only marginal cost savings become
good for the bottom line?

• What value does increased quality have when it does not increase the value to the customer?

NATURAL RESOURCES POLICY/POLITICAL SCIENCE

• Why should companies undertake pollution prevention activities if they only yield marginal to negative
cost savings?

• What value does a cleaner environment have to a company?
• Who are the customers and stakeholders to a pollution prevention project?
• What can be done to encourage pollution prevention?
• Which is better: producing a few pounds of a hazardous waste or thousands of pounds of inert waste?

(e.g., a few pounds of TCE per part vs. many pounds of water per part?)

ENGINEERING

• How clean is clean in terms of part cleanliness?
• How should cost projections be made?
• How valid are the results from a pilot study?
• How would you make an aqueous washer a closed system?
• Who should be included on a cross-functional team?
• Whose job is pollution prevention? The environmental engineer's? The production engineer'S? Middle

management's?
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Ford Case Study Problem Set With Answers

,. How many parts can be processed in a yearwith the pilot unit if it averages 75 parts per hour? Assume production
50 weeks a year,S days a week and 24 hours a day.

parts X· '00
Z time period time pen

= 75 Darts x24 hours X 5 days X 50 weeks
hour day week year

.. 450,000 parts per year

Parts processed per year

Pilot Unit
2a. Calculate the total volume of water used by the pilot unit in one year. The tanks sizes are:

Pre-wash tank 650 gat.
Wash 500 gal.
Rinse 500 gal.

The tanks have to be drained and cleaned once a week. The rinse tank overllows at 7.5 gpm.. Assume no
evaporative loses.

Total Volume = Volume of tank fills + volume of overflow
=82.500 gal. + 2,700, 000 gal.
.. 2,782,500 gal.

Volume of tank fills = number of fills X Volume of tanks
year

= 50 times X (650 gal. + 500 gal. + 500 gal.)
year

= 82,500 gal.

Volume of overflow - overflow flow rate X time
= 7.5 gal. X 60 min X 24 hour X 5 days X 50 weeks

min hour day week
=2,700,000 gal.

2b. Using the resu~s from Ouestion " calculate the volume of water used per part cleaned and the cost for Cleaning
each part. Assume that the cost for water including sewage is $2.25 per 1,000 gallons.

volume of water
Volume of water,part) = number of pans

2782500 gal.
Z 450000 parts

6.18 gallons..
part

Total water costs - Total volume of water X Water rate
$2.25

.. 2,782.500 gal. X 7000 gal.

- $6260.63

Cost of water
part

.. VOlum;::: water X Water rate

• 6.18 gat. X $2.25
part 1000 gat.

$0.014
• pan

,, !,.....

.l.~ II. r ••• ...,.., . ..



Environmental Engineering
Case Study

Doc' 94·3

:= Concentration soap X Volume of wash tank

- 4% X 500 gal.
20 gal.

- fIIl/ng

3. A detergent from Clean Brite is used in the wash tank at a initial concentration of 4% by volume. The detergent
costs $20.00 per gallon. How much soap is required for each filling of the wash tank and at what cost? How
much soap will be used in a year and at what cost? What will be the cost for the soap per part?

Volume of soap
filling

Cost of soap
filling

Volume of soap
year

Cost of SOaD

year

Cost of SOaD

pan

Volume of SOaD X Cost of soap
.., filling gallon
_ 20 gal. X $20.00
- filling gallon

$400
.., filling

_ number of fillings X volume of SOaD

- year filling
_ "50 fillings X 20 gal.
- year. filling

1000 gal...,
year

_ Volume of SOaD X Cost of SOaD

- year gallon
= 1000 gal. X $20.00

year gallon
$20000

year

_ cost of SOaD .... number of parts
- year . year

_ $20000 year
- year X 450000 parts

$0.044
year

4. What is the annual cost for water and chemicals when using the Clean Brite system? What is the cost per pan?

Total cost
year

Total cost
part

total cost of water total cost of chemicals
+year year

$6260.63 $20000
+year year

$26260.63
year

cost of water cost of chemicals
= part + pa~

$0.014 $0.044
*' +--

part pan
$0.058
pan

_.-,rr IT. rn
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Volume of tank fills

5. Squeaky Cleaners has heard about your project and they believe that they have a better detergent. Their
detergent requires only four tank fills a year. The concentration of the detergent needs to be maintained at
2.00% by volume. Previous experience has shown that 250 parts can be washed with each gallon of this
cleaner. The cleaner costs $7.00 per gallon. Compare the costs for the Squeaky Cleaner in terms of water,
soap and total cost per part to the values calOJlated in Questions 3 and 4. Additionally, evaluate which cleaner
would fulfill the goals of pollution prevention in terms of minimizing the amount of materials.

number of fills X 1ft ks= vo ume 0 an
year

=4 times X (650 + 500 + 500 gal.)
year

=6600 gal.
year

Annual volume of overflow = flow rate of overflow X year
.7.5 oal. X 60 min X 24 hrs X 5 days X 50 weeks

mm tr· day week year
= 2700000 gal.

year

Total annual VOlume

Volume of water
part

• volume of lank fills + volume of overflow
= 6600 gal. + 2700000 gal.

year year
=2706600 gal.

year

= total volume X year
year part

= 2706600 gal. X year
year 450000 parts

6.01 gal.
parts

Total water costs
year

total volume of water X t t- wa erra e
year

= 2706600 gal. X $2.25
year 1000 gal.

$6089.85
year

Cost volume of water X t t
part - part wa er ra e

.. $6.01 X $2.25
part 1000 gal.

$0.014
.. pan

Volume of soap required for each initial charge 
=percent soap X lank volume
=2% X 500 gal.

• 10 gal.

13
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Volume of soap required for 4 innial charges z

= number of charges X volume of soap per charge
4 charges X 10 gal. 4D gar.

= year charge .. year

Doc II 94·3

Volume of soap to maintain 2% .. number of parts x9&.
year part
_ 450000 parts X gal.
- year 250 parts
.. 1800gal.

year

Total volume of soaD
year

Annual cost of soap

= Volume of soap for initial charges + Volume of

soap to maintain concentration
= 40 gal. + 1800 gal.

year year
1840 gal.

year

= Total volume of soaD X cost of soap
year gal..

= 1840 gal. XE:2Q
year gal.

_ $12800
- year

Cost of soaD
part

JI: annual cost of soap / annual part production

_$12800 X years
year 450000 parts

. $0.029
part

Total annual cost =Annual cost of water + Annual cost of soap
$6089.85 $12800

.. year + year
$18889.85

year

Cost per part .. total annual cost / annual part production
.. $18889.85 X year

year 450000 parts
_ $0.042
- part

The Squeaky Chemical system should be used because of Its lower cost and lower
requirements tor water and chemicals.

14 i tflo
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Total water costs
year

Production Unit
6. Congratulations! The pilot aqueous degreaserwas such a success that corporate management has approved

the purchase of a production unit. The unit will be capable of cleaning 2,100,000 parts per year. The tank
sizes are:

Pre-wash tank 1,400 gal.
Wash 1,250 gal.
Rinse 1,300 gal.

The tanks will be drained and cleaned four times a year. The rinse tank overflows at 7.5 gpm. The finance
department has asked you to estimate the volume of water and soap used per year. Additionally, they want
the cost of thewaler and soap peryearandthe total cost per year. Use the soap concentration of the Squeaky
Chemical system.

. number of fills
Annual volume of tank fJIIs= X volume of tanks

year

.. 4 times X (1400 + 1250 + 1300 gal.)
year

= 15800 gal.
year

Annual volume of overflow .. flow rate of overflow X year
=7.5 gal. X 60 min X 24 hrs X 5 days X 50 weeks

mrn fy day week year
27DOOOO gal.- year

Total annual volume of water - volume of tank fills + volume of overflow
=15800 gal. + 2700000 gal.

year year
=2715800 gal.

year

total volume of water X t t- wa erra e
year

=2715800 gal. X $2.25
year 1000 gal.

_ $6110.55
- year

Volume of soap required for each initial charge 
- percent soap X tank volume
'"' 2% X 1250 gal.
:= 25 gal.

Volume of soap required for 4 initial charges '"'
- number of charges X volume of soap per charge
_ 4 charges X 25 gal.

year charge
100 gal.

year
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Volume of soap to maintain 2% = number of parts X gartl.
year pa

_ 2100000 parts X oal.
- year 250 parts

8400 gat.
year

Doc # 94·3

Total volume of soaa
year

Annual cost Of soap

Total annual cost

• Volume of soap for initial charges + Volume of

soap to maintain concentration
100 gal. 8400 gal.

:= +
year year

85oogat.
year

=Total volume of SOaD X cost of soaa
year gal.

=8500 gal. X $7.00
year gal.

$59500
= year

=Annual cost of water + Annual cost of soap
$6110.55 $59500

+year year
$65610.55

year

7. Compare the unit production costs for the water, the soap, and the total with the values for the pilot unit using
Squeaky Chemical's soap. Comment on any trends.

PI! I II U . f $0.014o un nit cost a water:= part

Unit cost of soap := ~::

Total unit cost _ $O:~2

'6

..... - ..~



Environmental Engineering
Case Study

Product/on Unit

. cost of water .
Unit cost of water... / production rate

year
... $6110.55 X year

year 2100000 parts
_ $0.003
- part

Unit cost of soap ... cost of SOaD / production rate
year

'" $59500 X year
year 2100000 pans

_ $0.028
- part

Doc' 94·3

Total unit cost.

SO.031
= pan

total cost .
= / productIOn rate

year
'" $65610.55 X year

year 2100000 parts

AI/thesecosts decrease because the Initialcharges ofchemicals are spreadovermore processed
parts.
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8. The toxicology department uses an analytical system called the toxicology index to rate the toxicity of chemicals
in the environment. The system involves multiplying the total quantity of a substance used in the process by
a weighting factor for that particular substance. Compare the toxicology index of the aqueous production

. process with a TCE unit of the same capacity. What does the toxicology index indicate about pollution
prevention?

The density of water is 8.3 Ibs. per gallon and of the soap is 8.0 Ibs. per gallon. The TCE production unit uses 1.8
X 106 Ibs. of TCE annually. The toxicology nurroers are:

Substance Weighting factor (lbs:1)
TCE 16
water 1
soap 1.2

Note: The weighting factors were developed onlyforthis problem set. In consu~ing practice, toxicity evaluations
are considerably more complicated.

TCE Unit

Aqueous Unit

= Tox Number X Wt. of TCE
= 16 Ibs. -1 X 1.8 X 10 6 Ibs.

=2.88 X 107

= Tox Number of Water X Wt of Water
+ Tox Number of Soap X Wt of Soap
= 1 Ibs. -1 X 2715800 gal X 8.31b

l
s. + 1.2Ibs. -1 X 8500 gal X 8 Ib,S.

gao 9a.
& 2.26 X 107

Percent Difference = --.;.T..;;.C.;;;E~U:;.;n~i;.-t_
aqueous unit

=288K10 7

2.05X 107

= 127%

One can see that even though the aqueous process produces more waste, the difference In
toxicity more than compensates. Therefore, It Is possible to make a process Change WhiCh both
results In cost savings and reduces envlronmentsllmpacts.

18
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INTRODUCTION

Natlona' Pollution Prhentlon c.nter
for Higher Education
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Hazardous Waste Minimization
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Endicott. New York Facility

L. Richard Oliker, School of Management.
Syracuse University

Donald Powell. IBM Endicott

Jack Lubert. IBM Endicott

Dennis Whittaker. IBM Endicott

International Business Machines Corporation (IBM) was given its initial impetus by Thomas

J. Watson, Sr. in Endicott. New Yort<. In 1915. as the new president of the Computing-Tabulating

Recording C0rTlJany, his concepts for business success mart<ed the beginning of the firm's growth.

He changed the corTlJany's name to IBM in 1924, as a reflection of the growth achieved up to that

time.

IBM's growth was sustained and continuous from that period on. The excellence of its

accounting machines was responsible for its success up to the stan of Wond War II, whic:t1 brought

about a product change from business machines to ordnance. In 1946. IBM helped to initiate the

age of electronics through the introduction of its first commercial electronic computer. Today, the

company is primarily a manufacturer and mart<eter of a full range of computing information equip

ment and software, with sales revenues in 1991 of approximately $65 billion.

IBM is now aggressively wooong towartl improving both its competitiveness and efficiency.

Wort< force reductions have been accelerated to reduce operating expenses. The general product

line has been strengthened. and a series of strategic alliances have been announced with firms

NallOlllll PolIUlon P,....n_ center. Unn,etSlry of "'c:,,"oan
Dana 8ldo. 430 E. Unr".,.lly, AM Anlor......., Oi-," 5
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such as Apple Co rl1XJting, Motorola, Siemens, etc. In addition, IBM continues to build upon its

position as an industry leader in the areas of research, development, and engineering.

These changes were made in recognition of the fact that the information technology industry

is currently undergoing a fundamental transition. This transition is Mcharacterized by rapid techno

logical advances, shorter product life cycles, growth of sottware and services, and increasing

competition. As a result, IBM will change from a single, vertically integrated, very complex worid

wide enterprise to one of increasingly autonomous businesses. Each business, empowered with

varying degrees of independence, will be focused and responsible to its markets." (IBM 1991

Annual Report,p.35)

THE REGULATORY ENVIRONMENT

The Pollution Prevention Act 01 1990 establishes pollution prevention as a national objec

tive. The Act notes that:

There are significant opportunities for industry to reduce or prevent pollution at
the source through cost-effective changes in production, operation, and raw
materials use. The opportunities for source reduction are often not realized
because existing regulations, and the industrial resources they require for
compliance, foCtls upon treatment and disposal, rather than source reduction....
Source reduction is fundamentally difterent and more desirable than waste
management and pollution control.

Manufacturing firms are impacted by the above Act as well as other federal environmental

laws, such as the Resource Conservation and Recovery Act, ToxiC Substances Control Act, the

Clean Air Act, and the Clean Water Act.

Because of increasing demands by this corll'lex regulatory system, which includes state

and local laws as well, the cost to U.S. industry is escalating rapidly. The projected annual cost of

compliance with hazardous waste controls alone is expected to exceed $12 billion by the end of this

decade. This will be double the amount spent for such compliance in 1991. Cleaning up hazardous

waste sites will add another $8 billion annually by 1999; with an added $5 billion needed to clean up

leaking underground chemicaVpetroleum storage sites.

Expanded coverage of existing laws on National Ambient Air Quality Standards and toxiC air

emissions will likely hasten the renovation of some manufacturing facilities. However, many older

plants are likely to close, as their revenue production potential falls below the cost of clean-up.

2



Environmental EngIneering case Study Problem Set

1. How many parts can be processed in a year with the pilot unit if it averages 75 parts per hour? Assume
production 50 weeks a year,S days a week and 24 hours a day.

Pilot Unit
2a. Calculate the total volume of water used by the pilot unit in one year. The tanks sizes are:

Pre-wash tank 650 gal.
Wash sao gal.
Rinse sao gal.

The tanks have to be drained and cleaned once a week. The rinse tank overflows at 7.5 gpm. Assume
no evaporative loses.

2b. Using the results from Question 1, calculate the volume of water used per part cleaned and the cost lor.
cleaning each part. Assume that the cost for water including sewage is $2.25 per 1,000 gallons.

3. A detergent from Clean Brite is used in the wash tank at a initial concentration of 4% by volume. The
detergent costs $20.00 per gallon. How much soap is required for each filling of the wash tank and at
what cost? How much soap will be used in a year and at what cost? What will be the cost for the soap
per part?

4. What is the annual cost for water and chemicals when using the Clean Brite system? What is the cost
per part?

5. Squeaky Cleaners has heard about your project and they believe that they have a bener detergent.
Their detergent requires only four tank fills a year. The concentration of Ihe detergent needs to be
maintained at 2.00% by volume. Previous experience has shown thaI 250 parts can be washed with
each gallon of this cleaner. The cleaner costs $7.00 per gallon. Compare the costs for the Squeaky
Cleaner in terms of water, soap and total cost per part to the values calculated in Questions 3 and 4.
Additionally, evaluate which cleaner would fulfill the goals of pollution prevention in terms of minimizing
Ihe amount of materials.

Production UnIt
6. Congratulations! The pilot aqueous degreaser was such a success that corporate management has

approved the purchase of a production unit. The unit will be capable of cleaning 2,100,000 parts per
year. The tank sizes are:

Pre-wash tank 1,400 gal.
Wash 1,250 gal.
Rinse 1,300 gal.

The tanks will be drained and cleaned four times a year. The rinse tank overflows at 7.5 gpm. The
finance department has asked you to estimate the volume of water and soap used per year. Addition·
ally, they want the cost of the water and soap per year and the total cost per year. Use the soap
concentration of the Squeaky Chemical system.

7. Compare the unit production costs for the water, the soap, and the tolal with the values for the pilot unrt
using Squeaky Chemical's soap. Comment on any trends.

1
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8. The toxicology department uses an analytical system called the toxicology index to rate the toxicity of
chemicals in the environment. The system involves muniplying the total quantity of a substance used in
the process by a weighting factor for that particular substance. Compare the toxicology index of the
aqueous production process with a TCE unit of the same capacity. What does the toxicology index
indicate about pollution prevention?

The density of water is 8.3 Ibs. per gallon and the soap is 8.0 Ibs. per gallon. The TCE production unit uses
1.8 X 1061bs. of TCE annually. The toxicology numbers are:

Substance
TeE
water
soap

WeIghting factor (lbs:1)
16
1
1.2

Note: The weighting factors were developed only for this problem set. In consulting practice, toxicity
evaluations are considerably more complicated.

2
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In this case. the specific Environmental Protection Agency Regulation for Solid Waste. 40

CFR 258. "Criteria for Municipal Solid Waste Landfills" applied and could not be met. given the

amount of chromium contained in the waste sludge produced by the problem manufacturing process

(to be described in detail in the next section of this case). A more definitive and limiting part of the

regulations is 40 CFR 261, "Regulation for Identifying Hazardous Wastes." Again. the waste sludge

failed to pass the test because of excessive chromium leaching potential.

The effective managerial approach for the future to all of this new legislation calls for a new

approach. Manufacturers can no longer wait to see what new regulatory requirements will demand.

In order to survive in the changing e':!vironmental dynamic of the rest of this decade, they will have

to become much more proactive. This new strategy will call for an alliance between manufacturers.

regulators. and environmentalists. As is the lesson provided in this case. other firms will have to

leam that waste minimization can be environmentally as well as competitively sound.

PROBLEM IDENTIFICATlON

In the evolution of this case and as a maner of stated corporate policy, IBM is tully commit

ted to the minimization of the environmental irT1Jact from all of its various manufacturing operations.

Hazardous waste reduction programs are in place throughout the firm to:

1. Effect waste reduction at the source.

2. Encourage recycling.

3. Develop and irT"4>lement waste treatment technologies.

18M's Endicott. New York facility has expanded its operations to include science centers.

research laboratories. product development activities, and manufactUring. It currently employs

approximately 8.500 people and its primary mission is to:

1. Develop and manufacture technology packaging.

2. Develop systems software.

3. Manufacture bank systems.

3
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Composed of five million square feet of floor space, Endicon is one of IBM's largest plant

lab sites. Its product line consists of a variety of computer processors, banking systems, circuit

packaging, and printers. It is this laner product series which serves as the focus of the case. More

specifically. a component part-printbands-of most of the impact printers manufactured at this

location.

Impact printers have over two hundred CCHTl'Onent parts. Printbands are stainless steel belts

which are used in most such printers. Panels of raw stainless steel, measunng one foot by five feet

by 112 the thickness of a dime, from which ten printbands can be produced, are used in the basic

manufacturing process described below. The resultant printbands are approximately 3/4 of an inch

wide with raised characters for printing. The character sets on the bands are subject to change,

based upon specific customer requirements.

The manufacturing process used to produce printbands at the Endicott facility involves a

photolithographic process in which the stainless steel panels are chemically machined using a

strong ferric chloride etching solution containing hydrochloric acid. The waste material which results

from this chemical reaction is a solution corrposed primarily of ferrous chloride.

The chemical process which takes place involves' an oxidatiorvreduction reaction in which

the iron (Fe o
)) ions are reduced, while iron (Fe) is oxidized. The net product of this reaction is the

formation of, or dissolution of iron in the solution in the form of iron ions in the +2 oxidation state,

called ferrous ions (Feo2 ). This reaction may be chemically represented as:

o
Fe

Stainless
Steel

+
+3

2 Fe CI3

Etchant

=
+2

3 Fe CI2

Dissolved Steel
Spent Etchant

Typically, approximately :;0,000 printbands are manufactured annually through this process

at the Endicon plant. In 1986, this chemical process consumed 158,300 gallons of ferric chloride

etching agent, and generated. 1.890 tons of hazardous waste sludge, along with 34,200 gallons of

concentrated waste etchant which was trucked off site for treatment prior to its disposal in a landfill.

For each printband panel, up to that period. 1.48 pounds of material had to be etched away

from the surface to form the final product. This waste material included 1.24 pounds of iron..2
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pounds of chromium, and .04 pounds of molybdenum. On the average, 32 gallons of the feme

chloride solution were required for the etching of one print band panel. This solution weighed 400.5

pounds, including 60.3 pounds of iron.

The manufacturing process was a batch operation. Etching machines were tilled with fresh

etchant solution once a shift. The etchant was heated to 130 degrees F, 15 pints of hydrochloric

acid was added, and the etchant was balanced by the addition of water. The operator started the

printband panels through the machine and, because the etching solution was new. the Oath's

oxidation-reduction potential (ORP) was high. Thus, the etch rate was swift for the first group of

panels to be etched.

As additional panels entered the solution. the bath lost some of its etching power as the

chemical reaction took place. The operator had to keep adjusting the conveyor speed to corrpen

sate for this decrease in etching power. After 12 to 14 panels had been etched, the conveyor speed

would have dropped to less than haft of the onginal staning speed. Thus, the efficiency of the

process was dependent, in large pan, on the skill of the operator to make a high quality product in

an environment of constantly changing etchingparameters.

At the end of each of the three daily won< shifts, the etching solution bath was dUJ'r4jed, the

solution·spray nozzle~ were removed, the etched machine sump was cleaned, clean nozzles were

installed, fresh etchant added, and the bath heated up for the next shift. This set-up operation

required about two ti>urs per shift to coJ'r4jiete, making it a fairly expensive operation in terms of

both downtime and labor.

The spent etching solution. plus the waste flow from the panel rinsing operations. was

dumped into the site waste collection system for treatment. This waste was pUJ'r4jed to the facility's

waste treatment plant where the soluble iron ions were converted to a precipitate by combination

with hydroxide ions. the usual practice used in treating heavy metal wastes. This treatment resulted

in clean water, which could be safely discharged, and a sludge which was hauled away from the

plant in large containers by a vendor and disposed in a landfill at some considerable expense. At

that time. the plant shipped its waste to a specific location in Quebec, where it was formulated into a

non·leachable, stabilized matrix prior to burial.

The waste etch solution contained a large quantity of hydrochloric add, which made its

extremely corrosive. This acid was neutralized via the addition of a hydrated lime slurry solution. All

5
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(99.9%) of the metals end up in the precipitate. As noted, the chemical co~sition of the sludge is

ferrous chloride. "also includes a residual of the chromium deposits contained in the stainless

steel, which was etched away in the chemical reaction. This metal is the component which classi

fied the sludge as "hazardous" and added to its disposal cost.

During the second quarter of 1986, the production of 80 printband panels per day created

excessive demands on the waste treatment plant equipment. The sludge processing equipment

simply could not keep up with the waste etchant output. As an expedient anemative, the etchant

which could not be processed on site was hauled in tank trucks to outside vendors for treatment.

About ten large tank trucks of such matenal were removed from the plant that year-again, at

considerable expense.

Environmental engineers at the Endicott plant were aware at the time that ferne chloride

solutions had a market that was readily available. At many sewage treatment plants in the regIOn,

such a solution is injected into the treatment process as an aid to accelerate flocculation. They

·pursued this anemative option as an attractive means of disposal. Umortunately, the chromium

content of the solution caused it to be unacceptable for any alternative use application.

As noted, the above manufaeturingltreatmentJdisposal process was utilized in , 986 and for

at least 15 prior years. Demand projections for printbands from 1986 to 1991 showed a sharp

increase. Such an increase would normally require either:

,. Additional slUdge handling equipment to be installed at the plant's waste treatment

site; or

2. An increase in off-site waste treatmenUdisposal dependency. (1991 printband

production plan volumes would necessitate a 300% increase.)

In late 1986, this complex problem situation was brought to a head. A chemical outage

occurred on the ferric chloride supply system which resulted in a printband production shut-down for

several days. This shut-downoccurred at a time when some critical printband orders were being

processed. This shortage served to heighten management's sensitivity to the chemical supplyl

waste generation problem associated with this manufacturing process.

Management's response to the above crrtical situation was to immediately app:>int a task

6
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1. Ensure adequate virgin ferric chloride storage capacity to prevent manufacturing

interruptions.

2. Increase the conservation practices of ferric chloride in the manufacturing cycle.

3. Enlist engineering groups throughout the company to invent a process to regener

ate the ferric chlonde solution used to manufaClure printbands (in line wrth Ihe

basic IBM site stralegy of waste minimization).

STRATEGIC ALTERNATIVES

Since the volume of ferric chloride etchant was so great. and Ihe waste formed in the

printband manufacturing process was so voluminous. the incentive to investigate the vanous meth

ods of eHeeting ferric chloride elchant regeneration was considered to be not only justrtiable. oot

imperative.

All chemical reactions are reversible. However, the ease and cost of reversibility varies

widely, depending upon the chemicals involved. In the case of the ferric chlorkJe etChing solution, it

was recognized that various methods existed which could be utilized to reverse the chemical

process and reform the iron (Fe"") ions from the spent etchant. However, it was also c1earty under·

stood Ihat regeneration of the elchant was the only altemative which could result in a Significant

reduction in the volumes of etchant used in the manufacturing process and the waste created by

that same process.

Inherent in all of the regeneration processes examined up to that time was the use of

extremely reactive. hazardous. and toxic chemicals, or electrical energies which were extremely

high. Chemicals such as chlorine gas, hydrogen peroxide. sodium chlorate, and other strong oxi

dants were otten employed. Although eHeetive in regenerating ferric chloride etchant, personnel

safety would almost certainly be at risk when chemicals of this nature were employed.

Rather than place its employees in a hazardous manufaCluring environment whim em

ployed such strong chemicals (specifically, the three cited in the above paragraph). IBM scientists

and engineers decided to investigate three strategic, problem-solving alternatives:

7
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1. Creation of an electrochemical process of regeneration via as yet undeveloped

equipment.

2. The injection of ozone gas into the ferric chloride solution during the manufactur

ing process.

3. The use of air oxidation as the regeneration agent.

A. The Electrochemical Option

This option was initiated at the behest of the Environmental Engineering Department at the

IBM Endicott plant. The management of Printband Manufacturing was provided an in-depth briefing

of the significant impact of their etching process on the site's waste treatment systems. In order to·

ShOw good faith in addressing this concem, Printband Manufacturing management sponsored and

funded the electrolytic process as part of the Endicott Technical Development (ETD) organization's

annual budget for development projects.

A high-ranking member of the ETD organization had poor experience with an electrolytic

process, and he assigned the investigation of this option to an employee with whom he shared the

responsibility for its development. An aggressive approach was taken, which projected enormous

waste volume reductions. Progress was presented in highly technical terms at monthly develop

ment status meetings.

In presenting the results of this option, many negative references were made to the Ozone

option--which was not being developed at the Endicott plant and, as a result. not represented at

these meetings. When rebuttals of arguments against the Ozone option were presented. Endicott

ETD management countered that the sort of co~tition presented by this (the Ozone) option was

not beneficial to the Electrolytic option and should not be pursued. Consequently, only viable test

results were reported at these meetings, with development project assessors being led to believe

that every test was successful.

B. The Ozone Gas Option

Like the Electrolytic Option, the Ozone approaCh to agent regeneration was sponsored by

Printband Manufacturing management. It was initiated via a paper presented at an IBM technology

based meeting, authored by a development chemist at the East Fishkill. New Yorl<. plant. His

8
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etchant regeneration system was in the process 01 being implemented at that location atter months

of testing and approvals. Uke the Endicott plant, the Fishkill process involved a ferric etchant.

Printband Manulacturing management only became aware of the proposed Ozone regen

eration system afterthey had already authorized the Endicott Technology Development organization

10 investigate the Electrolytic option. ETD had already been provided the lunding for its activities

and no lunds were available to support the Ozone option development efforts without a considerable

loss 01 "face:

The Ozone option development team at the East Fishkill location wanted very badly to sell

its system elsewhere, and so had agreed to do the development testing at no cost to Printband

Manufacturing management. Some minimally valued equipment was made available 10 Ihe Ozone

process developers and it was refurtlished lor use at that location.

Imrequent trips were made to visit Ihe Ozone project by Printband Manufactunng engineer

ing personnel for feasibility and review purposes. Two or three d€velopment status memorandums

were weekly transmitted to the Endicott facility. All lesting and results continued to be favorable. No

unsuccessful test results, of which there were a number, were ever reported directly to Endicott, nor

was the development chemist free to travel 10 that location to directly report progress and status.

C. The Air OxIdation Option

Early in 1987, two Printband Manufacturing engineers and an Environmental Engineering

acquaintance began work at the Endicott facility on an idea being used in the copper etching pro

cess areas in the plant. They investigated the injection of compressed air into the piping loop

through which the etchant was circulated during etching. This method worked with some degree of

success with cupric chloride etch systems, but chemical thermodynamics did not appear to favor a

similar promise for ferric chloride.

Elchant conservation practices were immediately implemented to:

1. Monitor the etchant bath thru-put to better define bath lile and ensure COmplete

bath exhaustion prior to dumping to the treatment/disposal process.

2. Modify a preliminary step in printband manu1aeturing called "flash etch' to de

crease ferric chloride consumption.

9
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However. with a minimal investment of both time and capital. the engineers were authorized

by Printband Manufacturing management to set up a pilot test system using compressed air on one

of three terric chloride etchers in the manufacturing area. The net result of the preliminary tests for

this simple $12,000 system was a repeatable 17% decrease in the volume of the etchant required in

the etch process. Most of the components of this air oxidation system were either used. donated

from inactive systems. or fabricated on site to expedite installation.

These six month test results and the consequent savings were significant enough to warrant

implementation of similar systems on two new etchers being installed at that time (at a total cost for

all etchers of less than $50,000). This investment was readily recouped through chemical and

waste volume reductions. The return was over 130%, and the payback period was achieved in

atx:>ut nme months. As a result. no further ott-site treatment of the ferric chloride waste would be

necessary.

Additionally. planned follow-up testing. employing oxygen enriched air and pure oxygen.

was conducted in 1988. The net result of the oxygen testing was a system which would regenerate

etchant at a rate which matched nonnaJ production requirements. Etchant regeneration could now

be carried out in a working etcher at such a rate that no fresh etchant was required to maintain the

etch rate. The printband panel conveyor could be set at a standard speed, thus reducing operator

time and expense. and simplifying the etching process.

These tests came at a very critical moment. An equipment problem on the bulk ferric

chloride system made it impossible to pump virgin etchant from either of the two 5,000 gallon bulk

supply tanks to the etchers. This would have shut down production for several days had it not been

for the (then) pilot oxygen regeneration system in place. Manufacturing continued on an uninter

rupted basis during the period when this pU1fl)ing failure was being corrected.

These test results were presented to management and capital funds were made available

to enhance and upgrade the initial air-<lxidizing systems to the more effective oxygen systems.

Oxygen generators were installed and the regeneration of ferric chloride etchant was fully opera

tional in OCtober of 1989. three· months ahead of schedule. Further testing was being conducted on

this process at the very same time that the Ozone and Electrolytic options were still being devel

oped. Additionally. a patent application was filed and remains active today.

No toxic or hazardous chemicals were e1fl)loyed. no exotic, sophisticated equipment

10 ... ,-
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requiring a trained staff of maintenance personnel was necessary, and operational costs were

minimal.

ALTERNATIVE TECHNOLOGY COMPARISON

Technology

Electrolytic

Oxygen

Pros

Fast reaction
Complete regeneration
Developed at IBM
Being pilot tested
Reaction by-product is water
Process in multiple use

applications

Proven feasibility in labs
Complete regeneration
Developed at IBM

Proven feasibility
Developed at IBM
Filtration not required
Minimal labor involved
Low operating costs
Easy installation
Actual cost-$150.000

COns

Highly reactive
Toxic as by-product
Filtration may be required
Cost estimate set at $650,000

No full·scale operating system
Labor intensive
High eJec1rical cost and usage
High voltage hazard
Cost estimated at $650.000 (PluS)

Slow reaction
No successful operations·
Potential tor tull regeneration not known·
IBM would be 1irst application

·Situation at the initiation of the testing of this option.

THE DECISION PROCESS

The Oxygen Option was ultimately approved on economic grounds. Since it was not devel

oped by the Endicott Technical Development organization, some of the ties to that unit were severed

as a result ot this decision.

The "Winning" system was easily implemented by making simple hookups to replace plant

compressed air with oxygen generators. While some bugs had yet to be fully worked out of the

system, Printband Manufacturing management was satisfied with its overall effectiveness. The

approval for purchase. installation and testing 01 the full system was not shared with the Ozone and

the Electrolytic development teams at the time the "go-ahead" decision was made-<>n the grounds

that the "POlitics" were not right.
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The air oxidation option was a unique method of ferric chloride regeneration. developed and

implemented utilizing a simple combination of readily available hardware and a non-toxic gas

(Oxygen). The final return on investment (ROI) was over 185%. with a four month payback period.

The entire system was actually paid for in the savings associated with virgin chemical and waste

costs experienced during the engineering pilot testing periods for this project. Because of the

reduced virgin ferric chloride demand. the additional bulk holding capacity was never required.

Additionally, this system is now being installed to replace regeneration methods on other etch

systems at the Endicott plant.

This new regeneration system requires minimal maimenance and repair activity. as well as

very infrequent operator attention. The cost savings and environmental benefits, in terms of reduced

volumes of solid. hazardous waste for landfilling, continue with every printband produced tooay.

CONCLUSIONS

In 1991, only 4.122 gallons of ferric chloride etchant were consumed in the printband

manufacturing process. This resulted in only 78 tons of hazardous waste sludge shipped to a

landfill. This represented a production normalized reduction of 94.2% in etchant use and a 90.8%

reduction in the hazardous waste generated by this manufacturing process.

A lotal system to support the oxygen regeneration option for all primband manufacturing

etchers could be purctlased and installed for less than one quarter the cost of either the ozone or

the electrochemical alternative methods still in t:"le development stage. The inherem risks to person

nel associated with those two options were thus avoided.

It is understood that without management's commilment to continuing development efforts.

a project such as this would never have realized its full potential. It is the never-ending quest to

continually i~rove on existing processes that can sometimes lead to dramatic advancements, as

evidenced in the case presented.

Waste minimization at IBM Endicott is not a targeted activity that is done on a periodic

basis. Rather, it is the daily activity for many of the engineering and manufacturing personnel on

that site, and at all other IBM manufacturing facilities. New waste minimization opportunities are

identified and tracked at high levels of management. It is this constant focus that has aided IBM to

significantly reduce its waste volumes in the past few years.

12
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Hudson I~ Czum Answer Sheet

OPTION I
I I I

I

CAPITAL COSTS I I I
Equipment purchase ··i'···",..··· ;,.i .. ,:."., ..

";fiLInstallation & sun-uP .i· •.•.•..r) .·f.:'~Ji:ii..jt(rj;!i1-;·l;;
Tou) CapiuJ Costs : ..:.: ...... ,.... ,"X '.'" ". "":,,,,("

I I I Incremental
OPERATING CASH FLOWS ICurrent Cosu 10ption Costs I (Costs) & SavinES

Raw materials I I I
Production & maintenance labor I I I
IUtilities I I i

> Water I I II I

> E eetricitv I I I
> GaslOil I I I

Waste Management I I I
> Labor I I I

> Chemicals I I I
> TestinWMonitorin~ I I II

> Disposal I ! I
> LabelinWManifestin~ I I II

> RecordingIFiling I I I
Regulatorv fees (TURA) I I I
Re~atOtV fines i I I
Dealing with regulatory staff I I I
!Total Annual OperatinC Cash Flows

I I I
BEFORE-TAX CALCULATION I I
Incremental cash flows ! I
l( PV Annuity Factor 00 YTS @ 20%) I I
=Before Tax PV I
- Total capital costs I I I
• BeCore Tax Net Presaat Value

f I I
L.\FTER -TAX CALCULATION I I
Incremental cash flows I
- Depreciation
=Taxable Income I I
Income Tax ~ 400/0 I I

Incremental cash flows
- Income Tax
.. After tax cash flow
l( PV Annuity Factor (10 yrs ~ 12%) I I I
.. Aftertax PreseDt Value I I
- Total e&2ital com I I I
• After To. Net Preseaa Value
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Developing and

Maintaining a
Pollution Prevention

Program
Laurie Case

Laura Mendicino

David Thomas
fllinois Hazardous Waste Research and

lriformation Center
Champaign. fllinois

Industrial waste generation in the United States averages billions of pounds
daily. Discharged to our air, water, or land, this waste represents a significant
loss of raw materials and a potential threat to human health and the environ
ment. To be responsible guardians of environmental quality, waste generators
must review their production processes and business operations as well as con
sider the economic and the environmental benefits of implementing a pollution
prevention program.

Due to increasing environmental concerns associated with industrial waste,
companies must now incorporate waste management and prevention strategies
into their industrial processes. Adopting a pollution prevention program as a
way of doing business can prOVide a number of significant benefits to a com
pany. Figure 8-1 provides a brief overview of what pollution prevention means,

99
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What

Pollution prevention-any in-plant practice that reduces or eliminates the
amount and / or toxicity of pollutants which would have entered any
wastestream or would otherwise have been released into the environment
prior to management techniques such as recycling, treatment, or disposal.
Pollution prevention includes the design of products and processes that will
lead to less waste being produced by the manufacturer or the end user.

Who
Any business that

• Generates waste

• Uses hazardous materials

• Emits or discharges waste into the air, water, or land

• Wants to save money through reducing waste-handling costs, raw mater
ial costs, and production costs

• Wants to operate in an environmentally sound and responsible manner

Why

Businesses that implement a pollution prevention program

• Avoid rising costs of waste disposal

• Save money in other areas such as purchasing of raw materials

• Increase their industrial efficiency

• Maintain or increase competitiveness

• Decrease long-term liability

• Follow state and federal policy guidelines

• May reduce present and future r<?gulatory burdens

• Improve environmental and workplace conditions

• Ensure community safety

• Maintain good corporate image

Fl,ar. 8·1. An introduction to pollution prevention.

who should be considering developing a pollution prevention program, and
why it is important.

By decreasing the amount of waste generated or released, a company can
reduce waste disposal costs, improve worker safety, and reduce long-term lia
bility. In addition, pollution prevention methods should lead to increased effi
ciency of the production line and decreased costs associated with the purchase
of raw materials, inventory control, and so forth. Any resulting changes in effi-

- 1111118 18 -
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ciency or expenditures may help the company to maintain or improve its com
petitiveness in the marketplace.

A pollution prevention program develops from a thorough understanding of
the facility from both a production and human resources standpoint. This
knowledge, combined with commitment to implement pollution prevention
techniques or technologies, can help a company meet, exceed, or even eliminate
its regulatory responsibilities.

This chapter focuses on the establishment of a pollution prevention program,
and methods to sustain such a program once in place. Other steps needed to
implement a pollution prevention program are discussed only briefly, as many
are covered elsewhere in this handbook or in the publications listed at the end of
this chapter. There is no simple formula that every company can follow to estab
lish a program; however, there are some basic steps every company should exam
ine and undertake in developing its unique approach to pollution prevention.

8;1 Benefits of and Obstacles to
a Pollution Prevention Program

Pollution prevention can be viewed as business planning with environmental
benefits. The most common benefits of and incentives for establishing a pollution
prevention program are presented in Table 8-1. Some of the obstacles that may
hinder implementation or program development are presented in Table 8-2.

Table 8·1. Incentives for Pollution Prevention

Reduced operating cost Money will be saved in the long term.

Many projects have good return on investment and short pay
back period.

Savings in disposal and raw materials costs reduce overall
operating costs.

ImprOVed worker safety Reducing toxics improves working environment and
decreases personal protective requirements.

Reduced compliance costs Pollution prevention projects can reduce regulatory exposure.

Some projects may eliminate need for permits, manifesting,
monitoring, and reporting, saving time and money.

Increased productivity Pollution prevention can result in more efficient use of raw
materials due to improved processes and operations.

Increased environmental
protection

Continuous improvement

Pollution prevention reduces waste generation, assuring
improved long-tenn environmental protection and reduced
future liability costs.

Pollution prevention can be an integral part of a company's
TQM or continuous improvement program.

I:
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Table 8-2. Obstacles to Pollution Prevention

Capital requirements

Specifica tions

Regula tory issues

Product quality issues

Customer acceptance

Immediate production
concerns

Available time and
technical expertise

Inertia

Projects may require capital investments.

Production materials may be toxic and/or hazardous and
could be replaced with more enVironmentally sound alterna
tives, but contracts may speCify that the toxic compounds be
used.

New or modified permits may be necessary.

Pollution prevention projects may change product quality.

Anything that affects quality or perceptions of quality may
affect customer acceptance.

Companies are often hesitant to admit that the "old way" may
not have been the best way.

Time or sufficient expertise may be lacking.

The "If it ain't broke, don't fix it" attitude may prevail.

8.2 Definition of Pollution Prevention
Program, Plan, and Project

There is considerable-confusion about the meanings of the terms pollution pre
vention program, plan, and project. Many companies have compiled a list of pro
jects and called the list a plan-such a list is not a plan. Creating a pollution pre
t'entioll program involves developing and implementing a continuous strategy to
reduce all waste generated by a faCility, in addition to procedures for prioritiz
ing and systematically reducing these wastes. A pollution pm.lention plan is a
written guide to how the program will be implemented and is used to chart the
progress of the program. It reiterates management support, lists reasons for the
program, identifies the pollution prevention team, describes how waste will be
characterized, prOVides a strategy and schedule for pollution prevention assess
ments, institutes a cost allocation system, indicates how technology transfer will
take place, addresses training needs, and discusses how the program and pro
jects will be evaluated and implemented. The plan must be updated periodically
to reflect the continuous nature of a pollution prevention program. Projects are
the specific activities undertaken to reduce or eliminate waste.

8.3 Overview of Steps to Implementing
a Pollution Prevention Program

Many companies initiate only portions of a pollution prevention program,
undertaking some specific projects, but then finding it difficult to maintain
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momentum. Often this is because there is not full commitment to a program
Unless pollution prevention is integrated into the company's business prac
tices, early successes with pollution prevention projects may not be enough to
sustain the program. By developing a program based on the folloWing steps. a
company can build and maintain a vigorous pollution prevention program.
The concepts presented are applicable to the reduction of all waste regardless
of medium, quantity, or toxicity. Suggestions are targeted at middle-manage
ment personnel. To apply these suggestions, each industry or facility will need
to interpret them so they are made specific for their situation.

A manual developed by the Illinois Hazardous Waste Research and Infor
mation Center (HWRIC), POlllltiOIl PreveJltioll: A GlIide to Program Implemmtlltioll
(Illinois Hazardous Waste Research and Information Center, 1992), details each
of the eight steps (see Fig. 8-2l. The steps to establish and maintain a pollution
prevention program are:

1. Obtain support from top management.

., Get the program st~rted by beginning to incorporate changes throughout
the company, developing a written pollution prevention plan, and training
employees in pollution prevention.

.). Review and describe in detail the manufacturing processes within the facil
ity to determine the raw materials used and the sources of waste generation
and to define a baseline inventory to be used to set goals and evaluate
progress.

4. Identify potential pollution prevention opportunities for the facility.

;,. Determine cost of current waste generation and establish a system of pro
portional waste management charges for those departments that generate
waste.

6. Select the best pollution prevention options for the company and implement
these choices.

t. Evaluate the pollution prevention program on a companywide basis, as well
as evaluating specific pollution prevention projects.

8. Maintain and sustain the pollution prevention program for continued
growth and benefits to the company. Reevaluate the program as economic
situations change and/or process equipment requires upgrading.

This chapter will specifically examine steps 1. 2, and 8. Other chapters should
be examined for in-depth information on the other topic areas.

8.4 Top-Management Support

Management commitment to the philosophy and the long-tenn process of
implementing and maintaining a pollution prevention program provides the
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What

Pollution prevention-any in-plant practice that reduces or eliminates the
amount and/or toxicity of pollutants which would have entered any
wastestream or would otherwise have been released into the environment
prior to management techniques such as recycling, treatment, or disposal.
Pollution prevention includes the design of products and processes that will
lead to less waste being produced by the manufacturer or the end user.
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Any business that

• Generates waste

• Uses hazardous materials
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• Decrease long-term liability
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Filare 8·1. An Introduction to pollution prevention.

who should be considering developing a pollution prevention program, and
why it is important.

By decreasing the amount of waste generated or released, a company can
reduce waste disposal costs, improve worker safety, and reduce long-term lia
bility. In addition, pollution prevention methods should lead to increased effi
ciency of the production line and decreased costs associated with the purchase
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Table 8·2. Obstacles to Pollution Prevention

Capital requirements

Specificahons

Regulatory issues

Product quality issues

Customer acceptance

Immediate production
concerns

Available time and
technical expertise

Inertia

Projects may require capital investments.

Production materials may be toxic and/or hazardous and
could be replaced with more environmentally sound alterna
tives, but contracts may specify that the toxic compounds be
used.

New or modified permits may be necessary.

Pollution prevention projects may change product quality.

Anything that affects quality or perceptions of quality may
affect customer acceptance.

Companies are often hesitant to admit that the "old way" may
not have been the best way.

Time or sufficient expertise may be lacking.

The "If it ain't broke, don't fix it" att1tude may prevail.

8.2 Definition of Pollution Prevention
Program. Plan. and Project

There is considerable 'confusion about the meanings of the terms pollution pre
t'erttion program. plan. and project. Many companies have compiled a list of pro
jects and called the list a plan-such a list is not a plan. Creating a pollution pre
t'ention program involves developing and implementing a continuous strategy to
reduce all waste generated by a facility, in addition to procedures for prioritiz
ing and systematically reducing these wastes. A pollutIon prevenhun plan is a
written guide to how the program will be implemented and is used to chart the
progress of the program. It reiterates management support, lists reasons for the
program. identifies the pol1ution prevention team, describes how waste .....;11 be
characterized, provides a strategy and schedule for pollution prevention assess
ments. institutes a cost allocation system, indicates ho\', technology transfer will
take place, addresses training needs, and discusses how the program and pro
jects will be evaluated and implemented. The plan must be updated periodically
to reflect the continuous nature of a polJution prevention program. Projects are
the specific activities undertaken to reduce or eliminate waste.

8.3 Overview of Steps to Implementing
a Pollution Prevention Program

Many companies initiate only portions of a pollution prevention program,
undertaking some specific projects. but then finding it difficult to maintain
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Fl,are 8·2. The continuous pollution prevention loop.

internal framework upon which a solid and enduring program can be built. The
initial groundwork includes developing awareness and understanding of pol
lution prevention among top management. Providing a concise oral or written
presentation about pollution prevention and how such a program can benefit
the company can serve as an introductory overview. Figure 8-3 provides a
checklist of topic suggestions.
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Cost savings through reduced raw material usage, and reduced waste-han
dling, transportation, and storage costs

Increased productivity

Improved product quality

Regulatory compliance

Worker health and safety

Reduction of potential long-term liability

Examples of what other similar companies have achieved

Improved public image for the corporation

Emphasis of EPA policy on pollution prevention as a priority for the 1990s

Current state policies regarding pollution prevention planning

Fi,an 8-3. Suggested pollution prevention topiCS to discuss \l"th management,

One way to follow up such initial presentations is to highlight pollution pre
vention case studies from companies using similar industrial processes. Seeing
other successes can demonstrate the practicality of pollution prevention and
provide tangible bottom line results, Case study examples are available from
state pollution prevention agencies and the U.s, Em'ironmental ProtectIon
Agency (EPA). Trade associations may also have case studies available specific
to their industries.

Seeking assistance from state environmental agencies, both regulatory and
nonregulatory, that offer pollution prevention services can be considered a next
step. Staff from these agencies, consultants, and industry pollution prevention
experts can be invited to talk to management about developing a pollution pre
vention program.

Once management approves a pollution prevention program, the foundation
is complete and the first floor is ready to be built. Management's role is far from
over, however. A brief written policy statement in support of a pollution pre
vention program needs to be drafted. Endorsements of the policy by all man
agement levels are needed, and then the policy should be distributed to all
employees. This statement can be a useful tool used for increasing employee
awareness of pollution prevention.

Depending on the company's organization and structure, developing a cor
porate policy statement can be a lengthy process, Rather than allow this pro
cedure to delay proceeding with the program, an interim policy or area-spe
cific policy can be developed. This gets the program started; the corporate
policy can follow later. Figure 8-4 shows an example of a management policy
statement.

af"l1. E..---....,.
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\Ve, [company name], are committed to excellence and leadership in pro
tecting the environment. In keeping with this policy, our objective is to
reduce waste generation and emissions. We strive to minimize adverse
impact on the air, water, and land through excellence in pollution preven
tion. By successfully preventing pollution at its source, we can achieve cost
savings, increase operational efficiencies, improve the quality of our prod
ucts and services, and maintain a safe and healthy workplace ior our
employees.

(Company nameJ's environmental guidelines include the following:

• Environmental protection is everyone's responsibility. It is valued and
displays commitment to [company name].

• Preventing pollution by reducing and eliminating the generation of waste
and emissions at the source is a prime consideration in research. process
design, and plant operations. [Company name] is committed to identifying
and implementing pollution prevention opportunities through encourage
ment and im'olvement of all employ~s.

• Technologies and techniques which substitute nonhazardous materials
and utilize other source reduction approaches will be given top priority in
addressing all environmental issues.

• [Company name] seeks to demonstrate its corporate citizenship by adher
ing to all environmental regulations. We promote cooperation and coordi
nation between industry, government. and the public toward the shared
goal of preventing pollution at its source.

Fl,un 8·4. A management policy statement. (From Minnesota OffICe oj Waste
Management. 1991.1

Additional support needed from management includes assigning responsi
bility for developing the pollution prevention program, developing a means ior
evaluating and tracking progress, allocating adequate time and budget. and
recognizing achievements. Continuity of the pollution prevention program is
important. From the initial stages, the program should be set up in such a way
that one step can flow naturally into the next in a continuous cycle.

When a pollution prevention program flows from one step to the next, it
comes to be viewed by all personnel at the facility simply as their way of doing
business. One way to introduce pollution prevention into the company psyche
is through incorporating it within a total quality management <TQM) program.
It also builds nicely on a health or environmental safety program because it can
benefit the company in a number of ways as shown in Fig. 8-5. Whether pollu
tion prevention becomes integrated into another program or stands alone, it is
a group effort with all employees working together toward meeting company
pollution prevention goals.

Illr 118 I_ -...,..-



r
I. I D~elopmg and Maint.alnin~l.a Pollution Pr~entionProgram 107

Pollution prevention reduces the amount and lor toxicity of chemicals in the
workplace.

Pollution prevention reduces short- and long-term exposure of employees,
visitors, and contractors.

Pollution prevention reduces or eliminates monitoring requirements.

Pollution prevention reduces reporting requirements.

Pollution prevention reduces toxics, thereby reducing HVAC requirements
needed.

Pollution prevention reduces or eliminates the need for personal protective
equipment.

Figure 8·lS. \llhy pollution prevention can be Incorporated into a company·s health and
safety program.

8.5 Getting Started

Once a policy statement has been written, approved, and distributed, the process
of incorporating a pollution prevention program into daily company activities
begins. The steps involved include designating a pollution prevention coordina
tor, developing a pollution prevention team, increasing employee awareness and
involvement, establishing a recognition program, training employees, goal set
ting, and developing a written pollution prevention plan.

8.5.1 Designate a Pollutioa
PreveatioD Coordinator

While a pollution prevention program needs top-down support and commit
ment, it also needs bottom-up input and implementation. This means that
teamwork and participation from all levels within the company are essential. A
key element for success is to find a good advocate and coordinator for the pol
lution prevention program. ;/

The pollution prevention coordinator will be responsible for establishing the
pollution prevention team(s), conducting meetings, and making sure the com
pany is working toward its pollution prevention goals. More than likely, the
coordinator will come from a middle-management position. He or she needs to
be well organized, an advocate for the program, enthusiastic, and a motivator
of people. If the coordinator has top-management support and the confidence
of supervisors and others on the team, he or she will likely develop a very suc
cessful program. The coordinator will act as the key liaison to top management.
This helps to ensure that the best pollution prevention ideas in terms of need,
feaSibility, and benefit to the company are delivered to top management for
consideration. Also, the coordinator will need to obtain interdepartmental
cooperation and resources on a continuing basis.
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8.5.2 Develop a Pollution
Prevention Team

A pollution prevention team needs to be organized prior to beginning the char
acterization and assessment processes. The team should not be assigned from
anyone department. Some suggested key personnel to include are representa
tives (both supervisors and line workers) from maintenance, production, envi
ronmentaL health and safety, purchasing, shipping and receiving, legal. and
engineering departments. Plant and executive managers should also be
included. Not every company will have all these designations; the point is to
include those individuals knowledgeable about the processes generating
wastes and involve them from the beginning.

The initial pollution prevention team meeting should be an informal session
to discuss the concept of pollution prevention, how the company can be
expected to benefit, and where and how to begin. General information about
the company's processes and operational procedures should be reviewed. The
team will be responsible for developing the formal pollution prevention plan as
discussed later.

In addition to those individuals assigned duties on the pollution prevention
team, others may wish to help. Do not turn away volunteers-€veryone should
be encouraged to participate in the pollution prevention program. All volun
teers should be commended in some way (in articles in the in-house newsletter,
for example) for their ideas and interest in helping the company, their cowork
ers, and the environment. Employee suggestions should continually be encour
aged-supervisors need to listen carefully because innovative ideas can come
from any employee. Pollution prevention must continue for the life of the facil
ity; establishing a sound, cooperative program from the start will be beneficial
in future years.

8.5.3 Develop a Written Pollution
Prevention Plan

After the pollution prevention team has been organized, development of a writ
ten plan should be its first official task. (Some states now require facility pollu
tion prevention plans.) The written plan should include all the ideas developed
by the team, such as the statement of support from management; the pollution
prevention team's structure, organizational guidelines, and statement of pur
pose; the methods for fostering participation by all employees; the company's
general goals; the structure of an incentive and/or award program; the proce
dures for conducting process assessments; selection of projects; procedures, cri
teria, and schedule for implementing pollution prevention projects; and provi
sions for employee training. Again it should be emphasized that the plan must
contain clear guidelines for employee participation on the team, as well as cri
teria for selecting and implementing projects. There should also be provision
for replacing team members as necessary.

Illrll. I_ - ..
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Maintaining a pollution prevention program requires that the plan be an
accepted part of company procedure. This plan should be presented and
agreed to by management so that they understand how the pollution preven
tion team will proceed and what resources and support will be required.
Copies of the plan can be made available for all employees to read if they so
desire. The plan should be modified on an annual basis as pollution prevention
experience is gained and goals are reached. A company should strive to contin
ually improve the entire program.

8.5.4 Set Goal.

There are different types of goals a company should set when beginning its pol
lution prevention program. Some goals will be waste-specific, such as replacing
organic cleaning solvents with water-based alternatives or replacing a wet
paint line with powder coating. Other goals will be activity oriented such as
establishing a preventive maintenance program, incorporating pollution pre
vention into performance evaluations of all management staff, installing a
revised accounting system that charges the cost back to the production line
generating the waste, training all employees in pollution prevention. or hold
ing monthly team meetings.

The team should discuss what types of goals are appropriate for the com
pany. For example, a company may want to set an ultimate goal of "zero per
cent waste generation" to acknowledge the fact that pollution prevention is a
continuous quality management program. This is very similar to company
goals like "zero product defects" or "zero lost workdays." Another goal may be
to replace some or all tbxic substances used with less toxic substances and thus
reduce risk to employees, the public, and the environment. Specific goals wi))
also be based on the type of production process undergoing change, for exam
ple, replacing hexavalent with trivalent chromium in a plating line.

In addition to specific goals, more general goals should be set. These could
include improving worker health and safety in the facility or improving the
company image and attractiveness to investors.

It is a good idea to set a number of measurable goals to track progress over a
given period. Numerical goals for waste reduction may be established once the
wastes are characterized. Goals should be continually updated as they are
achieved. Do not remain static. Build on the successes achieved.

8.5.5 Increase Employee Awareness
aDd Involvement

One method of increasing pollution prevention knowledge is through a corpo
rate and lor facility awareness program. Supervisors should discuss the status
of the pollution prevention program at weekly meetings. They should encour
age employees to bring pollution prevention ideas to them so they can be for-

..
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warded to the facility pollution prevention team meetings. Some companies
may already have "quality circles" in place to improve product quality and
production efficiency. The team should work with these groups to develop
ideas for pollution prevention initiatives. Figure 8-6 provides suggestions for
the pollution prevention team to use in developing its awareness program.

8.5.6 Train Employees

As pollution prevention strategies are identified, the training requirements must
be considered by the pollution prevention team prior to implementation.
Pollution prevention training programs should be tailored for management,
line, and maintenance staff and should be incorporated into company proce
dures. This training can be incorporated into other training programs, such as
process operation training or health, safety, and environmental training.
Consolidated training for different groups can also stimulate discussion
between employees who would not interact otherwise. Additional personnel
training may be needed if materials-handling or accounting changes are made.

Provide a definition and explanation of the primary components of pollu
tion prevention: source reduction and in-process recycling.

State company policies and guidelines clearly.

Mention any state government requirements for pollution prevention plan-
ning. .

Identify company goals toreduce waste generation and to improve opera
tions.

Stress that pollution prevention is essential and benefits the company.

Encourage employee participation as extremely important to improve facil
ity and environmental conditions.

Distribute information on pollution prevention and the company's commit
ment to all employees.

Make management and pollution prevention team members available to
respond to employee suggestions and new ideas.

Present facts on safety improvement that occurs when a pollution preven
tion program is implemented.

Stress the relationship between the cost of generating waste and company
competitiveness.

Equate savings from pollution prevention with the company's fiscal health
(i.e., increasing job security to encourage employee involvement).

Fl,ure 8·6. Building a pollution prevention awareness program.

Ill! 11* I_ ~
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The facility or company may want to include a pollution prevention orientation
program for all new employees, regardless of their job function. Employees will
need thorough training on any new technologies or techniques added to unit
processes. Depending upon the size of the facility, this may require training on
more than one shift.

8.5.7 Reward Pollution Prevention
Successes

To generate interest and participation in pollution prevention, establish an
employee award or recognition program. Competition at larger plants may
motivate participation. Shifts, departments, or even individuals can be encour
aged to compete against their own past year's performance. Recognition in the
form of an awards ceremony, a bonus, company logo merchandise. a special
parking place, or added vacation time provides a tangible reward to individu
als and departments who have reached their pollution prevention goals.
Further recognition may be promoted in a regular column in the company
newsletter. When a company newsletter is not available, a one-page fact sheet
on pollution prevention could be started that acknowledges employee partici
pation and accomplishments.

8.6 Out in the Plant
A Learning Process

This chapter focuses on the first two steps, top-management support and get
ting started, and the last step, sustaining a program, from the eight-step pro
gram used by HWRIC. A brief overview of the remaining five steps is provided
below. In-depth procedures on approaching each aspect of a pollution preven
tion program are found elsewhere in this handbook.

8.6.1 Step 3: Characterize Proce••

To effectively implement a pollution prevention program, it is necessary to
develop a complete understanding of the various unit processes and points in
these processes where waste is being generated. The team should characterize
all processes in the facility and keep these characterizations updated as process
changes are made.

Two general approaches to characterize processes and waste generation are
used. One technique involves gathering information on total multimedia (air,
land, and water) waste releases at the end of each process, and then backtrack
ing to determine waste sources. The other technique utilizes tracking of materi
als from the point where they enter the plant until they exit as wastes or prod
ucts. Both techniques provide a baseline for understanding where and why
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wastes are generated, and a basis to measure waste reduced after implementa
tion of pollution prevention projects. The steps involved in these characteriza
tions include gathering background information, defining a production unit,
general process characterization, understanding unit processes, and complet
ing a material balance.

Developing process flow diagrams or updating existing diagrams can be use
ful for detennining where, why, and how much waste is generated. The infor
mation assembled in the process characterization and flow diagrams will be
used to help identify pollution prevention opportunities.

8.6.2 Step 4:"Assessing Waste and
Identifying PoDution Prevention
Opportunities ..

Before conducting an assessment to identify what pollution prevention oppor
tunities are present, wastestreams and unit processes should be prioritized to
detennine which should be examined first. When establishing priorities for
pollution prevention, all input and output streams should be ranked-begin
ning with those which require immediate attention, followed by those which
are less urgent. The team should maintain this list of priorities, so that once a
project is completed they can move on down the list. The team should also
update this list. as priorities may change with new regulations, changes in busi
ness direction, and other factors. It is also important, however, for the company
to identify easy-to-do projects that can reduce waste and save money.
Implementing these projects first can yield early successes in the program.
Many of these types of changes can be started at the same time as more
involved projects.

Once wastestreams are identified and prioritized, the assessment of specific
pollution prevention opportunities can begin. This procedure involves looking
at the specific processes contributing to the candidate streams. The team needs
to observe the process in operation-ideally during all shifts, and if possible
during a shutdown/cleanout/start-up period-to identify materials used and
wastes generated by these procedures. Figure 8-i lists what the assessment
teams should be looking for.

Generate ReduC?tion Option.. Once the process assessments are complete,
the data should be reviewed for thoroughness by all pollution prevention team
members. This review wiII aid the next activity: brainstorming for ideas to
reduce waste and/or eliminate toxic and hazardous materials. Team members
should also solicit ideas from personnel at all levels throughout the facility.
Many times these personnel already have ideas for reducing waste but have
never had the opportunity to express them. All options should be written down
and given serious consideration.
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Observe operation procedures of line workers.

Determine quantities and concentrations of materials (especially wastes).

Observe collection (including exact sources) and handling of waste (note if
wastes are mixed>.

Examine any recordkeeping; obtain copies of records if this has not been
done already.

Create flow diagram and follow through actual process.

Look for any leaking lines or poorly operating equipment.

Look for any spill residues.

Examine any damaged containers.

Determine physical and chemical characteristics of the waste or release.

F11Cm'e 8·7. Process assessment observatIons.

8.6.3 Step 5: Co.t Consideration.

Before pollution prevention projects are evaluated for economic feasibility, the
full cost of waste generation must be determined. This full cost is necessary to
develop the economics of pollution prevention techniques and technologies,
including calculating the cost savings and payback periods.

Determine Fall Co.t or Wute. The full cost of waste generation includes
more than treatment or disposal costs; it includes all the tosts incurred in pro
ducing and handling waste. All of the expenditures associated with the
wastestream. both direct and indirect. should be identified. These include. but
are not limited to. the following: purchaSIng. storage and inventory, and in
process use of materials; air and water emissions, solid waste collection. waste
storage, and on-site treatment or recycling; waste disposal; waste transporta
tion; lost raw materials; labor costs. A pie chart showing the typical cost for
waste generation is shown in Fig. 8-8. Often, wasted raw material costs are
three-fourths of the full cost of generating waste. Waste disposal costs are typi
cally less than half the total costs (Selman and Czarnecki, 1988). Many pollution
prevention options will not appear to be justified if only half, or less, of the
likely savings are considered.

Develop Economic.. Once the full costs of the wastestreams are deter
mined, an economic analysis of each pollution prevention project can be con
ducted. This analysis will provide management information on the costs and
benefits associated with the techniques and lor technologies so that manage
ment can decide whether it is economically feasible to proceed with implemen-
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• Wated Raw Material Cost

• Labor Cost
• Watl Disposal Facility Cost
FJ Watl Transportation Cost

o Olher Costs

Fi,are 8·8. Typical cost dlstrtbution for ~aste generatIOn.

tation. Certain benefits, such as reduced long-term liability, reduced worker
exposure to toxic chemicals, and improved community relations, will be diffi
cult to quantify.

E.tabU.h Co.t Allocation Sy.tem. A cost allocation system is an impor
tant element of a pollution prevention program. In this system, each depart
ment or process is charged for the total ,'''aste management costs of the wastes
it generates. This cost allocation system should lower the total overhead cost, as
most companies charge waste disposal costs to overhead (i.e., the environmen
tal department), and may provide a more accurate idea of the total cost of waste
generation at the facility. It will also prOVide incentives for employees associ
ated with the departments or processes that are charged for the waste handling
to reduce their waste generation and subsequently their costs.

8.6.4 Step 6: Identifying and Implementing
Pollution Prevention Option.

Once suggestions for pollution prevention options are gathered and the costs
associated with these options calculated, they should be reviewed by the pollu
tion prevention team and the least beneficial options eliminated. These options
may, however, be reviewed in the future, as what is less beneficial now may
work better later. Each remaining option should then be examined in more
detail to determine its overall benefits. Technical and economic feasibility of
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each option, based on the company's requirements for these criteria, should be
studied. Those options found to be consistent with the company's goals can
then be scheduled for implementation. There may even be cases in which cer
tain benefits of a project override low economic return.

Some projects may be worth doing for reasons other than pollution preven
tion. For example, preventive maintenance programs can reduce the risk of
leaks, spills, or possible explosions. Increasing process efficiency may improve
economic competitiveness. These types of projects may also result in waste
reductions. Regardless of the criteria for selection, any pollution pre\'ention
benefits associated with a project should be identified and documented.

Technical Evaluation. There are many factors which should be considered
when one determines if a project is technically feasible. Personnel that will be
directly affected by implementing the project should be consulted and included
in the decision-making process. They typically have knowledge of process
details that may inhibit project success and are essential in proper implementa
tion. For projects that involve a new technology and / or technique. a bench
scale or pilot test may be required to assess technical feasibility. At this point, if
it is determined that an option is not feasible by these criteria, the option
should be deferred for consideration at a later time when the circumstances
may be different.

Economic EvaluaUon. Once a pollution prevention project has been found
to be technically feasible, the economics of the project should be examined.

Any project that yields a cost savings, i.e., savings in annual waste-handling
or annual operating costs, has potential for profitability. If there are no initial
costs involved, then a project can be considered economically feasible if there is
a cost savings. Options such as better operating practices may be the most prac
tical to implement first since they do not require an initial capital investment.

Implementing Projects. Once the pollution prevention team selects the
projects to be implemented, management approval must be obtained. If man
agement support was obtained as described previously, the approval process
should not be difficult prOViding the project benefits, profitability, and feasibil
ity are acceptable. The pollution prevention coordinator should present the
details of the project along with the budget and project justification-particu
larly economics-to management. Once approval is received and implementa
tion begins, it is important for team members to stay involved in the project.
They should closely monitor all pollution prevention activities to make sure
any problems are addressed immediately.

8.6.5 Step 7: Program Evaluation

The pollution prevention program should be continuously evaluated and
updated to improve overall effectiveness. This periodic review by the pollution

".I
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prevention team should be conducted for all stages of the program, from man
agement support and team selection to project implementation.

The progress of the pollution prevention program can be determined by
looking at the individual activities and projects. One way of measuring
progress is quantitative. For example, look at actual waste reduction, both in
terms of actual change in quantity and change in hazard level. The actual
change in quantity is the difference between the waste per production unit
reported in the current year and the waste per production unit reported in the
previous year. The change in hazard level is based on toxicity, reactivity,
ignitability, and corrosivity of the waste and industrial hygiene/employee
exposure-type measurements. This comparative measurement is most useful
when one evaluates an alternative material substitution, such as switching
from an organic solvent to a water-based solvent. (Switching to water may even
eliminate an OSHA sampling requirement.> These measures of waste reduction
may not be appropriate for all facilities and wastes. Other quantitative mea
surements are adjusted quantity change and throughput ratio. Additional
guidelines and detailed descriptions on measuring pollution prevention
progress can be found in other chapters of this handbook.

When evaluating the elements of the program, it is important to identify
those strategies and techniques which have been very successfuL marginally
successful, or have failed. If possible, the reasons why these projects were or
were not successful should be" determined. This information will be beneficial
for modifying the program and redefining goals.

S.7 Sustain the Pollution
Prevention Program

A pollution prevention program, once initiated, should have no "last step."
Rather, the challenge lies in continuing and increasing the forward momentum
cycle after cycle. Specific projects may be completed, but new projects should
always be under development. The pollution prevention program cycle
involves maintaining a strong commitment to the program from all operating
levels. Some specific ideas for sustaining the program while carrying employee
participation forward include summarizing the economic benefits of the pro
gram, bringing new personnel into the pollution prevention team, providing
additional training, and publicizing success stories.

8.7.1 Reemphasize Economic Benefiu

To sustain momentum in the pollution prevention program, the economic ben
efits realized through the activities undertaken should be summarized and pre
sented not only to management personnel but to all employees. This informa
tion will also be important to include in the annual report to stockholders.

r
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Emphasize cost savings resulting from pollution prevention proJects over what
would have been spent prior to implementation. Continue to track cost savings
on implemented projects, as this may be the primary driving force toward sus
taining the program.

8.7.2 Rotate Pollution
Prevention Team

To maintain the flow of fresh ideas and introduce new perspectives, the pollu
tion prevention team members should be rotated. With an ongoing pollution
prevention program, there may be new employees who join the company over
the years that want to participate. It is especially important that if the primary
advocate and / or team leader for the pollution prevention program steps down.
management find a suitable replacement who will give the program high prior
ity and active guidance. A new team leader should step in with high energy.
enthusiasm. and creativity. As members step down. they should be encouraged
to serve as "consultants" to their replacements. There may also be team mem
bers who wish to remain; this should be encouraged. as they have gained valu
able field experience. Team composition should always include employees
from all levels and departments. The importance of having a written pollution
prevention plan in place can be better understood once there is turnover of
team members. This document provides the blueprint for operating the pollu
tion prevention program and prOVides necessary continuity when there is a
shift in team members.

8.7.3 Provide Refre.her Training

Pollution prevention awareness and training should be conducted on a peri
odic basis so that all new or reassigned employees understand the company's
commitment to the program and their individual responsibilities. As discussed
earlier, pollution prevention training can be incorporated into already existing
training programs (health and safety, environmental, processes, etc.) if that
works best for the company.

8.7.4 Publicize Sacce•• Storie.

Publicity is one of the most effective means to sustain the pollution prevention
program. Internal publicity raises employee awareness of activities at the facil
ity and encourages further participation. The results of the various projects
should be relayed through bulletin board postings, newsletters, interoffice
memos, and so forth. The names of the pollution prevention team members, as
well as those employees offering suggestions, should be included in these pub
lications. Hold periodic special events such as a free lunch for all employees
contributing pollution prevention ideas during a specified month. If individual

--,rrll. In
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successes are recognized, other employees may wish to join in to receive the
same recognition. Award ceremonies for employees or teams that have met
their pollution prevention goals will also help publicize successes. Cost sav
ings. waste reductions, and product quality improvements due to pollution
prevention activities and projects should be highlighted.

The pollution prevention program can be a key public relations tool. Any
reduction in waste is a benefit to employees, the community, and the environ
ment, and should be publicized. News releases should be prepared for local
and state news media documenting the project and the benefits to the company
and the surrounding community. Reporters could also be invited to the facility
for a demonstration of a new technology. Community forums such as city
council meetings or local chamber of commerce meetings are excellent avenues
to promote the company's environmental efforts.

Further public recognition can be facilitated through state, county, and local
award programs. Pollution prevention award programs can be found in many
states. These awards are presented to industrial facilities, trade organizations.
vendors, community groups, and educational institutions that demonstrate sig
nificant achievements in pollution prevention. Check with the agency in your
state responsible for overseeing pollution prevention actIvities on whether or
not an award program exists.

Trade association meetings and publications are another good avenue for
promoting a company's pollution prevention program. Case studies can be
submitted which demonstrate the company's progressive stance in environ
mental protection while describing the use of innovative technologies and tech
niques to reduce waste. These case studies should emphasize the benefits
accruing to the company-not only waste reduction but also cost savings, qual
ity improvements. safety improvements, regulatory compliance, and better
communitv relations.

8.8 Summary

The development of a pollution prevention program can involve a significant
change in a company's traditional business practices. \\'hereas regulatory com
pliance has usually been the responsibility of an environmental department or
coordinator, pollution prevention must involve employees from all areas of the
plant and levels of management, including hourly workers. For companies
developing TQM or continuous quality improvement programs, pollution pre
vention can become a part of these programs. A pollution prevention program
can also become the primary strategy a company uses to achieve and maintain
regulatory compliance. In fact, it may allow companies to get out of the regula
tory system altogether.

As discussed, a pollution prevention program requires a firm commitment
from management to survive. A written plan which affirms this commitment,
provides guidance for conducting the program, lists criteria for evaluating and

If I' ._ ._
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selecting projects, and gives procedures for documenting successes and failures
is essential. A key component in every successful program is the pollution pre
vention advocate. The company must choose a program leader who under
stands and believes in a pollution prevention approach and who has the ability
to work with people at all levels of the organization to implement the program.

A fully implemented pollution prevention program will affect a company's
relationship with its suppliers, customers, and neighbors. A facilit:-· may even
consider its neighbors to be its customers and thus inform them of the facility's
activities and solicit their input. Community relations can be an important part
of a company's pollution prevention program and can help sustain the program.

A company can also apply pressure to its suppliers and vendors to have them
adopt pollution prevention programs and can encourage them to develop pol
lution prevention solutions for products and processes that may create signifi
cant amounts of hazardous and lor toxic wastes. The company can also look
into providing "green" products and marketing them as such. For example. one
company abandoned its line of organic solvents and now manufactures sol
vents with an aqueous base that do not generate hazardous waste. These
cleaner solvents are now in great demand by many companies around the
country. Companies WIth "green" products may find their pollution prevention
approach to doing business will be sustained as it becomes an essential part of
their b'usiness practice. This is the ultimate key to maintaining a successful pol
lution prevention program.
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Prevention Planning
David P. Evers

Battelle Memorial Institute
Columbus. Ohio

12.1 Developing a Pollution
Prevention Program

Pollution prevention planning is a comprehensive and continual evaluation of
business operations. The resulting pollution prevention program affects many
functional areas within a company, such as the production line, accounting
practices, and management. It has much in common with the planning already
conducted for other aspects of business operations, but it looks at the facility as
an integrated whole instead of as a series of disjoint parts or operations.

Figure 12-1 is a flowchart illustrating the major elements in the pollution pre
vention program. This section describes the elements of pollution prevention
program planning and design. These elements include building support for
pollution prevention throughout the company, organizing the program. setting
goals and objectives, performing a preliminary assessment of pollution preven
tion opportunities, and identifying potential problems and their solutions.

12.1.1 E.tabU.h the Pollution
Prevention Program

Executive Level Deci.ion. In some companies, the initiative for setting up
a pollution prevention program will be taken at the executive level. In others,
lower-level managers or employees will be the catalysts. In either case. it may
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Figure 12·1. Major elements of a pollution preven
tion program.
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be necessary to gather preliminary informatIon to demonstrate that pollution
prevention opportunities exist and should be explored. This preliminary infor
mation will be used by company executives as they weigh the potential value of
pollution prevention and decide whether to commit the resources necessary to
develop and implement the program.

One way to gather this information is to perform a preliminary assessment of
only one or two areas of the facility and, perhaps, even identify several low
cost, quick-payoff pollution prevention techniques that can be implemented
readily. A preassessment is part of the formal program design effort and is,
therefore, described later in this section.

Once the decision to establish a pollution prevention program has been made
it should be conveyed to all employees through a formal policy statement. This
establishes a framework for communicating the formal commitment throughout
the organization.

Policy Statement. As with other company policy statements. the pollution
prevention policy statement should state:

• Why a program is being established

• What is to be accomplished in qualitative terms

• Who is responsible for pollution prevention

CODseDsas Bailding. After the pollution prevention policy statement has
been developed, consider how it should be presented to employees so that they
will see it as an ongoing, companywide commitment While the priorities and
tone of the pollution prevention program will be set by the management team.
the attitude of production-level employees will have a significant effect on its
success. Since it is through their daily activities that waste is generated, their
support of the program is essential.

Publication or distribution of the policy depends on the size and the culture
of your company. Suggestions include a general meeting or several small group
meetings, distribution via a company newsletter, a special insert with a pay
check, or other types of publicity that have been found effective.

Employee incentives for continued participation and to keep interest from
waning are necessary. Bonuses or other awards might be offered to employees
who suggest ways to prevent pollution. Announcing awards in newsletters or
on bulletin boards provides additional incentive to employees and further pub
licizes the program. Finally, pollution prevention should be included in job
objectives and performance evaluations for all employees.

The company's commitment to pollution prevention cannot be overempha
sized and neither can the need for employee participation. This will help to
establish a positive atmosphere, will reassure employees concerned with result
ing changes, and will also elicit worthwhile pollution prevention suggestions .
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Employees' participation should be encouraged at all stages of the pollution
prevention program including:

• Defining company goals and objectives

• Reviewing processes and operations for use and generation of pollutants or
emissions

• Recommending ways to eliminate or reduce waste production at the source

• Designing or modifying forms and records to monitor materials used and
waste produced

• Finding ways to involve suppliers and customers

• Acknowledging and rewarding employee contributions to the pollution pre
vention effort

12.1.2 Organize the Pollution
Prevention Program

The program will be directed by the pollution prevention task force. Its first
task will be to delineate program goals.

Name the Pollution Prevention Task Force. The people who will direct
the pollution prevention program should be selected carefully. They will have
overall responsibility for developing the plan and directing its implementation.
Their capabilities and their attitudes toward the effort will be major determi
nants of how successful it is.

As with other areas of your operation, successful program execution will
require integration and continuity through plannirlg, implementation, modifi
cation, and maintenance. Therefore, all individuals named to this task force
should have substantial technicaL business, and communication skills as well
as thorough knowledge of the company. The responsibility and authority of
each individual should be established during this organizational stage.

Once the task force has been established, it will be a valuable resource within
the company both now and in the future. When plans are being made to expand
the facility or to design or redesign products, the task force can review the
plans to determine whether pollution prevention opportunities have been eval
uated thoroughly.

Program Leader. The role of the leader is to facilitate the flow of informa
tion among all levels in the company. The program leader's responsibilities
include keeping the program on track, and ensuring that pollution prevention
becomes an integral part of the overall corporate plan. The program leader's
attributes should include a high degree of authority within the organization
and the personal qualities necessary to elicit broad-based support from the
company's employees.

- Illr Ii_ ••. ""-



r
facUlty PolluUon Pr~enUon Planmng 159

Champion. The task of a "champion" is to overcome possible resIstance to
proposed changes in operations. Champions will be the task force members
who serve as liaisons and should be visible within the production areas and
respected and trusted at all levels.

Team Members. Other task force members might be selected for their specific
technical or business expertise. Potential task force members include environmen
tal and plant process engineers, production supervisors, health and safety person
neL experienced line workers, and purchasing and quality-assurance staff.

In some cases, it may be necessary or desirable to retain outside consultants
to work with the in-house task force when suitable skills are not availablf'
within the company.

State Goab. The task force members, with input from concerned emplo~'ees

and management, will need to establish goals that state the long-term directIon
for the pollution prevention program. Goals, which may have been stated in
general terms in the policy statement, now need to be stated more specificalI~·.

This will help to focus effort and build consensus.
A starting point for establishing pollution prevention. goals is the zero-dis

charge perspective. This ideal situation would involve lOO-percent utilization of
resources, eliminating disposal costs and regulatory compliance needs. However.
like zero-defect production goals, zero-discharge goals are not achievable given
the current technology, but serve to encourage an attitude of continually stnving
for improvement.

Goals can be qualitative, such as to "achieve a significant reduction of toxic
substance emissions to the environment," or quantitative, which are more diffi
cult to develop but are worth the extra effort. Quantitative goals spell out your
pollution prevention commitment and give all participants and observers a
yardstick for measuring progress.

Finally, goals should be flexible and adaptable. Conditions change in actual
practice and as information is acquired. As your pollution prevention program
becomes more focused, the task force and program more mature, and the pol
lution-specific aspects of the operation become better known, the goals can be
refined. Periodic review of the goals and the achievements by the task force,
management, and the employees will keep your program active and visible
within the company.

12.1.3 Do the Preliminary Aasessment

Even though some aspects of the preliminary assessment may have been com
pleted as input to the executive decision to develop a pollution prevention pro
gram, a deeper examination is needed. Data collection as part of the preassess
ment serves two purposes: (1) to help the task force review the data that are
already available, and (2) to begin defining ways to process that data. These



160 Chapter Twelve

data, along with site visits, will enable the task force to establish priorities and
procedures for detailed assessments. Chapter 13 describes the detailed assess
ment phase and the more in-depth data collection and analyses that will be
done at that stage.

Collect Data. The extent and complexity of the system used for collecting
pollution prevention data should be consistent with the goals of the pollution
prevention program and the needs of the company. The objective of the pro
gram is to prevent pollution, not to collect data. Use the simplest system that is
consistent with the goals and needs. Depending on the nature and size of the
firm, much of the data needed for a pollution prevention program may already
have been collected as a normal part of plant operations or as part of a response
to existing regulatory requirements.

An all-media approach, which considers all air, water, and solid waste emis
sions and releases, will be the most effective. For each wastestream, the sources
are identified, the methods for pollution abatement are evaluated, and the true
costs of abatement, treatment, and waste disposal are quantified. A number of
information sources to consider are o!Jtlined in Fig. 12-2.

Regulalory Reporrs. National Pollutant Discharge Elimination System
(NPDES) and SARA Title III reports document the volume, composition, and
degree of toxicity of wastewater discharged. The toxic substance release inven
tories required by SARA Title III, Sec. 313, may provide information on emis
sions into all environmental media.

Engineering and Operallng Dala. Shipping manifests will proviqe quanti
ties of hazardous waste shipped during a given period, but may not provide
mformation on the chemical analysis; specific source, and the time period dur
ing which the waste was generated. The plant design documents and equip
ment operating manuals and procedures may yield specific data for streams
inside of the plant.

Plam Business Records. Records available from inventory control, pur
chasing, records management, accounting, marketing, and training can provide
data needed for the preassessment and may themselves present opportunities
for pollution prevention. For example, improved inventory control and judi
cious purchasing can significantly reduce the volume of raw materials that
must be disposed of because they become outdated. In reviewing existing data,
you may find that current accounting practices are not appropriate for placing
the burden of pollution and pollution control at the point of generation. These
findings should be taken into account when costs of pollution control measures
are analyzed. (See Chap. 16.)

Visit Sites. Part of the information the task force will need in order to prior
itize the processes, operations, and wastes that will be studied during the
detailed assessment phase should be garnered by a site visit by the task force.
During this phase, the most important waste problems should be targeted, with
lower-priority problems dealt with as resources of time, staff, and money per-

- Wi*" Ii_ I"
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Data Sources for Facility InformatioD
Regulatory information:

• Waste shipment manifests

• Emission inventories

• Biennial hazardous waste reports

• Waste, wastewater, and air emissions analyses, including intermediate
streams

• Environmental audit reports

• Permits and/or permit applications

• Form R for SARA Title III, Sec. 313

Process information:

• Process tlow diagrams

• Design and actual material and heat balances

Raw material/production information:

• Product composition and batch sheets

• Ma:erial application diagrams

• Material safety data sheets

• Product and raw material inventory records

• Operator data logs

• Operating procedures

• Production schedules

Accounting information:

• Waste handling, treatment. and disposal costs

• Water and sewer costs, including surcharges

• Costs for nonhazardous waste disposal. such as trash and scrap metal

• Product, energy, and raw material costs

FiCare 12·2. Information sources for prelimInary assessments.

'I1i!._ I ••
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Typical Considerations for Prioritizing Waatestream. for Further
Study
• Compliance with current and anticipated regulations

• Costs of waste management (pollution controL treatment. and disposal)

• Potential environmental and safety liability

• Quantity of waste

• Properties of the waste (including toxicity, flammability, corrosivity, and
reactivity)

• Other safety hazards to employees

• Potential for pollution prevention

• Potential for removing bottlenecks in production or waste treatment

• Potential recovery of valuable by-products

• Available budget for the pollution prevention assessment program and
projects

• Minimization of wastewater discharges

• Reduction of energy use

Fl,are 12·3. Considerations for prioritizing wastestreams.

mit. The preassessment site ViSitS will provide the information needed to
accomplish this prioritization and to designate the detailed assessment teams.
which will be selected on the basis of expertise in particular areas.

Establish Priorities. Assigning priorities (see Fig. 12-3) to processes. opera
tions, and wastestreams will focus the remainder of the pollution prevention
plan development effort. The priorities set in this stage will guide the selection of
areas for detailed assessment.

12.1.4 Prepare the Program Plan

With the information collected during the preassessment, the task force can
develop a detailed program plan. This plan will address the extent to which
external organizations will be involved, define pollution prevention program
objectives, identify potential obstacles and solutions, and define the data collec
tion and analysis procedures that will be used. A summary of the points that
should be addressed in a program plan appears in Fig. 12-4.

Contact Enemal Group.. At this point, the task force should consider
soliciting input from outside the company. Inclusion of the surrounding com-

'IliI'll_ I_ T ..
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Elementa of the Formal Written PoUution Preftntion P1aD

• Corporate policy statement of support for pollution prevention.

• Description of your pollution prevention planning task force makeup,
authority, and responsibility.

• Description of how all of the groups (production, laboratory, mainte
nance, shipping, marketing, engineering, and others) will work together
to reduce waste production and energy consumption.

• Plan for publicizing and gaining companywide support for the pollution
prevention program.

• Plan for communicating the successes and failures of pollution prevention
programs within your company.

• Description of the processes that produce, use. or release pollutants,
including clear definition of the amounts and types of substances, materi
als, and products under consideration.

• List of treatment, disposaL and recycling facilities and transporters cur
rently used.

• Preliminary review of the cost of pollution control and waste disposal.

• Description of current and past pollution.

Fleur. 12·4. Elements for a pollution prevention plan.

munity in the pollution prevention planning process can create a new forum for
communication. Valuable technical information can also be exchanged with
technical, trade, or professional organizations.

Legislative and executive officials can prOVide their perspectives on environ
mental protection issues and information on their planning processes. In
return, they can gain information that will help them make decisions on future
public issues related to the environment.

Community involvement is a good way to build credibility and focus pollu
tion prevention efforts on the discharge paths that most concern your neighbors.
However, it may be wise to wait until the program is established before seeking
to involve the community. Having a few pollution prevention projects under
way will demonstrate your good faith. Positive community involvement can be
encouraged through holding open meetings, granting interviews to the media,
advertising, circulating direct-mail surveys, and conducting opinion polls.

Other businesses can be sources of information on technical issues and suppli
ers, either because they are in the same geographical area or because they have
similar technical areas of interest. Local business groups are a good way of locat
ing resources in the immediate area, while trade and professional associations
can provide contacts in other parts of the country or the world. Of course, the
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companies with the most similar interests may be competitors. but it should be
possible to interact without risking disclosure of business-sensitive infonnation.

DeCiDe ObJecth·.. During the preliminary assessment phase. the task force
will have identified opportunities for pollution prevention and will have
worked with the ekecutive group to establish priorities. These will be the start
ing point for defining short- and long-range objectives.

Objectives are the specific tasks that will be necessary to achieve goals. For
example, in order to reach a goal of reducing waste, the objectives might be
defined as reducing solvent, paper, and packaging wastes by specific amounts
over a stated period of time.

Objectives can be defined at the facility or the department leveL depending
on the size and diversity of your company. A small company could decide to
develop a single set of objectives to cover all of its operations. A larger com
pany with many facilities or products might develop an overall corporate plan
describing goals and objectives. supplemented by facility- or product-specific
goals. In any case, the management at each location must understand and sup
port its objectives if the pollution prevention program is to be successful.

Objectives should be stated in quantitative terms and should have target
dates. These two attributes make objectives effective tools for directing effort
and measuring progress.

IdeDtify PoteDtial Ob.tacle.. As the task force begins to develop and
implement a pollution prevention program, a number of factors that will com
plicate the process will likely be encountered. These need to be recognized, and
the means.for overcoming them needs to be defined. Apparent obstacles will be
less likely to impede the process if everyone understands that there is a mecha
nism for addressing them in a later stage.

The mix of factors and the relative degree of difficulty each presents will vary
from company to company. Those that are likely to be encountered by most
businesses are discussed here. They fall into four broad categories: economic,
technical, regulatory, and institutional.

Economic Obstacles. The task force should recognize that some complex
economic factors may need to be addressed later. Broadly defining procedures
now for dealing with them will help prevent economic concerns from stifling
the creative process of defining options.

Cost-benefit analysis procedures should be defined. Many proposed pollu
tion prevention options will have start-up costs. For example. additional or
replacement equipment may need to be purchased, staff training may be
required, or alternative raw materials may cost more. Some of these additional
costs can be justified readily because they clearly will be cost-effective and wil]
have short payback times. However, many will not be so clear-cut and will
need more sophisticated analysis as described in Chap. 15.

Limited financial resources for capital improvements may also be a problem,
even for options that will ultimately be profitable. The task force should inves
tigate the availability of and conditions for funding assistance or low-interest
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loans from state or local agencies. Chapter 53 provides some additional infor
mation on whom to contact.

Technical Obstacles. Information will be needed on alternative procedures
that should be considered, how to integrate them in the production process.
and what side effects are possible.

Information resources could be a problem. As a small or medium-sized busi
ness. you may not have ready access to a central source of information on pol
lution prevention technigues. There are several ways to deal with this problem.
Contact appropriate agencies listed in Chap. 53 for assistance. Encourage
employees to watch for information in the technical journals and newsletters
they read and to pass it on to the task force. Those who belong to professional
societies may get ideas from other members. Metropolitan or university library
reference departments can provide assistance in locating sources of published
information as well as names of people who might be able to provide informa
tion in specific areas. If the scope of the technical problem and resources per
mits. it may be appropriate to retain a consultant.

limited flexibility in the manufacturing process may pose another technical
barrier. A proposed pollution prevention option may involve modifying the
work flow or the product. or installing new equipment; implementation could
reguire a production shutdown, with loss of production time. The new opera
tion might not work as expected or might create a bottleneck that could slow
production. In addition, the production facility might not have space for pollu
tion prevention eguipment. These technical barriers can be overcome by having
design and production personnel take part in the planning process and by
using tested technology or setting up pilot operations.

Product quality or customer acceptance concerns might cause resistance to
change. For example, in some printing and publishing operations it is possible
to minimize waste by substituting a water-based ink for a solvent-based ink.
But for some products, quality suffers when water-based ink is used. Avoid
potential product guality degradation by contacting customers and verifying
customer needs. testing the new process or product. and increasing guality con
trol during manufacture.

Regulacory Obstacles. Regulations may be a barrier to some pollution pre
vention options. For example. changing to another feed material may reguire
changing the existing permits. In addition. it may be necessary to learn what
regulations might apply to proposed alternative input materials.

Working with the appropriate regulatory bodies early in the planning
process will help overcome this barrier. The EPA and the state environmental
agencies have developed a number of documents to facilitate pollution preven
tion efforts by industry; many are listed in Chap. 53.

Local health department and city and county waste disposal and treatment
offices may also provide assistance. Industry task forces and consultants might
also be contacted.

Institutional Obstacles. As with any other new program, general resistance
to change and friction among elements within the organization may arise.
These can result from many factors, such as lack of awareness of corporate

.'
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goals and objectives, individual or organizational resistance to change, lack of
commitment, poor internal communication, requirements of existing labor con
tracts, or an inflexible organizational structure.

Analyze these barriers from different perspectives in order to understand the
concerns. Management is concerned with production costs, efficiency, produc
tivity, return on investment, and present and future liability. Workers are con
cerned about job security, pay, and workplace health and safety. The extent to
which these issues are addressed in the pollution prevention program will
affect the success of the program.

Institutional barriers can be overcome with education and outreach pro
grams. As was pointed out earlier, it is vital to gain the support of staff at all
levels very early in the pollution prevention effort.

Develop Schedule. The final aspect of planning the pollution prevention
program is to list the milestones within each of the stages from detailed assess
ment through implementation and then assign realistic target dates. The execu
tion of these stages should follow this schedule closely. Significant deviations
may cause the program to falter because certain steps are not completed.
Adherence to the schedule will also"help control the start-up or implementation
costs of the program.

12.2 Developing and Implementing
Pollution Prevention Projects

This section outlines how- to execute the pollution prevention program plan
that resulted from the activities already outlined.

As with the other stages, the degree of formality should be tailored to the size
of the company and the diversity of its product lines. Thus, a small company
may need to do only one detailed assessment and prepare one implementation
plan, while a larger, more diverse company might require several in order to
address all production processes. If multiple plans are developed, it will be
necessary to examine how they fit together, resolving any conflicts and priori
tizing them to fit available resources.

12.2.1 Detailed Aa.e••meDt Ph_e

As part of the program design, a preliminary assessment of the facility identi
fied areas of opportunity for pollution prevention. Now, detailed assessments
will focus on specific areas targeted by the preliminary assessment.

Assessment teams will be assigned to each operational area of the facility to
gather data for later analysis. As was the case during the preliminary assess
ment, existing written materials and site evaluations will be used. However,
teams will delve much more deeply into each production process, interviewing
workers and compiling necessary data that may not have been collected before.

'1lif.l_ I •• ·
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During this process. the team may identify some options that can be imple
mented quickly and with little cost or risk. It is likely, however, that many
options will be more complex and will require in-depth analysis later.

Detailed Asae..meut Tea.m(a). The detailed assessment phase should be
started by a member of the task force, which was identified during program
design. Unless the company is small enough that the task force and the detailed
assessment team are the same, additional staff (three to six individuals> will
need to be named to form one or more detailed assessment teams which will
focus on specific pollution prevention opportunities.

Ideally, one member of the task force will be included on each team to facili
tate communication. The additional team members should be people with
direct responsibility for and knowledge of the wastestreams and / or areas of
the facility under consideration. To the extent practicaL engineers. supervisors.
and production workers as well as finance and accounting, purchasing, and
administrative staff should be considered when the team members are selected,
much the same as when the task force was chosen. A multidisciplinary team is
likely to be more successful in achieving a comprehensive assessment and pro
viding the best input possible to the data analysis and option definition stages.
Specialists can be consulted as needed.

Aside from field of expertise, consider a candidate's ability to work on a
team, apparent interest in and commitment to the program. and capacity for
looking at situations from new perspectives and for thinking creatively. Some
example teams are given in Table 12-1. Note that for each team. the team leader
is someone who has day-to-day operations responsibility and experience.

Table 12·1. Examples of Detailed .Assessment Teams

Metal Finishing Department in a Large Defense Contractor

Metal finishing department manager
Process engineer responsible for metal finishing processes
Facilities engineer responsible for metal finishing department
Wastewater treatment department supervisor
Staff environmental engineer

Small PesticIde Formulator

Production supervisor
Environmental engineer
Maintenance engineer

Cyanide Plating Operation

Environmental engineer-
Electroplating facility engineering supervisor
Plant chemist

"Recommended detailed assessment team leader.

'111' 11_ r. T
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Reriew Data and Site.. Numerous data sources probably exist for a given
site. Many of these may have been identified during the preliminary assess
ment. The detailed assessment team ior that site will search for additional
sources of data that will be useful in studying the targeted processes, opera
tions, or wastestreams.

However, most of their effort will be directed toward performing a thorough
site review and interviewing workers. This will help them understand the data
already collected and identify factors that are not well documented and for which
data will need to be collected. Site review guidelines are outlined in Fig. 12-5.

A careful site review will provide the assessment team with a systems per
spective of the process, operation, or wastestream in question and of how it fits
into the overall facility operation. This perspective is a prerequisite for thor
ough assessment of options in later phases of the pollution prevention plan
development cycle. If consultants are on the assessment team, the site review
enables them to become familiar enough with the facility to utilize their exper
tise effectively.

The site review should not be performed perfunctorily, even though the assess
ment team members who are employ~d at the facility will all be familiar to some
extent with the work site being reviewed. Those who are not involved in the day
to-day operation in that area will see factors that otherwise would be overlooked.
Furthermore, personnel assigned to that specific site will often see it in a new

Site Review Plan
• Prepare an agenda in advance that covers all points that still require clari

fication. Provide staff contacts in the area being assessed with the agenda
several days before the inspection.

• Schedule the inspection to coincide with the particular operation that is of
interest (e.g., makeup chemical addition, bath sampling, bath dumping,
start-up, or shutdown).

• Monitor the operation at different times during all shifts, and if needed,
during all three shifts, especially when waste generation is highly depen
dent on human involvement (e.g., in painting or parts cleaning opera
tions).

• Interview the operators, shift supervisors, and work leaders in the
assessed area. Discuss the waste generation aspects of the operation. Note
their familiarity with the impacts their operation may have on other oper
ations.

• Photograph or videotape the area of interest, if warranted. Pictures are
valuable in the absence of plant layout drawings.

Figure 12·5. Site reV1ew gUidelines.

·--,rwr'"I1. rn·· ~
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Typical Questions to A..k During Site Rene..
• What is the composition of the wastestreams and emissions generated in

the company? What is their quantity?

• From which production processes or treatments do these wastestreams
and emissions originate?

• Which waste materials and emissions fall under environmental regula
tions?

• What raw materials and input materials in the company or production
process generate these wastestreams and emissions?

• How much of a specific raw or input material is found in each
wastestream?

• What quantity of materials is lost in the form of volatile emissions?

• How efficient is the production process and the various steps of that
process?

• Does mixing materials produce any unnecessary waste materials or emis
sions which could otherwise be reused with other waste materials?

• Which good housekeeping practices are already in place to limit waste
genera tion?

Fifure 12-6. Questions to ask dunng site rmews.

light when performing a pollution prevention assessment. Some of the informa
tion that can be gathered through site reviews is summarized in Fig. 12-6.

Site visits should be well planned to ensure that maximum benefit is
obtained without excessive expenditures of time. While multiple visits to check
or supplement data will usually be required, good planning can minimize such
repetitions. Several suggestions for preparing for site visits are given here.

Review existing documentation, such as operators' manuals and purchasing
and shipping records. This will enable the team to focus on the topics to be
investigated. Decide on data collection formats to ensure that the data collec
tion will be rigorous and compatible with the compilation and analysis stage
described later. In particular, it is worthwhile to predetermine the boundaries
and bases for calculating the energy and material balances that will be worked
out during that stage. Doing a preliminary balance during the data collection
phase can help identify data gaps and determine sampling requirements.
Photographs and videos are an excellent means of capturing extensive detail
quickly and accurately.

Prepare an agenda and make sure that all team members and supervisors at
the site receive it in advance.

-
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Schedule site visits by contacting the staff in the area to be visited. Ask when
they will be performing the operations you are particularly interested in assessing.

Observe operations as they are actually performed by different shifts and
under various circumstances. Process units may be operated differently from the
methods described in their operating manuals. or the equipment may have been
modified without being so documented in the flow diagrams or equipment lists.

Interview workers and supervisors to determine how aware they are of what
wastes are generated by their operation. They may have suggestions for reduc
ing these wastes.

Follow the process from beginning to end, from the point where input mate
rials enter the work site to the point where products and wastes exit. This will
help identify all suspected sources of waste. Waste sources to inspect include
the production process; piping; maintenance operations; and storage areas for
raw materials, finished product, and work-in-process. Examine housekeeping
practices and the waste treatment area, as well. Make follow-up visits as miss
ing or unclear data are identified during the analysis stage.

Organize and Document Proceas Information. Analyzing process infor
mation involves preparing material and energy balances as a means of analyz
ing pollution sources and opportunities for eliminating them. Such a balance is
an organized system of accounting for the flow, generation, consumption, and
accumulation of mass and energy in a process. In its simplest form, a material
balance is drawn up according to the mass conservation principle:

Mass in = Mass out - Generation ~ Consumption + Accumulation

If no chemical or nuclear reactions occur and the process progresses in a steady
state, the material balance for any specific compound or constituent is as follows:

Mass out = Mass in

The first step in preparing a balance is to draw a process diagram, which is a
visual means of organizing the data on the energy and material flows and on
the composition of the streams entering and leaving the system. Such a dia
gram shows the system boundaries, all streams entering and leaving the
process, and points at which wastes are generated.

Boundaries should be selected according to the factors that are important for
measuring the type and quantity of pollution prevented, the quality of the
product, and the economics of the process. The amount of material input
should equal the amount exiting, corrected for accumulation and creation or
destruction.

A material balance should be calculated for each component entering and
leaving the process. When chemical reactions take place in a system, there is an
advantage to performing the material balance on the elements involved.

The limitations of material and energy balances should be understood. They
are useful for organizing and extending pollution prevention data and should

•
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be used whenever possible. However, the user should recognize that most bal
ance diagrams will be incomplete, approximate, or both.

• Most processes have numerous process streams, many of which affect vari
ous environmental media.

• The exact composition of many streams is unknown and cannot be easily
analyzed.

• Phase changes occur within the process, requiring multimedia analysis and
correlation.

• Plant operations or product mix change frequently, so the material and
energy flows cannot be accurately characterized by a single balance diagram.

• Many sites lack sufficient historical data to characterize all streams.

These are examples of the complexities that will recur in the analysis of real
world processes.

Despite the limitations, material balances are essential to organize data, iden
tify gaps, and permit estimation of missing information. They can help calcu
late concentrations of waste constituents where quantitative composition data
are limited. They are particularly useful if there are points in the production
process where it is difficult or uneconomical to collect or analyze samples. Data
collection problems, such as an inaccurate reading or an unmeasured release,
can be revealed when "mass in" fails to equal "mass out." Such an imbalance
can also indicate that fugitive emissions are occurring. For example. solvent
evaporation from a parts cleaning tank can be estimated as the difference
between solvent put into the tank and solvent removed by disposal. recycling,
or dragout.

12.2.2 DefiDe POllUtiOD
PreveDtioD OptiOD.

Once the sources and nature of wastes generated have been described, the
assessment team enters the creative phase. In a two-step procedure. they will
propose and then screen pollution prevention options. Their objective is to gen
erate a comprehensive set of options, ranked as to priority, that merits detailed
feasibility assessment.

Propo.e OptiOD.. As with other planning efforts, the best results will be
achieved in an environment that encourages creativity and independent think
ing by each assessment team member. Brainstorming sessions are useful for
encouraging creative thought because they provide a nonjudgmentaL synergis
tic atmosphere in which ideas can be shared. Then, these ideas can be devel
oped by means of group decision-making techniques. This approach will
enable the assessment team to identify options that the individual members
might not have come up with on their own.

'-~In
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Structuring option definition sessions according to the EPA pollution pre
vention hierarchy will encourage the team to look first at true source reduction
options, such as improved operating procedures and changes in technology,
materials, and products. Then, options that involve reuse, or closed-loop recy
cling, would be examined. The team would next consider off-line and off-site
recycling and. finally, alternative treatment and disposal methods.

Screen Option.. Many proposed options may result from the previous step.
Since detailed technical, economic, and environmental feasibility analysis can
be costly, the proposed options should be screened by the assessment team.
Some options will be found to have no cost or risk attached; these can be imple
mented immediately. Others will be found to have marginal value or to be
impractical; these will be dropped from further consideration. The remaining
options will generally be found to require feasibility assessment.

This screening does not require detailed and costly study. Screening proce
dures can range from an informal review, with a decision made by either the
program manager or a vote of the team members, to the use of quantitative
decision-making tools. Figure 12-7 shows questions to be considered in option
screening.

The informal review is a procedure by \vhich the assessment team selects the
options that appear best after discussing and examining each option. As is the
case when the team is proposing options, its approach to screening should
employ group decision-making techniques whenever possible.

In more complicated situations, the team may need to use a formal decision
analysis technique designed for usein complex decision-making situations.

Questions for Option Screening
• Which options will best achieve the goal of waste reduction?

• What are the main benefits to be gained by implementing this option
<financial, compliance, liability, workplace safety, etc.)?

• Does the necessary technology exist to develop the option?

• How much does it cost? Does it appear to be cost-effective, meriting in
depth economic feasibility assessment?

• Can the option be implemented within an reasonable amount of time
without disruptions in production?

• Does the option have a good track record? If not, is there convincing evi
dence that the option will work as required?

• What other areas will be affected?

Fl,are 12·7. ConSiderations for option screenIng.
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12.2.3 Feasibility Analyse.

The final product of the option definition phase is a prioritized list of pollution
prevention options. These options now should be examined to determine
which are technically, environmentally, and economically feasible and to prior
itize them for implementation.

Depending on the resources currently available, it may be necessary to post
pone feasibility assessments for some options. However, all options should be
evaluated eventually.

Technical Evaluation. The assessment team will perform a technical evalua
tion to determine whether a proposed pollution prevention option is likely to
work in a specific application. Technical evaluation for a given option may be rel
atively quick or it may require extensive investigation. The list in Fig. 12-8 sug
gests some criteria that could be used in a technical evaluation. Some of these are
more detailed versions of questions asked during the option screening phase.

All groups in the facility that will be affected directly if the optIon is adopted
should contribute to the technical evaluation. This might include people from
production, maintenance, QC/QA, and purchasing. In some cases, customers
may need to be consulted and their requirements veriiied. Prior consultation
and review with these groups will ensure the viability and acceptance of an

Typical Technical Evaluation Criteria

• Will it reduce waste?

• Is the system safe for our workers?

• Will our product quality be improved or maintained?

• Do we have space available in our facility?

• Are the new equipment, materials, or procedures compatible with our
production operating procedures, work flow, and production rates?

• Will we need to hire additional labor to implement the option?

• Will we need to train or hire personnel with special expertise to operate or
maintain the new system?

• Do we have the utilities needed to run the equipment? Or must they be
installed at increased capital cost?

• How long will production be stopped during system installation?

• Will the vendor provide acceptable service?

• Will the system create other environmental problems?

Fleare 12·8. Typical t~chnlcal ~vaJuation cr1t~ria.
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option. If the option calls for a change in production methods or input materi
als, carefully assess the likely effects 011 the quality of the final product. If, after
the technical evaluation, the option appears impractical or can be expected to
lower product quality, drop it.

For options that do not involve a significant capital expenditure, the team can
use a "fast-track" approach. For example, procedural or housekeeping changes
can often be implemented quickly, after the appropriate review, approvals, and
training have been accomplished. Material substitutions also can be accom
plished relatively quickly if there are no major production rate, product qual
ity, or equipment changes involved.

Equipment-related options or process changes are more expensive and may
affect production rate or product quality. Therefore, such options require more
study. The assessment team will want to determine whether the option will
perform in the field under conditions similar to the planned application. In
some cases, they can arrange, through equipment vendors and industry con
tacts, visits to existing installations. Experienced operators' comments are espe
cially important and should be compared with vendors' claims. A bench-scale
or pilot-scale demonstration may be needed. It may also be possible to obtain
scale-up data using a rental test unit for bench-scale or pilot-scale experiments.
Some vendors will install equipment on a trial basis, with acceptance and pay
ment after a prescribed time, if the user is satisfied.

Environmental Evaluation. In this step, the detailed assessment team will
weigh the advantages and disadvantages of each option with regard to the
environment. Often the environmental advantage is obvious-the toxicity of a
wastestream will be reduced without generating a new wastestream. Most
housekeeping and direct efficiency improvements have this advantage. With
such options. the environmental situation in the company improves without
new environmental problems arising.

Unfortunately, the environmental evaluation is not always so clearcut. Some
options require a thorough environmental evaluation, especially if they involve
product or process changes or the substitution of raw materials.

For example, the engine rebuilding industry is dropping solvent and alkaline
cleaners to remove grease and dirt from engines prior to disassembly. Instead,
they are using high-temperature baking followed by shot blasting. This shift
eliminates waste cleaner but presents a risk of atmospheric release because
small quantities of components from the grease can vaporize.

To make a sound evaluation, the team should gather information on the envi
ronmental aspects of the relevant product, raw materiaL or constituent part of
the process. This information would consider the environmental effects not only
of the production phase and product life cycle but also of extracting and trans
porting the alternative raw materials and of treating any unavoidable waste.

Energy consumption should also be considered. To make a sound choice. the
evaluation should consider the entire life cycle of both the product and the pro
duction process.

'It. 11_ \a or
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Economic EvaluatioD. Estimating the costs and benefits of some proposed
pollution prevention projects is straightforward, while others prove to be com
plex. Despite the ease with which the cost calculations may be done for some
options, it is advisable to document all that are adopted and to estimate the eco
nomic effects of each. This will help ensure that these real accomplishments of
your pollution prevention program will not be overlooked when you measure
the program's progress. as discussed in Chap. 16.

There are a number of factors that make pollution prevention costs and bene
fits difficult to calculate for many proposed projects. The total costs of continuing
to pollute are not discernible in most corporate accounting systems. Further
more, many of these costs are probabilistic-although the risks are reaL it is diffi
cult to predict the cost and even the occurrence date from past experience. The
long-term need to avoid the spiraling costs of waste treatment. storage, and dis
posaL as well as future regulatory and liability entanglements, are likely to be
major elements of your pollution prevention project economic evaluation.

Chapter 16 discusses an approach and gives an overview of the types of cost
and benefit factors that should be examined when proposed pollution preven
tion projects are studied. It suggests some approaches to calculating indirect
and probabilistic costs so that their full impact can be included in economic fea
sibility assessments. It also discusses ways to track the economic effects of pol
lution prevention projects after they are implemented.

12.2.4 A..e.sment Report

The task force should write a report that summarizes the results of the detailed
pollution prevention assessments. The minimum contents are summarized in
Fig. 12-9. The report will provide a schedule for implementing prevention pro
jects and will be the basis for evaluating and maintaining the pollution preven
tion program. It may also be needed to secure internal funding for projects that

Discussion Pointe for Each Proposed Project Report

• Its pollution prevention potential

• The maturity of the technology and a discussion of successful applications

• The overall project economics

• The required resources and how they will be obtained

• The estimated time for installation and start-up

• Possible performance measures to allow the project to be evaluated after it
is implemented

Figure 12·8. Contents of an assessment report.
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require capital investment, if the members of the pollution prevention 'lssess
ment task force do not have the authority to commit funds.

It may be tempting to omit this step if the company has an owner-manager
and only a few employees. A summary assessment report may not be needed to
resolve pollution prevention project conflicts among different areas, and fund
ing approvals probably are not a formal procedure requiring cost justifications.
However, an assessment report will help focus subsequent pollution preven
tion efforts and will be useful as a record of what aspects of the business have
been examined for pollution prevention opportunities.

Input of the As.e••ment Team.. In a company that has several assess
ment teams, the task force will need to evaluate the results and resolve any con
flicts that might exist among the teams as to approach and resources required
for the projects proposed.

As input to this integration effort, each assessment team should prepare a
summary report, presenting the results of its investigations and listing the
options it screened. Each report should describe in some detail the options that
the team has determined are feasible and propose a schedule for implementing
them. The options recommended for immediate implementation should then
be described in detail as proposed projects.

These proposals should evaluate each project under different scenarios. For
example, the profitability of each could be estimated under both optimistic and
pessimistic assumptions. Where appropriate, sensitivity analyses indicating the
effect of key variables on profitability should be included. Each should outline
a plan for adjusting and fine-tuning the initial projects as knowledge and expe
rience increase. The proposals should include a schedule for addressing those
areas and wastestreams with lower priorities than the ones selected for the ini
tia I effort:

Preparing a.n~ Reviewing the Assenmeut Report. The task force will
use the assessment teams' reports and project proposals to prepare the sum
mary assessment report and implementation plan. The report should include a
qualitative evaluation of the indirect and intangible costs and benefits of a poJ
lution prevention plan to the company, its employees, and the community. It
will provide the basis for obtaining funding of pollution prevention projects.
Pollution prevention projects should not be sold on their technical merits alone;
a clear description of both tangible and intangible benefits can help a proposed
project obtain funding.

Before the report is issued in final form, managers and other experienced
people in the production units that will be affected by the proposed projects
should be asked to review the report. Their review will help to ensure that the
projects proposed are well defined and feasible from their perspectives. While
they probably were involved in the site reviews and other early efforts of the
task force, they may spot inaccuracies or misunderstandings on the part of the
assessment teams that were not apparent before.

.1. Ii_ I. - •
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In addition to ensuring the quality of the assessment report and implementa
tion plan. this review will help ensure the support of the people who will be
responsible for the success of the project.

12.2.5 Implement the Pollution
Prevention Plan

Select Projects for Implementation. Final decisions on which projects
will be implemented and what the schedule will be are made at this point. If the
task force or company executives question aspects of some projects. the assess
ment teams or pollution prevention program champions may be asked to pro
duce additional data. The task force should be tlexible enough to develop alter
natives or modifications. The members should also be willing to do
background and support work. and they should anticipate potential problems
in implementing the options. Above all, they should keep in mind that an idea
will not sell if the marketers are not convinced.

ObWn Funding. The task force will seek to secure funding for those pro
jects that will require expenditures. There will probably be other projects. such
as expanding production capacity or moving into new product lines. that will
compete with the pollution prevention program for funding. If the task force is
part of the overall budget decision-making procedure, it can make an informed
decision that a given pollution prevention project should be implemented right
away or that it can wait until the next capital budgeting period. The task force
will need to ensure that the project is reconsidered at that time.

Some companies will have difficulty raising funds internally for capital
investment. If this applies, look to outside financing. Private sector financing
includes bank loans and other conventional sources of financing. Financial
institutions are becoming more cognizant of the sound business aspects of pol
lution prevention.

Government financing is available in some cases. It may be worthwhile to
contact your state's department of commerce or the U.s. Small Business
Administration for information regarding loans for pollution contro!' Some
states can provide financial assistance.

Instan the Selected Projects. Many pollution prevention projects will
require changes in operating procedures, purchasing methods. or materials
inventory control. Company policies and procedures documents and employee
training will also be affected by the changes.

For projects that involve equipment modification or new equipment. the
installation of a pollution prevention project is essentially the same as any other
capital improvement project. The phases of the project include planning,
design, procurement. construction, and operator training. As with other equip
ment acquisitions. it is important to get warranties from vendors prior to instal
lation of the equipment.

----,rwr IT. r..
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Training and incentive programs may be needed to get employees used to
the new pollution prevention procedures and equipment.

Mea.ure, Progrea. Againat the Goala. By reviewing the program's suc
cesses and failures, managers at all levels can assess the degree to which pollu
tion prevention goals at the facility and production unit levels are being met and
what the economic results have been. The comparison identifies pollution pre
vention techniques that work well and those that do not. This information will
help guide future pollution prevention assessment and implementation cycles.

Quantitative evaluation also enables comparison with similar units in the
company and with data from other companies. This knowledge is needed to
plan enhancements to the current pollution prevention program, to select tech
nologies for transfer from other operations, and to help identify new pollution
prevention options.

Review and AdJuat. The pollution prevention process does not end with
implementation. After the pollution prevention plan is implemented, track its
effecti ....eness ....ersus the claims made-technical, economic, etc. Options that do
not meet your original performance expectations may require rework or modi
fications. Above alL reuse the knowledge gained by continuing to evaluate and
fine-tune pollution prevention projects. Chapter 17 provides details on measur
ing progress after implementation and evaluating it against goals. Chapter 8
deals with ways to maintain and enhance a program after it is implemented.

- 'lIlt Ii_ ,.--
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volumclric air conlent of soil (dimcmionlcss);
codfieienr (gig);
;Iveragc conlaminanr conccntralion in air (ginn');
conlaminanl concentrarion in soil gas phase (glclll ' );
m,lximum contaminanl concentralion in soil vapor phase (g/cm'):
maximum conlalllinanl Concenlralion in soil pore waler (g/cm ').
initi;i1 conlaminanl concenlralion ads'Hhcd 10 soil (gig):
concenlrallon adsorhed 10 soil in cquilihrium wilh C; (gIg);
t01,11 contaminanl eonccnlralion in soil (g/crn ');
average conlilminanl concenlration ,Hlsorhcd 10 soil (gIg);
Iifellme average daily absorhed dose (mg/kg/<hy);
cffCd ive diffusion codliciellt (cI11 1Is):
soil'gas diffusion coefflcienl (COllIs);
soil· liquid diffusion wcfficienl (cmlls);
equilihrium soil·waler pilrtitioll eocffH:lenl (ern '/g);
C(lllilihriulll p;lrtillOn tocfflCien' normalized 10 org'mic carbon
(cm '/g);

averagc cmission laIc of eonlanun,lnl lrom soil sUlface (g/s);
averaging lime valiahle (s);
lime (sl;
avaagl/lg lime variable (s);
depth helow soil surfacc (cm);
dlmensionlcss coefficient; and
hulk demily of soil (g/clII ' )

IPrrRODUCnON

Incrca~ing proccss dliclcucles hy minimizing Ihe was Ie of valuable mao
'crlals is a loug·hcld ohJcclive of engineering design of induslrial processes .
However. mosl halardnus W,lsle is gencralcd industrially, Ret'enlly, the
social cosl of w,lSle, parricularly halanJous waste, has been recogniled. und
cosis h,lve heen assigned 10 gcn.:ralOrs Ihrough Ieglslalion. Therefore:, pol.
lUI ion prevenlion is an essen,i ..1componenl of induslrial process design.

By the laws of Ihcfl/uHlynamics. all producrivlly is accompanied hy Wilsie.
'Illal is. only when productlvily I' lCro IS wastc ullimalcly minimilcd. '!llere·
fore, '0 dl\CUSS pollUtion prc .... lIl1on seriously. industrial pWduclivity must
hc Ct1nsHlcred sllnultaneou\ly willi waslc generalion. I'roduclivily ,lIld waSle
can he mcasured in unlls of energy or llIass. IIowcver. a more motivatmg
SGlIc of measurernelli. wi'h n:'pecl to '>Clcc'ion and design indusrrial pro.
ccsses Ih;1l arc si.stainahlc lIolh ccononllcally and envlf(mmenlally, m,ly he
rnoncrary,

A usdul framework lor c~alu;lting and sclecling pollulion prevention
proposals, (on"dering produclion logdhcl WIlli WaSle generation, is Ihal
of hencfil·risk an;llysis. Such ;111 analysis c,ln he conducled from Ihe per
spcellve 01 Ihe I'lihhc or of the firm. '\lIlJ 011 a 10c...1 or process scale, or ...
glohal or regional level. If pnlormed from the perspective of Ihe firm. a
useful COuCerl lIIay hc Ihe perccplion 01 halardous wasle as a producl wllh
ncgali~c markcr value (Cranford, unpuhlished rcmarks, 19(3). In facl. pol.
hilion rrcvcntllln 1\ 1I0W rl'coglli/ed as an cssen.ial component of 101011

ljll.illl}'mallagclllcllI (l\I>ell")'1I, 1\l1Il 1')<)2) Because perceived produclioll
hcllcf,ls and cosls are conSidered III iIIl inlegr,llcd way in nenefil·risk anal.
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ysis, Ihe approach lllay he effective in slemming the acculllulation of haz
ardous wastes in the face of population and technolo~icalpressures, and In
maintaining economic and environmental sustainahility,

If performed from the point of view of the firm, henefit-risk analysis of
pollution prevention alternatives requires explicit recognition of the hene
ficial functions served by industrial halardous materials, as well as Ihc en
vironmcnlal and heallh risks and Iiahilities, Such recognition of Ihe functiom
served hy ha:lardous male rials in industrial processes hUlher allows: (I)
Transfer of successful pollution prevention tedlllolo~ies among <!lfferent
IIlduslries where hazard<Hls malerials perform essentially similar fllllcllons;
and (2) research and development of general approaches 10 POllUIl<1I1 pre
vention.

Idenliflcalion of lechnical alternalives is the first step in ulnducllng a
hcnelil-cost analySIS, 10 minimize waste associated Wllh a produ«:llon pro
cess. Industries generate solid. liquid, and g.lseous ha:lardous wasle male
ri'lls in virtually unlimited. and highly Site-specific. ways. Therefore, iden
lification of pollulion prevention strategies can he challenging, espel'lally
for proposed new production processes, and in light of uncertain environ
menial and heahh liabilities. A preliminary list of ahernative pollulion pre
vention aile rna lives for a process can he developed hy Iiteralure review. A
hroad review allows idenllfication of waste minimi/alioll stralegies al the
corporale and regional level, as well. For example, possible uses of waSle
from one production facililY in anolher. unrelaled. facllily m.IY he found.

Technologies reported for reducing hazardous wastes in .1 hroad range of
induslries were reviewed (Englehardl 11)93). in the course of rese.m:h 10
develop pollution prevention benefiHisk analysis methods (Englehardt 1991).
The obJeclive of the literature review W.1S to provide an overview of current
approaches to indmtrial pollulion prevenllon. hroad with respect 10 indus
Iry. and integrated in oUllook. TIlal is. II was deSired to proVide a way of
Ihinking aboul polhllion prevention Ihaltranscendcd commonly recogni.lCd.
site-specific technologies; a multimedia view, considering production ad
vantages and risks, and broad enough to allow planning al the corporate
and regionallcvels. was desired. Radioactive. infectious. and nonha:lardous
wastes were nol considered, although pollution prevenlion 0pp0rlunilies
for such maleriab mOlY he inlerrelOited with Ihose of lhe haIardous wasles
discussed.

In Ihe course of lhe literOiture review, ten funclions served hy hOlI.OIrdous
maleri.lls in industl y were ident ified. Literature inform alion was reoq~anil.ed

OIccording to these funclions. OIS a hOisis for development of general pollulion
prevention slrategies. In Ihis paper. Ihe organizOition of currenl pollution
prevention information in Ihe literature, and severOl' generOilly recognized
waste minill1izalion lechniques, arc reviewed. The proposetl conceplUal or
ganization of technologies. in terms of heneficial functions anti risks of
hazardous materials. is then discussed. wilh a hrief example application.
Conclusions offer insighl into pollution prevention 0J!p0rlunllll:s, ;lIld fUlure
research dircClions.

WASTE-REDUCTION LITERATURE

Many good studies on pollution prevention lechnologies were reviewed.
Three main classification systems were found. all of which have advantages.
Technologies have most often been reviewed hy industry group. such as
metal finishing, photogr'lphic processing. or industrial solvenl uses (Camp
hell and Glenn 19M2; Higgins 19M'J; Kafarov I'JM5; '(OIvlamJcs I'JM5, lJnited
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Nations, no year; Soh'oll IIJ'JO; Huzurdous 19M1). Such a perspeClive is
useful for analySIS 01 industrial processes as they exist at the time. due 10
the site-spccifll: nature of IIlduslrial waste technologies. However. process
specific malerial can hel'Ome <.Iated, and waste-minimization 0pp0rlunities
resulting because one firm owns several types of industrial operations arc
not considered I'or example, an ('pporlunily 10 deloxify lind reuse ash or
olher silica wasle from one industrial process OIS raw rnOilerial in cemenl
kilns or glass furnaces III ilnolher process. would not he addressed

Wa'lc ,edllction In hnolo~les hOlve also heen reviewed hy unll prll<T",
such as <I"I,lIallOn 01 IIl1r;llllIn (Noll ct OIl. I'JH5; .. Allelnative" 19Hh, MIIfl"'~·

et al 1')lXI). Because of Ihelr generality. such reviews arc lasling. 1I0wever.
without considering produCllllIl lIutput explicilly. wasle treatmenl rather
Ih,1I1 wasIl' reducllon may he suggesled .•lI1d many slle-speclflc wa\le nun
imiz;llion opportunities Cilllnot he addressell.

Other process de~eriplions arc specific to Ihe phase of the waste, \olid.
liquid. or gas Ie. g., II agll'r ( I'JHIl) I. This organization IIlCOrp(lriltes advan
tages of Ihe previou\ Iwo syslerns, hUI transfer of w;lsle hetween ph .. sC\
may he inadverlenlly encouraged A benefit-risk perspective was desired

WASTE-UINIUIZAnON METUOOS

Several hasic mel hods of reducing h'l:lardous wasles arc often Illcntl(le,1,
more or less following Campbell and Glenn (19M2). fl.fcthods arc lIescnbed
here approximately in order of preference.

Suhstilulion of less hazardous or higher yield raw malerials and proces\ing
agents is a ha\ic consideration in developing alternatives for sustainable
protluclion. Rcf('llIIulalion by Ihe supplier to eliminalc hazardous contam
inants mOlY he included. Even where Ihe end product is a hazarllous male rial.
foresight may suggesl invesligal ion of nonhazardous suhslitutes.

Altern;llive processing. meaning some change in Ihe design of Ihe process,
may c1iminille Ihe need (or the use of hazardous materials, particularly
processing agenls, reduce waste generOition. or improve process efficiency
(rhus minimiling wasle).

\.oss redUCllOn involves improving the efficiency of converting raw rna.
lerial 10 producl, of utlhzing processing agents. and of recovering pioduct,
so thaI materials arc lost in smaller quantities. The most effcctive single
approach to accomplishing such increases in efficiency is to Irack haz'lrdous
materials so as to main lain accountability. and institute'ln accounting system
assigning aClual costs 10 responSlhle production units. Improvements 111 planl
deSign. operalion. and/or m;lintenance can reduce chronic !c;llage and other
losses. Improving plant organiz;ltion and operation can result in fewer ac
cidenlal losses. for example. by instituting spill prevention programs and
improving material handling and storage procedures.

Automated and/or computerized process control has heen found in many
applicalioflS 10 redure emissions .lI1d olher losses. and improve Ylehls. 1'01

example, produclion runs m;IY be sclieduled so as to minimize c1eanout of
different male rials from equipmenl. AUlomating mineral refining processes
may Illcrease efficiency of ore conversion and reduce production of rcjeCl
material.

Reuse of hazardous mOiterials. unavoidahly losI from the process. without
further pro(.:cssing, is oflen possible. Reuse may he in Ihe same process, or
in another. Equipment can he H1\lalled to relurn lost material 10 Ihe process
Maleriah not reusllblc in Ihe sOime process mllY he reused In B Ie~.. sensitive
applicalion, resold or e~changed externally. or IIIcineratcd for energy re-

515

i

.'



~,.

fiG. 1. Sourcell 01 Huardou. Wa.le In Indulllrial Proce.aea

lluHllllg (organics)
I'lgmCnl..llon (mcL,h)
Heaelanls (org'lIl1es. "lul-h'ISCS. oxidan's-retluct;ulls, ,Ind metals)
Reaclion Inhihllion (metals and organics)
Cat .. lysls (met .. ls)
Illcaclllng (oxid;lIw.)
Mass remov..1 (orgalllcs and acid·hases)
Mass deposition (orgamcs. acid-hases. and ,uidanls-reduclanls)
Ily-product~ (organics, mel'lls. acid-base~.and oxidanls-reductanls)

include bUHlers, reaeLlIlls, plgmcnts. ali<I hle'Khes. Maleri;.1 losses result
from conlamlnatlon. leakage. vol .. tlhl.alion. process ineffIciencies. and ac
cldenls. Processing agenls. or materials not incor!">oraled In the final product.
include organic solvent t"Olfrlcrs for coatings. inks. and dyes. cyanide mclal
plallng haths. organic and causlic cleaners. ,Kid elchants and cleaners for
metal. and catalysts. With thc exception of catalySiS. which enhance reilclion
rales and Iherehy reduce waste relative to production rates, such materials
arc used to only 10 conve y Ill'.'e flal. Therefore. hazardous processing agenls.
although represenling one of the largest uses of hazardous malerial, arc
often not necessary 10 the process. Induslrial wasles differing chenucally
from heneflcial process matenals .. rc grouped as hy-products. Such materials
include sl,tek g.....es. and mine t,,,lings and dr,tinage w,lIer. lI;1lardous end
ploduc,s, a fill a I hrllad group of 1I1dusiriai hazardous materials. include
org"OIc and lIIorg;lIl1c dlelllicah. solvents, pharmaceuticals. pesticides ... nd
lIletal pigmenls IlIlluslnes In wlllch h.. "trdous malenals are used or gen
eraled <lfe sumlll;HIlcd in Tahle I (I'nglc:hardt 19(3). according to 1ll,IIenal
functIOn.

Ten fUlIlbnh'lll.d fundlllils ",clv,",1 hy hMard(lIls llIalerlolls industrially
wrrc Idenlltlcd.lIl.he (ou,se ollhe hleralure review on pollution prevention
kehnologies. These functions represent the essential henefils of hazardous
malerlal usc. ASSOCiated environment •• 1 and health risks. and resulllllg li
ahihties. arc represented hy Ihe chemical nalure of Ihe m.. lerial. Four gen
eral chemic;d classes were rccogniled as organics, melals. oxidalion-reduc
lion reactants (~uch ..s cyanide). and ;rcid-h'lscs. Basic approaches to pollulion
prevention for each functIOnal lype were reviewed. wilh an eye for simi
larities among Icdlllologies reported where hazardous materials perform
Ihe ~allle underlying function in diHerent industries.

'Illt: following rudimenl .. ry f"nclions of induslrial hazardous materials
lTlay he recognized

) pnOCESSING • INTERMEDIATES • PRODUCT
AGENTS & BV·PRODUCTS

I:

~

i

uu

Ioss8s
of1·spoclllUJrron mat8n31

sponlt1l.iJtflflal
contammdfOO tndtenal

by {Noducrs
used {Noduers

POlOI~ ...lllazanlou. Wa"e Streams

u

HAW • PflOCESSIIIG
MATERiAl AGENTS

FUNcnONS OF HAZARDOUS MATERIALS

covery. Heme of hy-produdS as raw materials (especially for huildlllg m,l
lerials). as neutr,llizing agenls for other wastes. or as fuel for incineration
in industrial hoilers is hecoming comm,m.

Recovery is the purification or reclamation of a coni aminated material
(or reuse. or the recovery of a usahle hazardous cont.uninant (such 'IS a
metal) from a waste stream for reuse or resale. III the production of hal.
ardous m'lterials. product can he recovered from waste streams. and olf
specific,lIion or outdaled material can he chemically upgraded. Hecovery
of metills. organics. elc. from hy-products. or catalytic or olllt:r chemical
conversion of hy-productto useful material is appropriate where direct reuse
without further processing is not possihle.

Specializalion refers to the purchase, usc. and produclioll of a minimum
numher of hazardous materials. and the dedication of equipmenl to specific
h,llardous materials or products. Restricting the purchase and use of a
minimum of hazardous processing agents. such as solvents. facilitates other
waste reduction measures including segregalion. recovery. reuse. and dis
posal. Dedicating equipment to the use or production of specific hazardous
materials minimizes cJeanout requirements and associated waste.

Tracking and laheling of hazardous materials is crfective in reducing the
usage and Ims of material. Maintaining accountahility for the usc. gener
alton. and disposal of hazardous materials is essential for minimizing waste.
Incentives must be inslituted hy management.

Segregation of wastes, or collecting, storing. and disposing of different
types separately. facilitates reuse and recovery. and improves the efficiency
of waste trealment ,lIId disposal.

Detoxification of wastes prior to disposal is the last alternative. prior to
~impk treatment and discharge. /)eloxificalion can be accomplished hlO
logically. chemic;llIy. as hy neulraliz;ltion or chemical stahililation. Iher
mally. as hy incineration or pyrolysis. or physically. as hy fix.llion or so
lidification. ·nlUS. risks as~ociated with otherwise unavoidahle wastes may
he minimi/ed.

Dilulion is a comlOon mel hod of deloxifYUlg hal'lrdou~. wasle Icgally, as
well as loxicoillgically. and can thus be considered a wa~te nllnimizalion
method. /lowever. the quanlity of hazardous contaminanl is nor aClually
reduced. Measures oflen loosely referred to as "good housekeeping" include
using a minimum numher of differenl chemicals (specializalilln). laheling
and tracking materials, segregating wasles. maximizing material recovery,
and maintaining equipment to reduce losses.

Industri'll wasles arise in many ways. and are associated with v'Hious
direct and indireci henefils and costs. Wastes arise from process inefficien
cies and from final disposal of finished products. For example. pelroleum
drilling operations genera Ie leachable drilling muds (a hy-product). Ihe oil
rdining process suhscquenlly gener'lles various Waste hydrocarhons III pro
ducing solvents. fuels, and asphalt products (an example of process ineffi
ciencies), and the ultimale consumer of a product such as mOlor oil discards
the product afler usc (a postconsumer waste). Postconsurner wastes 'He not
considered here.

Industrial waSles. whether hazardous or nOI. arc generaled as losses of
raw materials. processing agents, intermediates and hyproduClS, and end
products (Overcash 19H6). as depicted in Fig. I. Hazardous raw materials

III
=ii
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TABLE 1. Induatrl.1 Hazardoua W8lIte Generatora, Grouped by Hazardou. M.
lerlal Function

1:lId products (orgalllcs, acid-h'lses. oxidants-rcduClanl\, illld IlId

<11\)

Thc functions MC dl\cu\\cd helow .•1I0ng with gener<ll polllJlion prc\lcnllon
°rporlunillcs An clforl 10 surnm;trilC the relative irnporlilOce of various
pollution prcvcntlOn approaches 10 industri'll proce~\es a~~ocl.t1cdWIth each
function I~ prcsenlcd In Tahle 2 (EnglehiHdl 199))

TABLE 1. (Conl/nued)

(2)

MIning
Mcl ..1 Idlnm!:
Wa\h." IIlfllH.·rillion

"'ountlrle~

MCI .. I ,dlnlll!:
Petroleum rl'hOing

Innr~alllc LhcffilCi..lh manufaflurmg

(lrganh': (hemlc.h manufactUring
Pnwl·r pro(jlluion

(h~;lIl1(- •.'hl'RlIGlh. ol'lIlufill"hUC or ~olvcnh.. h."'lIh. ph,lIl11,l
ceulH.al". tlluci.lc~

~1et.1I pigment manuLu,ltuc

f\.-1.IIlU{;I(:hlll' f.tl annrgdnic ;'Intl\. h.t\l"\
.. - .---,.---_.,- ---

Oxidalloll -rl'dw..:lton

and aCld·lli''''

(1)

. Melal

End (lItkIUl.:I\

Pil:mtntutiun
Melah arc useu as plglllenl\ in palnl and olher coallllgs used to Illilfllt

facture wood and melid furniturc, vehicles. and appliilnccs, in dyes for pilpl'l
and texlalc producls, ;lIld in inks for prllliing paper. Mid gla\\ and lIIetal
rood and heverage containers. Melals used IIlcludc titanium dioxidc, lead .
caumium. and hexavalent chromium. Typically. solvent carriers may rep
rcscnt morc of the toxiCity present in wastes lIowever. mctals fUrlhl'l
rompllcalc ,lIspll"ll prohlems. PollutIOn prcv<'ntion opportunities lIldudc
lhe miHkellng o[ natur,t1 colored products in IIghl of heightcned consumer
awareness. <In<J the usc oflc\S hazardous organic pigment~_Compuler sched
uling of operalions so as to dedicate particular equipment to particular
producls, thcrehy minimiling cquipment c1canoul requirements, IS good
operaling practICe. AUlomated proce\\ control may reduce pro<:c\S 10\\('\.

lIindlnl:

Org.anic 11Inders arc u\cd III Ihc manuLlclure of huilding malcllah. 111

duuing plywood. hhelg\;lSs inSUlation. and compoSItC hoards_ Binders ill
elude phenolic rCSIIlS and formaldehyde, a~ wdl a~ certalll wood prcscr
valives and name rc:lMdants such as creosote. which perform essentially iI

hinding fUIKtlon. Maleriallo\\cs rcprescnl hazardous wastes. If suhslltulion
is nOI posSlhle. waslc can he reduced hy minimizing Ihe numher of dille rent
hazardou~ materials purchascd anu used. and tracking material to m,lInlain
accountahality. Inslallal".n of drip return equipmcnt. and recycling of cuol
ing w<lter. have reduced w;lSle _Specialilallon. hy dedication of e<lulpmcnl.
reduces c!canoul wasle and allows in-process rccycling. Binder W<lsle\ LIII

be recovered. as, for examplc. hy evaporation. Volalile resins may hc ah
sorbed in aqucous solulion. cvapor'llcd, and condensed. Sizing cherlllcals
fur fihers may hc recovered hy ullrafillralion.

Coatiog (e g., painl, lacquer); nwnufaclurc of Illclal. wood. and
olher pmducts

Pronting
OrgaOic .... tH.·OIl(ab; m~lnuLlct\lrC or \Olvcnls. rc~in\. (K"\ticidc\.

pharmaccuticah
Electrolylic lIIelal plaling and \!ripping; automollve, aircralt,

e1eclronics. scmlconducton, pickled \Ieel, foundrl" and uther
metal manuraclurmg

Clt'aning. dcgreasing, and rinsing~ vchidc mainlenance. man·
ufacture of aircrah, mOlur \lehide', melal furnllure. 1001s.

apphances, painl. ink. organic and i1gricullural chenllca", ad
he\l\les. pelrochemical. pla\lic\, ruhher, vegetahlc Oil, lex
liles. semiconduclor•• and olher producls, pholOgraphlc pro
ce\Smg, coaling, printing. and ulher IIlllu\lrin

Paint stripping
nry cleaning
Mel.11 '!ilripplng; ;Iulomotlvc, alfcrah" clCClroIllC\. pll'llcll \lccI,

melal furnllure, roundries and olher melal manulaClunng.
Melal elching
Metal refining

Petroleum refining

AUlnmol.vc ant'! IOdu~lricll luhri('alinn

Solve-nl rcdamalion

~'A

Hazardous wasle generator
(2)

<)rg;anlc chcmlCiJl!'l. manuf..u.:ture (hio~:ldc~. pharrnaCCIiIICO.lb.. ~ol

venb. rc~in~)

InorgaOle chemica"
Metal refIning
Tanning
Ph<)lographic pUHT~... illg

Pulp 'lfId paper
Metal rclming
Chemical manufacturing
Chcmical manufacturing
Melal finishing
ReflOlng
Building pmducts

Pulp and p"pcr
Textile.

Wnod and huilding pmOllCI\
Coaling (e.g., painl. lac'lucr); furnilUre, molOr vehicles. alr

cralt, appllilOcCS, melal alllt W'~lIJ pmducl\ manufacturing
Textiles
Printing

t-.1.a\~ fcmnval

Organic

(h:ldalI0n· rClhKllOIl

By 1'1,~IUdS

("gamc

()xHJaII<HI- reduction

Function 01 material
(1)

AlIt.J-hd~

Ma" dep'H'lIon
Orgamc

HleadHng

Acid-hase
Reaction inlllhtlinn

l{caCldnl~

Metal

llindll1g
Plgmenlalion

•
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Rfll<'!U/l1\

ChenllCid reallallh IlIclluk l1Iel.ll" acid, and ha,e" oxidlllllg illld redllc>
ill~ ilgelll~, .Il1d orgalllc" 'lIl'h a, "IClIflClaJ melal dcclllIde" villylc'hlorule
1II

0
1I0l1ler, call"K alld redunllg chcmlca" lI,ed 10 make wood pulp. ;Kuh.

hil'C'. org.lllil:s. alld oIlier LIW malena" alld inlcrmecliale, in org,nuc allli
inor~allicChClIlIl'ais produClioll, chromillllllannins for le'llher. pholographlc
dcvelopn,g Chelllll:als, .111.1 lIuoride fluxes 1I,t:d 10 lower Ihe mdlillg P0lnl
of \llIca IIlaleriah ~1;'ll'rlal 1""L's VI;. conlamillallOn, leakage, produl.'IIOII
of 011 "P<:<'IIII'allon /11,11"".01, VOL'IIII/;tllIlIl, and de,i,cd 1t:;HliClIIS, repr<:"'111
II;I/a/llou, W,I'.1l' "lIlIll'S I,,,, 11'11111'111111, prol:ess ulnlrol, alld ICCOVCIY
fIlCil'lIrl', fIlily he i1ppropll,lle, ~bllY ga'eolls and liqUid forms of c'ommon
iKids. II1pUI alld olilpUI from chelllll'ill rt:aClions, can he recovered a IIII
rCl:yclnl deulolrllCally, l',llalrlll'i1l1y. hy ol(idalion, and hy ahsorplion Sli
ver l:an hc recovercd hOln phologr'lp/lIC him ,craps. fix solluions. and wilsh
walers dt:l"Irolylll'illlr or loy IOn t:l(chiingL' or preeipilation, Whcrc other
sotlUIIII or horon sail, eallllOI ht: Sllhslilllied for f1l1oride nux in stltea pro
l'csSlng, f1uo, ,des ,lie plel'lpll.'led wllh lime,

IIcaCliulI Illhihililln

Vallolls organic. mClalll .. , alkaline, and anlioxidanl l:hcmici.lls arc lI'ed
10 inlllh,. l'orrosion, oxidallllll, l:helllil'ill dcgradalion. or hiologlCal aUlvliy
in processing agcn" and cnd producls, Examples mdllde l:ooling Wi.ller
addillve, in dlelll'l'ill 1lI'"I1,Ltl'llllmg and mela" and petroleullI rdilllng,
orgilliK and IlIcl,lIl1e wood prc,crvallve, "nd flame relaldanls, and l11elal
pl.lling halh ,lIld'II\'C' Inlllllllills ad.kd 10 organil: dcaltlllg solvCllh /llcllIde
illilloxiilalll', 10 supple" O\ld,lllOn of unSilllllaled solvcnl,. Int:I ,II "i.llllliler"
III react Wltll nll'l.11 llllll.l/IIlIl;lIl" Ihal aen,krale ,01vCIII dcglillialioll, .11111
alkallllc olga,"LS, 111,,1 ah"'1 h lIydll.chlolle al:id prodlleed in Ihc hre"kdown
of e'hlormalcd SI'/-'CII", Iherchy IlIhihlilllg solvt:nl hrcakclowlI alld COrrO\lOIl
of cqulpmenl alld par ... hClng dcaned (1lIgglIIs I lJH'I) , I.ossn rcslIl! hom
nol lecyding plllce" WOller" hOI11 c1li,nging proee" walers due 10 l:onlarn,
inatlon, hOIll Ie,.kagc and ,'l'l'IdClllS. in 1I11sing 'It:ps. i.lnd ill proccs, Wi.llt:1
rl'l'llVery processc" III gCllcr.d, ,uhslltlilion of Ie" loxic inhlhilors is de'lI
ahle for long Il'rm econ"IIIK 'u,lainahillly, II may he possihle 10 rL'dul'e
losses hy recovl'Iing additive, t'lgcthel willi melal platillg h,lIh ,olullon, hy
111\1111.111011, ,uJ,.tlrplltlo, 01 mllllhr,II1e prllCC\ses

CWllil},b

Cill,lly'h ,IIC u,cd 10 CII";lI\ec dlC/llKal reaction raks in Ihc rdinlllg of
j1clroleum 'lIlllmlllg.. nic 1111l1nab. in Ihe l\Ii1111lfilclure of organic chcmll:•."
SIKh a\ ph"lnl:'l'CUlll:a" alld 1ll0rg.1I11c chemic,lls, and in fllod proce"ing.
Ci.ltalyst,> 'Ht: 111/"1 oficli 1\I<:lals, inert III Ihe rcaclion, '>uch as plalll1l1l11,
IlIckcl, IIIit', lohall, Villl:ld, II 111 , molyhdcl1l1m, irol1 Ilxide,. ;Ind chro/lliulII,
\OlllCllIl1eS depll\llnl on ,IIl1mill,1 "or eXi.lmple, powdered IUl:kcl ci.llaly/e,
hydrogenatiol1 III vegetahle 1111, and l1il'kd, iroll-chrome alloys. or copper
lOll' ;IIIIIY' catalY/c 'k,IIIl ;1I"III,elm,tI gl'lll:ralilln of hydlogcll frolll hydlll
clIllo",)

('i.lI .. ly\1 ..... 'vlly IS Icduced hy pt:rm;lIlenl or rever'lhlc foullllg or po,
soning wllh cont .. lllin .. nl, Spenl Cililly,ts can hc a Significant source of toxIC
melalilc W'.sk In dlCmll'.,b lIIallldal:lIIrlflg, all hough legencralion IS Plill'
hccd Widely dill' ro CII\" of 1II,'fniai 1"1II.'ha,c and ChspoSil1. Spenl c'II .. ly,,-,
Gill he rcgclll.'r;IIl'l1 hy SIlIVCIII ,llIpplllg. hcal Irealmen!. acid WiI\/ung. or
gasl:ou, oXIlLoI'"n or IcdlllllOll, When Ihe cillalysl " lillillly spent. Illcl.1I
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m.IY I~ rccovere,llrolll waqe, hy clectrolysis. ion exdlO"lge. I'relll'llalton,
and many othcr proces"cs.

BICIlChil\~
Chlnnne "I\llo,y~cnbleaches arc uscd in the m"nufadure of willIe p;ll'L"I

and textiles. Photographic processing oper;ltions lise rx-rmang;lIlale. Ierll
cyanide. and dichrllmate bleaches. of which ferricyanide is of concern due
to the potenllal for decomposition to free cyanide in the presence of sunlight.
Chlorme reach wilh orgamcs to form Irlhalomethanes in receiving walers.
Suhstitulion and recovery arc demnnstrated polluti01l prevention ap·
proaches. Consumer awareness is increasing the marketahility of nonwhite
paper products. Oxygen hleach can he substituted for chlorine. Process
walers can he recycled, and countercurrent rinsing reduces losses. Corn
pule riled plocess control measures often reduce losses, as well FerricyanHk
hleach solutions used in pholographic processing can he recovered hy chem
ical or electrolylic oxi(btion (Camphcll and (iknn 19H2).

1\111\, HelloO,.ilioll
One of the nll>,1 l'lHll1nOn ""H·lion'. of h;ll.trdous male rials is Ihal of HIOISS

(kposition. Organic solvents and cyanide metal halhs may he considered to
he carriers. used as carriers of coatings, inks. dyes. chemic:lls. amI metals.
Solvents arc used as thmners for pamls. olher coatings. and Inks, ami as
media f"r reactions and extractions in organic chemicals m;lnuf..ctur"I~ .
I~)s~es of volatile carriers arc III some measure IlIherent tothell usc, as they
arc often u~cd hecause 0\ their evaporative chilraclellslics. Calliers do nut
hcco01e pari of the finished prnducl, anti may nol be essential for depmtling
material. Therclore, allern;ltive methods of applying coating. m\;, or chem
icals. ~uch as hy heat or water. arc suggested for preventing pollution.
Aqueous ftllfllulations are finding application A\lelllative pltlCCSSCS undn
development for application of cllatings include heat fusing of powdered
watings. dipping methods. and radiation curing of paint or Illk. Losses can
he reduced ill many ways In p.lrlICul"', computellietl proL'e\\ control has
been effective. Solvents arc recovered by dlSlillation, ami inclnerilted for
energy recove ry,

Cyanide metal haths are IJsed in electrolytic plating and stripping oper
ations Metal plaling balhs arc lost inherently in Ihe IIllsing step. :Ind from
changing baths due to conlamination Noncyanide b;lths arc economical in
certain application~. Altcrnative prncesses include gas-phasc l!cposition of
metals. and spray applicalion of heal-fused fIletals. Lo\\ reduclinn measul es
include aut<lmated process cnntro\' minimizallon of "'dragollt" nf soluti,lO
on plalt:d parts. and cnuntncurrent rlOsing system~, and ale welileported.
Melals Gin he recovl're,1 by electrolytiC (!cpn,ition, n'embr;,ne sep"';l1ion,
ion exchange. allll precipitation. along With Sedinlentatilln. flO(;ltl<\ll. fillra
tion. magnetic separation. extraction. and other methods Cyanide can be
oxidized chemically.

Mass Removal
Mass removal is another common function of hazardous materials, often

not essential to the process. Halogenated and nonhalogenated organic sol
vents. caustic. and aCids are used as cleaners. strippers, and etchanls. Or
ganic solvents are used in vehicle maintenance. painting. painl stripping,
printing. dry cleaning. and in the manufacture of or~anic chetnicals (phar
(1'~ceuticals. biocides, industrial matellals). prinled cllcuit hnurds, puint.
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UI~, iuul veg<:lahk oil Ilo\l'evn, ollcn ell her: (I) Ahra'ives. or (2) aqueous
de.lllers arc ilS dlccll\"', illl<1 dllllin;llion of solvent cleaners and strlpp"rs
hilS resulled in SUhstilllll;llIy unproved econornic~ (I hggins II)K'). (;/11"1' II)K/I)
For exampk. hl;l\llug wllh pl"stlc ('r olher media is repbcing the u~c of
solvenls lor removing fstripplllg) pilint in aircrafl maintenance application,
I.oss reducllon me;l\ures IIIdudc IIIstallalion of COvers and condensers. rc
covery hy distillation. ;In<l speclillililtion. all common pr:lctices. Economics
generally favor on-site dlStllliltlon over off-sile commercial recycling, exccpt
for small operations Ilov.ever, off'S1te recycling is more common. Spent
solvents lIlay he reused wbc'le 'lime contanunatlOn is acceptable. or incul
crated for ener~y recovery

Alkaline de;lnl'ls are uscd fOI holtles, vehicle maintenance. and paint
strippin~. Acids arc used to dCiln and deh metal surfaces. Losses commonly
result from eonlamlnatll.n. Rccovery of acids and met;11 oxides hy e"a"o
rallVl' and prC\lpllillllln met hods is well eSI:lhlished For example, hoi h
hydrllchlollc acrd illid \iol.rhk H'"1 oxide arc routinely recovered Irom spelll
hydrochlllllc alld steel I'ld,hng h;llhs hy rOilsling. ACids and hases LIII hl'
used for nellll;dll;IIIlIII of olhn wastes as well.

By-l'll.lInds
Induslrial hanlldllll\ 1Il;IlCII"1s Ihill do nIH function as r;IW maleri.oIs.

rcactlon intermediales. processing ilgenls. or end producls. may he conSid.
ered hy·produt"ls. 1.0\S.... of matellills of villue to the process. inclU<hng r;IW
materials. reacllOn intelmediates, processing agents, and end products, arc
IIllt considered hY'prlllluCls Millel/als generated indu'lrially. and nOI gen
erally consl(krcd 10 he of viduc ill the process. mclude Slack gases. mill!"
1;lIlings, and relovery residues .llId ~,Iudges. Because mOsl halardous waste
IS rele;lScd to the air, .lIr·poliutlon prevention is expected 10 hecome a
si~nifieanl ;l/eil of rese;rrch

Process m'ldlflc;lllllllS thill lIIuea~.l' dficienues ilnd reduce waste genCi
alion arc IIrst priollties Maintaining accounlahillty of production groups
(or dlSchilr~cs, ami ,,\SmutI'd costs, reduces such discharges ('omJlutellied
"rIICCSS c'onlrol is a g("(\("/'lIly ;IPllJ0l'liale alternative. pMtind.llly for brgcr
nperallons. hll CX;llnl'le, cililk-orc recovery ralc'i can he nnproved, hy
reduClnl;: produclinn of Il'j<Tt milll'rial in mineral refining. throul;:h pwcos
colllroi. Heuse ilnd rccllvery of unavoldahle reSidues Me sug~esled in pref.
erenee to detoxific;ltioll and prelrealment meaSures. 0pp0rlUnilies for re.
covery arc often limited only hy Ihe ;,hilrty of process engineers tn estimate
process econol1UCs. Org.lIllc hyproducls are considered cat;lIytiLllly. by dl\
tillalion.separatlOn. or other rcforrninl;: prncess. or incineraled for energy
recovery (,hlonnated orgiluie rcsldues can he incinerated. Wllh IICI ;,1>
~lllrllol\ 'Illllllhe fllle g.I\es in water. Alternatively, such resulues have heen
eOllverlcd til (i'lholl lclr.,chllllillc and perchloroelhylcne hy perchiorinalillll
wilh heal (Walll' 191(11; SIJllllller 1')H4). LiqUId organics have been converled
10 ethylene by re"ctHln wllh acetylene and heat (Simrnler 19K4). Acid can
he recovered (10m flue gases (I Ltglc r I'>HIl) by absorplion. adsorption. and
catalylic plO("e\\es. '·It'e ~as 1',111 he ,,,.e(1 to neutralize other wastes llirei."tly,
or conlaminants can he preclpllated. Particulates in air can be filtered or
separaled by cyclone. ({ecowry of waste heal in manufacluring and refining
reduces slacl; gases from Wilh power production. Melals can he recovered
from mine .allings. Tailings or olher mineral material from refining. power
pmduction. or waste incineration can be used as raw materials for building
materials. or detoxified hy stahihzalion. For example, melals may I~ re-
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co\Tr;tbk f"lIn IIllllClal IdillUlg waslcs, or SUdl material m;IY bc used III
llie manu/actlHe of huildlng malerlals.

End Products
Hazardous cnd prouucls lliliude ;Il'ius and bases, biocides, pharmaceuti

cds, solvenls, hinders, and inuuslfial reactants, Production losses, olf.spec
ification material. and ouldated materials, rcpresent sources of pollution.
1)"lIuti,)/} prevention opportunities differ from those in processes where lhe
same materials arc used ;IS processing agents or raw materials. Ilowcver,
plOduclion of kss hazardous suhstilutes is till: filsl consideration for 10llg
term economic and environnlelll;d sustain;lhIlily. As for olher functions,
l'lJlllf'ulcri/ed I"oc,:"s conlrol, alld mainl;lInill!\ accountahIlity for Ihe eosts
of poll II lion , arc high 0PPOltlllllty allernatives, Edgar anu Iliml1lelhl;1II (I'JXH)
give malhemalical programming methods for computer-aided optimization
or chemical processes. Specialization, hy dedication of equipment, allows
in· process recycling and reduces equipment clean out requirements. Product
Itl\ses can be reduced by sealing leaks, covering tanks, and condensing
elllissHlns. Recycling or cooling and olher process waters, al\ll he at recovery,
reduce discharges. Producls can oe recovered oy adsorhlllg, aosorhing, de
canllng. cenUlfuging, and fIllcring.

EXAMPLE APPLICATION

Consider a hypolhclical prlllllllg facilily fIll prillting mcl.d food alill hev
crage conl;lIncr~. Because solvent-hased Inks arc used, ~cvelal halardous
wastes arc gcneratcd. Conlaminalcd solvent used for equipmcnt and product
c1caning, volatlk organic carhon air emiSSions from drying alll! olhcr op
er;lliollS, dirty r;lgs conlallling solvellt lesidues and mclal ink pigmcnts. and
ink resllilles arc gcnerated. C.>mmollly such operaliolls sellll contamlllated
soh'ClllS to a cOlnmcldal rccycler for dislillallon, to he relurncd for reuse.
Hlsks 01 spillage ill tr.ulsil alld of facility accldenls arc incurred Cradlc-to
gl;lve Iiahilily milY hc suhstanli.d. although cstimalloll of such Iiahililies is
dirlicllh.

In such IJloce~scs the solvent is a nonesscnlial proccssing agent. the sol
vent aCling to depmil ink hinder and pigmcnls. From Ihe prevIous discus
Slim, solvclll-hased painling operations arc recogniled to lise solvellts in a
similar way. Thus, lechllologies for Illillirnlling wasles in lhe mctal lurniture
induslry. ;Iutornotive painllng. and appliallcc manufacluring industries may
hc conSIdered in lhe prilliing application. Numerous rderences detailing
applicahle tcchnologics an: aVinlahle (Camphell and Glcnll IlJ1\2. Ila,e1wood
and Burgher 1')1\5; Higgins I t)HlJ; (iI/ide 1!J1\6; III'zurtlOlH I '!H!J; lIal"Kt'f/lII,·,[
11)1)(1). for example. water-hased inks m,ly hc appropri;rte. lleat ;Ipphcation
of powdered inks may he possible, and radiation cured inks h,we already
been developed (1lIggins I 'iH'); Camphdl and (jlcnn 1t)IQ) Computer sched
uhng of 0pl'fation~ lominimilc equipml'r,t e!eallllul requirt'lnclIls canll:dllcc
waslc. The Iisl of ,lllernalivcs Itlr Ihe specifiC proCl:SS ulldcr cOllsllleralloll
can he refined funher by literaturc search, and helldit-rlsk analySIS can he
IIsed ill sekc'illg alld dCSlgllllig fInal I'rocc:,st'S (I:nglehardl 11)1).1).

COtlClUSI0t4S

From the indlisilial hazudous m,llerial fllnclions idenillicd, several oh
'-<.. rv;ttions call he made. hrst. cal;lIysls. whde :.ollletimes generalmg metallic
1N,IS'e, ;Il'lelcrales reactioll ,alcs, Ihl.",ehy polenll,dly rellllcillg wilste 1(("0-
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eralioll rales rdatrve 10 produLllvily. Such uscs may hc (onSislclll with
pollution prC V l'lltllln glial-;. l~cgcneliitlOn (recovery) melhol!s may prev!'lIt
associated pollution.

ReaclanlS. pigm!'nls, and hinders arc raw matuials. Consideration 01 less
h;lzaruous malcri;r1s or altern;llive processes may be justified, p'lrticularly
where pigments and hlcachcrs in single-usc producls. such as loilel papn.
are not necess'lry. lIowever, if such materials arc nonhazardous in the end
producl, providlllg safe wor king condilions ,1IIl! reducing material losses
may chnllllate many o( Ihe as,ocialel! risks. WIlcr!' enl! prollucls arc ha/
ardlllls, cor pOLite . 'llall'gll" planning (or sustainahility SllIH!'" inchllle eval.
ualllln of the /.rodu<'l,oll ot alrernilllvc. less hazardous. prollucts.

In Ihe c;,se of h;u;rrd'llis hr·produl'l genl'f;llion. a change of Ihinking lIIay
Ill: u:,dul Th.11 IS, if hy-pr.'dul'ls arc thought of as other products. in terms
or llIa,ker "alue (negalive ror ""iI'les). pollution prevention may oecul more
readIly. A rClognized mOliv;lting laclor is implemenlation of acCounllng
procedures Ih'I' milinlaill accoulliability for all costs ,Issocialcd wilh pollu
t;tnl disl'ha, ge.

ILI/ardous I',ocessing iI,:ellrS ale II,,: SOU Ice or Illuch halitrl!ous WilSie.
and ollen <lie Ih'II~\\ellllallo production. For example. ahr;lslvl-S alld aqueou\
solvents havc hcen lound cllel'llve in conveying material in many "pplll",l
tIOIlS. (·o'llIngs can he apphcd in radIation and chemiclily cured forms. with
hc"l hy dipping or splaYing, or lIeposiled III vapor lorm. C;lIalysts. willch
m;IY he thought of as processing agents, arc an exception because thcy
generally increase tile lalltl of hencfils 10 risks. Alternalives to thc usc 01
hazardous prorcssing agenls arc expecled to increase In importallce, and
Iherr developmenl is ;, promi',ing area of reseMch,

Allhc'II)l)1 growlh laIc o( 1.7% (SlaliHicll/ll)I)2), lhe world popuLrtioll
would douhle III ·W years. We may sec it proportronate douhling of accu
mulall'll hazardous waSil'S Ul the envrronmenlun!c,s sustainahle productIOn
methods arc developed I<ccogullion of Ihe funclions served hy IIIdustllal
hit/ardous rn;tlCflals rnilY hI.' u'.dullo pllblic itgencies anl! firms in identifying
glohal Mill local pollUlUlll plncnlion measures. Exphcil recognilion 01 surh
luul'liollS is" fi",1 step III11lllducllng henefit-risk analyses, tll seleci efficiellt
poll II tIOn preVCI11l011 ;ll1d lolal productivity management approaches. Melh
1111\ 01 cSlinLlllIlg 1II;l)or lIrllel Lilli cllsls, such itS envirolll/le/llal alld health
Ilahdllll'S, alllll'roducllllll 1Il1cI:rlalJllies associ"ted wllh Ihe usc of w"sles as
",IN llIiltellills, arc hel/lg devdoped, to supporl sclcctioll of sllstalll"hle Plll
duction technol, '!\,es (t:lIgleh;lIdl 1')()4; Englehardl alld Lund 19')2)
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POIHHIS-MEUII\ INTERFACES

Ill' HlIII"ld fl. M""il,, Jr. I lInd J, JdTrty Pdrct'

ABSUU,CT; rlA'll 1t"1 1111'lhuth .... l·H· IkvdupCl1 10 delcel prdcrcnllal flnw .. long
Ihe J(,uulhl.IY IUIt:rf.u.:l: 10 .. lyllOclrll"ill dily lhlml'lc with a (C01cnllUu\ groul (ou:
()nl' le,1 th."ln h pl\.'ku:nll.d flow ;don~ thl' tnl(',ldee hy Ie.lung ralll.~ of the ~pcclflC
tll\(:h;H,.:t.' III d,lfcu:nl rC~'I)(" of 'h .... 'f'1."(lIncn a~ mca~lIrt:d 'WIth it luplc'flOg per.
nH.'.lIJll'h" Ill!: IIllln h"" dl'ln:l, prdl'fl'nti,,1 now dlon~ fhl' 101t:,'''((:' hy lillllll~

';IIIIl\. 01 1111" "'.-Inn.) III t1lflt'It:1l1 rq':IOJI\ ul lhe ,ampll.' ii' mCd,ufCd hy hmll1g

\'l,ll"~l" lh.tn~l·' ii' ,I ,oellUm l hll.rldt' \.4)lullUn PiI:\'\.C!t .h,uu~h the: ~mplc _ -I he
i(.·~ul.... 01 h4lth 1t·\I, 1I)111(>IIC 11..11 p,dcrcnllal fl,)'. d()c:~ f)(:CUI an the ~hort h~rrn
.. lollK ,Ill,' ~,out/d.,y IlIh:",II.:c. ("CHllp.lflltK the vclcK:ily lah()~ In Ih(' ~pccih(' dl').("h,u gc
'.1110\. II 1\ \hll""'H Ih.11 \m.lIl \lHlulllt:'\ 01 Ihlule..! Iravel rapidly .. lung the HI h.", roll"l"

WllIlrlhL' 1(.',1, knd 1Il\IKhl IIllo Ihl' 1Ilc..·(.:t.anl~m\of prcfcu:ntl.d now. colutlOn ffiu\1
ht· lI ..nl In .Jppl)IIl": Ihl' u· ... ull, tIl 'lh:h li,I~lr'llnry ""· .. k 'l\c:nmcll' 10 Ihe field
,,111.111011\ «·h.tfljr.:l.:' II' I Ill' l"tjlllJHlhlll .uuJ prn(nJufl."~ In. tu'urc Ic\llIlg ilUC "Ul('
KI"ll"d III I III 'llIlVl" tqlftH.luuhlllly

INTRODUCTION AND OBJECTIVES

In ~tudying now throllgh natural and man-made porous media, Ihere arc
applicatIOns that require the understanding of flow along an interfacc in
str<tlified mcdia. In Ihis paper, a stralified medium is defined as any col
leclion of porol/~ matcrials In which the individual materials exist in dIStincI
seclHlns or layer~.

A Ileid cxample of .I vcrtically stralified medium is a grouled horcllole
Tile struclure of ~uch a "",chole was lhe Impetus to Ihe deVelopment 01
Ille lesl PloccdllleS presented In this paper. A vertical crOss seclion 01 a
grouled horehole and the ~urrOl/lHling soil arc ~hown ill Fig, I, Since Ihe
interface hclween the grollt and Ihe soil presellls a potential path for verllcal
preferential f1'IW, it is important to undersland how this Inlerface lx:haves,
If a borehole passes through an otherwi ..e continuous aquilard, such vertical
preferential flow cOllld provide a pathway for cross-contamination from a
conl;mllnaled 10 an uncontaminaled aquifer. Minor cross-contamination
could lead 10 false pClSillve measurements from samples in the unCOl1tanll
nilled a'll/ifer More suhslantial crClSs-conlilminalion could occur tf Ihc ht',ld
diffnc'nce IH:lweCII the aqlllft'rs is increascd hy active pumps ncar the bo
rehole,

The goal of Ihis papcr IS to present Ihe nlelhods and results of two tes"
developed 10 detect preferenllal now ;dong Ihe inlerface of a vcrllcally
stralifieJ medium composed of cementitious material anti field day. Only
initial flow Irend~ arc examined ralher than long-Ierm equilibrium condi
tions, The spccilic objectives of II1IS paper arc: (I) To summarize Ihe de
velopmcnt and procedures of the two rests performed; (2) \0 show whether
prefereniiaillow I~ Indicated along the mlerface of the test specimens dUlln!!

'P'"J h,,:, , WI'A, IIlC l·tl7 S Als'"11 Ave: , Durhalll, NC 2771l: l'"nlt-tly.
H,'s A\\I Ill-I'I lit ('IV "lid Ie II VI/ LII~rg, Dllke: \JIIIV , Ihl/llalll, N( 2710(,

'A'S, .. 1',,,1 , Del'l lit ('IV iI/III I IIV,r, I:Jll:r~" Duke lIllIV, DUlham, NC
NlIle, IllsCIISSlOII "pCII Ulilil Novcmher I, 1')94. '10 eXIe:lld lhe dOSIng dilte "lie

nwnlh, a wrlllcn re'l"&:\1 mllst hc liled wllh Ihe ASCI: M,lIlager 01 JouHla".1 hc
mil/lllscrlpl to, Ihl'> 1',Irel was suhmillcd lor review and "ossihle ruhhcaiion on MMCh
24, 1')')2, 'I tllS l'''rcl is 1'''11 "f tile jt/urllal of f:1l>;ronmClllal f.'IlK;llurinK. Vol '.'11.
Nil .l, M"yiJ"ne, 1'1'/4 ""ASCI'. IS"N IIlJ.1-'I.172N41l)(MI1(l527/S2,IMI I S 25 pet
page l'iI~1 No n 14
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ECOLOGY

...... Cost Analysis
for Pollution Prevention

Many pollution prevention opportunities cost very little to implement. But after the
inexpensive opportunities have been implemented, facilities must consider those process
changes that require research, testing, and capital investment. Process changes can affect
a wide range including: environmental compliance, health and safety protection. oversight
and management requirements, insurance premiums, and others. Determining the true
costs and savings from pollution prevention can be a challenge for facilities.

The pollution prevention cost analysis should compare the total costs of the current
process to the total costs of the pollution prevention alternative. To meet Pollution
Prevention Planning requirements (Chapter 173-307 WAC), compliance and oversight
costs must be included. The objective is to ensure that a pollution prevention
opportunity is not rejected prematurely. It's easy to overlook the less obvious, but
relevant costs.

Using Net Present Value for Economic Analysis

Net present value (NPV) or discounted cash flow analysis is the most widely
recommended method for evaluating financial investments. It is particularly im!X>rtant
to use for long-term capital investments with many costs and potential salvage value. To
calculate NPV, begin with a cash flow analysis. Then chose a discount rate is chosen
that reflects the rate of inflation and the opportunity cost of capital (Le., what rate of
return the money could earn safely elsewhere). The discount rate is applied to each of
the future-period cash flows in proportion to how distant they are according to the
following formula.:

Present Value of an Amount = Future Amount
(1 + i)'

where i is the discount rate, and p is the period or year number.

With this method, cash flows in the far future are discounted more than cash flows in the
near future. The discounted cash flows are summed up to give the net present value of
the cash flow over time.

The advantage of NPV is that it can compare any number of cash flows, no matter how
complicated they are, in today's dollars. The lower the discount rate selected, the higher
the value of future savings will be and the better a pollution prevention opportunity
looks.

r • ~ ...... r- "',0"
Ecology is an Equal Opportunity and Affirmative Action employer.

~ E;:ol,1£v Reoort R-HWTR-93-129



The following instructions and tables will help determine the Net. Present Value of a current process and
a PQlIution prevention alternative. See Table 4 for examples of costs to consider.

Instructions tor completing Tables 2 and 3 are as tollows:

Row I:

Row 2:

Row 3:

Row 4:

Row 5:

Row 6:

Row 7:

Row 8:

Row 9:

Row 10:

Row II:

Row 12:

Row 13:

Row 14:

Enter the e"pected investment for each of the five years. This is an e"pense. or a
negative number.

Enter the expected revenue for each of the five years. This is income. or a positive
number. If revenues will not he affected by either alternative, leave this row blank.

Enter the expected usual costs for each of the five years. These are expenses or negative
numbers.

Enter the expected compliance costs for each of the five years. Compliance costs are
those which are necessary to comply with environmental regulations. If you can be
penalized for not spending the money, it's a compliance cost.

Enter the expected oversight costs for each of the five years. Oversight costs are all the
extra costs you incur because your facility uses hazardous substances or generates waste.
including but not limited to regulatory research, permit applications, and inspections.

Subtract expenses (line 1,3,4,5) from income (line 2) to determine the annual operating
income.

Enter the annual depreciation of the process equipment.

Subtract depreciation (line 7) from operating income (line 6) to get taxable income.

Calculate and enter the amount paid in business taxes on taxable income.

Enter the depreciation amount again Oine 7). Depreciation is not a real cash expense, but
it is used for tax accounting purposes.

Add depreciation (line 10) and subtract taxes (line 9) to the total taxable income (line 8)
to get. the actual annual cash flow from the process.

To det.ermine the value of future cash flows today, you need to choose a discount rate.
The rate usually reflects the expected inflation caLe plus the opportunity cost of capital.
(the rate you could get by investing the money clsewhere). Using the Present Value
Factor (pVF) table (see Table I), enter the discount factors for the chosen discount rate.
For examp/~. you may wallI to discountfutur~ cashflows aJ 10%. EllIer thefacrors in
Yean /-5for the 10% row in the PVF tahle, into Row 12 of the cash flow tahk

Multiply the annual cash flow by the discount factor to determine the present value today
of the cash flow in each year.

Sum all of the annual discounted cash flows to determine the Net Present Value of the
p~. This is how much the process is wonh to you over the next five years, in
today's dollars.
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Table I. Present Value Factors 'YAA

~ .... I 1 J 4 ,
SS o.9S 091 0.16 012 0.11

lOS 0.91 0.13 0.7' 061 0'2

IS" 0.17 0.76 0.66 0.S1 050

20S O.U 01\9 0.5' 0.4' OCO

Table 2. Olsts of Current Process (_) CASU FLOW

aow YE.U. I YUAl YEAlI. J Y!:Aa 4 YE.U S

I ~"«lIA._

I 2 -'J Rev_

l ~"-U-JC.-

4 .w.u.nC~C-.

5 IJIb.,«l Ov....iabl C.-

, .-I 0pe"'''''C IAcanoo .

7 IJIb.,«l Oq>ra:wiooo

I .-IT......... I-=-

9 ....,...TuCII
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Tahle 3. Olsts of Pollution Prevention Alternative CASBFLOW
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2 04d~

] swbuatrU...... e-

4 Sl<btrGn CompliMcc C.-
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TABLE 4.

Typical Costs an<! Activities
to Consider in Pollution PreTention Economic Analysis

USUAL COSTS COM PUANCE COSTS OVERSIGHT COSTS

D~precillble Capital Costs Receiving Area Purchasing
enginec:nng spill re.~ponse equipment product/vendor research
procurement emergency response plan regulatory impact analysis
equipment inventory control
materials RJ,w Materials Storage
utility connections storage facilities Engineering
site preparation secondary containment haurd analysis
facilities right-to-lcnow training sampling and testing
installation reporting and record-

keeping Production
Operating Expenses safety training employee training

start-up safety equipment emergency planning
training container labels medial moni taring
initial raw materials re-wort
worlcing capital Process Area waste collection
raw materials disposal It1lUlagement
supplies safety equipment inspections and audits
direct labor right-to-know training
utilities waste coliecriOQ equipment Marteting
mainteoanoe emission control equipment public relatioDS
salvage value sampling and testing

reporting and record- ManAgement
""eratiat Revenues keeping regulatory research

revenues legal fees
by-product reveauc:s Solid & Hazardous Waste information systems

penalties an<.\ fines
sampliog and testing insurance
containen
labels and labelling Finance
storage areas credit costs
transportatioo fees tied-up capital
disposal fees

Air & Water Emissions control
permit preparation
pennit fees
capitaJ costs
operating expenses
recovered materials
inspection and monitoring
record-k~ping and
reporting
sampling and testing
emergency planning
discharge fees

. you have special accomodation nccds, please contact Ecology's HWirdous Waste and Toxic Reduction Program at (206) 459-0168
e) or (206) 438-8721 (roD).

Jr further assistance in assessing the benefits of waste reduction opportunities please contact one of our regional offices: Northwest
'.(6) 649-7000, Southwest (206) 664-M76, Central (509) 575-2491, wtern (509) 456-2926.
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AGulf Coast Acid Team was organized by Dow's Chemicals
and Melals Dept. They developed creative ways of recycling
byproduct HCllo other Dow processes and eXpanded the HCI
business, sigOlng major customer contracts. Their efforts re
duced avoidable neLllralization to record lows and saved more
than 520 milliontyr.

Cow's Louisiana Division chlorine plant eliminated more
than 4.5 1.11.1 lbIyr of waste by improving its collection system
lor a dilLlle caustic stream. The key idea was to use corrosion
resistant Piping to prevent cross-<:onlaminahon belween adJa
cent conduits. The new instaJLation saves an additional 4.1 1.41.1
Ib/yr of hydrochloric acid because neLllraJizing contaminated
caustic is no longer necessary. Total prOject saVIngs are
$890,ooofyr.

Employees at Dow's potystyTene plant In Allyn'. Point,
Conn., redUC8d waste by 90.000 IbIyr when ltley totaJly eimi
nated an IntermedLite processing Slep. P1ant tec:M1Ciana had
questioned its value and a series 01 experiments ventied that
the intermedLite step was unneeded. This process impr0ve
ment saved $150,OOOIyr.

Six award.wlnnlng waste
reduction projects

Each year. as part of its WRAP (Waste AeductlOn Always
Pays) program. The Dow ChemICal Company recognIZes out
standing waste reduction achievements at its vanous produc
lion siles in the United States. The following .xamQles ilus
trata the vanery of pt0lects and the magnitUdes of botn waste
reduetJOn and money saved that is posSI04e.

The sPeCialty herbicides plant in Cow', Michigan Division
concentrated on ways to reduce, recycle or reuse waste by
products. Employees made a series 01 process improyements.
including several relatively simple modifications 10 thetr oper
ating procedures. Results were outstanding. PrOduction was
substantially increased while incinerated wastes were CUI by
43 percent. Aaw malerial savings were $3.4 mliliolVyT.

Cow's Western Division saved more than $3 mlliiolVyT in an
agrICUltural Chemicals plant by implementing a system to recy
cl. a viscous tar/catalyst miX1ur•. Th. new sys1am cost
$100.000 and reduced tar formation in tile plant by 43 pen:ent.
PnMousIy, thIS waste stream had to be shipped 10 otI'lef' Dow
sites fo( incaneralJon.

Employees at a chlor-alkali plant in Dow's Texas Division
eliminated 59.000 tonslyr of waste by making mont than a
dozen separate improvements to the plant. ""any of the
changes involved converting to computer control or upgrading
existing control systems or procedures. Combined savings:
S753.000fyr.

AJthough this article docs not represent an exhaustive
study of all possible ways of reducing waste. il docs contain a
wealth of practical ideas. It can thus serve as the basis for
discussion and brainstorming. We'll begin with ideas associ
ated with raw materials.

To reduce waste, schedule projects,
projects and more projects. Here are
more than 90 that worked for
Dow Chemical

K. E. Nelson, Dow Chemical U.S.A., Plaquemine, La.

THE IDEAL WAY to reduce waste is to avoid making it in
the first place. When this is not practical, a second technique
is often. used: recycling waste products back into the process.
Both approaches work. Specific improvements involve raw
materials, reactors, heat exchangers, pumps, furnaces, dis
tillation columns, piping and control schemes.

Wast. reduction pays. All of Dow's Divisions in the
U.S.·~ have active waste reduction prognms. The Loui
siana Division's program began in 1981 as an energy conser
vation program. It was called an "energy contest" and em
ployees were encour-aged to submit ideas for projects that
would save energy. In 1983, the contest was expanded to in
clude projects that would improve yields and reduce waste.

In 1987, Dow formalized its U.S. Area waste reduction
program as "WRAP," an acronym for "Waste Reduction
Always Pays." TIle WRAP program was quickly incorpo
rated into the Louisiana Division's ongoing contest and gave
added emphasis to waste reduction efforts.

Contest projeeu have been well documented since 1981
and nearly all the ideas discussed in this article are based on
process changes that have been made at plants in the Louisi
ana Division. Where appropriate, specific examples are
given to help clarify important points. In addition, brief de
scriptions of six award-winning waste reduction projects
from various Dow locations in the U.S. are summarized.
They further illustrate how waste reduction concepts and
principles have been applied to real-world situations.

While our primary focus will be on projectS that reduce
waste, many of the modifications discussed will also save en
ergy.

What Is wa.te? Waste includes streams or materials that
are:

• Vented to the air
• Discharged to the water
• Sent to landfill
• Sent to an incinerator
• Sent to a flare
• Sent to a biological treatment facility.

The two most common waste reduction techniques are to

make less waste initially and to recycle waste products back
to the process. Sometimes, it is also possible to reduce emis
sions by operating waste treatment units more efficiently,
but that is not the concern of this article. Also, this article
will not discuss the nature of the waste (i.e., hazardous or
nonhazardous, toxic or nontoxic, flammable or nonflamma
ble, etc.).

Use these ideas to cut waste
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• Improve way in which reactants are added. The idl.
here is to get closer to ideal reactant concentrations before
the feed enters the reactor. 11Us helps avoid secondary reac
tiOlU which form unwanted byproduas. The way lUll 10 add
reactants is shown in Fig. 2 (top). It is doubtful tha.c the
"ideal" concentration exists anywhere in this reactor. Acoo
sumable catalyst, especially, should be diluted in one of the
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~ors In a cross-dow cooiing tower. lor example. was Cl.:1 [)J

):ali" by welding tne water omnbUtiOD ciecb from sunlight.

~••cton. The reactor is the heart of the ?1'"OCe3S and can be
a primary. source of waste products. The quality of mixm\! in
a reactor is crucial. Too olten, insullicient design ~ is
spent on scaling up this key parameter and a new production
facility has disappointing yields when compared to lab or ol
lot plant data. The first three ideas listed below are ~_
cerned with quality of mixing.

• Improve physical mixing in the reactor. ModiflCl_
tions to the reactor such as addinl<" or improving baiTles. in
stalling a higher rpm motor on the agitator(s). or using a dif
ferent mixer blade design (or multiple impellers) can
improve mixing. Pumped recirculation can be added or in.
c...-eased. Two nuids going through a pump, however, do !lOt

necessarily mix well and an in-line static mixer may be
needed to ensure good contacting.

~
t

~
I
l;
r.

• Distribute f~ better_ Here is an area that de~rve:s . I
more attention than it typically gets. Fig. 1 (left) iliustr.Ues j
the problem. 'The reactants enter at the top of a rued c.aulvsl t
bed. Part of the feed shon-circuits down tri.ro~ the =ta f
of the reactor so til.a.t there is inadequate ume for conversion .•
to the desireti productS. Conversely, the feed doser to the i
walls remains in the reactor for a too Ion" a time and "OVC'- .i

:-eacu" to byproducu that eventuallv ~me waste. '. ~
. Although the av~ resicience time in the reactor is cor- i "
reet, inad<:quate feed distribution causes both poor coover-l
~on and poor yield. One solution is to add some son of di.1- J I
tributor that causes the feed to move uruformly througD all j I
parts of the reactor as shOwn in Fig. 1 (rigilt). Some 3011 of : I
~ colkctor at the bottom of the reactor may also be nee- ~ I
e:ssary to prevent the now from neckin~ down to the outic:t. L
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;'law mate"'•••• Raw materials are usuallypu~ from
an oumde source or transierred from an on-site plant. Each
raw material n~ to be studied CO determine how it atTeas
the amount of waste produced. The specifications for each
raw material entering the plant should be closelv examined.

• Improve: quUity of feeds. Althougn the percentage of
undesirable impurities in a iced stream may be low, it can be
a major contributor to the total waste produced by a plant.
Reducing the level of impurities may involve working with
the supplier of a purchased raw material, working with on
site plants that supply feed streams or instailing new purifi
cation equipment. Sometimes the effects are indirect (e.g.,
water gradually kills the reactor catalyst causing formation
of byproducu, so a drying bed or column is added).

• Use off-spec material. Occasionally, a process can use
off-spec material (that would otherwise be burned or land
filled) because the particular quality that maxes the material
otT-spec is not imponant to the process.

. • Improve quality of products. Impurities in your own
products may be creating waste in your customers' plants.
Not only may this be costly, it may cause some customers co
look elsewhere for higher quality raw materials. Take the ini
tiative in discussing the elTeas of impurities with your cus
tomers.

• Uu: inhibiton. Inhibitors prevent unwanted side reac
tions or polymer formation. A wide variety oi inhibitors are
commercially available. If inhibitors are already being used,
check with suppliers for improved' formulations and new
productS.

• ~ge lhipping containen. If raw materials are be
ing received in containers that cannot be reu3ed and need to
be burned or landfilled, change to reusable containers or
bulk shipments. Similarly, using alternative containers ior
shipping plant productS should be discussed with customers.

• Reexamine: need for each raw material. Sometimes
the need for a particular raw material (one which ultimately
ends up as waste) can be reduced or eliminated by modifying
the process or improving control. The need for algae inhibi-
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FIg. 1-LEFT: Poor teed distribution in a
fixed catalyst bed causes poor conversion
and poor Yield. RIGHT: Uniform feed flow im
proves both yield and convel"SlOO.

94 Hydrocarbon Processing, Marcil 1990

Fig. 2-TOP: Example of poor mettlOd tor
aOding feeds to a reactor. BOTTOM: Well
mixed teeds improve reactor perlormance.

Fig. 3-A sepalate. smail reactor Ilanole.
cycle was1e streams.
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feed streams (one which does not react in the presence of the
catalyst).

Fig. 2 (bottom) illustrates one approach to improving the
situation by using three in-line static mixers.

• Improve cataly.t. Searching for better catalysts should
be an ongoing activity becausC of the significant effect a cata
lyst has on n:aaor conversion and product mix. Change5 in
the chemical makeup of a catalyst. the method by which it is
prepared, or its physical charaaerUtiC3 (size. shape. porosity,

r dC.) can lead to substantial improvements in catalyst life and
effectiveness.

• Provide aeparat.c reactor for recycle .tre1m.. Recy
cling byproduct and waste streams is an excdlent technique
for reducing waste, but often the ideal reactor conditions for
coDverting recycle stre3IIlS back to usable products are con
siderably different from conditions in the primary reactor.
One solution, shown in Fig. 3, is to provide a separate,
smaller reactor for handling recycle and waste streams. Tem
peratures, pressures and concentrations can then be opti
mized in both reactors to take maximum advantage of reac
tion kinetics and equilibrium.

, Examine heating and/or cooling technique. The
technique for heating or cooling the reactor needs to be ex
amined, especially to avoid hot-spots or overheated feed
streams, both of which usually give unwanted byproducts.

• Consider different reactor design. The classic stirred
tank baclunix reactor is not necessarily the best choice. A
plug flow reactor offers the advantagt: that it can be staged,
and each stagt: can be run at different conditions, closely
controlling the reaction for optimum product mix (and mini
mum waste). Many innovative hybrid designs are possible.

• Improve cODtrol. For a given reactor configuration,
there is one set of operating conditions that is "optimum" at
any given time. The control system should know those con
ditions and make them occur, with little Ouctuation. Such
control may be complex, panicularlv in the case of batch re
actors, but can yield major improvements. In less sophisti
cated systems, simply stabilizing reactor operation fre
quently reduces the formation of waste products.

Advanced computer control systems are capable of re
sponding to process upseu and product changes swiftly and
smoothly, producing a minimum of unwanted byproducts
(see section on process control).

H••t exch.ngers. Heat exchangers can be a source oi
woute. especlailv with products that are temperature sensI
tive. There are a number of techniques for minimizing the
formation of waste products in heat exchangers. Most are as
5'Xiated with reducing tube-wall temperatures .

• UIC lower pressure .team. When plant steam is avail
able at fIXed pressure levels, a quick expedient may be to
switch to steam at a lower pressure, reducing tube-wall tem
pera.!ures.

• Dauperbeat plant .team. High-pressure plant steam
may contain several hundred degrees of superheat. Desu
perbeating steam when it enters a proa:ss (or just upstream
of an exchanger) reduces tube-wall temperatures and actu
ally increases the effective surface area of the exchanger be
cause the heat transfer coefficient of condensing steam is ten
times greater than that of superheated steam.

• Install a tbermocomprellor. Another method of re
ducing tube-wall temperature is to install a thermocompres
sor. These relatively inexpensive units work on an ejector
principle, combining high and low pressure steams to
produce an intermediate pressure steam. Variable throat
modds are available that operate like control valves. auto
matically mixing the correct amounts of high and low pres
sure steam. The thermocompressor principle is illustrated in
Fig. ~ where plant steam at 235 psig is used to upgrade 30
psig steam to 50 psig. Before a thermocompressor was in
stalled. only 235-psig steam was used to supply the required
heat.

• U.e 5taged heating. If a heat-sensitive Ouid must be
heated, staged heating can minimize degradation. Begin, for
example, with waste heat, then use low pressure steam, and
finally desuperheated high pressure steam. A typical ar
rangement is show in Fig. 5.

• Use on-line cleaning techniques. On-line cleaning de
vices such as recirculated sponge bails or reversing brushes
have been on the market for many years. In addition to reo
ducing exchanger maintenance. they also keep tube surfaces
clean so that lower temperature heat sources can be used.

• Usc scraped-wall excbangers. Scraped-wall ex·
changers consist of a set of rotating blades inside a vertical.
cylindrical jacketed column. They can be used to recover
saleable products from viscous streams. A typical application

Hydrocarbon ProceuinQ. March 1990 qs
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23 to recover monomer from polymer tars.

• Monitor exchanger fouling. Exchanger fouling doe3
not always occur steadily. Sometimes an exchanger fouh
rapidly when plant operating conditions are changed too fast
or when a process upset occurs. Other actions such as switch·
ing pumps, unloadmg tankc.ars, adding new catalysts, or
any routine aCllons can influence fouling.

The first step w reducing or even eliminating these causes
of fouling is to identifv them bv continuously moniwring the
fouJing factor and correlaling anv rapid changes wilh plant
events.

• Use noncorroding tubes. Corroded tube surfaces foul
more quickly than noncorroded tube surfaces. Changing w
noncorroding tubes can significantly reduce fouling.

Pumps. Pumps don'l usually contribute w waste except in
lwo ways:

• Recover leal flushes and purges. Each pump seal
flush and purge needs 10 be examined as a poSSible source of
waste. Most can be recYcled to the process with little diffi
culty.

• U5C 5C.a1leu pumps. Leaking pump seals lose prodUCl
and create environmental problems. Using can-type sealless
?umps or magnelically driven sealless pumps eliminates
these losses.

Fumac••. Furnace technology is constantly evolving. Fur
nace manufaaurcrs should be contacted for the latest tech
niques in optimizing furnace operalion and reducing tar for
mation.

• Replace coil. In certain applications. significant im
provements can be mack by replacing the exiSting furnace
coil with one having improved design features (e.g., lUbes
with low re3idcnce time or designed for split now). Although
it may not be practical to replace an undamaged coil, aller
native designs should be invesugated whenever replacement
becomes necessary.

• Repbce furnace with intermediate exchanger. An
other option is to eliminate direct heating in a furnace (which
necessarily exposes the healed nuid to high tube-wall tem
peratures) by using an intennediate heal transfer medium.
This principle is illustrated in Fig. 6.

• Make use of exuting steam supaheat. Even if the
temperature required is above the saturation temperature of
the highest pressure of plant steam available, sufficient J!UXT

hMJ mav be available to totally eliminate the need for a fur
nace.

In Fig. i, a process stream is healed to 550°F by using the
superheat available in ~75-psig steam. No fired healer is
used, so the fluid being heated is not subjected to hot tube
wall temperatures.

DI.tlllatlon columns. Distillation columns tvpicallv
produce waste in three ways:

1. Bv allowing impurities to remain in a product. The
impurities ultimalely become waste. The solution: better
separation. In some cases it is desirable to exceed normal
product specifications.

2. Bv forming waste within the column itself. usuallv be·
cause of high reboiler temperatures which cause polymenza
tion. The solution: lower column temperatures.

3. Bv inadequate condensing. which results in vented or
nared product. The solution: improved condensing.

Now let's look at some column and proa:ss modifications
thaI reduCt: waste bv allacking one or more of these th~

problems.

• Increase reflux ntio. The most common wav of im
proving separation is simply to increase the reflux rauo.
This raises the pressure drop across the column and 1Il.

creases the reboiler temperalure (using additional energy),
bUl is probably lhe simplest solution if column capacitv is ad
equate.

• Add sLction to eolumn. If a column is operaling close
10 flood, a new section can usually be added to increase ca
pacity and improve separation. The new seclion can have a
different diameter and can use trays, regular packing or
high-efficiency packing. It does not have 10 be consistent
with the original column.

• Rctny or repack column. Another method of increas
ing separation is to retrav or repack part or all of a column.
Both regular packing and high-efficiency packing typicalh'
lower pressure drop through a coiumn. decreasing the ~
boiler temperature. Packing is no longer limited to smail col
umns; large diameler columns have been successfullv
packed.

• C~ge iet:d tray. Don't overiook changmg the feo:i
tray. Many columns an: buill Wlth muJuple feed trays, Out
the valving is seldom changed. In general, the doser the feed
conditions are to the tOP of the column (high lights concen
tration and low temperature). the higher the fet:d u-ay; the
closer feed conditions are to the bottom of the column (high
heavies concentration and high temperature). the lower the
feed tray. Experimentation is easy if the valving exists.

• Insulate. Good insulation is necessary to prevent heat
losses. Poor insulation requires higher reboiler temperaturo
and also allows column conditions to fluctuate with weather
conditions.

• Improve fet:d distribution. The eiTectiveness of fCl:d
distributors (panicularly in packed columns) needs to be
analyzed to be: sure that distribution anomalies are not low
ering overall column eiliciency.

• Preheat column feed. Preheating the feed should im
prove column efficiency. Supplying heat in the feed requires
lower temperatures than supplying the same heat to the re
boiler, and it reduces reboiler load. Often, the feed is pre
heated by cross-exchange with other process streams.

• Remove overheads product from tray near top of col
umn. If the overheads product contains a light impurilV, it
may be poSSIble to obtain a higher puriry product from o~

of the trays dose to the top of the column. A bleed stream
from the overheads accumulator can be recycled back to the
process to purge the column of lights. Another solution is 10

install a second column to remove small amounts of lights
from the overheads.

96 Hydrocartlon Processing. Mareh 1990
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• Reduce reboiler temperature. The same general tem
perature reduction techniques diSC1Jssed earlier (in the sec
tion on heat exchangers) such as desuperheating steam, us
ing lower pressure steam. installin~ a thermocompressor.
using an inlennediate heat transfer fluid, etc., also appiy [Q

the reboiler of a distillation column.

• Lower column pressure. Reducing the column pres
sure will also decrease the reboiler temperature and may fa
vorably load the trays or packing as long as the column stays
below nood. The overheads temperature, however, will also
be reduced, which may create a condensing problem (see fol
lowing point).

• Improve over:bad condenser. If overheads are lost be
cause of an undersized condenser, consider retubing, replac
ing the condenser, or adding a supplementary vent con
denser to minimize losses. It may also be possible to reroute
the vent ba.clc to the process (if process pressure is stable). If a
refrigerated condenser is used, be sure to keep the tubes
above 32°F if there is any moisture in the stream.

• Improve column control. The comments in the Reac
tor section about closer process control and controlling at the
right point apply to distillation columns as well as reactors.

• Forward vapor overhads to next column. If the over
heads stream is Sent to another column for further separa
tion, it may be possible to use a partial condenser and intro
duce a vapor stream to the downstream column.

Before any equipment modifications are undertaken, it is
recommended that a computer simulation be done and that
a variety of operating conditions be examined. If the column
temperature or pressure changes, equipment ratings should
also be reexamined.

Piping. Something as seemingly innocuous as plant piping
can sometimes cause waste. and a simple piping change can
result in a major reduction of waste. Consider the following
piping changes to a process:

• Recover individual waste streams. In many plants.
various waste streams are combined and ~nt to a waste
treatment facility as shown in Fig. 8. Each waste stream
should be consIdered individually. The nature of the lmpun
ties mav make it possible to recycle or otherwi~ reuse a par
ticular stream INfor~ it is mixed with other waste streams and
becomes unrecoverable. Stripping, filtering, drying or some
other tvpe of treatment may be necessary before reusing the
stream.

• Avoid overneating lines. Ii a process stream contains
temperature-sensitive materials, both the amount and tem
perature level of line and vessel tracing and jacketing needs
to be reVIewed. If plant steam levels are tOO hot. a recircu
lated warm tluid can be used to prevent the process stream
from freezing. Choose one that doesn't freeze if the svstem IS

iliut down in winter. Electric tracing is also an option.

• Avoid Knding hot materi.a..l to Itorage_ If a tempera
ture sensitive material is sent to sto~ it should flI"St be
cooled. If this is uneconomical because the stream from stor
age neecU to be heated when it's used, simply piping the hot
stream directJy into the suction of the storage tank pump as
shown in Fig. 9 may solve the problem adequately. Make
sUre that the storage tank pump can handle hot material
without cavitating.

• Eljminate lew. Leaks can be a major contributor to a
plant's overall waste, cpecial.ly if the prociueu cannOt be
seen or smelled. A good way to document lcalu is to measure
the quantity of raw materials that must be purchased to re
placr: "lOst" streams (e. g., the amount of refrigerant pur
chased).

• Clange metallurgy. The type of metal used for vessels
or piping may be causing a color problem or be acting as a
catalyst for the formation of unwanted by-products. Ii this is
the case, change to more inen metals (sec next point).

• UK lined pipes or vessels. Using lined pipes or vessels
is often a cheap alternative to using exotic metallurgy. A va
riery of coatings are available for diiTerent applications.

• Monitor major vents and nan: svstems. Flow mea
surements need not be highly accurate. but should give a
reasonable ctimate of how much product is lost and when
those losses occur. Intennittent losses, such as equIpment
purges, can be particularly elusive. Corrective action de·
pends on the specific situation; a varietv of alternatives eXIst.
Frequently, venting or tlaring can be reduced or even e1imi·
nated as described in the following paragrapn.

• RC1:over vented product. It is often worthwhile to in
stall whatever piping is necessary to recover prociuets that
3.rC vented or tlared and reu~ them in the process (or in an·
omer process\. Storage tanks, tankcars and tankuucks are
(ommon sources of vented product. A conden~r or smail
vent compressor may be all that is needed for recoverv. Ad·
ditional purification may be necessarv before the recovered
streams can be reused.

Process control. Modern technology allows us [0 instail
highly sophistioted computer control systems that respond
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tar more quicic.ly ana aCCUratelY man human oein~. ~"e can
U~ that o.oaodity to reauce waste. Some suggestions an:
rummarized below.

o Improve on-line control. Good process control re
duces waste by mmimizing cyding and improving a plant's
ability to handle normal chan~s in nows. temperatures,
pressures and compasllions. Statistical quality control tech
niques help plants analyze process variatlons and document
improvements. Somellmes additional instrumentation or
on-line stream monitors (e.g., g:LS chromatographs) are nec
essary, but good control optlmizes process conditions ana re
duces plant trips-a major source of waste.

• Optimize: daily operation. If a computer IS incorpo
rated into the control scheme, it can be programmed to ana
lyze the pnx:es.s continuously and optimize operating condi
tions. If the computer is not an integrai part of the comrol
scheme, olT-line anaiyses can be performe;:J and used as a
guide for settmg process conditions.

• Automate startups, .hutdowns and product change
oven. Huge quantities of waste can be produced during
plant startups, shutdowns and product changeovers. even
when such events are well planned. Pro~ming a com
puter to control these situations brings the plant to stable op
~ratingconditions quicklv and minimizes the time spent ~n
erating otT-spec prociua. Further, since mU1imum ume IS

spent in undesirable running modes, equipment fol)1ing and
dam~ an: reduced.

• Program plant to handle unexpected UPSCtl and
trip•. Even with the best control systems, upsets and trips
ocx:ur. Not all can be anticipated. but ope.rnton who have
lived with the plant for yean proOablv remember most of the
important ones and know the best ways to respond. With
computer control. optimum responses can be prepro
grarnrned. Then. when upseu and trips occur, the computer
takes over, minimizing downtime. spills, equipment dam
~, product loss and waste ~neration.

Mlacenaneoua. In addition to the ideas aJready discussed.
there are a number of other miscellaneous improvements
that can be made to reduce waste:

• Avoid une:xpcaeci trip. ana .hutdowns. A good pre'
ventative maintenance program and adequate sparing of
equipment are two keys to minimizing trips and unplanned
shutdowns. Another key is to provide an adequate warning
system for critical equipment (e.g., vibration monitors).
Plant operaton can be extrc:meiy helpful by reponing un
usuaJ conditions so that minor maintenance problems get
rorn:cted before they become major and cause a plant trip.

• Use waste .treams from other plants. Within a chemi
ca! complex, each plant's waste streams should be dearlv
identified. The auantitv and auaJitv of these screams should
be documented. including the 'pre~nce of crace quantities of
metals, haJides or other impurities that render a stream use
less as a raw materiaJ. This list should be reviewed by aJl
plants in the compiex to detennme if any are suitable as fee;:J
stocks.

The author
Kennertl f. Nelson IS an assoa8te energy ern.
suttanl at the LoulSJana o;vision 0( Dow~
cal U.S.A.. PfaqlJefTlIne. La. In his 28 years WIlI1
Dow. he has held a vanery of 19ChnlC:11 4f'l(j
managenaJ postt1OI1s in pt'OClJCtJOfJ, tectmrcaJ
servICe and deve/Opment, research ana Pt"<>
cess engineenng. s,nce 1981, Mr. Nelson IIa3
been etl8Jrman of tne LOUISIana o;vision -s En
ergy Evaluation CommlrtlH1 and is CUf7'"em:!V

business manager for outSlOe engmeenng. He IS 81S0 energy consa-.
V800n manager for DoW's u.s. area. Mr. Nelson h8s a as d&gree n
ctlemical engrneenng from lHiools Instrrut9 of Technology

• Recovcr product from tankcars and tanktruclu.
Product draine;:J from a tankear or tanktruck (espectallv
those dedicated to a singie service) can often be recovered
and reused.

• Reclaim waste material. Someumes waste proauClS
not aJl of which an: chemical streams-can be redaimed.
Rather than sendim! them to a burner or to landfill, pianu
have found wavs to-reuse them. Tnis mav involve phvsical
cleaning, speciai treating, filtering or Olher reclamaooll
techniques.

a IwtaJl reuuble insulation. When conventional insu
:3tion is removed irom ~uipment it is tYpIcally SCI"aDOeti
3Jld lIent to landfill. A nwnber of companies manufacrure
reusable insulation. 1Deir produet5 an: pamcularly eJTecrive
on equipment where the insulation is removed regularly in
order to perionn maintenance (e.g" heat exchanger beads.·
manwavs, valves, transmitters, etc.).

• Maintain ata"n11 painted .uruca. Even in plana
handling highly corrosive materiaJs. auT1J4i corrosion C3.ll be
3 major caUlle oi pipe deteriorauon. Piping and vesseis
should be painted before being insulate;:J. and aJl painted
surfaces should be well·maintained.

• Ule more computer communication., Icu paper.
Computers aren't the tools for every communications chore.
but many routine messages can be sent via computer.

• Find a market for waste products. Converting a .....aste
product to a saJeable product may require additionaJ prcr
cessing and some creative saJes.manship, but it can be an er·
fective means of reducing waste. The converted prociuet
mould not create a waste problem for the customer.

Take action. Reducing waste is a never-ending aet1\"llV.

Each year, we are iaced with new demands. new regulaaons.
new legislation, new chaJlenges and of course, new protr
lems. Amidst ail this activity. we never want to lose si~[ or
one exuemeiy important concept: The way you reduce
wute is by installing projects that reduce waste.

Get re.utta. Waste reduction is not synonymous with 10\\ er
profits. Neariy every idea listed in this arude had a re:urn
on investment greater than 30%. Most paid for themsej"es
in less than a vear. Finding and installing these: kinds ot pro)"
ects helps suppan other waste reduction projects that :-::l,"e
little or no pavoack.

.<\CKNOWLEDGMENT• Reduce number and quantity of samples. Taking fre-
q uent and large sampies can l1;enerate a surprising amount 01 Thanks to aJJ those whose ideas have been included in till5 artl-

o cle. Dow is iortunate to have a la~e number of creatlve. reo
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A "Mark I" Measurement Methodology for
Pollution Prevention Progress Occurring as a

Result of Product Design Decisions

David G. Stephan
Risk Reduction Engineering Laboratory, U.S. EPA, Cincinnati, OH

Robert M. Knodel
Computer Science Department, University of Cincinnati, Cincinnati, OH

and

James S. Bridges
Risk Reduction Engineering Laboratory, U.S. EPA, Cincinnati, OH

A methodology for assessing progress in pollution prevention resulting from
product redesign, reformulation or replacement is described. The method

compares the pollution generated by the original product with that from the
modified or replacement product, taking into account, If desired, the various

lifecycle stages of the product. The pollution prevented (or sometimes
increased) as a consequence of the redesign is delineated with respect to the
media affected (water, air, or soil/groundwater) and with respect to three
"categories" ofpollution impact (human health impacts, use impairment

impacts and disposal capacity impacts). The method also provides information
as to the specific "classes" ofpollution prevented such as toxic organics, heavy

metals, global warmers, nutrients, aquatic life toxicants or hazardous wastes.
The methodology is extendable to pollution prevention projects of all types, not

just product redesign.
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INTRODUCTION

Within EPA's hierarchy of preferred environmental pro
tection options, source reduction and recycling stand as the
top two preferred techniques. Source reduction simply means
"CUlling back on the amounts of wastes created" while reo
cycling simply means "using, for beneficial purposes, materials
which would otherwise have been destroyed. sent to waste
treatment or discharged into the environment as wastes." Pol·
lution prevention is, for practical purposes, equated to source
reduction in the wording of the Pollution Prevention Act of
1990 and the EPA has mounted a considerable effon within
the last several years to promote the adoption of pollution
prevention concepts on a broad scale across the United States.

The contributions that pollution prevention can make to
improvements in environmental quality during the 1990s are
thought to be very substantial. At least in general terms. pol
lution prevention has now been adopted as a common goal by
regu1iltory agencies at federal. state and local levels, by in
dustry, by various public interest groups and by the public at
large.

To determine its contributions on a quantitative basis, prog.
ress in pollution prevention will ha\'e to be measured. Such
measurements will tell us how far we have come and. possibly,
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how much fanher there is to go in utilizing this old. bue newly
emphasized tool for improving environmental quality.

Macro-scale and Micro-scale Methodologies

Two types of measurement tools are required-one for the
"macro-scale" and another for the "micro-scale." The macro
scale tool is applicable on an area-wide, industry-wide or fa
cility-wide basis. It involves the use of survey instruments and
techniques to determine the reductions in pollulion generation
occurring over specified periods of time. EPA's annual Toxics
Reduction Inventory (TRI) is an example. The micro-scale tool.
on the other hand. would assess the changes in the generation
of pollutants occurring as the result of applying a specific
pollution prevention technique to a specific waste-generating
process or product.

Recent literature on pollution prevention progress measure·
ment (1,2, J, 4,5,6) and a 1993 workshop on this subject
[7] focus primarily on macroscaJe methods. Two articles [8,
9J discuss pollution prevention progress in terms of ehe types
of environmental impacts prevented. a concept applicable to
micro-scale methodology. Other anicles which can be related
to the micro-scale concept [10, 11) discuss chemical substitution'
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THE MEASUREMENT CONCEPT

Assumptions

th~ mode of its eventual disposal. Product d~slgn deClSlons
.... hlch beneficially intluence any of the abo~'e potential envi
ronmental impacts should be encouraged and ackno ..... ledged.
Such decisions will playa crucial role in our movement to.....ards
truly sustainable technologies and being able to measure the:
pollution prevented as a result of these decisions will become
increasingly important.

November, 1994

-......~-~

Measuring "pollution prevention" is a liule like measuring
"the liule man who wasn't there. " That is, the challenge is to
quantify the amount of pollution that will not exist in the
future because certain actions or decisions are taken now. For
example, if an existing product contains a volatile toxic com
ponent which is emitted to the air during product use and. if
the product composition is changed to replace the toxic com
ponent with a non-toxic one, all else being equal, pollution
prevention has been accomplished. One measure of it is the
amount of the toxic component that was not emitted. A good
analogy might be from the safety field where the measure of
success of a safety program is the number of accidents that
did not happen as a result of the: program.

While a "survey approach" such as the TRI has much merit.
it is a macro-scale tool. It provides information at the facility
level. The lOol needed by individuals responsible for planning
and implementing pollution prevention projects. on the other
hand. is a micro-scale method. i.e., a "project-by-project"
method. With such a 1001, the pollution prevented as a result
of a speCIfic pollution prevention action, e.g., the redesign of
a product. could be known. This methodology uses such a
project-by-proje:ct approach. It "takes a snapshot" of the pol
lutants generated by an "original" product and another "snap
shot" of those from a "modified" or "redesigned" product.
The difference between the "snapshots" reflects the pollution
prevented by the redesign. If this "before and after" concept
....ere applied broadly to all pollution prevention projects at a
facility, a summation of all of the project-related pollution
prevented would, theoretically, provide the kind of data needed
for responding, perhaps more accurately than at present, to a
pollution prevention survey questionnaire for the facility as a
whole.

To begin, some simplifying assumptions are necessary. When
comparing products "before redesign" and "after redesign,"
it must be assumed that the modified product is an exact
functional replacement for the original product. That is. the
redesigned product performs exactly the same function as the
original product that it is to replace. It must also be assumed
that the performance of the redesigned product is, for practical
purposes, the same as that of the original product. Next, the
"unit-of-usc" for both products must also be identical. That
is. if the product is paint, both products will cover the same
amount of surface. Note that this is not necessarily the same
volume of paint. If the product is a container, both containers
will hold the same amount of material. Finally, product life
must be taken into account. If the useful life of the redesigned
product is 150 percent of that of the original product, then
the pollutants from the original product must be compared
with two-thirds, Le., 100/150. of the pollutants from the rede
signed product.

Next, the "kind" of pollution prevented needs to be defined.
Anyone can understand that preventing a pound of .....astepaper
from going to a landfill has a different environmental benefit
than preventing a pound of PCBs from contaminating the air
of an office building. This implies immediately that, unless we
put these impacts on some standard scale, there must be a set

'1\ ."
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Product Life C)·des

in the reformulation of products and the use of less lOXIC
alternatives in manufacturing-both actions being forms of
pollution prevention.

A major step with regard to macro-scale methodology was
a provision in the recent Pollution Prevention Act which re
quired the addition to the TRI of a "toxic chemical source
reduction and recycling report." This addition, first used in
1992, will begin to quantify the pollution prevention progress
occurring nation·wide with respect to certain toxic chemicals
discharged by U.S. industry. Progress will be assessed through
the tabulation of such information as the quantities of the
chemicals entering wastes or otherwise released to the envi
ronment, the amounts recycled at the facility or elsewhere, etc.
Furthermore, the act requires that source reduction practices
reported be categorized into at least four groups. one of which
is "reformulation or redesign or products."

Because of the context in which the questions are being asked
and because of the inherent oversimplification needed in a
nationwide survey of this type, the progress reported from "re
formulation or redesign of products" will necessarily be under
reported! First, it will obtain data only on the "SARA 313
chemicals" and not on other chemicals, RCRA hazardous wastes
or nonhazardous solid wastes. Second, it will collect information
only on pollution prevented at the manufacturing site. Yet,
through astute product design decisions, much pollution can
and ",iU be prevented during other stages of a product's lifecycle
than the "manufacturing/processing/formulating" stage; most
importantly, perhaps. it will occur during product use and at
the time the product's useful life ends and the product. itself,
becomes a waste.

The methodology described below is a micro-scale tool for
measuring pollution prevention progress occurring during any
and all stages of a product's lifecycle but ....hich is attributable
to decisions made or actIons taken during the product's design
stage. It not only provides a structured presentation of the
pollution pre~·ented but it also recognizes and quantifies prod
uct designers' contributions to pollution prevention, enables
non-manufacturing stage pollution prevention to be considered
and should encourage industry to give more thought to min
imizing the environmental impacts of a product during every
one of its Iifecycle stages.

From "womb to tomb," a product may be thought of as
going through the following lifecycle stages:

I) Raw materials acquisition 4) Packaging and distribution
and handling 5) Use

2) Materials manufacture 6) Maintenance/repair
3) Manufacturing, processing 7) Recycle

and/or formulating 8) Disposal

For most products, environmental impacts can and do occur
during anyone or all of these stages. For example, the mining
of ores and the growing of crops produce wastes. Production
of petrochemical intermediates or lumbering, shaping and
treating of wood all create wastes. Product manufacturing
obviously is a source of wastes. Leaks and spillage during
packaging and transportation of products occur and, even if
not, energy is expended-with consequent environmental ef
fects-during this phase of a product's life. Many products,
e.g., insect sprays, brake shoes or backyard grills. inherently
produce wastes during their use and some do during their
repair, e.g., air conditioners, or their maintenance, e.g., re
painting. Wastes can be generated during the separation and
processing of materials for recycle and, finally, almost every
product. itself. becomes a pollutant or potential pollutant when
its useful life has ended, even if it's JUSt "going to a landfill."

A designer is able to influence the raw materials used, the
production process employed, the way in which the product
is utilized, its life, its "repairability," its recyclability and even

•



Pollutant "Potencies"

Chemical-b}'-cbemical Measurement

It is recognized that there are many virtues in measuring
pollution prevention progress on a chemical-by·chemical basis
rather than by the kind of eD\'ironmental impacts pre~·ented.

In fact, chemical-by-chemical prevention data is what is being
obtained from the amended TRI. Hence, it will be useful for
a pollution prevention progress measurement method to em
ploy both the chemical·by·chemical approach and use of the
above categories and pollutant classes. This method allows
both approaches. The advantage of using the impact· by·impact
approach, is that pollutional "apples and oranges" can be
10gicaUy segregated and then summed.

All solid or liquid substances can be considered as potential
"solid wastes" since, upon disposal to a landfill. they would
take up some of its holding capacity. While users of the meth
odology may, of course, use vanous definitions of "hazardous
wasles," in general, ali materials which are recognized as toxic,
corrosi~'e, explosive, etc. can be considered to fall within this
Class.

With this breakdown into 22 classes, a reasonable "handle"
on appreciating and quantifying the various kinds of pollution
affected by a panlcular pollution prevention project would
seem possible. Individual users of the method may, however,
add classes to or remove classes from the suggested list of 12
as they desire.
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2) Hazardous Wastes1) Solid Wastes

practical standpoint there are only a relative few that are .of
greatest concern. The following seven encompass the major
health· related pollutants:

1) Carcina-, Terata- 3) Heavy Metals 6) Toxic Inorganics
and Mutagens 4) Pathogens 7) Toxic Organics

2) Fine Fibers 5) Radioactives

As for use impairment impacts, the following J3 classes of
pollutants seem reasonable, at least for a stan:

I) Acid Rain Precursors 8) Nutrients
2) Aquatic Life Toxicants 9) Odorants
3) Biological Oxygen Deman- 10) Ozone Depleters

ders II) Particulates
4) Chemical Oxygen Deman· 11) Smog Formers (VOCs

ders ~NOJ

5) Corrosives 13) Suspended Solids
6) Dissolved Solids
7) Global Warmers

Two pollutant classes seem appropriate within the Disposal
Capacity Impacts Category because of the different types of
facilities and materials handling capabilities required for each:

It is clear that not aU toxic substances, not all carcinogens,
not all ozone depleters and not all nutrients have the same
"potency." Not only that, but the physical and/or chemical
forms of such materials will also affect the degree and type of
their environmental and/or health impacts as wiJl the local
levels of exposure involved. In the long run, therefore, one
will want to add additional levels of sophistication to this
measurement methodology. For example, one mIght use
"weighting factors" for the various pollutants in each Class,
in order to relate "amount of pollution prevented" more di·
rectly to "amount of environmental risk prevented" and even
to take local conditions into account. However, this degree of
sophistication is .not being considered here in this "Mark I" I
methodology. It IS an obVIOUS "next step," but this more basic
first step, i.e., a method for simply classifying, Quantifying I
and displaying amOUnts of pollution prevented, is needed first./ " .:,

-'" II
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The two traditional categories of pollution impacts are "hu
man health impacts" and "use impairment/ecological im·
pacts." These impacts can, of course, be experienced in each
of the three media, ~·iz., air, water and soil/groundwater.
Therefore, broad categories, within which amounts of pollu
tion prevented might be usefully compared, could be:

Pollution "Categories"

Pollutant "Classes"

of "categories of environmental impacts" within each of which
the amount of pollution prevented can be assessed separately.
This is so in order that we do not measure and then sum together
pollutional "apples and oranges."

In Water:

Category WI-Human Health Impacts
Category W2-Use Impairment Impacts (e.g., fish kills, eu·

trophication, etc.)

In soil/groundwater:

Category 51-Human Health Impacts
Category 51-Use Impairment Impacts (e.g., soil poisoning,

excess salinity, etc.)

In air:

Category AI-Human Health Impacts (e.g., cancer, brain
damage, asbestosis, etc.)

Ca~ory Al-Use Impairment Impacts (e.g., smog, aCId rain,
ozone depletion, odors, etc.)

In addition 10 the above six categories, there is one more of
special significance for soil/groundwater. !t is "disposal ca·
pacity impacts" -the fact that the very quantity of wastes
which will or may have to be disposed of into landfills effec
tively reduces their capacity for accepting future wastes. Hence.
a third Category for the soil/groundwater medium is proposed:

Category 53-Disposal Capacity Impacts

There is also increasing concern regarding indoor air quality
and. therefore, for products resulting in releases to indoor air,
an indication of the amount of indoor air pollution prevented
would also be useful. This can be dealt with by considering
"indoor air" simply as a sub-division of the air medium. Also,
note that only human health impacts and certain use impair
ment impacts, e.g., odors, affect indoor air quality. That is,
impacts such as smog, ozone depletion and global warming
do not occur in indoor air but only result when the causative
pollutants are released into the outdoor environment. A credo
ible measurement method should take this into account.

The pollutants generated by a product can, of course, cause
impacts in one or a number of the above categories as a result
of releases during any of the stages of a product's lifecycle. It
would be helpful, therefore. for the methodology to be able
to relate pollution prevented to the panicular stage or stages
of a product's Iifecycle in which the user may be interested as
well as to be able to reflect the pollution prevented when taking
all Iifecycle stages into account.

.Having information at the category level as described above
wlll.be helpfUl, but beller judgments can be made as to progress
achieved If questions could be answered such as "How much
pOllution that causes global warming, human c~ncer, aquatic
tOXICity, acid rain or use of landfill capacity did not occur as
a result of the pollution prevention action taken?" This points
to a need for a further breakdown of the kinds of pollution
prevemed-a breakdown into specific pollutant classes. While
the number of such classes is potentially quite large, from a
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Table 1 An Illustralive Example of Product Aedeslgn tor Pollution Prevention Purposes

Product:
Unit-of-Use:
Original Product Life:
Modified Product Life:

Product
Constituents
adhesive
toluene
water
heptane

rubber cement
I gallon
I application
I application

Assumpuons'

ORIGINAL
Product

4.3-J-b-

3.5
0.42

8.221b

MODIFIED
Product
4.~

0.61
0.22
3.12
8.351b

I) For the Original Product composition:
a) During manufacture, 0.14 Ib toluene escapes to the air.
b) During manufacture, 0.15 Ib phosphates and 0.83 lb water is used for equipment cleaning and is discharged as wastewater.
c) During manufacture, 0.11 kwh electric energy from a coal-fired power plant is consumed.
d) During use, 3.2 lb toluene evaporates; 0.30 Ib reacts with the adhesive.
e) During use, 1.0 lb adhesive evaporates.

2) For the Modified Product composition:
a) During manufacture, only a trace of toluene, 0.0059 Ib (5.9 millipounds), escapes to the air but 0.36 Ib heptane does.
b) During manufacture, 0.094 Ib phosphates and 0.691b water is used for equipment cleaning and is discharged as .....astewater.
c) During manufacture, 0.14 kwh (coal·fired source) is consumed.
d) During use, 3.0 Ib heptane evaporates; 0.12 Ib is adsorbed onto the "set" adhesive but will desorb oyer time aim being

landfilIed, i.e., during the disposal lifecycle stage.
e) During use, 0.52 Ib toluene evaporates; 0.09 Ib reacts with the adhesive.
n During use, 1.33 Ib adhesive evaporates.

3) For both compositions:
a) During use, half of the water reacts with the adhesive when the adhesive "sets "; I0 percent remains unreacted but is

"permanently" occluded. within the "set" adhesive; the remainder evaporates.
b) During use, nine·tenths of the unevaporaled adhesive "sets"; the olher tenth remains unreacted and is absorbed into the

"set" adhesive; this unreacted adhesive can leach out after landfilling, i.e., during disposal.
c) During disposal, the "set" adhesive goes [0 a landfill.

4) Toluene is a "toxic organic," a "smog former," an "odorant," a "biological oxygen demander," a "chemical oxygen
demander," and a "hazardous waste."

5) The adhesive is a "toxic organic," an "odorant," an "aquatic life toxicant," and a "hazardous waste."
6) The "set" adhesive (adhesive + toluene + water) has no human wealth or use impairment impacts but is a "solid ....aste ...
7) Heptane is a "global warmer," a "smog former" and a "solid waste."
8) Phosphates are a "nutrient," a "dissolved solid" and a "solid waste."
9) The product is used indoors.

NOTE: This .umpl. consid.,.s onJy tilt.. lif...,.l. Stqts. viz.• ManufaC1unnl. U",. and Disposal
•. E,tn thou&h En,ironmtTItaJ PrOUtss normally u,"" S.l. UlUts. it IS f.lt that many POltnUaJ u"," of thn mtthodology would find tho mt'lhod us;.,. to und.mand
and apply If EneJjsh Units art used.

Pollution Prevention Can Increase Pollution

Finally, while product redesign to prevent pollution is a
worthy goal, it should be recognized that, in most cases, a
product design change will decrease one set of pollutional
impacts while simultaneously increasing others. A good meas
urement methodology should highlight this "fact of life." The
concurrent pollution increases will often be quite acceptable,
but analysis and reasoned judgment is required as to whether
the impacts increased are less significant or, possibly, more
significant than the impacts reduced. Any increase in pollution,
i.e., negative pollution prevention, resulting from a product
design change should be clearly recognized and clearly delin
eated when the overall "pollution prevention" (the net pol
lution prevention) from a product redesign is measured and
reported.

case chosen, a reformulation of rubber cement, is summarized
in Table I. The formulations presented and the assumptions
made are for illustrative purposes and are not necessarily fac
tual. This includes the classes ascribed to the various pollutants.

Superficial consideration of a proposal to reformulate rub
ber cement by using heptane as the solvent instead of toluene
would lead most individuals to a ready conclusion that, from
a pollution prevention standpoint, this would be a "win-win"
Slluation since a known health hazard. toluene, would be re
placed by an "innocuous" solvent, heptane. A more detailed
examination of the proposal, using this methodology, would
still lead most decision· makers to the same conclusion, but,
the method would highlight for them that the proposal is, in
fact, a "win some" while also "losing some" maner.

Unit·oC·Use and Product liCe

In this example, all figures are given in "pounds per unit
of-use," in this case, "pounds per gallon of rubber cement."
As described above, an appropriate "unito<)f·use" needs 10 be
chosen for each product. For rubber cement, a volume measure
such as "one gallon" or "one 55-gallon drum" is appropriate, ..i . ,

if the performance of the original and modified products are !~) / I:

A PROGRESS MEASUREMENT EXAMPLE

Perhaps the best way to presenlthis methodology is to apply
it to an example-a fictional example created to elucidate the
proposed method and some of its special features. The example
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exactly the same. i.e.. if the same volume of cement is required
to adhere the same amount of surface area. On the other hand.
if the modified cement is a more effective product and the
modified formulation requires 10 percent Jess cement for the
same surface area. an appropriate unit-of·use might be "the
amount needed to adhere 100 sq ft of surface." Note also that
the "product life" is considered to be the same. viz.• "one
application. "

Example Results

Table 2 presents an array of some of the data which the
proposed methodology can provide to help decision·makers
discern and weigh the "wins" vs. the "losses." The pollution
prevented and the pollution increased by the reformulation as
delineated in the following two paragraphs are all to be found
in the first column of numbers under Pan I of Table 2. Note
that r~ults are pr~ented to only two significant figures
higher precision is not felt to be justified for this or similar
methods.

In terms of total pollutant load on the overall environment.
the reformulated product would lead to 0.461b more pollution
than the original product-remember, this means 0.46 Ib per
I gal of rubber cement. One and one·tenth pound more pol
lution would enter the air but 0.55 Ib less waste would go into
the soil/groundwater and 0.056 pounds. 56 "millipounds,"
less pollutants would enter surface waters. Interestingly, while
net air pollution is being increased, indoor air pollution will
actually be decre~d by some 2.4 lb. This seeming anomaly
results from the fact that cenam pollutants have Impact on
outdoor air pollution but not on indoor air quality. Toluene.
for example. pollutes indoor air because of its health impacts
and its odor. but heptane. even though released indoors. has
no impact on indoor air quality since it is assumed. for this
example. ,0 be non·toldc and odorless. Its global warming and
smog forming properties do not contribute to indoor air pol
lution.

As far as health impacts are concerned. the red~igned prod
uct would lead to the pre\'ention of 2.5 Ib of health impacting
pollution, the great bulk of it in the air medium but including
a 0.023 Ib reduction in soil/groundwater. Indoor air pollution
would be reduced by only 2.4 Ib since the air emissions oc·
curring during both the manufacturing and disposal stages do
not enter an indoor air environment. Use impairment impacts
would increase by a net 0.99 lb. This consists ofa I. I Ib increase
in nc:t pollution going to air combined with 0.0561b of pollution
prevented in water and 0.0231b prevented in soil/groundwater.
The effect on disposal capacity is to reduce the amount of
material potentially to be disposed of within a landfill by 0.55
lb.

From the above, it is obvious that some pollution would be
prevented by the reformulation but that other kinds of pol
lution would be increased. In fact. one now becomes a little
less cenain of the net environmental benefit of the redesign.

Highlights of the rest of the measurement results presented
in Table 2. Part I include the following:

Three and one-half pounds more heptane will be released
to the environment if the redesigned product is adopted. This
heptane will impair use of the air environment in some way
but will not have any human health impact. On the other hand.
2.8 pounds less toluene will enter the environment. This 2.8
Ib of toluene prevented would have had a health impact and
the same 2.8 Ib would simultaneously have impaired air use
in other ways. Toluene pollution of indoor air would have
been decreased by 2.7 lb.

Thiny-one hundredths of a pound more adh~ive would
enter the environment. the net result of 0.33 lb more to the
air but 0.023 lb less to the soil/groundwater. The amount of
"set" adhesive to be disposed of would be decreased by 0.52
Ib; phosphates in wastewater would be reduced by 0.056 Ib;

and a small amount of water. 0.020 Ib, which .....ould otherwise
have become part of the solid waste, would be eliminated.

Effect of Energy Consumption

Note that a variety of pollutants (COl' solid waste. SO"
NO" CO. particulates. and HlSO.) are listed in Table 2 but
were not part of the product nor, in fact, even mentioned in
the Assumptions. These are energy-related pollutants and are
included as an indication of the pollution prevented (or. as in
this case, increased) because of changes in the amount of energy
consumed in pro~ucing the modified product vs. the original
product. If the changes in energy consumption are known along
with the sources of the energy used, i.e.• is the electric energy
from a coal-fired generating plant. for example. or is the ther
mal energy from an oil-fired boiler. etc.• data are available
[12) reflecting the "national average" pollution releases per
kwh or per million Btu for energy derived from particular
types of sources-see Table 3. This methodology takes this
into account.

Pollutant Classes Prevented

Referring again to Table 2. the data in the first column of
Pan 2 show the amounts of pollution prevented for the rubber
cement example on a pollutant c!ass-by-pollutant class basis.
It can be seen that in the Human Health Impact category. the
redesigned product prevents a net 2.5 Ib of toldc organics.
Moreover. the table reveals that the specific poJJutants involved
are toluene and adhesive-a 2.81b decrease in toluene partially
offset by a 0.31 Ib increase in adhesive. The table also shows
that there is a slight increase. 980 "lb (micropound) in Toldc
Inorganic releases resulting from the increased energy usage.

Similarly, in the Use Impairment Impact category. the table
reveals that the reformulation of the rubber cement causes
increases in the following pollutant Classes: global warmers.
3.6 Ib; smog formers. 0.67 Ib; corrosives. 1.0 mlb; acid rain
precursors. 980 "Ib; particulat~, 130 IIlb; and aquatic life
toxicants, 60 "lb. On the plus side. the reformulation will
prevent the foJJowing pollution: odorants. 2.5 Ib; dissolved
solids. 56 mlb; and nutrients. 56 mlb (it needs to be emphasized
that these numbers are not additive-for example, the same
phosphate that is a dissolved solid is also a nutrient).

The pollutant class data indicate that the most significant
negative impacts of the product redesign are from the 3.6 lb
of global warmers and the 0.67 Ib of smog formers which ..... ill
be added to the environment. The global warmers are heptane.
COl and NO" each of which is increased. The increase in smog
formers is the net result of the increase in heptane and the
decrease in toluene along with minor increases in NO, and CO.

One can also derive from the table chat the difference be
tween the odorants prevented (2.5 Ib) and the smog formers
prevented (- 0.67 Ib) results primarily from the 3.5 Ib increase
in heptane release which affects smog formation but not odor.

With regard to Disposal Capacity Impacts. the 0.53 Ib de·
crease in solid wastes is seen to be largely due to the decrease
in the amount of "set" adhesive formed when using the re
formulated product. Of note. but not of major significance,
is the increase of 9.2 mlb in the amount of solid waste arising
from the increased power requirement for the modified prod·
uct. The 23 mlb decrease in hazardous wastes reflects the need
to dispose of slightly less unreacted adhesive when the modified
product is used.

Pollutant Amounts Are Compared-Not Risks

Being made aware of these kinds of implications in waste
generation should help in arriving at a better sense of the net
benefit or net detriment to the em'ironment that will occur if
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0.55 Ib
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2.5 Ib

Impacts on:

Overall Environment
Water
Soil/Groundwater
Air

(Indoor Air)
Uurnan Health

Water
Soil/Groundwater 23 mlb
Air 2.5 Ib

(Indoor Air) (2.4 Ib)
Use Impairmenl - 0.99 Ib

Water -56 mit>
Soil/Groundwater 23 mlb 23 mit>
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Soil/Groundwater 0.55 Ib 23 mlb 0.52 Ib 20 mlb - 9.2 mlb---------------------------------------
Part 2-Pollul/on Prevenl/on Progress Achieved per Gallon of Rubber Cement for the Manufacturing, Use, and Disposal Ufecycle Stages by Pollullon

Category, Pollutant Class, and Pollutant for the Overall Environment
----------------_---:~~--

Pollulants

-'--''D--------------------------------------------------------------)...[) ....Table 2 . ~-----
Par1 1-Pollution Prevenl/on Progress Achieved per Gallon of Rubber Cement for the Manufacturing, Use, and Disposal Ufecycle Stages by Pollution

Category, by Pollutant and by Medium-----_. -_._- ----------------------
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FIGURE 1. Original product and modified product flow sheets for EXAMPLE rubber cement.

the product redesign is adopted. Note once again, however,
that this "Mark I" method limits itself [0 comparing amounts
of pollutants prevented, not risks reduced. In a future "Mark
II" version, it is envisioned that. within pollutant classes, the
"potencies" of various pollutants can be "weighted" so that
the resulting summation of, ror example, toxic organics, ozone
depleters. or biological oxygen demanders. could reflect a more
realistic picture of the environmental benefits and detriments
the pollution prevention activity would cause. A "Mark Ill"
version could, conceivably, incorporate risk analysis models
in such a way that quantified risks and benefits to health and
environment could be compared across classes.

The "Pollutants" columns of Table 2 allow examination of
the pollution prevented or increased on a pollutant-by-pollu·
tant basis. Note that some of these columns are for specific
chemicals. viz.• heptane. toluene, water. COl' CO and H~O•.
Others are for groupings of similar chemicals, viz., phosphates,
sulfur oxides and nitrogen oxides. Others are for kinds of
pollutants. viz.• particulates and solid wastes. while still others
aTe for undefined materials, viz.• adhesive and "set" adhesive.
This was done deliberately in the example to illustrate that the
user has the ability to specify, from a wide variety of types,
the pollutants to be examined depending on the information
available and the way in which the user desires to have the
results expressed.

THE METHODOLOGY

Now, how are data of the type shown in Table 2 to be
obtained? As stated above. the approach involves subtracting
the amounts of pollution generated by the "modified" prod
uct, i.e.• with pollution prevention, from the amounts gen
erated by the "original" product, i.e., without pollution
prevention. The information required to accomplish this must
come from knowledgeable individuals since no measurement
methodology can generate this information de novo. The
method simply facilitates the manipulation and documentation
of this information in a structured way.

Specify Unit-or-Use and Product Life and Document
"Assumptions"

First, the product and an appropriate unit-of-use must be
specified. For the example, the product is "rubber cement"
and the unit-of-use is "I gallon." Then, the expected product
life-the "design Iife"-of both the original product and the
modified product must be defined 50 that the appropriate
comparison of the twO products can be made. For rubber t" '"'I \
cement" a logical product life is "one application" for both :....Jct
the origInal and the modified formulations. For an automobile
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tire, an appropriate "life" might be 4O.C()() miles. Next, prod
uct composllions and appropriate "assumptions" must be doc
umented. This should be done using a format similar to that
used for the Example Case shown In Table I above.

Select Lifecycle Slages of Inlerest and Prepare Flow
Sheets

A pollution prevention progress evaluation can be made for
a single lifecycle stage of a product or for multiple stages, as
the user wishes. To facilitate a thorough documentation of the
assumptions, original product and modified product lifecycle
flow sheets (see Figure I) should be prepared simultaneously
with the assumptions. As can be seen, these tlow sheets in
corporate mass balances from stage to stage and they denote
the specific stage-by·stage "releases" of pollutants into each
of the three media and to indoor air if air releases occur inside
buildings. In addition to information relating to the generation
of pollutants, energy usages and related energy sources should
also be recorded on the flow sheets for each lifecycle stage.

It should be emphasized that inclusion of all lifecycle stages
during which significant amounts of pollutants are generated
can be very important in assessing the real pollution prevention
progress associated with a product change. The impacts of
pollutants related to the extraction of raw materials or to

product manufacture. for example, can often outweigh the
environmental concerns surrounding the product constituents
themselves. This situation is at the very heart of the on·going
"paper vs. plastic" controversy. Such pollutants, therefore,
should not often be ignored.

When documenting assumptions, the best data available
should be used. In some cases, "before" and "after" meas
urements can be made. In other cases, "best estimates" or
"best engineering judgment" must be applied. Judgments may
be required as to the amounts of each pollutant generated,
i.e., amounts prior to recycling, treatment or disposal, since
pollution prevention progress should retlect source reduction
accomplishments, not reductions in releases which result from
waste treatment. The user must also make careful decisions as
to the media into which each pollutant is or would be dis·
charged. For example. the user must judge that the 0.30 lb
toluene which "reacts with the adhesive" in the original prod·
uct will ultimately be disposed of to a landfill along with that
fraction of the adhesive which does not evaporate during use.
The user must also recognize that the "half of the water"
which "reacts with the adhesive" also must be disposed of
and. therefore, "would or could enter the soil/groundwater"
when the used rubber cement is finally discarded and that the
adsorbed heptane WIll eventually desorb into the air. These
sons of judgments must be based on the user's knowledge,
experience and logical thought.
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As seen, Table 2, Pan I, includes these energy-related pol
lutants .

Another aspect to be taken into account relates to the man
ifestations of air pollution that occur in ambient aIr but not
in indoor air. As discussed above. global warming and smog.
for example, occur only in the atmosphere, not in indoor air.
Hence. the total pollution prevented for the air medium in this'
rubber cement example is calculated to be a negative 1.1 Ib
while the total pollution prevented for indoor air is a positive
2.4 Ib (see the first column of Table 2, Pan I). This is due,
primarily, to the fact that heptane does have an air impact as
both a global warmer and a smog fonner but is, for this
example, not deemed to have any indoor air impact at all.
Therefore, the increased release of heptane resulting from the
product redesign is added to the impact on air but not to the

pollutionaJ impact, the ..... ater, i.e.• the H 20. that goes either
to a waterway or to.che air is not a pollutant. Yet, the water
that is placed into a landfill will occupy landfill volume and,
for purposes of measuring pollution prevention affecting dis
posal capacity, can be considered a "pollutant." A few other
substances require this kind of attention. For example, nitro
gen, a natural constituent of the air is not an air pollutant even
though it may be released into the air; but carbon dioxide,
also a natural air constituent, is considered a pollutant when
released to the atmosphere since it contributes to global warm
ing.

The second consideration relates to the fact that the pollutant
mass data compiled in Figure 2 does not include the amounts
of pollution created as a result of the increased energy require'd
to manufacture the reformulated rubber cement-specifically,
0.03 kwh (0.14 kwh - 0.11 kwh) generated at a coal-fired power
plant. Hence, one must include ..... ith the pollutant amounts
associated ..... ith the modified product for the Manufacturing
stage, the amounts of the pollutants associated ..... ith generating
this additional 0.03 kwh of electric energy. From Table 3. it
can be calculated that these amounts (for the seven most sig
nificant pollutants) are:

Prepare Data Tabulation form

On completion of the original product and modified product
flow sheets, the medium-by-medium quantities of pollutants
generated and the energy usages as taken from the flow sheets
are entered on a data tabulation form (see Figure 2). This
facilitates the mathematical steps to be taken next.

Perform "Before" Minus "After" Subtractions

Through a series of simple subtractions in which the amount
of each pollutant for the modified product is subtracted from
[he amount of the same pollutant for the original product,
either for the tOlal environment or for any given medium, the
mass amounts of pollution prevented on a pollutant-by-pol
lutant and a medium-by-medium basis can be calculated. This
can be done for all lifecyde stages combined or on a stage
by-stage basis. The total mass of pollution prevented for each
medium or for the total environment can be calculated in much
[he same way.

For example, from Figure 2, it is seen that the amount of
toluene prevented from emering the aIr during the manufac
turing stage is 0.14 Ib - 0.0059 Ib = 0.1341 lb. The amount of
"set" adhesive prevented from entering the soillground....'ater .
during the Disposal Stage is 3.481b - 2.96lb = 0.52 lb. On the
other hand, the amount of heptane prevented from entering
the air during product Use is 0.0 lb - 3.0 lb = - 3.0 lb. That
is, for heptane, the pollution prevented is a negar/t'e 3.0 lb,
viz., an increase of three pounds of heptane entering the at
mosphere.

Examination of Figure 2 in concert with Table 2, Pan I,
..... ill sho....· that about half of the numbers presented in the first
five lines of the Table (the part relating to impacts on the
overall environment) can be derived by the relatively simple
subtractions described in the above paragraph. Derivation of
the remaining numbers involves additional considerations.

Other Considerations

The first relates to the fact that not all substances are pol
lutants all of the time! In the example, water is released as
wastewater during the manufacturing Iifecycle stage; water is
released as .....ater vapor during use; and liquid water is placed
into a landfill during disposal. When thought of in terms of

COl:
SO,:
NO,:
CO:
particulates:
solid ..... aste:
sulfuric acid:

Total:

2.36 Ib/k h x 0.03 kwh =0.0708 Ib
0.0224 Ib/k h x 0.03 kwh =0.000672 Ib
0.0104 Ib/kwh x 0.03 kwh = 0.00J312 Ib
0.00367 Ib/kwh x 0.03 kwh = O.OOJIIOI Ib
0.00435 lb/kwh x 0.03 k..... h = 0.00J1305 Ib
0.306 . Ib/k .... h xO.03 kwh=0.OO9l8 lb
0.00199lb/kwhxO.03 kwb=0.oo:xJ597 Ib

=0.0812643Ib

'"

Table 3 Largest Pollutant Releases from Various Energy Sources (12)

Electric energy-pounds of pollutant/kilowatt-hour
Solid Water

Air Pollutants Waste Pollutants

hydro- panic- solid dis'lvd
Source: COl SO, NO, carbons CO ulates .....aste solids HlSO.

Coal-fired plant 2.36 0.0224 0.0104 0.000490 0.00367 0.00435 0.306 0.000050 0.00199
Oil-fired plant 2.07 0.0119 0.00521 0.00523 0.00J737 0.000618 0.00677 0.00790 0.000024
Gas-fired plant 1.47 0.00104 0.00619 0.0152 0.00J726 0.000092 0.00184 0.000119 0.000011
Nuclear plant 0.000129 0.00136 0.000363 0.00J389 0.0613
Hydroelectric plant
National grid 1.54 0.0135 0.00671 0.00188 0.00217 0.00257 0.187 0.000292 0.00113

Thermal energy-pounds of pollutant/million Btu
Solid Water

Air Pollutants Waste Pollutants

hydro- panic- solid dis'lvd
Source: COl SO, NO, carbons CO ulates waste solids H~O.

Coal combustion 228. 2.49 0.951 0.0461 0.525 0.487 28.3 0.00475 0.187
Oil combustion 194. 0.348 0.185 0.485 0.0690 0.0267 0.596 0.740 0.00223
Gas combustion 134. 0.0955 0.170 1.39 0.0616 0.00846 0.169 0.0109 0.00103
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Table 4 Overall Pollution Prevenllon Progreu Achlevedy-'er Oallon 01 Rubber Cement lor Each Lltecycle Stage by P~lIutant and by Medium

Part l-For the Manufacturing L1fecycle Stage

Pollutants

"set" phos- solid partie-
Impacts on: TOlal heptane toluene adhesive adhesive COl phates waler wasles SO, NO, ulates CO II1SO,

Ove!.!!llinvironment - 0.25 -!!! - 0.36 Ib 0.13 Ib __ - 71 mlb ~rn.!!! __ - 9.2 mlb - 670 Illb - 310 !JIb - 130 !JIb - 110 ,..Ib ~J!!!

Waler 56 mlb 56 mlb - 60 ,tlb
Soil/Groundwaler .- 9.2 mlb - 9.2 mlb
Air - 0.30 Ib - 0.36 Ib 0.13 Ib - 71 mlb - 670 I'lb - 310 ,..Ib - 130 I'lb - 110 plb

(Indoor Air)

Part 2-For the Use L1tecycle Stage _

Pollulanls

"set" phos- solid partie-
Impacts on: Total heptane toluene adhesive adhesive COl phales waler wastes SO, NO, ulales CO HISO,

QveraJI Environment -=-Q.,,~lQ - 3.0 Ib 2.7 I~ _- 0.33 Ib
Waler
Soil/Groundwater
Air - 0.65 Ib - 3.0 Ib 2.7 Ib - 0.33 Ib

(Indoor Air) (2.4 Ib) (2.7Ib) (- 0.33 Ib)

= Part 3-For the Disposal L1fecycle Stage

i PoliutanlS

~ "set" phos- solid partie-
Impacts on: Total heptane loluene adhesive adhesive COl phates water wasles SO, NO, ulates CO HISO,

---~---------

Overall Environment 0.44 Ib - 0.12 Ib 23 mlb 0.S2 Ib 20 mlb
Waier ----- -- -- -- ---

Soil/Groundwater 0.56 Ib 2J mlb 0.521b 20 mlb
Air --0.12 Ib -O.l2lb

(Illdoor Air)
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Table 5 Pollutant ys.

Human Health Impacts

Pollutant CAS No.

Toxic Toxic
Organic lnorg'c
(WSAI) (WSAI)

Heavy
Metal

(WSAI)

Careino-
terato- Radio

mutagen active
<,,'SAl) (WSAI)

Patho- Fine
gen Fiber

(WSAl) (AI)

I. toluene
2. phosphates
3, water
4. heptane
3. adhesive
6. "sct" adhesive
7. carbon dioxide
g. solid ....astes
9, sulfur oJUdes

10. nitrogen OJUdes
11. panlculates
12. carbon monoJUde
13. sulfuric acid

108·86-3

7732-18-3
142-82·3

124-38-9

63().Q8'{)
7664-93-9

x

x

x
X

x

w· Pollutant Cl~" h., potcnltal 1m P~<;I on WalCr.
s: PollUlant Cl~" has pOIcnltal Imp~<;I on 5<l,livoundw.lcr,
A: Pollutant CIa.. has polCnltal Imp>ct on AIr.
I: Pollutant Class has po'Cnltallmp><;I on Indoor ~H, (Tablc continucd Oft OPPOSI/C pogc)

2.8 Ib
56 mlb
0.24 lb

- 3.5 Ib
-0.31 Ib

impacts on indoor air. It should be pointed out that the method
does recognize that pollutants emitted to indoor air eventually
become outdoor air pollutants-in using the method. an entry
for" Amount to Indoor ..our" on Figure 2 may not exceed the
corresponding" Amount to Air" entry. Thus, the ambient air
pollution impacts from ir.door air releases are not ignored
the real point is that indoor air impacts must be tallied sep
arately from atmospheric Impacts.

Make the Final Calculations

With these concepts in mind, the Table 2, Part I, figures
for the overall environment, can now be derived. To illustrate,
the - 0.461b shown in the table as the total pollution prevention
for the overall environment for all three Iifecycle stages is
obtained in the following .... ay. First, the pollutant-by-pollutant
amounts prevented, which are derived through the subtraction
of Modified Product. Total To Environment, figures from
corresponding Original Product figures as shown in the bottom
section of Figure 2. are summed. To illustrate the methodology.
the additions and subtractions are carried out using the full
numbers from the data tabulation form, but results are rounded
to two significant figures. The calculation is:

toluene 3.34 Ib-0.~2~9Ib= 2.8141Ib==
phosphates 0.15 Ib - 0.094 Ib = 0.056 Ib ==
water 1.040 Ib - 0.800 Ib = 0.24 Ib ==
heptane 0.0 Ib-3.48 Ib=-3.48 Ib==
adhesive 1.330 Ib - 1.637 Ib = - 0.307 Ib ==

Final total = - 0.3799 Ib + ( - 0.0812643 Ib)

= -0.4611643 Ib== -0.46 Ib

Note that this number. - 0.4611643 lb. should b~ the sum
of all :he pollutant amounts presented in the Overall Envi
ronment line of Table 2 and that it also should be the sum of
the Water. Soil/Ground ..... ater. and Air amounts shown in the
Ov~rallEnvironment section of tlUs Table. Note also. however,
that the numbers printed in Table 2 do not sum to exactly this
total because ~ach has been rounded to two places (as seen
from th~ calculation above. for ~xample, the 2.81411b toluene
has been rounded down to 2.8 lb and the 3.48 Ib heptane has
been rounded up to 3.5 lb).

Just as above, the figures presented in the upper section of
Table 2. Part I. for each non-energy-related pollutant (e:l\cept
water) and for each of the three media, can be obtained by
subtracting the amounts for the Modified Product from the
corresponding amounts for the Original Product. For water,
an adjustment must be made for the fact that its release into
water and into air does not count as "pollution." The amount
for each energy-relat~d pollutant can be assigned to the ap
propriate medium as indicated in Table 3.

If the user is interested in the pollution prevention occurring
for a particular lifecycle stage, the data in Figure 2 for that
stage can be manipulated just as described above to provide
the results shown in Table 4.

New sub-total = -0.15991b-0.220 Ib= -0.3799lb
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Finally, the amount of energy-related pollution prevented
(-0.0812643 Ib) is added and the final total is:

Classifying Pollutants

The results discussed to this point have dealt only ..... ith pol
lutional impacts on the "overall environment." As described
above. however, the method is also capable ofsegregating these
impacts into the three categories-human health impacts, use
impairm~nt impacts. and disposal capacity impacts-and also
of classifying the pollutants involved so that those causing the
same kind of problem can be added together in a reasonably
meaningful way. The key to being able to accomplish this is
to be able to identify the specific pollutant classes into which
each pollutant of concern should be placed. One must also
know the media within whi~h each class has its impact so that,
for example. fine fibers gomg to water, a smog former going

Environmental Progress (Vol. 13. No.4)

0.52 Ib
U set"

adhesive 3.48 Ib-2.963 Ib= 0.517 Ib=
Sub-total = -0.1599 Ib

Next, the non-polluting releases prevented, Le., those con
sisting of water releases to the water and air media, are sub
tracted from the above figure. Again from Figure 2, this
amounts to (0.83 Ib - 0.69Ib) + (0.168Ib - 0.088Ib) = 0.220 lb.
The new sub-total is:



F
Pollutant Class Matrix Assumed for Rubber Cement Example

PoUulIon Category

Disposal

Use Impalrmenl Impacls
Capacuy
Impacts

Acid BioI. Chern. AQualic
Panic, Global Smog Rain Ozone Corro· O~ygen O~ygen Nutrj· Life Suspn'd Dis'lyd Solid Haz.
ulale Warmer Former Precurs ~Ietr Odorant siye Demandr Demandr ent To~icOl Solid Solid Wasle Wasle
(AI) (Al (Al (Al (Al (WSAI) (WAil (Wl (Wl (Wl (Wl (Wl (WS) (5) (5)

X X X X X
X X X

X
X X X

X X X
X

X

X
X X

X X X X
X

X
X X X X

(Table conrmued from oPPOSIte page)

Results by Pollution Categor)' and by Pollutant Class

to indoor air or an aquatic life toxicam going 10 soil are nOt
tallied as pollutants in those media.

From the assumplions listed in Table I, il is seen thaI toluene
is assumed, for this example, to be a tOlUC organic. a smog
former, an odorant, both a biological and chemical oxygen
demander and a hazardous waste. These particular pollutant
classes manifest their effects in the various media as sho ....·n
below.

With the above matrix in hand, it now becomes a matter of
making a series of rather painstaking calculations 10 develop
the remainder of the entries presented in Table 2. For example,
[he amounts of pollution prevented for the Human Health
Impact category can be determined as can the amounts pre
vented for the other twO categories. The tOlal and the pollutant
by-pollutant human health-impacting pollution pre\ented dur
ing all three lifecycle stages, as shown in the first line of the

This kind of information can be presented in a simple two
dimensional matrix of pollutants vs. pollutant classes. For the
rubber cement example case, such a matrix is shown in Table
5. Sote that classes are grouped by pollution category and that
the media in which each class can have an impact are also
indicated.

In using the method. preparation of the above matrix may
require library research or consultation to assure that pollu
[ants are classified properly. As will be discussed later. how
ever. a computerized version of the methodology can include
this information for a fairly large number of pollutants as a
built-in database. Very often. this eliminates the need for the
user [0 develop such a matrix for each pollution prevention
technique evaluated.

toluene 3.34 Ib-O.5259Ib= 2.8141 Ib= 2.8 Ib
adhesive1.330Ib-1.6371b=-0.307 Ib=-O.31Ib
SO, - 0.000672 Ib = - 670 ",lb
NO, -0.000312 Ib= -310 ",Ib
CO -0.0001101 Ib= - 110 ttlb

Total 2.5060059Ib= 2.51b

second section of Part I. result from the subtraction of the
amounts of now-identified health-impaCllng pollutants for the
!\.10dified Product from the corresponding numbers for the
Original Product. The now· known, health-impacting, energy
related pollutants are also included. These amounts are:

The amounts presented in Table 2, Part I, for medium-by
medium pollution prevention are calculated in similar fashion.
For example, the pollUtion increase of 0.33 Ib of adhesive in
Air within the Use Impairment Categor,' is obtained by sub
tracting 1.33 Ib from 1.0 lb. These figures are found in the All
Slages section of Figure 2, "Amount to Air" columns.

The results presented in Table 2, Part 2. are obtained in the
same way, this time using the pollUtant vs. pollutant class
matrix, Table 5. to determine which pollutants to tabulate
together when performing the "before pollUtion prevention
minus after pollution prevention" subtractions. To illustrate,
the increase of 0.67 Ib of "smog formers" resulting from the
rubber cement reformulation involves I) identifying from Ta·
ble 5 that the smog formers are heptane, toluene. NO, and
CO, 2) determining from Figure 2 which emissions of these
pollutants go to the outside air. 3) summing the amounts of
these particular pollulants released before and then after the
reformulation and. finally, 4) subtracting the "after" tOtal
from the "before" total for each pollUtant and for all of them
as a group. The calculation is:

toluene 3.34Ib-O.52591b 2.g141 Ib= 2.8 Ib
heptane 0.0 Ib - 3.48 Ib = - 3.48 Ib = - 3.5 Ib
NO, -0.000312 Ib=-31Oj.<lb
CO -O.OOOllOllb=-IIO",lb

Total Smog Formers = -0.6663221 lb= -0.67 Ib
prevented

One can see that similar calculations will produce pollution
prevention data on a "Iifecycle 5tage·by·lifecycle stage" basis
if desired.

Media in which Impact Can Occur
Water, Soil, Atr, Indoor All
Atr
Water. Soil. Air. Indoor Air
Water
Water

Soil

Pollutam Class
Toxic Organics
Smog Formers
Odorants
BioI. 0 1 Demanders
Chem. 0 1 Deman-

ders
Hazardous Wastes
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FIGURE 3. P2P data entry form.

P2P-THE COMPUTERIZED VERSION

It is recognized that the data storage and data manipulation
involved in applying this methodology would be both cum
bersome and time-consuming. Hence. it is immediately ap
parent that a computerized version is needed to facilitate
practical application. A computer can perform all of the soning
and mathematical steps required and, as well, could provide
"instant access" to a database containing a pollutant vs. pol
lutant class matrix.

Such a software program, dubbed "P2P" for Pollution
Prevention Progress. has been written. The SOO-kilobYte pro
gram, written in CA-Clipper, is for use on DOS-based PCs.
It allows the user to select either a pollution prevention mode,
i.e., application of the method described above, or a pollution
generated mode, i.e., a documentation of the pollution as
sociated with a panicular product in terms of the media af
fected and the applicable impact categories and pollutant
classes.

How It Works

The user of P2P is prompted to enter the product name, a

1['''''''''' '''rv ..... /\M" ... f~'''..: _ '-_.:
' ........ 1 ._"'u. "'./lIM1, ••,.u...; _ s..-.: _

suitable unit-of-use, a product life, and the product lifecycJe
stages of interest. The "assumptions" must. of course. be
documented as illustrated in Table I and then translated onto
suitable lifecycle flowsheets as depicted in Figure I. A P2P
Data Entry Form is then prepared. Figure 3 shows this form
containing the input data for the rubber cement example de
scribed above.

Once this is done, the user enters the data from the data
entry form into P2P. For those pollutants that may already
be in P2P's pollutant vs. pollutant class database, no classes
need be assigned unless the user wishes to alter the classes
previously indicated as applicable. For other pollutants. the
user is prompted to select the classes that apply to each.

How Pollution Prevention Progress Is Reported

When data entry is complete. the program will produce any
of seven different repons for all of the selected Iifecycle stages
for the product, for any single stage, or for any desired com
bination of stages. P2P's repons automatically exclude in
appropriate data such as for water vapor released to the air.
P2P matches class information for a pollutant with the media
into which the pollutant is or would be released and omits
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'mention of, for example, an aquatic life toxicant not released
to water or a smog former released to indoor au. Finally, P2P
automatically generates and includes in its reports any energy
related pollutant releases. There are three basic repon formats:

Format A-Pollution Prevention (or Generated) Repon I
by Pollution Category and by
Medium

Format B-Pollution Prevention (or Generated) Repon 2
by Pollution Category, by Pollutant,
and by Medium

Format C-Pollution Prevention (or Generated) Reports
by Pollution Category, by Pollutant 3 through 7
Class, and by Pollutant for the
Overall Environment or for any sin·
gle medium, including Indoor Air

Sample copies of each of the three kInds of reports for the
rubber cement example are sho ..... n in Table 6-Format A for
all selected lifecycle stages combined, Format B for the Use
stage alone, and Format C for air pollution prevented for the
Use and Disposal stages combined. The Format A repon pro
vides exactly the same information as does column j of Table
2. Part I. The Format B repon, on the other hand, looks only
at the "Use" lifecycle stage. It highlights the facts that, during
this stage. I) only air pollution and indoor air quality are
impacted by the rubber cement reformulation, 2) the impacts
on air and indoor air are different since heptane does not
impact indoor air and 3) there is no disposal capacity impact.
The Format C report allows one to examine impacts on air
pollution alone when two of the three lifecycle stages, Use and
Disposal. are looked at together. It delineates which specific
pollutants cause the impacts in the various classes.

Product:
Unit-of-Use:
Ong/Mod Prod Life:

Table 6 Examples of P2P Report Formals

EXAMPLE rubber cement
I gallon
1/1 application

Pollution Prevention Progress per Unit-of-Use of product

Format A: By Pollution Category and by Medium-for all three Lifecycle Stages

Format B: By Pollution Category, by Pollutant and by Medium-for "Use" Stage

All Soil!
Pollution prevented for: Media Water Grdwater

Overall envIronment - 0.46 Ib 56. mJb 0.55 Ib
Human health impacts 2.5 Ib 23. mlb
Use impairment impacts -0.99 lb 56. mlb 23. mlb
Disposal capacity impacts 0.55 Ib 0,55 Ib

Pollution prevente-d for:

Overall environment
adhesive
heptane
toluene

Human health impacts
adhesive
toluene

Use impairment impacts
adhesiv'e
heptane
toluene

Disposal capacity impacts
NONE

All Soil!
Media Water Grdwater

-0.65Ib
-0.33Ib
- 3.0 lb

2.7 Ib

2.4 Ib
-0.331b

2.7 lb

-0.65Ib
-0.33Ib
- 3.0 lb

2.7 lb

Air

- I.l Ib
2.5 Ib

- I.I Ib

Air

- 0.65 lb
- 0.33 lb
- 3.0 Ib

2.71b

2.4 Ib
-0.33Ib

2.7 Ib

-0.651b
-0.33Ib
- 3,0 Ib

2.7 Ib

Indoor
Air

2.41b
2.41b
2.41b

( Indoor )
( Air )

( 2.4 Ib )
( -0.33Ib )
( )
( 2.7 Ib )

( 2.4 Ib )
( -0.33Ib )
( 2.7 Ib )

( 2.4 Ib )
( -0.33Ib )
( )
( 2.7 lb )

Format C: By Pollution Category, by Pollutant Class and by Pollutant for Air-for the "Use" and "Disposal" Stages Combined

Pollution Pollutant Amount Amount
Category Class Prevented Pollutant Prevented

Human health impacts Toxic Inorganics 2.4 Ib
adhesive -0.33Ib
toluene 2.7 Ib

Use impairment impacts Global warmers -3.1 Ib
heptane - 3.1 lb

Odorants 2.4 lb
adhesive - 0.33 Ib
toluene 2.7 Ib

Smog formers -0.44 Ib
heptane - 3.1 Ib
toluene 2.7 Ib

1'00«: In these reports. n<,all" numbers SIJJI1{Y pollullon INCREASES. Also. some 10talS may appear ,ncorrect Since aJJ Dumbers dISplayed ha.. be<n rounded 10

''''0 SII/Uticanl nrur...
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Pollutant Class Information Is :"leeded

While users of this method can be expected to make rea
sonable estimates of or be able to measure the pollutams as
sociated with a product and their media fates, they very often
will not have ready access to information on the applicable
pollutant classes for each pollutant. P2P calls for such data
to be entered. The typical user will not be highly knowledgeable
as to the wide variety of effects an individual pollutant may
exhibit. Yet, such pollutam class information is essential in
order for P2P to generate its output reports. This may require
library research or advice of a knowledgeable consultant.

A database reflecting pollutant vs. pollutant class infor
mation of the type shown in Table 5 is currently under de
velopment as an adjunct to P2P. The database, which can be
incorporated into the P2P software, will contain Class infor
mation on some three or four hundred chemicals. In essence,
the database will reflect a judgmem as to whether, for example,
a given pollutant is or is not a toxic organic, a global warmer
or a biological oxygen demander. It is recognized that many
of these judgments have to be arbitrary since, as mentioned
above, for most pollutant classes there is a range of "poten
cies" of the pollutants which may be considered to fall within
a class. The Mark I software allows individual users to modify
and update existing pollutant class informallon to reflect their
own judgments or as they may otherwise deem appropriate.
In the Mark II version, the user wIll also be free to add ad
ditional classes which may be of particular interest.

CONCLUSIO~S

This "Mark I" methodology is not "profound" and clearly
is not meant to be a final pollution prevention progress meas
urement methodology that will answer all questions concermng
pollution prevention progress for all circumstances. Rather, it
is an attempt to layout, in an orderly fashion, a conceptual
approach to measuring or estimating the pollution prevention
progress which can be attributed to the conduct of some pol
lution prevention action-in this case, a product re-design or
reformulation. The method takes into consideration all of the
individual chemicals or materials affected. it takes into account
the increases in generation of some pollutants when others arc
being reduced, it allows for summation of different "classes"
of pollutants, and it relates prevention to the specific media
that would or could be impacted by the action.

TIle method does not, however. attempt to relate quantities
of pollutants reduced to the related reductions of various health
and/or environmental risks even though this is a desirable
ultimate step at some point in the future. One can conceive of
moving toward this goal, at least initially, by the use of ap
propriate "potency weightings" assigned to individual pol·
lutants before their impacts are added together. Ultimately,
however, the relatively complex methods associated with mak·
ing risk assessments will need to be applied.

It is recognized that many products are Quite complex and
are composed of many parts. To deal with this complication,
perhaps products having only roughly 10 or 15 components
or less should be tackled directly by the method and products
of greater complexity handled by considering them to be made
up of less complex sub-pans. An automobile, for example,
would not have to be assessed as a single product but rather,
its sub-parts, engine, frame, tires. battery, etc., could each be

assessed separately. The impact of design changes for a whole
automobile could then be determined by summlDg up the im
pacts 0 f the changes in its parts.

The conceptual methodology outlined here should lend
itself, with minor modifications, to use for other types of
pollution prevention projects than product redesign/refor
mulation. In fact, with a little imagination one can see appli
cations to any "before" and "after" situation, e.g.• "before
treatment" and "aftertreatment" or even "before regulation"
and "after regulation." Subtracting the "after" data from the
"before" data, relating these differences to individual chem
icals, to pollutant classes. to health impacts, use impairment
impacts and other impacts and to the media affected should
be readily possible.

It is hoped that this methodology, even in its relatively crude
initial form, can be used to assist decision makers in their
responsibilities concerning whether to implement individual
pollution prevention projects and to help them assess the prog·
ress made from past actions. The overview of environmental
gains and losses which the methodology provides should be
helpful in this regard.
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Nl·'!. II,,: l'''I\ ~""c:j"ll'd willi Il,c w;"lc

IIIIIIIIII;/."I'UII project arc calcul:lleJ;

'~ompliance costs x probability of occur
rence. ami IIlcorporate It in~o the prOjected
ca~h !low.

1. O,;(eIT:line the estimated cash now for the
minimil.ation proJect.

111e puwder proouceu by Ihe Dr,
process IS illert and insolu blc. Au
Haden. paint sludges tested 10 oa
been nal.anJous due to the to"lcity c

Dl'yPupe ™ TechnoJog:
Converts Sludges to [
Powtlel'

A IIL'W I<:Lllliolol.'y III"t ell ie.:" I'~jll

10 :1I11l,erl I'()wde.:r i~ II1IW availal
fbJen Ellvironmental Corporalion
:'>1Jd1igan). The volume of powder p:
hI' Ihe OryPure 1\1 process is about 0

the original ,Iuu;;e VOlume. The Icc:

mJy also be U'CU to treat other maier
are too sticky for conventional
methods (e.g.. printing inks. adhesi~

vent recovcry ,Iudges. oil refinery
allu p:ll'er 11,111 '...·a~le~). lI"wever. Ih
rials must be reducible 10 dry for
lemperature less than 450°F (235°
must nut C"lll~ln nun· friable material
Ih.1I1 I illch (2.5 cm) in uiameler.

The OryPure™ Process
·11,,, III vI'III'":'" ')'\Ielll. wllIcll WII

0:1I1y J"velupL'J to treat. pallll ~IUJ~l

automotive assembly plants. COnsist
ad-healed sludge dryer and an offgas I
irKilleratm. Ollnng prnce~sing. paint'
art: pr(Jgr<:"I~·ely heateJ in the moJ,CI
low screw ,luJ;;e Liryer..... hich IS UCSI
prevent (oulillc hy ~ticky matenal" a r

1.1I11S '111 Il~Yl:lll·frce atnln'pherc
the pOlelltial fer fire or explOSIOn. u

the sluoge is heateu at low temper at
tinve ot f volatile hyurocarbons and me
:ll1d cure re.:~ldual pain! resins. After th
phce. the lemperature is illcrea.~eu to
(1~8°C) (0 ensure morough drying.
e"lltng the dryer is screened or sie
'cp.1fJle Jricd paint powder from IT

that has not been completely process
adequJtely dried material is re(urnee
dryer for re-processing.

01 fgases are coilectcJ and Lrealec..l
thennal incinerator to destroy volat
ganic compounds. Heal from tl1e incli
is recovered by the sluoge dryer.
belicves tllat only New Source Perfor
Standard air emission pennits will pr
be required for tl1e incinentor at most
lies. HJ.l.ardous waste incineration ~

arc nOl likely 10 be re4uireJ since on
gases are Incinerated.

., Eslllnate potential future revenue~. prob·
abdity tl1at tl1e revenues will be rcalizell.
contribution oftl1e project to obtaining me
revenues. and time when me revenues will
he reall/.cJ.

_. Calculate tl1e E?-.lY. where EMV = re
venue x probabdit!· , percent cOlllribu
lion. ;]nd illCorrofale It InlO the e~tlmaled

cash !low for :.:~e :-:;:rumlzatlon projec!.

Conclusions

FmaJly. NPVs for each minimization al·
ternative are evaluated along with other fac
lars (e.g.. technical feasihility. product 4ual
ity illlp;JL"t~. labur re4ulrenlenls. proce~s

compatibility. space availability. reliability.
and utility requlfements) to select the most
appropriate project.

The nCI c\\h Jlnw 11Ir Ihe 1Illlllllllnllllll
1'll1Jl:cl ClJ1III';1I he c~kul"lcJ hy 'ulJtLIClllIg
the currellt waste maJ\agemellt sl:heme cash
:Jow from tl1e minimIzation project cash
::OW. TIle nCI presenl vaiue (NPV) of the net
C;I\h !lnw call1h';fl he c;\kul~lcJ. A '1l:l:all\'e
value lllJlcates a COSI..... hlie a poqtlve value
Indicates a revenue. Ill'; hIgher me i"PY. the
Illore attractive the ailcm:llive.

The authors indicate that the semi·quanti
Lilive II1cth",J of ClllllP;1f ing illdirect helldit~

is probably lhe most usclul. It oues nut re
quire as much data as the probabilistic
methou and can be used to evaluate alterna
lives qUickly and inexpensively. With minor
changes. tl1e method can also be used to
determIne mInimization priorities by ranking
wastes and releases based on meir charac
leristlcs alld management metllOOs.

Due to the large amount of effort involved.
probabiiistic analysIs may only be juslified
in ~ituatloI1S where the alternatives entail
large capital investments.

• f\'n:L'11I c:ulluilJuliull uf lhe wasIl: 11111111111'

lation allenlative to the bellefits obtained.

In perfonllill~ a probabilistic analysis. the
COSlS as so..: ial,J w,th the C:IIITCllt w.1sle mall
agement schel11e are evalualed first using lhe
following sleps:

• Dullar value uf pOlelllial illdirect bcllelits.

TI1is approach is appropriate oilly if the
following factors can be estllnated with some
certamty:

1. Cakulale tlle projected cash !low based on
kno..... n costs and revenues. if :lilY. This
calculation should incluue costs of offsite
treatlllent/disposai. onsile II1magement.
recorJkecplng. :lIld aUJllini'lrallolvover
head.

Probabilistic Analysis
l'ruh;d,dj'lie analy"j" I'lOv;dL'" a JolI;lr

eSlilll;lle uf indirect [>endils anJ eSlllllales
when those benefits may occur. The resulls
are designel.i to be incorporated illto a nel
present value :lIulysls.

• Future daters) when benefits wdl be real
ized.

quiremenlsl to select the most appropriale
alternallve.

• Probability that benellts will be realized.
alid

, Estimate potential future liability and
compliance costs associateu wllh lhe cur
rent practice. probability that the costs
will be incurred. and the time at which tl1e
costs wtll be incurred. Potential liabilities
may be estimatcd based ullille eUI11I':1I1y'S
past experience or by using a metl10d
developed by General Electric. The
method is described in a workbook en
titled Finallclal Itna(vsis nf \Vast£' Mall
Gg£'III£'lIt Alt£'rnauves. GE Corporate En
vironmental Programs. Stamford. CT.
1987. [t is summarized in the t-.1archJApril
1988 issue of Th" Ila:ardvlIJ Wast£' COIl

sultulll beginning on page 1-1. Potential
compliance costs can be eSllmated by :lIl

alyzing proposed legislation and regula
tiollS.

3. Calculate tl1e expected monetary vaiue
(E1'.\ V). "here Et-.1V = futllre liability and

1.22
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WASTE MINIMIZATION CASE STUDIES
A> p~rt of the W~,te Rdu\:tlon Evalua

~ns al Federal Sites (WREAFS) program.

'A promotes waste minimization research

Ipportunllies and technical assessmeOlS at

edcral f~cilities. TIlis report Jel~i1s the out
'orne 0 f a waste n:ductlon assessment per

ormed at a U.S ..Army base in Fort Riley.

(ansas where automotive mainlenance pro

;rams generate ha/ardous ..... astes. Recychng

'puons !.hat were Identified include I) filLer

ng. restrengthening. and recycling waste

Janery acid.. and 2) purifying and reusing

.Ikaline detergent solution. Implementation
Ii the options was esurnated to result in

,Mual cost savings of S143.000/year. wilh

layhack periods ranging from two to rive
nOfllh,.

:valuating Pipeline leak
)etection Systems

"Standard Test ProceJure for Evaluating

'ipeline Leak: Detection Systems"

EPA/60012-90/050). hI' Joseph W. Maresca.

r. et al. (Vbta Resean:n. Il1c.•.\lounlaln

/iew. California), July 1990, 523 paper

:opy. 523 microfiche. :-;rIS orJer number:

tJ91-IOn2..t5/AS.

Federal regulations require that pipelines

lssociated with undeq;round .slorage lanks

)C eqUipped wllh leak d':lc\:tion sy~t.:ms that

nonitor for leaks on a reguiJr basis. EPA has

jeveloped a standard test procedure to be
Jsed to evaluale the perform:lI1ce of different
leak l.!<:lectlon sy,lems apll1'l Illl: slandards

;ct by EPA in 4U CFR Put 2::10. Subpart D.

Specifically. lhe procedure covers the fol

lowing internal leak detection methods: an

hourly test. a monthly moniloring lest. and an

annual line lighlness lest. TIle lesl procedure.
outlined in a 13-step proce.ss. can be used to

evaluate any system attached to a pipeline

that measures or monilor~ <;ilher flow rale or

changes in pressure or proJu\:t vulume.

Economic Analvsls or
Waste Minimization
Projects: Methods for
Comparing Indirect
Benefits

W aste minimization projects are usually

selected based on capital cost. operat

ing cost. and direct benefits. such as disposal
and raw material cost savings. Indirect hene

fits (e.g .• avoidance of future liability. im
proved community relations. etc.) are more
difl'l:lIlt 10.:,11111'11': ;lJld th.:refm<; ;ue r"rdy
considered.

Two me!.hods for incorporating indirect

hcnciilS into the economic analySIS of wa~te

minimization alternatives have been de

scnoed by Eric Hillenbrand of Ernst &:
Young. Inc. (Washington. DC) and Terry

Casey of N. L.lndustries.lnc. (Houston. TX).

Their paper. entitled "Decision Analysis for

Waste and Chemical Release Reduction Pro

jects: Selecting Optimal Projects Consider·

ing Direct :lI1d Indirect Benefits," appears 10

f'rocuc/ings of !I.He Grtat Lakes 90, The

proceedings are available from !.he Hazard

ous Materials ConLIol Research Institute.

9300 Columhia Boulevard. SilvCT Spring.

Maryland 20910·1702. (01) 5::17-9390, S54
(shipping included).

Indirect Benefits
Indirect benefils arc uncerlain futur<;

monetary advantages !.hat may result from a

waste minimization proJect. They include:

• Avoiding future liability costs for pOlcn
tt~1 remedial al:tions at onsite and offsil<:
treatment. storage. or disposal facilities.

• Avoiding potential costs of complying
Wilh future regulations.

a z.oning variance for a major expansIOn if
it has a good relationship wi!.h the sur

rounding conununity. Goodwill can be
fostered by reducing reie:lSCs or emiSSions

that the residents object to.

• Revenues from licensing or sale of pro

prietary waste/release minimization

methods !.hat may have tToad applicabil
ity within Ihe industry.

• Increased sales to envIronmentally cen·
sciOUscuslomers who preier supplier.; that
nliuilui/C wash,::i and ,-,t1l1,,,iol1s.

The indirect benefils of .... aste mU1lmIZa

tion aiternatives can be compared U5i:-.g

semi-quantltalive or rro(1J~ilistic anJi\ 5IS

mel hods. Oolh of which arc JI"cussed r..::o .....

Semi-Quantitative Analysis
Semi-quaOlitative Jnal~..sis compares ~c

indirecl benefits of was Ie minimization ailer'

natives by assigning relative judgment-blSed

scores to each alternatlve. Thc scores are tten
analyzed in conjunction .... Ith the resulls ela

standard economic analySIS to select !.he most

appropriate alternative_

The steps in perfonninf: J scmi-quJnLlta.

tive analysis are:

1. Select the criteria that ..... ill toe used 10 nte

indirel:t henefils. E,amrie cntcna are r-rc·
sented in T~hlc 1 (rage 1.20).

2. Assign a weight to each criterion based on

its relalive importance in contrihutinb 10

pOlential benefits. For example. in Ihc

case of air emissions. odor will probJblv
be more important !.h:lI1 reduction method

when assessing henefits 10 communllY re
lations. Wei!:hls may r:lI1ge from 1 (low

importance) to 5 (high importance),

Comment: The reports listed ahove can

be ordered from the Nationa! Tcchnical In

formation Service (NTIS), U.S. Department

of Commerce. 5285 Pan Royal Road.

Springfield. Virginia :21nl. (701) 4R7·
·UJ~Il.

-

• Revenues from sale of pollution credits or
offsets.

• Revenues from internal use of pollution

credits or offsets on new projects/future
I'LlIli <;xpan'lon,.

• Improved community relations !.hat result

ill monetary savings. For example. a f~"il·

ity may find it easier and quicker to obtalO

3. Determine the scale lhat will be used lor
scoring. TIle author.; use a scale of 1 lO 3

wi!.h higher scores indicating more signif
icant pOlential benelits. For the odor C:"Ite

rion. a wastc/re!ease with no odor .....ould
rel:eIVC:l Sl:or.: of 1. while a w~sl.,trclc.l"e

with a hi!:hly obj,:clionJblc odor wouiJ be

assisned a 3. This rellccts !.he fact UlJt
reduction of more odonferous wasteS.Te

leases woulJ produce greater benefits.

The H:lZ:ll'dous WJstc CunsultJIlI. JunllQmFebrllQrv 1991 1.1 S
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TABLE 1
EXAMPLE CnlTERIA FOR ASEMI-QUANTITATIVi: ANALYSIS OF INDIRECT BENEFITS

\\';1.' II'; I{ l'Il'a...I'
TU,\Il'ilY

Persistencc
~Iobilily

Conccntration
Odor
Visihility
Volumc
Regulatory S13tus

Currcnt managcmcnt /IIethod
Dcgree of control oyer relca.se
Perm::lI1ence of control

Source: E. llilkllhr.lllJ cl "J.

!)q~ll'l: of n:uIILllolIlII:
'!oxiuty
\lobilily
Persistencc

Regui::Jlory S13tus

:\tedium di.~charged lu
DisperslOn/dilutioll p<.JleIlLia.l
Current condilion
ReguJalOf)' st::ltus
LOCJI use
KIIOWII ur suspclIeJ irnpacls

J{ciluctillll mcthud
I'eflllalll: lI\;e

Puinl of reJuction
Environmental impacls
Regulalory St.1lus

Communit)'
Proximity 10 facilily
Level of inieresl
Currenl SlJtus of commur

rt:lallollS
ClJIICefil over w3Stc/rclc:J..Se
PcrceiveLlloxicityilhrc::ll

TABLE .,

EXAMPLE SCALES Fan SElECTED CfilTEmn

Scoring scale
Criteria

I 2 J

Wa.~1CI Release
Toxicity ~une or luw \ loJcr:llc lliglt
Guor None or low Strung & Strung &

ncutrJ.!, or unplc~nt

bint &
unplc3Sant

Currcnt management
methud
Degrec of control Highly p:JJlJJ.! control LI ncol1lrolled

controlled
Perm::U1ellce of control Permallcllt 10·20 ye::l!S < 10 ye::lIs

Medium discharged 10
Di spersion/dilut ion High. dynamic Medium Low, st::llic

pOlcnLi::u
CUITCIII cOlluitiun GuuJ. 110 usc MuJeratdy Pristine or

restrictions degraded. highly
some degraJed
restrictions

Reduction method
Point of reduction Post-process Recycle back 10 Eliminated in

process process

Table: ;:rovides example s::
several cnlenJ.

"', for etch :lil~n1alIYe. cumplic baSI
matlon on ·...·astes/re!ea..ses. currer
a~emcnt melhods, proposed re,
nIt:lhuLio;, ar.J community concC':T
:nfomlal:cr. ..... ill be used dunng sc

S. Score caeh ailCTnallYC for eaei"
acct"Jill~ 10 the appropriale S-.

Hillcnbrami et al. recommend t.':at:
be performcO by a workgToup It

upon lhc knowledge and expertIse
f;lmiliar .... ,Ih the waste or release.
management praetic;cs. reguiato
male. and community relations.

6, I\luilip Iy the sc;ore for eac;n mIen or
criterion .... eight 10 generate a we

score.

7. Sum the scures for c:leh :lltcmauve.
3 shows how three hypothetical
mll1imiz:llion projects would be sea
an oLiur reduction proJect. 21 a rc
hazardous ..... aste generalionldispos
jeet. and 31 a reduced wastewater g
lion/discharge projec;L

Community
Proximity
Perceived toxicity

Source: E. lIillenbr.lJ1d el oJ.

>3 miles
No perception

j-3milcs
ModerJtciy

toXIC

< 1 mile
Highly lOxic

S. Compare L'Je summed scores 111 COl

lion with oLher economic ana.ivsis
mation (c.g" net present value. tee
fea..o;ibilily. proouc;t quality imoaclo;,
rcquiremcnts. process compat
liabilily. space avaIlability, ane •

1.20
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lenslic. Heavy melals. such as lead and
hromlUm. arc scaled into the cured resin and

therefore thcir lcachabilily is minimal.

Dry Pure'" powder C:lIl be recycled as a
substitute for tillers in paint. mastics. plas
tics. sealants. and rubhcr products. lL can also
be u:wd as a bulk fud ill clIallired bnikrs.
ccment killls, and ntlH':!" S1'slt.:lIls .S1I1I'&!'1c tllT
burning powders. The powder typically has
a fuel value of about 9.000 BTUllb (21.000
kjlkg).

Full-Scale Operations
A f"lI·scaJ..: I)ryl'urt.:"· syslClI1 ba.. ''''':11 ill

operation at all aUhllllUhvc •.""III1,ly pl.!J1I
ncar l)...:lIoit sillce Seplclliber I'.!l)l). 1'11<: 'p
tern., which operatcs two shifts pcr day. h;m
dies up 10 2.300 lblllr (1,0..10 I.:£/hri wet
sludgc (20'70 solids) anJ prlldllc<.:s 2.000 III

(907 I.: g) dry powder per day. This I <.:pn:'<:II!'
a 90% reduction hy w<':l!;ht.

Contact Information
For additional information on the Dry

Pure~" paint sludgc drying system. contact
\1r. Nicholas Railey, Sales Mallager. HaJen
Environmental Corpor:llion. 14£10 Ranl.:in
Drive. Troy. Michigan "l)OX4. (313) 585
5790.

Westinghouse Waste
Minimization Program
Gets Results

W estinghOUSC Elcctric Corporation has
crcalcU a corporate program to reducc

ha:lanlous and solid wastes. air <.:missions.
wastcwatcr discharges. and employee expo
sures. To date. the Achicvcmcnts in Clcm
Technologics (ACT) program has becn
suc,;cessiul in minillli/.illg wasl"s/dischaq;es
from several operations. Including metal
working. elcctroplating and metal finishing.
spray painting, and lalllinale prodlictlOu.

Minimization projects implemcntcd by
the ACT program are dcseribed by Dan We
solowski and Tim Rumon of Westinghousc
in their papl."T entlll<.:d "TII<': W..:slinghou~e

ACI Program: Wa~te Miuimi/.allon Su.:cess
Storics." The paper is publi,h..:J in COII/a
ence f'rocucJinfjs of Ila:tnh International
90. October 2·4. JC}IJU. f'il1Jbuf!J". {',·nnn·l·
l·ania. Thc proceedings are available tram

Haztech International. 13555 Bell·Red
Road. Bcllevue. Washington 98009. (800)
468·76~. S89 (shipping includ~).

Minimizing Cutting fluids
Scveral types of metal working operations

(e.g.. shearing. punching. bending, machiu
illg. grilldillg, wddillg. alld fmllling) 1.11..<.:
place al Westinghousc facilities. OUTIng
these aClivitics. CUlling nuids arc used for
hcal dissipation. lubrication. chip and par
ticle removal. and corro.~ion proleetion. Lu
bricaling oils and hyJraulic oils arc also us..:J.

'\Ilhllll~h ~I'elll ClIlIlIlg flllid is II lit ellll
~iJ<.:r<.:d a h~/anjlllls waSle in nl;IIIY sl~les.

Westlnghousc tlc':ldcd to larget il for nllll
imlzation due to the large quantities
generated. T .....o f,)cliities whcre the company
has l~gun Cllitillg fluid n13nagellll.:nt and r..:·
cycling programs are dis.:usseJ b..:low.

80% Waste Reduction ill Florida

In 19!17. Weslin~house instituted aculling
fluid management and recycling program at
a laq;e machining/manufacturing facility in
Florida. As part of the program. Ihe pl;mtlirst
converted from a .;cntral CUlling fluid sysll.:m
(wherc all machines discharged CUlling fluid
to a single sump) to a dccentralized system
that allowed thc plant to segrcgate different
CUlling flUId types. Then. a high-speed cen
lIifuge was installed to rcmovc unwant.:d
luhric:lting oils. hydraulic fluid. and debris
from the wastc CUlling fluid. The dem cut
ting nuid produced by thc cenlrifuge is now
reused. A new mixing system insures that the
proper recycled cUlling-fluid-to-water ratio
is consistcntly delivered to the equipment.
Complete CUlling fluid change out and rc·
cycle from each machine occurs every 20
days.

Finally. the facility hcgm mixing I;ulling
fluids with dcioni:led water to incrcase their
performance. CUlling fluids mixed with lap
water can contain high levels of mctals. h'le
leria and olher cOlllpound~ that leave re
sidues on recovery system equipmcnt and
decreasc CUlling fluid life.

fly illlplemcnling thesc improvelll":lltS.
the volume of wasle ~ent offsite for di~llIlsal

was reduced by about 80%. In addition. the
nature of thc waste t:hanged from pfllllanly
walcr to primarily oil. inl:feasing its albite
recycling value.

Sir-Molltlt Payback ill Nortlt
Carolilla

A similar minimization project was im
plemcnted in 1988 at a Westinghousc manu
facturing facility in North Carolina. At !.hat
time. the pl;mt generatcd 500.000 gallons of
spent cutting nuid a year. During thc mini mi·
1.;ltion prnjl·':t. Ihe facility has:

• Installed oil skirruners on all machine cut
ting fluid reservoirs to rcmove frce oil. Oil
promotes biological activity md shonens
cUUing fluid life..\lachine op.... rators were
also lIaincd to maintain a constant CUlling
fluid eonc':lllration. TIlese activitics re·
duc..:d wa.stc eUltlll b Iluid by 2b'.;;.
(1)0.000 bal/yr).

• Sel;l'egated waste CUltlng fluid and waste
oil streams 10 3110 .... the oils to he rCl:yclcd.

• ConsoliJ.ltcd the num~r of different CUI'

ling tluiJ., used at the pl;UlllO make recy
cling more aUnC!lve.

• Recycled CUlling Iluid with a pasteurizer
and co':llescer. TIle recycled cuuing nuid
is automatically maintained at thc proper
concentration by adding water or CUlling
fluid concentrate.

• Installed evaporators to eliminatc most of
the walcr [romlhe waste CUlling fluid. The
remaining fluid (about 50.000 gallyr) is
disposed off~ile as high-BTU feedstock
for fuel blcllJing.

Implemcming these improvemcnts re
duced the volume of waste CUlling fluid by
90% (from 500.000 gal/yr to 50.000 gallyr).

The lotal capital cost for !.he project was
S140.000 and lhc yearly operating cost
savings were about 5290.000. Therefore. the
equipment I'ayh;u.:k pl'rind ..... as less th:lI\ 6
months.

Electroplating and Metal
Finishing Operations

Westinghouse has moditlcd several ciec
lIoplating/metal finishing opcrations to re
ducc wastcs/emissions gencrated hy solvent
dcgreascrs. Jragoul. and waslewatcr lIeat
melll. Sevcral examples are provided below.

Mjlljmi:illg Degreasillf; Hastes

At a faCility in Puerto Rico. Westinghouse
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initiated several equipment modifications
and charlgcd oper;1tJng prJc(iee~ to minimi7.c
errusslolls/w~le~ frol1ltwo vJpor degreasers
used to clem metal part~. As part of the
l1lillillli7.:l1l01l pI ogrJllI. tlie plJIII:

• Covered Ihe boiling SUlllp 10 reduce sol·
vent emissions.

• IllncJsed Ih,; fredlOJrd area (Ji~tance he·
Iweenlhe pril1lJr)' coolillg coil anJ the lOp
of the unit),

• InslJlled sump eool-do ..... n coils to lower
soj~-Cfl( tClllperatures durillg off hour~ arHl
thereby reduce evaporJlion.

• InstJlled vJrlable,spceJ conLIols for lip
eUlaUsl to reduce evaporalion during de·
greaser ldie lime.

• Reduced conveyor speed to :l\'oid vJpor
di,pL1Cl·1l1l'lll.

nal uSJge in elcctroplJting;metal fmishing
dip tallk operal1on.~. DrJgout. the amount of
~olution carricd over from iJnk to tJnk, in
creJSCS wastcwater treatment demand~.

CJll~e~ lo~~ of chcmi<':JI.~..11\(.! 1:.111 Clll"

<.:ross,collt;lluillation of luclal fillisliillg
b:llhs. 11,e :tI11ount of urJgout persurfJcc areJ
uf the p:Ht is inl1ucnced by part configura
twn. speeu of wlllHlrawaJ. dwell time~ Joove
Ihl: IJllk. vi~coslty of the solullon, JIlU sulu
tion conl:cntrJtiun.

Westinghouse has initiated dragout rcdue
tion schemes at two plants in Puerto Rico md
NorUl Cuolina. 111e Puerto RicJJl facility
operates metal finishing dip tanks equipped
..... ith m:UluJJly.operaled hoists to preLIeat
parts prtor to sprJy pJintlng. DrJgoul reduc·
lion techniques employed Jt the facility
.....ere:

• R.1C~illg P:ll't~ to nlllllmilc horil('llltJI q;r·
f.lLCS :l1ld colle<.:IIUII ['<JIIIIS.

• Improving Ihe layout of the platl
faeiiitJIC pJrtS !low and reduce c
IJnllllJtion of bJlb~.

Ily illlJlkllll:lltill1; thcsc impr"
Wcstlll!;i1ousc CXJlClt~ tu rcuuLc dr
ovcr gU':~ JJld SlgnIficaJltly deere
tamillJlIt Joalilng 10 llle wa.~tewater t
pl'-lilt.

Minimizing HasteH.'aler Trell1.
Sludges

Two meulods for minirruzing wa
IreJlmcllt ~luJge~ have he en utii
Westinghouse. nle first method
USIng souium hydro)(ide (caustic s
stead of calcium hydro)(ide (lime) t
pH :lJ1d preCIPIIJle melJls during wa:
treJlmell!. Titis decreases sludge ge
50% to 75'1-. AiUlOUgh sodium hydr
ClsUJlly morc c'rcmive Ihanlime,
w Ii I l'l(Jh.dJl~ he re~h/.eu ,;"e 10

sludgc Jisposal costs.

• IncreaSing the dwell IlIlles abovc Ihe
tJnks. md

• Shaking and/or tilling parts be fore trJns(cr
10 the next IJnk.

• Ch:Jnglllg Ule deslgll of sUllie P:lTts to ill'
clude small drJin holes in solution collec
lIOn POInts.

• RetroIilled thl:' c:uncr rack to reduce sol
vent drJ!lout :U1d vapor displJcement.

• lnstJlled sump boltom filLIJtlun units Jud
new w;w:r separalor units 10 clem the
soi\-cnl Jl1d thcrefore inneJse its life.

• Operated de;;reasers only as required in·
steJd of during the entire shift.

• IlllproVc'd IllJllltenJm:c 1'1 (H.:cdure~ arid
schedules.

• Reduced CrJits and air movements around
11le dq;reJ.Scrs. :llId

• Trained operators on proper racking tech
niques md cycle times.

Westinghouse eSlimates that the improve
ments reduced air emissions by 60% md
wasle still boltoms by iO%. Other advan
tages include a reduction in SARA Title III
toxic chemical emissions and an improved
work:place environmenL

111e l'<.jlliplllenl llloJificatiolls CO~I Jhout
$46.000. A!uluJI cost savings tOIJI abuut
S59.000 for a payback penod of less than one
year.

Dragulll R cdueliull

Dragout reJuctlOn is a cost-effective
method of III Illlllll/.illg wJste~ allJ rJw l1Iatl:-

These le<.:hni411cs ;uc cxpcclcd tu n:Juc.:c
JrJgout by 75%. RJW mJteriaJ sJvings of
SIl.OOO/year arc e.'pecled in addition to
savings on waSlewater treJtment plmt sludgc
Jisposal.

TIlC North Carolina fJcility uses dip tanks
eqUipped with an automatic hoist ~y~tem to
perfonn barrel and rJ<.:k plJling 011 ~tecl and
copper parts. The leclmiqucs used to op
timize raw material usage and minimize
..... astewater included:

• Upgrading the hoist control systcm to
allow variable dwell times. dccreased
withdrawal rates. and rotation of barrels
:tlx)ve IJnks;

• PurchaSIng barrels with larger holes to
facllilate draining JuJ reduce cling;

• Illcreasing the usc of rack plating. which
CJuses much less drJgoutthan barrel plat·
ing: Jnd

SeconJly, We~tinghou~c has 11

,ILJd~e dryers .11 several f.1LIiilie~ to i
tilc suliJ.; c~lIlent uf filleT rress -:11
60':""" or more. ;\1 Olle facility. install
a sluJgc dr~CT' resultcu in opcr
sJving, uf uver S20.0()(J/;e~r :
month paybJck on the 531.000 inves

Electrostatic Spray Paintin
In tltc I:lst ycar. Westint:house ~

grJdcd lIlarlY 01 its spray painting opc
from COIlVClHienal air·atomlzed spra
low-sulius pJInI to elCCLIostatic spra
high-soiius paint. The follo ..... ing t
have been e)(perienced in these situal

• New paillt requirements arc n:uu,
iO%.

• Volume oi solids generatcd from
wash spray t'Ooths is reduccd by 75

• Total volume of solvents emitled
duced by 80%.

On a per pilon bJ.Sis. h:gh-solids
usually cost twice as much as 10 ..... ·
pJinrs. HoweyCT'. co~t savlng~ mJY ,
rC;Jiizcu IX:<.:JUSC so mu<.:h Ics~ 111 glt
pJlOt IS rCl:julrcd. The costS assc
upgrJding to eleclIostJlic pint.
cJpital co~t oi clectrostJtic ~rray equ I

1.24 Thc H:l7.:lnJous W:lStc Consull;Jnt. lWll/l1rY FdJl{w,\
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l.lld operator relraining costs. Payback pen
<is of about one year arc typical.

Resin and Solvent Recovery
from Laminate Production

Thennoselling laminates arc produced at
~veral Westinghouse facilities. 111e manu
facluring process generates waste organic re
sins (e.g., resins with expired shelf-life. off
specification material. surplus due to
overproduction. and leftover resin at the end
oi production runs). Spent solvcnts also re
rult from cquipmcnt-dcaning al.:llvities.

A Westinghousc fal.:i1ity ill 1'.:lImylvJlliJ
has installed a thin-film evaporator to disldl

and recover solvents from 75% of the waste
resins and spent solvents generated a1 the
plant. (Some resins cannot be lreated in the
thin-film evaporator because they arc incom
patihle.) The recovered solvent (70% of the
tllin-film evaporator feed) is used to clean
equipment. The evaporator bolloms ue in
cinerated offsite. Implementation of the sol
vent recovery scheme has saved the company
about S26.000!>T in operating costs. This
represents raw material and disposal cost
savings minus the energy and labor costs
associated with the thin-film evaporator.

In addition to the thin-film evaporator. the
f.ll.i1lty has illlplclm:nlcJ the fullowillg 111;11

imlLJ.lion proccUurcs:

• Resins leftover irom production runs ue
drummed and reused whenever possible.

• Only resins with expired shelf-life are
treated in the thin-film evaporator.

• Resin slorage and supply PToccdures have
been improved to avoid shelf-life expira
tions, and

• Productioll sdleduling ha.s hcen modified
to minimlLC resin ch;mgeoveTS.

··T

1.25

.'



~
EnvirolUllentalIy S:mart Accounting:
Using Total Cost AsseSSlllent
To Advance Pollution Prevention

Allen L. White, Monica Becker, and Deborah E. Savage

Conventional project
jlnanctal analysts often
falls to capture thefull
range of costs and sav
Ings associated with
pollution preventton (P2J
Lrwestments. Thus. man
agers need. to rethink their
approach to cost Inven
tory. cost allocation. time
hortzon. and profitability
analysts ta ensure that P2
Lrwestments are treated
fairly In the capital bud-
geting process. This arttc1e
shows how total cost
assessment can often help
level the piaylngfleldfor
P2 investments that might
otherwtse be tagged as
uncompettttve and unprOf
itable.

DESPITE MOUN'IlNG REGULATORY pressures and market incentives,
industry has been slow to shift from end-of·pipe control strategies to
more prevention-oriented practices. l If, as many argue, pollution
prevention (1)2) serves the interests of business by increasing effi
ciency and profits, what explains industry's continuing reluctance to

move aggressively toward a preventative mode of environmental
management? And why, in light of the much-heralded benefits of
prevention strategies, are firms often surprised with the profitability
potential of P2 projects in contrast to the "must-do," compliance
driven capital investments?

The explanation for these contradictions stems from at least two
aspects of corporate environmental management. First, organiza.
tional structure and management behavior may impede pollution
prevention projects from entering the flrm's capital budgetingprocess
from the outset, thereby precluding such projects from systematic
consideration. Second, once a P2 project successfully enters the
capital budgetingprocess and competes with other projects for limited
capital resources, current methods of profitability analysis may
discriminate against the P2 project.

Profitability analysis reflects how managers inventory and allo
cate costs, and what time horizons and flnancial indicators are
selected to estimate the return on investment. This article examines
the proposition that conventional methods of profitability analysis
may systematically diminish the prospects of prevention-oriented
investments in the highly competitive capital budgeting arena. This
analysi.03 i.o3 based on recent studies for the Environmental Protection
Agency's (EPA) Pollution Prevention Division2 and the New Jersey
Department of Environmental Protection and Energy,' a recent
update of these studies for the Organization for Economic Coopera
tion and Development (GEeD),4 and ongoing work with a number of
firms that are exploring alternative methods of project profitability
analysi.03.

Dr. White and Dr. Savage are, 1"f!3pectively, direetar and. research assot:ime in the
risk analysu group at the Te1lus In.stitute in Bostan, Mas.sOl:husetts. Monica Becker,
fot77l.erly with Te1lus, i3 affiliated with the Cenur for Technology, Policy, and
Industrial DeuelaprrU!Tl1 at the MassachUSdt3/nstituu of TechTUJlogy.
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By lumping prevention
projects into the -must-do·
category. the typical
tendency ts to draw
narrow bounda.rtes
around costs. savings.
andrevenues.~pense

with in-depth analysts.
and thereby omtt or
underestimate the
potential returnsfrom
undertak1ng the
investment.
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Biases in Conventional Capital Budgeting
Conventional capital budgetingprocesses often fail to capture the

full range of benefits from pollution prevention projects due to two
distinct, but related, biases. The first bias arises from the tendency of
firms to place prevention projects in the category of "profit-sustain
ing" or "must~o"compliance investments. This stands in contrast to
"profit-adding" (ineludingcost reduction) projects and market-expan
sion projects that are invariably the higher management priorities in
terms of corporate growth and market development. By lumping
prevention projects into the "must-do" category, the typical tendency
is to draw narrow boundaries around costs, savings, and revenues,
dispense with in~epth analysis, and thereby omit or underestimate
the potential returns from undertaking the investment.

The second bias in conventional budgeting processes is inherent
in the nature of prevention investments. Because prevention, by
definition, implies upstream changes in material inputs and choices
of process technologies, such investments tend to trigger multiple,
and often indirect or second-order midstream and downstream effects
in the production process. These may take the form of reduced
compliance, insurance, and waste management costs, reduced worker
absenteeism, as well as avoidance ofcontingency costs linked to acute
events caused by a sudden release of hazardous materials. further
more, prevention measures increasingly are tied to less tangible and
difficult-to-quantify benefits such as corporate and product image,
and~ a foothold in the marketplace for green products. To the
extent that prevention investments create such advantages, they
tend to occur over periods longer than the two to five years often used
in conventional project fmancial analysis. They also require the firm
to identify and allocate costs at a level ofdetail that goes beyond what
is typically practiced in capital budget analyses.

The Building Blocks of Total Cost Assessment
Profitability analysis ofa capital investment in pollution preven

tion contains four elements: (1) cost inventory, (2) cost allocation, (3)
time horizon for profitability analysis, and (4) profitability indicators.
Total Cost ABsessment (TCA) is an approach to these elements that
accounts for the particular characteristics of P2 projects.

Co8t inventory
Identifying all costs and savings associated with a pollution

prevention investment is the first element of TeA As with any
industrial investment, such costs may be classified as one-time
capital costs incurred at the outset of the project, or as recurrent
(normally annual) operating costs that are incurred repeatedly over
the life of the project. Unlike most investments, however, environ
mental projects are associated with certain costs, savings, and rev
enues that are relatively uncertain in character (what are they?).
magnitude (how large will they be?), and timing (at what point in the
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Envtronmentally Smart Accounting: Using Total Cost Assessment To Advance PolluC/on Prevention

It ts essential to recognIZe
that although an
expanded cost Inventory
ts an essentialtngredtent
Ln rigorous proj1tabUlty
analysts. it does not
tncorporate the social
costs of a proposed
project.

project life cycle will they occur?).
This uncertainty results from two conditions: (1) the complexity of

assessing risks associated with the use and transport of, and possible
exposure to, hazardous substances; and (2) changing regulatory and
judicial decisions that result in upward and downward shifts in
project costs. Some costs are straightforward, although they are not
necessarily routinely identified by managertl. Such costs may include
monitoring, training, and preparing manifest forms for the off-site
shipment ofhazardous waste. Others, however, fall into the category
of contingent costs-those that may materialize if certain events
occur. These could be exceeding a permitted emissions limit, an olT
site spill during transport of waste, a leak in a lined and permitted
hazardous waste landfill, disposal ofwastes at an unpermitted site, or
an acute event leading to an environmental release in an abutting
neighborhood. All of these are events are probabilistic in nature, that
is, they may occur, but we hope they won't. Ifthey do, certain costs will
be borne by the finn.

Whereas conventional project financial analysis generally in
cludes only the most obvious, direct, and tangible capital and operat
ing items, TeA expands the inventory to encompass a broader range
ofcosts, savings, and revenues. Selected examples from each of these
categories are shown in Table 1.

It is essential to recognize that although an expanded cost inven
tory is an essential ingredient in rigorous profitability analysis, it
does 1UJt incorporate the social costs of a proposed project. Figure 1
illustrates these key differences. Costs conventionally covered in a
project financial evaluation are shown inside the first rectangle.
These costs are a subset of, or are nested within, a second rectangle
that includes many of the indirect costs, liabilities, and less tangible
items listed in Table 1. By our definition, this is what would appear
in a project analyzed using the TeA approach.

An even broader approach than TeA is a larger inventory covering
social costs resulting, for example, from health and ecological damages
related to unregulated air taxies, wetlands loss, or unsustainable forest
use. These externalities, which are no less real than TeA C05ts, are
still conceptually distinct, because they have no financial consequences
for the firm under current legal and regulatory conditions. Although the
trend in environmental regulation suggests there may be a gradual
convergence of the inner two rectangies with the outer rectangie, TeA
should not be construed as a social acoounting methodology.

eo.t allocation
Cost allocation procedures define how production costs are as

signed to specific product or process lines, or to overhead accounts.
Allocation in medium and large fIrmS is typically the responsibility oi
financial and production staff. They aim to properly debit and credit
production processes/units on an activity basis, thereby providing the
foundation for pricing according to real costs, a practice commonly

Pollution Prevention Review I Summer 1993 249



Allen L. White. Monica Becker. and Deborah E. S<lI)age

Table 1. Total Cost Assessment: Examples of Costs and Benefits

Direct Costs

Capital expenditures
-buildings
~uipment

-utility connections
~uipment installation
-project engineering

Operation and maintenance expenses/revenues
-raw materials
-labor
-waste disposal
-utilities: energy, water, sewerage
-revenue from recovered material

Indirect or Hiclden Cos"

Compliance costs
-pennitting
-reporting
-tracking
-monitoring
-manifesting
-training
-waste handling
-recordkeeping
-labeling
-testing
~mergenc:ypreparedness
-medical surveillance

Waste storage
Operation of on-site pollution control equipment
Raw materials costs linked to nonproduct output (NPO)
Environmental insurance (acute events, gradual impairment)

Liability CoB"

Penalties and fines
Personal injury and property damage

Less Tangible &1U!fitB

Increased revenue from enhanced product quality
Increased revenue from increased share of green product markets
Reduced worker compensation and absenteeism costs from im
proved employee health
Increased productivity from improved employee relations
Reduced staff burdens in dealing with community concerns
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Figure 1. Project Investment Cost Boundaries

Social Cost Assessment

Total Cost Assessment (TCA)

r-------------,
: Company Cost Analysis :
L -.I

1__------

known as full<ost accounting. Proper allocation is indispensable to
sound investment profitability analysis. When costs are improperly
allocated either by lumping them into overhead accounts andlor by
assigning them incorrectly to production processes, profitability analy·
.ses cannot proceed on a rationale basis.

Two methods ofcost allocation are commonly practiced. One relies
on a materials balance approach, using standard unit, batch, lot.
product input requirements or recipes. The other is materials ac
counting, based on inventory data ofmaterial inputs at the beginning
and termination of a reporting period, or on measurement (e.g.,
volume or weight) of waste materials from production lines. In some
instances, the two methods may be used in tandem ro reconcile
discrepancies between materials balance estimates (with batch mociei
data) and materials accountingdata (which rely on physical measure
ment). Such discrepancies invariably arise because of measurement.'
instrumentation shortcomings, excursions from standard recipes.
and exclusion ofcertain steps in the production process that consume
material inputs (e.g., cleaning during and between production cam
paigns or testing prior ro introduction of new products).

For purposes of investment analysis, the ideal cost allocation
system has two principal attributes. First, the system should allocate
all costs ro the processes responsible for their creation. This is a
perennial challenge ro financial officers and cost accountants who
oversee the assignment ofcosts inro either overhead or, alternatively,
product or process accounts. Waste disposal costs, for example, a....e
often placed in overhead accounts. A more rigorous approach would
assign such costs ro a discrete operating unit or process in the firm's
production system.
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~nd, costs should be allocated in a manner that is reflective of
the way that costs are actually incurred. Some firms, for example,
allocate waste disposal costs across operating centers-administra
tive, research and development, and manufacturing-on the basis of
floor space, rather than on the quantity and type ofwaste generated
by each. This hampers a rigorous estimation of the financial benefits
of reduced waste generation by uncoupling points of generation from
points of reduction. Careful allocation, requires commitment, time,
and fmanciaJ resources, especially in large and complex production
activities. Nonetheless, it is integral to identifying the sources of
waste generation and the benefits of changing current practices to
more preventative management.

A longer ttme horizon.
preferably ten to flfteen
years. is particularly
crtttca1 to capture out-year
ltabUlty. recurrent savings
due to waste aootdance.
and revenue growth linked
to market development of
erwtronmentally frtendly
products.
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Time hori%On
Time horizons of five years or more enable the [mandal analysis to

capture costs, savings, and revenues that occur well after the initial
investment. 'Ibis extends beyond the two-to-five year time frame used by
many firms to evaluate investment profitability. A longer time horizon,
preferably ten to fifteen years, is particularly critical to capture out-year
liability, recurrent savings due to waste avoidance, and revenue growth
linked to market development of environmentally friendly products.
Without a longer horizon, the financial analysis runs the risk of failing
to capture the very benefits for which the pollution prevention invest
ment was originally targeted. Ofcourse, the readiness offirm.s to extend
their investment analysis to this longer horizon depends on numerous
considerations, includingsize, capital availability, and competition from
alternative investments ofthe same orhigher priority. Notwithstanding
these limitations, a longer time horizon should be applied at minimum
to compare near and longer-term returns to a potential pollution preven
tion investment.

Financuu indicators
Financial indicators for pollution prevention proj~tsshould meet

two criteria: (1) a capacity to incorporate all cash flows (positive and
negative) over the life ofthe project; and (2) a capacity to integrate the
time value of money through appropriate discounting of future cash
flows. Indicators that meet these criteria are best equipped to capture
the broadest range of costs, savings, and revenues, many of which
may occur years after the initial investment. Net Present Value,
Internal Rate ofReturn, and the Profitability Index are examples of
such indicators; payback is not. A briefdescription ofeach shows why.

Under the Net Present Value (NPV) method, the present value of
each cash flow, both inflows and outflows, is calculated and dis
counted at the project's cost ofcapital. The sum ofthe discounted cash
flows is the project's NPV. A positive NPV means a project is worth
pursuing; a negative NPV indicates it should be rejected. If the
availability of capital is constrained (as it usually is), or if several
projects are competingwith one another, other things beingequal, the
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When several projects are
vytngJor 1lm1ted.
resources. all else being
equal. Che project wtCh Che
highest IRR should be
pursued.

project or combination of projects with the highest positive NPV
should be chosen. The NPV method, particularly as applied to long
term projects with significant cash flows in later years, is very
sensitive to the level of the discount rate. Thus, for a project with most
of its cash flows in the early years, its NPV will not be lowered much
by increasing the discount rate. On the other hand, the NPV of a
project with cash flows that corne later will be substantially lowered
for an increased discount rate, rendering the project a much less
attractive investment opportunity.

The Internal Rate ofReturn r7RR) method calculates the discount
rate that equates the present value ofa project's expected cash inflows
to the present value of the project's expected costs. Thus. the basic
formula to calculate the IRR is the same as that for the NPV; for the
IRR, the NPV is set to zero and the discount rate is calculated; for the
NPV, the discount rate is known and the NPV is calculated. A project
is worth pursuing when the calculated IRR is greater than the cost of
capital to finance the project. When several projects are vying for
limited resources, all else being equal, the project with the highest
IRR should be pursued..

The Profitability Index (PI) is simply the present value of benefits
(cash inflows) divided. by the present value of costs (cash outflows). It
shows the relative profitability of a project, or present value benefits
per dollar ofcosts. Projects with profitability indices greater than 1.0
should be pursued., and the higher the PI, the more attractive the
project.

Payback is the simplest and most common of the indicators for
evaluating investment profitability. It provides a quick. back-of-the
envelope appraisal ofthe financial prospects ofa project. Although the
payback calculation may suffice for a preliminary assessment, it
should not be relied. upon as the sole method for project evaluation.
The payback period is the expected number of years required to
recover the original project investment; it can be calculated before or
after taxes, and serves as a type of break-even calculation. If cash
flows materialize at the expected rate until the payback year, then the
project will break even. The regular payback, however, does not
account for the cost of capital, so that the cost of the debt and equity
used in the investment is not reflected in the cash flows or the
calculation. Another major drawback ofthe payback method is that it
does not take into account cash flows beyond the payback year. The
payback period does, however, provide an estimate of how long funds
will be tied. up in a project. Thus, it is often used as an indicator of
project liquidity.

TCA in Practice
To assess how TeA works in practice, we otTer the following

example of a TeA project analysis from one of several firms that
collaborated with the Tellus Institute in its TCA studies. The company's
manufacturing facility is a specialty paper mill that produces a
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variety of uncoated and on-machine and off-machine coated papers,
as well as carbonizing, book. and release base papers. The coating
used is a latex (i.e., nonsolvent) formulation containing clay, styrene
butadiene, starch, and polymers. This example was chosen because it
is a particularly powerful illustration ofthe value ofa TeA approach.
Other cases may demonstrate more or less dramatic results for
reasons discussed below.

TheJlrst recommendation
.. .in thejeaslbUlty study
was the installation oj a
second save-all tn handle
the white water jrom
Machtne2.
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Background on the manufacturing proce8ll
Paper machine white water, a mixture ofwater and residual fiber

and filler (clay and calcium carbonate) that drains out of a sheet of
paper as it travels across the paper machine, is usually captured by
a white water collection system dedicated to one paper machine.
Typically, some or all white water is recycled back inro the papermak
ing system ro recapture water, fiber, and filler. As a pollution
prevention measure to reduce water use and wastewater treatment,
white water may be passed through a save-all screening device to
separate fiber and filler from water, fiber. filler, and water are then
recycled back inro the system. The save-all produces a clear stream of
water that can be used in numerous paper machine operations.

In this mill, two paper machines, sharing a common white water
system, produce a variety of paper grades made with either add-.
neutral-, or alkaline-sizing chemistry.5 Machine 1 has a save-all
system that filters fiber and filler prior to discharging into the joint
white water system. This material is recycled back into the paper
making system. When the machines are using different sizing chem
istry (e.g., when Machine 1 is producing acid-sized paper and Machine
2 is producing alkaline-sized paper), the mixed white water from both
machines is not reusable and must be sewered. Under these condi
tions, a large flow ofpotentially reusable water from both ma.::hines,
and fiber and filler from Machine 2, is lost ro the sewer.

Prompted primarily by the lack ofspare water effiuent pumping
capacity and a desire to better understand the rather complex, old
white water piping system, the mill commissioned a study titled
'White Water Recycle Feasibility Study" in 1988. The study, com
pleted in August of 1989, had several objectives: " ... to review the
design and operation of the mill and recommend changes that would
help reduce peak effiuent flows, reduce BOD [biological oxygen
demand] in the effiuent and reduce total fresh water intake on a
millwide scale." The resulting report contained detailed engineering
drawings ofthe fresh water, white water, and paper machine systems
and two recommendations for process modifications.

Pollutwn preventwn project ckscriptwn
The first recommendation (called Phase 1) in the feasibility study

was the installation of a second save-all ro handle the white water
from Machine 2. Because the white water systems under this scenario
would remain separate for Machines 1 and 2, this phase would allow
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recovery of fiber from white water, but only permit recovery of
clarified white water if the grades being produced on the machines
were compatible. Otherwise, the water would have to be sewered.

Under Phase II, the white water systems would be split, so that
each machine would have a dedicated system. In combination with
Phase I, Phase II would permit fiber, filler, and water reuse on hath
machines at all times. This phase would require installation ofa new
save-all, a new pump, piping, and controls. Available pulping and
stoel-: storage capacity could be used to pulp separately for each
machine.

At the request ofthe mill, we focused our analysis on the combined
Phases I and II. This option was most interesting to the mill because
it maximizes recovery ofwater, fiber, and filler and reduction of BOD
and solids in wastewater.

The company analysis
consists oj the 1989
capital esttmate (adjusted
Jor !rifIation and escalated
by 12.5 percent) and
only those operating costs
and savings that the
company typically
includes In project
jlnanctal analyses . ..

Company financial analysis versus TCA
The company analysis consists of the 1989 capital estimate (ad

justed for inflation and escalated by 12.5 percent) and only those
operating costs and savings that the company typically includes in
project financial analyses for projects of this type, which are

Raw material-fiber and filler;
Energy and chemical use for new equipment;
Wastewater treatment fees; and
Changes in labor costs.

The TeA contains these and other operating costs and savings
that were developed in the course of this study. On the savings side,
the TeA includes the following:

An average reduction in fiber and filler loss of 1,200 tons a year
for an annual savings of $421,530;
A reduction in fresh water usage of 1 million gallons a day and
a commensurate reduction in cost for fresh water treatment
and pumping, for a savings of approximately $112,420 a year;
A reduction in energy use for fresh water heating amounting
to a savings of approximately $393,400; and
A reduction in wastewater generation of approximately 1
million gallons a day for a savings of approximately $54,750 a
year in wastewater pumping and $68,240 a year in wastewater
treatment fees.

Annual operatingcosts are expected to increase in the following areas:

Chemical flocculating agents used in the save-all to promote
solids/water separation will cost approximately $28,700 a year;
Electric costs for new equipment operation will increase oper
ating costs by approximately $107,280 a year; and
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Table 2. Overview of Cost Inclusion by Company
and TCA for WhitewaterlFiber Recycle Project

Costs Company TCA

Capital Costs
Purchased equipment X X
Materials (e.g. piping, elec.) X X
Utility systems X X
Site preparation X X
Installation X X
Engineering/contractor X X
Start-up/training
Contingency X X
Permitting
Initial chemicals
Working capital·
Salvage value

Operating Costs
Direct Costs·

Raw materials/supplies P X
Waste disposal
Labor X X
Revenues-general
Revenues-by-products
Other:

transportation

Indirect Costsb

Waste management:
hauling
storage
handling
waste-end fees/taxes
hauling insurance

Utilities:
energy P X
water X
sewerage (POTW) X X

Pollution control/solvent recovery
Regulatory compliance
Insurance
Future liability

x= Cost(s) Included P • Cost(s) Partially Included

256

• We use the term Mdirect costa" here to mean costa that are typically allocated to a
product or procesa line (i.e., not charged to an overhead account) and are typically
included in project rmandal analysis.

b We use the term "indirect costa" here to mean coata that are typically charged to an
overhead account and typically not included in project financial analysu.
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An increase in labor cost of approximately $3,120 a year is
expected for operation of new equipment.

The dramatic d!IJereru:e In
the analyses oj the
projltabUltyjor thLs project
using the company and
TCA methods can be
traced to the parttal and
total omLsswn ojseveral
key reduct10ns In direct
and Indirect costs.

Table 2 presents a comparison of the company versus TeA cost
inventory. The company entries reflect those normally included by the
firm in a project justification analysis. The "P" in Table 2 indicates
costs that are partially included in conventional analysis. The TeA
column incorporates a more expansive inventory based on discussions
with the firm regarding cost items that rightfully belong in the
analysis, but are normally omitted. To ensure comfort on the part of
the collaborating company, only the most obvious and significant
omissions were highlighted. This led to results that most likely err on
the conservative side (lesser TeA efTect) than a more expansive
analysis incorporating, for example, regulatory compliance costs.
might show.

In this white water/fiber reuse project, a number of cost items
appear in the TeA column that are either partially or entirely omitted
from the company analysis. These include savings in raw materials
costs from recovery of fiber and filler; a savings in fresh water llSagt:!

and costs, as well as associated fresh water treatment and pumping;
a savings in energy use for fresh water heating; and a savings in
wastewater pumping and treatment fees.

ThedramaticdifTerence in the analyses of the profitability for this
project using the company and TeA methods can be traced to the
partial and total omission of several key reductions in direct and
indirect costs. Table 3 shows the fmancial impact of these omitted
savings by comparing the company and TeA profitability analyses. A
project costing $1.47 million using the company analysis yields an
annual savings of$350,670 versus $911,240 in the TeA analysis. NPV
over a fifteen-year time horizon jumps from $360,301 to $2.8 million.
The IRR over ftfteen years increases from 21 percent to 48 percent. At
the same time, the payback period declines from 4.2 to 1.6 years.

Neither the existing nor alternative te<:hnology generates Re
source Conservation and Recovery Act (ReRA) wastes. Thus, the
project does not affect wastestreams that require on-site manage
ment or disposal, nor does it affect any regulatory compliance activi
ties at the site; therefore, the fmandal analysis does not include costs
for these activities. Thus, unlike projects that potentially reduce or
eliminate the use of hazardous materials, this project produces no
significant regulatory compliance savings. In addition, no impacts on
revenue are expected, because neither product quality nor production
rates will be improved. A project ofthis nature is also unlikely to affect
product or company image in a way that reduction or elimination ot"
a major air toxic (e.g., volatile organic compound emissions from
solvent-based coating processes) might achieve. Finally, no tangible
impact on avoided future liability is expected for this project..

In sum, the TeA/company differential in profitability occurs in a
pollution prevention project involving a relatively straightforward.
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Table 3. Summary of Financial Data for
White Water and Fiber Reuse Project

Casts and Savings Company Analysis TeA

Total Capital Costs

Annual Savings (BIn-

Financial Indicators
Net present value-years 1-10
Net present value-years 1-15
Internal rate of return-years 1·10
Internal rate of return-years 1-15
Simple payback (years)

$1,469,404 $1,469,404

$ 350,670 $ 911,240

$ 47,696 $2,073,607
$ 360,301 $2,851,834

17% 46%
21% 48%

4.2 1.6

258

- Annual operating cash flow before interest and taxell.

proven technology without inclusion ofsome ofthe more indirect, less
tangible financial benefits that may well occur with more complex and
hazardous production technologies.

Looking Ahead
Aside from the specifics of our white water/fiber reuse example,

how TeA affects profitability depends on several conditions:

• The degree to which hazardous materials management and
liability costs are part of each process;
The extent to which savings actually materialize through, for
example, reallocation of unneeded labor from waste manage
ment functions to new, productive activities;

• The extent to which company practices already have moved in
the direction of TCA;

• The degree to which a proposed project yields a marketable
green product or company image; and

• The degree to which alternative technologies generate new
costs that may neutralize, or even exceed, cost savings associ
ated with shifting away from an existing process.

A priori, TeA does not ensure profitability for a pollution preven
tion project. Depending on project specifics, projects can range from
dramatically positive results (as shown above), to those with positive
but modest advantages, to those in which NPV and IRR actually
diminish when applying a TCA approach. Ofcourse, even in the latter
case, diminished profitability is not synonymous with social
undesirability. In other words, it is entirely possible that a pollution
prevention project may yield net positive benefits to society as whole,
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Though outcomes vary.
one can be sure that TeA
is in the self-Interest of
thejlnn. It rationalizes
management decision
making by levelIng the
playing fleldfor all
projects that enter the
capital budgeting process.

but still fail to meet the internal hurdle rate of the firm that is
necessary to gain management approval. When this is the case,
government corrective intervention in the form of market-based
incentives, voluntary programs, or mandates is appropriate to induce
modification of corporate investment behavior.

Though outcomes vary, one can be sure that TeA is in the self
interest of the firm. It rationalizes management decision making by
leveling the playing field for all projects that enter the capital
budgeting process. This is particularly true for upstream projects
involving process redesign, product reformulation, and materials
substitution, that is, the core ofpollution prevention strategies. These
kinds of projects typically are rife with indirect, hidden, and intan
gible costs and savings that TeA is particularly adept at identifying.

In the long term, TeA can serve as a substantial force in recasting
the must-do and inherent loser image of environmental projects into a
more positive profit-adding and market-expanding image. TeA also
serves to rationalize a flI'IIl's capital budgeting practices, helps to quan
tify and make transparent all project costs, and catalyzes new ways of
thinking about pollution reduction. Effective application of TeA typi
cally requires the involvement ofmultiple staff-fmancial, environmen
tal, operations, purchasing, marketing, R&D-which promotes more
integrated and innovative environmental strategies in the firm.

For these reasons, what firms may see as the high initial cost of
gearingup for TeA is better viewed as an up front fixed cost to revamp
accountingsystems to become more environmentally-amscious. When
viewed from this perspective, TeAyields recurrent benefits that may
be amortized over many budgeting cycles and during the transition to
more preventative management strategies.•

Notes
1. Hoffman, A, '1'eaching Old Dogs New Trick3: How To Create Incentives for
Indulltry To Adopt Pollution Prevention," PollutiDn PreueniiDn RelJiew, Winter 1993
94, pp. 1-11.

2. White, A M. Becker, and J. Goldstein, '"Total Cost Aa8eaament: Accelerating
Industrial Pollution Prevention Through Innovative Project Financial Anal)'BilI,
With Applieatiolll to the Pulp and Paper Industry," prepared by Tellus IllItitute for
U.S. EPA, Office of Pollution Prevention, Deoember 1991.

3. White, A.M. Becker and J. Goldstein, "Alternative Approaches ta the Financial
Evaluation of Industrial Pollution Prevention Investments," prepared by Tellus
Institute for the New Jersey Department of Environmental Protection, Division of
Science and Research, November 1991.

4. White, A., "Accelerating Corporate Investment in Clean Technologies Through
Enhanced Managerial.Accounting S)'Btems." Draft. Background Paper, prepared by
Tellus Institute for the Organization for Economic Co-Operation and Development.
Programme on Technology and Environment, January 1993.

5. Sizing ill added to pulp to reduce water absorbency in the fmaJ paper. The pH (Le.•
acidity or alkalinity) of the pulp must be adjusted according to the type of paper
desired and sizing used.
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Life-Cycle Costing and
Pollution Prevention @

Paul E. Bailey

Life-cycle costing has been
widely touted as an aid.
for explortng pollution
preventton. alterna.tWes
paper or plastic bags.
disposable or reusable
diapers. glass or plastic
con.ta.tn.ers. nus arttcle
explains lfje-q;cie cost:iJ1g.
US his tortca1 appl1.cat:1ons.
US potential applicaba1ty
to poUution preven.tton.
and some of its
!Jmi.tattons. Exmnples are
gWen ofrecent
appl1cat!ons oflife-cycie
cost:iJ1g to eTUJironmen.tal
issues.

THE CONCEPT OF pollution prevention has much popular support, yet
how to make it happen is often unclear. Alternative products and
services are difficult to rate in terms of environmental "greenness,"
whatever that may mean. Which is better: plastic or paper bags?
Disposable or reusable diapers? Electric or gasoline-powered vehicles?
Without some rating scale, how can we choose?

Life..<=ycle costing is receivingattention as the kind ofcomprehensive
"cradle-to-grave'" decision aid that could foster greater strides in
pollution prevention. The goal of this paper is to explain life-qcle
costing and explore its applicability to environmental issues and
pollution prevention. The paper presents the history and applications
of life-cycle costing in nonmathematical terms. The limits of classic
life~ycle costing are identified and contrasted with both "risk
assessment- and "full cost accounting; two other approaches for
environmental decision making. The paperconcludes with an overview
ofsome recent applications ofthese tools and suggested directions for
the future.

Life-Cycle Costing
Twenty-five years ago in April 1965, the Logistics Management

Institute in WashingtOn, D.C., prepared a report for the Assistant
Secretary of Defense for Installations and Logistics entitled "Life
Cycle Costing in Equipment Purchase- that led to a revolution in
guidelines for procurement ofmajor defense systems and equipment.
Spawned by the arrival of the -Whiz kids- in Washington, life~ycle

costing used the mathematical tools being taught in the nation's
advanced business schools, recognizing that operation and
maintenance (O&M) costs were substantial components of the total
costs of owning equipment and systems.

In fact, "ownership costs" can far exceed procurement costs. As the
government procurement process is oriented toward securing the best
value from competing bidders, life-qcle rosting was intended to

Paul E• .sa.uq, Is a senJor uk:e pres1den1 ofICF Incaporated. an erwtronmenta1
consult1ng jlrm headquartered In Fairfax, Vlrgtnta. He specializes In studles
reia1/ng to pollution preventton. water qualtty. and waste m.anagemeru. The
author appredates the asststanoe of.Ann Mannlng. Jim Verd.erese. and Joseph
Karam ofIeF In the preparation ofth1.s paper.
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costing as these
requirements are relatively
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tD manet:ize.

28

facili ta te more intelligent choices. Adevice with relatively low purchase
costs but high operations costs (e.g., energy-inefficient) and/or high
maintenance costs (e.g., not very reliable) may not in fact be a better
value. By considering the full costs over the life cycle ofthe system and
the time value ofmoney (e.g., discounting), better comparisons can be
made. In addition, developing an overall quantitative picture of the
life-eycle costs ofan item increases the attention paid to operation and
maintenance costs with the potential for improved design that reduces
such costs.

Several trends combined to increase the costs ofO&M through the
'70s and '80s, including rising labor costs and decreased reliability
due to increased system complexity, general price and wage in.flation,
and steep increases in energy costs. Thus, as the relative importance
ofownership costs has increased compared to purchase costs, interest
in life-eycle costing has grown. A recent bibliography has identified
more than a thousand references on life-cycle costing. I

Energy requirements of systems, equipment, and buildings are
particularly amenable to life-eycle costing as these requirements are
relatively easy to predict and easy to monetize. Both alternative
product/system specifications and energy conservation actions (e.g.,
special lighting, insulation) are amenable to an analysis that calculates
payback andre turn oninvestment. RecogD,izingthis,Congress enacted
the National Energy Conservation Policy Act in 1978, which requires .
that every new federal building be life-cycle cost-effective. Many
states also enacted legislation making life-eycle cost analysis
mandatoryin the planning, design. andconstructionofstate buildings.

Applicatioru for life-eycle c06nng
Typicallife-eycle cost analysis applications include:

• Aircraft
• Computers
• Military systems
• Heavy industrial equipment, tractors
• Automobiles and tires
• Ships
• Appliances (e.g., lighting, cooling, heating)
• Hospital facilities and medical equipment
• Buildings
• Office equipment
• Energy systems

All of these items are well suited to life-eycle cost analysis.
Notably, for each, the government or corporate purchaser can define
well-specified performance characteristics-Bpeed, acceleration,
capacity, accuracy, efficiency, and so on. Competing products and
systems that satisfy the required performance criteria can then be
evaluated and compared in terms oflife-qcle costs. Low-tech, small-
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Life-cycle cost analysts
requires thtnktng through
and. identifying all the
cost-bearing activ1t1es
associated. With the item
or system throughout its
lifetime. from acquisition
through disposal

Life-Cycle Cost.tng and. Pollution Preventt.on

scale items such as bags, diapers, and packing material have not
traditionally been the subject of life-<:ycle cost analysis.

Incomparingcompetingtrucks,£orexample, that have equivalent
carrying capacity in volume and tonnage, a life-cycle cost analysis
would consider:

• Expected lifetime of use carrying equivalent loads; the longer
lasting vehicle would have an edge

• Fuel efficiency over the life ofthe truck; the vehicle getting more
miles per gallon would look attractive

• Maintenance costs over the life ofthe truck; the vehicle designed
for ease of maintenance (e.g., hours of mechanic time plus
materials) would appear superior

• Reliability and repair costs over the life of the truck; both
expected frequency and nature of breakdoWIUl and costs of
repairs would be important

By reducing these elements to comparable dollar terms. the buyer
can assess potential tradeoffs: the lighterweightvehicle may get more
miles per gallon but have a shorter expected lifetime; a vehicle may
have lower maintenance costs but be less·reliable. Life-<:ycle costing
permits easy analysis of such variables by translating them into the
common units of today's dollars.

Key facton and limitatioru .
Life-cycle cost analysis requires fbi n king through and identifying

all the cost-bearing activities associated with the item or system
throughout its lifetime, from acquisition through disposal Each
activity must then be "costed" in the nominal dollars ofthe year(s) the
costs are expected to arise. Existing cost data must be collected or
created and, for some activities, projected into the future. Once the
costs are developed, the analyst can "discount" them to presentday
dollars to facilitate comparisons with competing goods and systems.
There is likely to be a significant element of uncertainty in the cost
estimates for many applications of life-cycle costing; the analyst
must accept this as unavoidable. while striving to do the best possible
job.

This paper will not go into the many mathematical formulas that
can be used in life-<:ycle costing. But it is important to note the key
variables:

• Procurement cost
• Delivery and installation costs
• Annual operating costs including the costs of energy, supplies,

labor. materials, and insurance
• Annual maintenance cost
• Taxes
• Salvage value or disposal cost
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costing ts to measure or
describe costs, not to
mtntmtze them. However,
to mtnimize costs, one has
to know what. the costs
are-which life cycle
costing can provfde.
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• Life cycle in years
• Discount and escalation (anticipated inflation) rates

Anyone familiar with capital investment evaluation methodology
will recognize all these factors 88 the costs businesspeople consider in
light ofprojected returns on a potential investment. (One difference
between private and public sectors lies in the discount rate that ought
to be used, a subtlety we need not address here.) Capital investment
decisions resemble procurement decisions in many respects,
particularly when there are several projects competing for capital
funds. However, capital investment methodology also applies ta an
individual projectusingobjective criteriasuch as returnon investment,
payback period, and costofcapital as evaluative benchmarks, whereas
life-cycle costing is usually thought of in the context of competing
expenditures, given a need or desire to buy.

Life-eycle costing should also be distinguished from "value
engineering; although there are some overlaps. Life-eycle costing
can set the stage for value engineering, which aims to identify
potential cost-sharing efficiencies from changes in the design,
manufacture, or use of goods or systems. The purpose of life-qcle
costing is to measure or describe costs, not to minimize them.
However, to minimize costs, one has to know what the costs are-
which life-eycle costing can provide.

Inherent in life-cycle costing are some subtle limitingassumptions.
Key is the ability to identify all the potential costs and monetize them;
costs that are omitted willsuw the analysis. Also, life-cycle costing
cannot be used to compare apples and oranges; that is, it is a tool for
distinguisb.in.g amongcomparable UeTn3 that meet basic performance
requirements. Life-cycle costingis notappropriate for choosingamong
productsorsystems with different goals, say tanks versus helicopters,
or paper bags versus diapers. And, whereas governments and
businesses in their buying decisions may not care much about
aesthetics or other subjective aspects of comparable goods, retail
consumersmayfind suchf.actorscompellingregardless ofcomparative
cost (for example, natural versus synthetic fibers), The applicability
of life-cycle costing to consumer behavior at the retail level needs
more thought. In fact, when product -quality" is involved, purely
economic criteria may not becontrolling. In addi tion, life-eycle costing
focuses on the procurement and ownership costs expected to be
incurred by the purchaser;~edsocial costs or externalized costs
are not covered. This is a very serious limitation that will be further
discussed below.

Pollution Prevention and Life-Cycle Costing
The hope for life-cycle costing is that it can enable us to make the

difficult choices to acbi2ve pollution prevention. Pollution prevention
is the reduction in toxicity and/or volume ofpollutants released to the
environment and includes:

PoUuti>n Preventt.on Revtew / Winter 1990-91

- 111' 11. 18

I

I



Ufe-cycle costtng can help
tTl pollution preventton
d.ectsions relating to
products by ensurtng that
any O&M and disposal
costs rela.ttng to poll.uti.on
are consi.dered. tTl the
ana.hjsts.

Life-Cycle Costing and PollutiDn Preventton

• Waste reduction at the point of generation
• Recycling and reclamation of waste materials
• Materials substitution or process changes

In the realm of pollution prevention, less is usually and clearly
more; that is, less waste means more pollution prevention. And
recycling and reclamation seem clearly better than disposal of
pollutants in the environment. But substitutions are much more
difficult to evaluate. PCBs were originally hailedfor use in transformers
as substitutes formateriala ofless stability. Asbestos likewise appeared
to be a fiber ofmiraculous properties. Advances in medical science for
a variety ofconditions brought some new forms ofradiation treatment
that are now recognized as worse than the disease itself. Currently,
advocates ofpollution prevention encourage the substitutionofwater
based cleaners (orpigments) forsolvent.based ones; but manyaqueous
cleaners can have adverse impacts on wastewater treatment plants
and water bodies due to high BOD (biological oxygen demand) and
metals. Can life-cycle costing help in fostering pollution prevention
and avoiding perverse outcomes?

Life-cycle costingcan help in pollution prevention decisions relating
to products by ensuring that any O&M and disposal costs relating to
pollution are considered in the analysis.

In the paper versus plastic bag question, many of the classic life
cycle costing elements such as maintenance and repairs are not
applicable due to the short shelf-life and technical simplicity of the
articles. Here, assuming equivalent performance (e.g., carrying
capacity)oftbebags,asupermarketchainorgovernmentprocurement
officer might consider the cost differential resulting from the greater
bulkinessofpaperbags-more storage space neededor more frequent
refilling of storage bins. And, if paper bag storage areas attract
insects, costs of pesticide application or monitoring of infestation
would arise; and so on.

In deciding between stocking disposable or washable diapers (for
example, in military hospitals or child care centers), a procuring
agency such as the Department of Defense (DOD) would need to
consider the costs of collecting and cleaning washable diapers,
wastewater treatment and/or disposal, and the diapers' useful lifetime
(and ultimate disposal) versus the costs of using and disposing of
nonreusable diapers for an equivalent population of children.

By adding in the appropriate missing costs to the life-eycle costing
approach described earlier, we can achieve the "full-cost accounting'"
that is likely to be necessary for evaluating pollution prevention
projects. Such an expanded accounting forms the core of the
Environmental Protection Agency's (EPA) PoUution Prevention
BenejiU Manual· The Manual helps the user identify the costs
involved in h.azardous materials and hazardous waste management
and describes how to estimate the net present value, internal rate of
return, and annu:ilized cost savings ofpollution prevention projects.
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The Manual disti::l.guishes among four levels of costs:

• Usual Costs (Tier O}-Equipment, materials, labor, etc.
• Hidden Costs (Tier l}-Monitoring, paperwork. permit require

ments, etc.
• Liability Costs (Tier 2}-Future liabilities, penalties, fines
• Less Tangible Costs (Tier 3}-Corporate image, community

relations, consumer response, etc.

The Manual includes worksheets and data to assist in cost
estimation. The Manual. also presents an illustration applying the
methodology to a hypothetical firm that is an electroplater of gold
jewelry. Currently, the firm uses l,l,l-trichloroethane (TCA) in a
precleaning step that generates spent solvents; the firm could avoid
generating such hazardous waste by replacing the TeA precleaner
with a mechanized aqueous cleaner. Unless liability costs and less
tangible benefits are considered. the economic justification for the
change is not strong enough.

.Exis ting references on life-<:ycle costing and related research des~

cribed in this article have yet to factor in these important consider
ations. Notably, some major corporations, including General Electric,
Dow, and General Motors, take liability exposures so seriously that
many now forbid off-site disposal except at approved facilities. GE has
even developed its own costing model includi..ng liability exposure.

In general, waste management costs for materials would be
subsumed under annual operating and maintenance costs and final
disposal costs, so long as there are costs involved. Solid waste and
much liquid waste generate waste management costs depending on
how they are handled. but disposal ofsome liquid waste and certain
types of air emissions may be relatively cosUess to industry. For
example, waste oil from truck maintenance may carry some
managementcost (so long as itis not dumped down the drain), but the
emissions from exhaust trigger no costs to the truck owner. Bags
impose no waste management costs on supermarket owners because
their customers cart the bags away, but preventingor treating insect
infestation ofbagstorage areas will impose costs. The DOD will likely
incur solid waste management and wastewater treatment costs due
to diaper use at their bases, although on-site disposal of diapers, for
example, may be considerably cheaper than off-site disposal where
the DOD has had the use ofland for free. This raises a related point.
The costs to the user of the good or system of its solid waste and air
and water emissions may not fully reflect their cost to society.
Economists have invented a term for such real costs to society that do
not belong to anyone-they are "externalized" or "external costs. If

External cost.
So long as the prices of goods and services do not reflect their full

costs to society (e.g., costs of pollution, environmental degradation),
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the free market will operate to encourage relatively greater use of
these goods and services and more resulting pollution. Due to
externalities, "classic" life-eycle costing will not capture the full costs
of pollution in its calculations. For organizations acting to minimize
the costs of doing business, externalities are not their concern; but
public agencies acting to improve public health and welfare and
environmental quality need to incorporate the externalities into their
decision making.

What are these externalities and can life-eycle costing be adapted
to incorporate them? Cost externalities can include:

1. Potential legal liabilities; for example, for cleanup, damage to
natural resources, damage to persons or property, and

2. Other costs incurred by society; for example, the costs of
managing solid waste incurred by public agencies and
other social costs not covered in mabove because the legal
system- cannot or does not render them recoverable
liabilities.

The state ofthe art is young, but the incorporation ofexternalities
into life-eycle costing is feasible by building on past and ongoing work
to monetize these externalities.

LiahiliJy costs. Development ofmethodologies for monetizing the
potential liabilities associated with waste disposal was spurred by the
enactment of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA or Superfund) of 1980,
which created the Post·Closure Liability Trust Fund (PCLTF) and
requiredEPAto assess the adequacyofthe Congressionallyestablished
waste end tax to finance expected demands on the PCLTF. EPA
contracted with ICF Incorporated to develop a sophisticated "Monte
Carlo model" to estimate in dollar terms the liabilities that would be
channeled to the PCLTF,I The results ofthis pioneering analysis were
used by EPAinits Report to Congress on the PCLTF. The PCLTF was
later abolished by Congress due to policy and political reasons as well
as financial concerns raised by the analysis.

Although the PCLTF died, the liability monetization algorithms
were further refined in subsequent ICF studies. For the DOD, the
monetization methodology was used to illustrate the "true costs" of
waste disposal directly in land.fills compared tootheralternatives.'By
makingexplicit a more complete range ofcosts, the report for the DOD
spotlighted least-eost waste management strategies for fifteen DOD
waste categories.' The report found that liability costs can and do
influence the least-costmanagement options for five waste categories,
including concentrated solvents and toxies. Liability costs tend to
favor treatment and volume reduction over options with greater
reliance onland disposal. Volume reduction is always part ofthe least
cost strategy.
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In recent years. the monetization methodology has been expanded
to include a more complete range oflegalliabilities and better data on
cleanup and compensation costs. Using its Bodily Injury and Property
Damage Assessment Model (BIPDAM) to link the cost algorithms to
radiation dose-response data, for example, IeF prepared risk/cost
curves for the state3 ofWashington and New York that described the
probability that certain dollar amounts of damages will be exceeded
for activities involving low-level nuclear materials and wastes. This
allowed evaluation of alternative levels for financial assurance
requirements.

Other social costs. In addition to legal liabilities, pollution may
impose other costs on society that are not well internalized by the
manufacturers, sellers, and/or purchasers of the goods. These can
include, for example: the difficult-to-measu.re costs ofenvironmental
degradation and dimioishedqualityoflife due to air pollution; clean
up or compensation costs not adequately covered by liability laws;
other easier-to-measu.re losses, such as productivity losses, that may
not be recoverable at law for many reasons; and coots incurred by
taxpayers to support the administration ofpollution control activities,
including the inspectors, the permit writers, the bureaucracy, and its
equipment. The last category of costs is relatively easy to measure,
but not so easy to allocate. Unlike liability costs, not much work has
been completed in this area, although some studies are underway to
measure and assign public waste management costs to materials that
end up as solid wastes, as described later in this article.

Risk Assessment and Life-Cycle Studies
Many analysts have performed studies comparing the relative

risks ofdifferent types ofenergy sourteS, such as coal versus nuclear,
attempting in some cases to assess the risks from -cradle to grave," a I"
life-qcle concept applied to risk. In addition to assessing air emissions .
and wastes, such studies look at the mining, materials handling, and
transportation risks associated with each energy source. In this way,

a more complete "risk assessment" is produced, with the intention of '" ::
informing policy makers to encourage substitutions.

Risk assessnunt is a tool frequently used in developing
environmentalprotection standards thataccomplish risk substitutions
through legal (as opposed to economic) incentives. The key is to
identify all risk-posing aspects of chemicals or processes through
their relevant life cycle. First, "baseline risks" are assessed for
current practices of production, chemical handling, or waste
management; subsequently. the risks of alternative practices are
assessed. Usually, the latter risks are lower than the former-that is,
the point of establishing or tightening environmental standards. In
some cases, however, risks subsequent to a potential regulation may
perversely be enhanced. For example, in establishing regulations for
the land disposal restrictions under the Hazardous and Solid Waste
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Amendments (HSWA) of 1984, the EPA evaluated whether the
alternatives (e.g., incineration) to land disposal ofbazardous wastes
posed greater risks for certain hazardous wastes. The EPA has
conducted and commissioned scores ofrisk studies that vary in goal.
focus, and comprehensiveness.

Under such environmental laws as the Toxic Substances Control
Act, Clean Air Act, and Clean Water Act, EPA has applied risk
assessment to chemical production and handling operations to
characterize worker exposure, emissions, effiuent and solid waste,
and by-products. Marine and highway transportation risk assessment
bas been used to evaluate routing decisions by assessing exposed
populations and accident probabilities; such studies use probabilistic
risk assessment techniques to account for uncertainty. Likewise, to
implement the Resource Conservation and Recovery Act (RCRA) and
CERCLA. EPA developed and applied risk assessment tec.b.niques to
alternative waste management practices, waste mixtures, and
environmental settings, both generic and site-specific. RCRA is a
"cradle-to-grave- law, addressing the full life cycle from waste
generation to ultimate disposal.

Despite the development of guidelines for performing risk
assessments over the past ten to fifteen years, linking these various
existing elements together to develop a life-<:ycle risk profile for
chemicals or products is problematic due to inconsistent and
incompatible assumptions and approaches. Particularly with respect
to the products or systems that are the focus of life-eycle costing
approaches, much work remains to be done to develop an approach
that produces useful risk estimates.

Recent Applications of Life-Cycle Analysis to
Environmental Issues

A variety of research has been conducted using life-eycle studies
as a method to compare the environmental impacts of competing
products. A 1989 "resource and environmental profile analysis"
attempted to account for the total energy and environmental impacts
associated with soft drink packaging systems for the National
Association for Plastic Container Recovery.·The studycovered plastic
bottles, aluminum cans, and plastic containers. Energy consumption
and pollution were measured at many stages of each product's "life
cycle,-beginningat the pointofraw materialsextraction andcontinuing
through processing, manufacturing, use, and final disposal, recycling,
or reuse. Environmental impacts were expressed as air emissions,
solid waste, and waterborne waste. The study concluded that
polyethylene terephtbalate (PET) containers are the most energy
efficient compared to aluminum or glass and that the PET containers
contribute the smallest amount ofsolid waste by weight. Like all such
studies, the assumptions, data. and analytic methodologies used
must be carefully evaluated to have confidence in the results and their
scope of applicability.
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Anotherstudy, completed for the Council for Solid Waste Solutions,
a plastics industry trade group, compared the energy and
environmental impact of plastic bags with paper bags.' The study
concluded that plastic bags were environmentally superior to paper
beeause they produce 74 percent to 80 percent less solid waste, 63
percent to 73 percent less atmospheric emissions, and more than 90
percent less waterborne wastes. This study, unfortunately, only
considered the quantity of pollutants released, which is a major
limitation. Other factors that can contribute to a product being
considered environmentally superior were not taken into account,
such as the degradation rates of paper versus plastic, population
exposure, and health/environmental effects. The analysis does not
claim to be a risk assessment; no attempt is made to quantify risk.. A
similar problem limits the usefulness of a study comparing foam
polystyrene (PS) and bleached paperboard cups, plates, and hinged
containers.'

Also conductingextensive life-qcle analyses is the Tellus Institute,
a nonprofit research group in Boston. The Tellus Institute, under
contract to the New Jersey Department ofEnvironmental Protection
(NJDEP) and other agencies, is conducting a major life-qcle
assessment of the environmental impacts ofproducing and disposing
of packaging materials. Although the Tellus Institute is unable to
draw conclusions regarding packaging materials. at this point. they
are looking ahead to the next step in their analysis, which will be to
analyze the specific pollutants released from these products. NJDEP
hopes that the study, which is expected to be completed nextyear, will
provide the necessary data to prioritize products and packages in
regard to their environmental impacts. In addition, the Tellus study
will attempt to analyze the impacts of pollutants on human health.
The issue ofhuman health impacts is particularlyimportantbecause,
although one packaging material may produce less weight than
another material, the pollutants released may be far more toxic (for
example, the foam. "'peanuts" that off-gas ozone-depleting blowing
agents).

A task force set up in New Jersey in response to growing concern
over solid waste issues recommended establishing a 6O-percent
recycling goal for products and recommended establishing criteria to
phase out products not meeting that goal. In response to these
recommendations, the NJDEP began using life-<:ycle studies to
determine which products are environmentally superior and which
should be phased out. One such project CtlITently being conducted
involves consideration of predisposal fees for packages and, in the
future, for products. In theory, because the costs of environmental
degradation ofpackages and products are not reflected in their prices,
predisposal fees would remove disincentives for people to purchase
products that will generate less waste, can be recycled or reused, or
do not pose a threat of environmental degradation. Such fees will
"level the playing field" so that environmentally "good" products can
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compete with "inferior" products. Market forces, of course, do not
guarantee that environmentally inferior products will eventually be
phased out.

In addition, the NJDEP is also investigating the environmental
and economic impacts of reusable systems compared to single-use
packages. Although the NJDEP is doing some work focusing on waste
end fees, such as requiring tipping fees at certain landfills, this
particular project and the ~ority of its work focuses on front-end
fees. Although waste-end fees may sound good in theory, in practice
waste-end fees may provide a disincentive for proper dumping at
landfills and waste may end up being dumped improperly or in
environmentally sensitive areas.

Similarly, the State of California is in the process of developing
recommendations (or legislation) for a disposal cost fee system to
ensure that the individuals and organizations responsible for
generating solid waste directly pay the full cost of solid waste
management, including the costs of environmental degradation and
state and local waste management programs. The California Waste
Management Board has Commissioned astudy examining all types of
goods and materials that are normally disposed in the state. GoodS
and materials with the greatest potential for environmental
degradation will be determined using life-eycle approaches. These
materials will then be charged an appropriate fee related to the mate
rial's solid waste management rosts and costs of environmental de
gradation, as well as the CUITent level afsource reduction and recycling.

Insummary, applications ofthe life-eycle concept to environmental
issues have emphasized:

• Pollutant releases, rather than risks. Although risk assessment
is more controversial due to its many necessary assumptions, it
is the only analytic tool that can tell us whether less of one
pollutant (i.e., fewer tons released) is preferable as a substitute
for less of another.

• Alternative packaging systems rather than end-use products
with substantial lives and significant ownership costs. How
ever,because alternative packagingsystems have little intrinsic
value (we expect them to be rapidly disposed of once their
function is complete), environmental impacts are a reasonable
basis to establish preferences.

• Assessing and allocating externalized disposal costs to items
comprising the solid waste stream, rather than the full spedrum
ofexternalized pollution costs prior to disposal. However, it may
be thatmuch ofthe solid waste stream poses relatively minoren
vironmental impacts prior to disposal. This needs more research.

._)

Summarizing the Issues
Life-cycle studies are becoming increasingly popular methods for

conductingcradle-to-grave analyses for particularproducts. HO\jever~,
l:J ('. Ii
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it is premature to consider life<ycle studies to be scientifically
rigorous or comprehensive. Although researchers believe that life

'cycle studies are necessary and important, particularly in regard to
'pollution prevention and control activities, and in helping to change
.people's habits, many researchers also believe that life-cycle studies
.can be inadequate and can lead to arbitrary conclusions. Life-cycle
studies often have major methodological and data gaps, may be based
on flawed assumptions, and currently do not fully portray a product's
environmental effects. There is a need for more peer review.

Life-cydecostingis not itselfcostless. The gatheringor estimation
ofcost data can be particularly time-consuming and burdensome. The
~mathematical analyses also must be performed and reviewed by
specialists. Accuracyofresults will often be questionable. Yet, although
not perfect, life-cycle costing can be useful as a tool for comparing
'alternative products or systems, assuming rough equivalence in
.performance.

Many researchers believe that life-cycle studies are often
misunderstood and consequently misused. Even though existing" life
cycle studies do showcertain comparisons between competingproducts,
they are not yet comprehensive. Because the life-cycle approach to
determining environmental impact is still growing and evolving,
these studies cannotbe accurately used to make broad generalizations

:regarding the environmental superiority of competing" products. As
research continues to evaluate the environmental impacts ofvarious
'competing products and packaging systems, the methodologies ofthe
:life-cycle studies used to make these determinations need to be closely
'watched also.

Because pollution prevention should mean reduced risk, risk
'assessment must remain the primary analytic tool for assessing
alternative practices, products, or systems. Thus, to substantiate

'government decisions designed to advance the public health and
"welfare and environmental quality by encouraging use of
.environmentally benign products and processes, a risk-based life
cycle methodology seems necessary to evaluate alternatives. Yet,
absent legal compulsion or ineentives, it is largely economics thatwill
drive the decisions of businesses in purchasing and investment
decisions. In this regard, the further development oflife-cycle analysis
in the direction of full-cost accounting is desirable, even if some
'externalities remain outside the frame of reference ofthe purchasing
or investment decision.•
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Econonrlcs of Pollution Prevention:
Ho~Waste Reduction Pays

Charles Rooney

Although most people
usually thtnk ofwaste as
a problemartc envtronmen·
tal issue. ifviewed. in a
positive light. waste is the
biggest opporrurt1ty
manufacturers have to
In£rease projlts. Eliminat·
ing waste can Improve
product quality and the
environment. but that is
secondary to the money a
company can save. This
article shows how to
measure thejlnanCla1
damage waste causes
and explores methods that
companies can use to jlnd
and eliminate the causes
of manufacturing waste.

EVERYONE THINKS OF waste as an environmental issue. That's natural,
but mistaken. Everyone also thinks it is a problem. That too is a
natural mistake. Waste is a huge economic issue. It is also the biggest
opportunity North American manufacturers have ever had to in·
crease their profits. By eliminating waste, any company will improve
the quality of its products and the environment, but that is secondary
to the enormous amount of money the company will make.

The top industrial managers are beginning to recognize this. On
June 11, 1991, The Wall Street Journal ran a front page article,
"'Chemical Firms Find that it Pays to Reduce Pollution at Source." The
article discusses the savings that Dow, Du Pont, and Monsanto have
made by cutting waste.

The Du Pont case makes the critical points. To quote: '1)u Pont
engineers argued that reducing the pollution would be too expensive.
But when they took a second look last year, they found just the
opposite was true. By acljusting the production process to use less of
one raw material, they were able to slash the plant's waste by two
thirds. Yields went up and costs went down. The savings: $1 million
a year .... Edgar Woolard, Du Pont's chairman and chief executive
officer, says the company now even sees waste reduction as a way to
achieve a competitive advantage."

This article shows how to apply the lesson these managers have
learned: Waste reduction pays. It demonstrates first that waste is a
huge cost in most businesses. Then it presents good evidence that
waste is not an inevitable cost of doing business. Any company can
increase profits quickly and permanently by cutting waste. Third., it
introduces a simple methodology for measuring the economic damage
waste causes. Finally, the article deals with ways to find and elimi
nate the causes of waste in manufacturing processes.

The Cost of Waste
It is simple, in principle, to calculate how much waste costs an

industrial company. All one has to do is add up four elements:

Dr. Charla Rooney is PTT!3ideni of Orr & Boss, a T7WJlU;aeturing con.suiting firm
loceued in Ply1TlJ:)uth, Michigan., that has specialized {or twerUY'/iue yean in helping
rompanies increa,.,e pro{iU by implemeniing effectiue pollution preueT1lion and ron-
tinuou..s improvement programs. I
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Figure 1. The Cost of Waste in Three Businesses

Fiberglass Pipe
Cost of Waste and Plant Labor

Disposal (3.1 %)Labor (10.8%)

Material (86.1 %)

Cost of Waste
$1.443 million a year

Plant Labor
$1.837 million a year

This plant manufactured glass reinforced
epoxy pipe for the oil and gas industry.
The pipe was made by a sophisticated
proprietary continuous process.
Continuous processes are often more
wasteful than management suspects.

Pressed Plastic Parts
Cost of Waste and Plant Labor

Disposal (3.5%)

Automotive trunk liners and similar parts are
made at this plant by bonding carpet to an
extruded plastic sheet The key process was
a combined pressing and die cutting .
operation.

Material (93.8%)

Cost of Waste
$4.296 million a year

Plant Labor
$2.740 miUion a year

Labor (1.1%)

Painting Fascias
Cost of Waste and Plant Labor

Disposal (2.2%)

Spray painting is always wasteful. This
example shows what can happen in a
modem plant with the best electrostatic
equipment and spraying robots.
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Material (96.7%)

Cost of Waste
$23.15 million a year

Plant Labor
$0.65 million a year

'M. 'i. 1M --.-
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EconomLcs oj Pollution PreventiDn: How Waste Reduction Pays

Raw material
First, there is the cost of the raw material in the waste. Manufac

turers buy the raw material in every piece ofscrap or gallon ofeffluent.
They intend to use it to make salable product. When the raw material
becomes waste, the manufacturer loses the material's value.

Labor
Nobody buys materialjust to throw it away. By the time itbecomes

waste, the factory will have worked on it. Thus, all waste contains
labor. The value ofthat labor is also lost, as is the labor used to rework
unsalable product.

Disposal
Disposal charges are clearly an expense that springs from waste.

In most companies they are the only element ofwaste-related expense
that is recognized explicitly. As landfllls close. garbage disposal costs
mount. When the waste is legally hazardous, the disposal charges are
exorbitant.

Waste handling
This figure has two elements. First, the plant will use labor to

collect and store its rubbish. It may also process its garbage, for
example, by compacting solids, or distilling liquids. The expense of
running these operations is a result of making waste. Secondly,
disposal is tightly regulated. It imposes a costly administrative
burden. This is particularly true when hazardous chemicals are
involved.

Figure 1shows the result of combining these four elements into
a cost of waste (analogous to the cost of quality) for three different
businesses. Disposal and internal waste-handling charges are com·
bined in all three cases.

Figure 1 leads inevitably to two conclusions. First, waste is
expensive. It costs more than direct labor in most manufacturing
operations. The excess expense caused by waste is very seldom less
than half the direct labor cost. It is often several times as large. That
means that ifwaste can be reduced (i.e., if it is not an inevitable cost
of doing business), it is the biggest opportunity to increase profits in
most North American plants.

The second conclusion is that waste costs money because the plant
loses raw material. Labor is a small part of the total. Disposal and
waste handling are trivial. This is even true in the chemical industry
where disposal is costly because most of the wastes are hazardous.
(Figure 2, which analyzes waste-related expense at eighteen North
American chemical plants, confirms this point.)

To save money on waste we have to avoid making it. Treating it
afterwards is not the answer. That can only influence disposal, which
is a tiny fragment of the total. Minimizing the cost of waste is a
question of optimizing raw material utilization.
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Figure 2. Analysis o(Waste-Related Expenses
at 18 Chemical Plants

Disposal (13%)

Labor (20%)

Material (67%)
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That lesson is also important for the environment. There are no
good ways ofdisposing of waste, only bad or worse ones. The slogan
"Reduce, Reuse, Recycle" recognizes that environmental truth. To
recognize the economic truth, the slogan should be "Reduce, Reduce,
Reduce."

Competing through Pollution Prevention
In the past, many managers regarded waste as a cost of doing

business. They felt it was inevitable, or uncontrollable. Sometimes,
like the Du Pont engineers, they argued that reducing the pollution
would be too expensive.

The truth is exactly the opposite. The right process changes
reduce material losses quickly and permanently. These changes are
not normally expensive. They do not usually require significant
capital investment. What they require is a change in attitude. That
change is a return to looking at the facts ofthe business on the factory
floor.

The North American automotive OEM coatings industry provides
striking quantitative support for this argument. It is a good example
because the industry is so homogeneous. The main players are three
major chemical companies: Du Pont, PPG, and BASF. Each of the
three has several plants. All the plants use essentially the same
production processes and equipment. They buy from the same suppli
ers and sell to the same customers. Yet Figure 3 shows there is a
startling difference in waste costs among plants. The lowest-waste
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Figure 3. Automotive OEM Coatings-
Cost of Waste in Dollars Per Gallon of Good Production
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plant spends $1.60 less on waste per gallon of product sold than the
worst plant. This difference is within a few cents of the industry
average for labor cost per gallon. That must be considered a signifi
cant competitive cost advantage.

Calculating What Waste Costs
Table lshows the way most accountingsystems divide up the cost

ofwaste: (1) the value of the raw material in the waste, (2) the labor
loss, (3) disposal charges, and (4) internal cost ofwaste handling. Our
aim is to provide a quick way ofcalculating what waste actually costs
a company. The methodology uses figures available from nearly all
standard costing systems to calculate an overall cost of waste. This
cost of waste is analogous to the cost of quality defined by Armand
Feigenbaum, but simpler. It is designed to be a sober, conservative
measure of the hard costs of wasting material. It is possible to
determine the cost of waste in a typical plant in two or three days.

Valuing explicit and implied loaa
The only part of the calculation that poses any difficulty is deriv

ing the value of the part of the raw material losses that is built into
the standard costs of the products. It is critical to get that number
right, because it usually represents the largest component of the
cost of waste. Nearly aU the other figures-the variances, write-offs,
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Table 1. Cost of Waste

Components ofCost of Waste

Material losses

Labor losses

Disposal charges

Waste handling expense

Form in Standard Costing System

Material loss allowances in standards, explicit and implied

Material usage variances

Scrap, obsolescence, rework, and other tlpecialloss accounts in
the central ledger

Labor in scrapped, reworked, or otherwise discarded product

Payments to outside disposal contractors from GL

Normally must be estimated from the number of staff em
ployed in waste handling and reporting, using conservative
wage and salary rates
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labor, and disposal charges-are available directly from the cost
accounting department. Thus, this article deals only with ways of
valuing explicit and implied standard loss factors.

Virtually every costing system builds material loss allowances
into product costs. (During twenty-five years of pollution prevention
practice in eleven countries, we have only encountered one that did
not.) These allowances are designed to reflect the historical level of
material waste generated by manufacturing the company's products.
Budgets and prices should be based on standards that include these
allowances in order to reflect current reality. The fact that the losses
are built into the standard, however, does not mean they are inevi
table. Ifaccounting budgets to use six pounds ofraw material to make
five pounds of product, the plant is budgeting to waste one pound.
That pound is waste whether it is built into the standards or reported
as a variance. Unfortunately, if it is built into the standard, it will
become invisible to management, as though it cost nothing.

Most costing systems use explicit and implied cost allowances.
Explicit loss allowances are stated directly on product cost sheets.
They have names like manufacturing loss allowance, process loss,
shrinkage factor, or scrap factor. For the most part, they are ex
pressed as a percentage ofthe raw material actually used to make the
product. When a product goes through several manufacturing steps
(e.g., molding, trimming, painting, and finishing), the standard cost
will often introduce explicit loss allowances at each step.

By definition, implied standard loss allowances are not stated
openly on the cost sheet. They take the form of a standard cost that
states that the product has more parts in it or weighs more than it
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Table 2. lliustration of Explicit and Implied Standard Losses

Extract from Standard Cost ofXXXXRear Panel
Showing Explicit Lou Factor

Input plastic blank weight
Manufacturing loss allowance (2%)
Total standard plastic usage
Parts per blank
Standard plastic usage per part
Explicit standard loss allowance per part

Comparison with Actual Weight ofPart
at Dimen.sional Standard

Calculation ofImplied Lo88 Allowance

Actual weight of plastic in a part at
standard thickness, width and length
Total difference between standard usage
and actual part weight. total standard loss allowance
Part stated explicitly on cost sheet· the explicit allowance
The remainder - the implied loss allowance
Percentage implied loss for this particular part

4.86 Ibs
0.10 Ib

4.96 Ibs
2

2.48 Ibs
0.05 Ib

1.15Ibs

1.33 Ibs

0.05 Ib

1.28 Ibs
51.6 %

actually does. Implied losses can only be determined by weighing or
measuring the product and comparing reality with the costing.

The differences may be obvious (e.g., costing three bolts into an
assembly that uses two), or they may be more difficult to detect. For
example, in a rotary casting operation, the standard costings allowed
2.1 pounds of material per piece. The fmished castings, after being
ground to standard size, weighed just under one pound. The addi
tional waste built into the standard was sent to a landfill as grinding
dust or reject parts.

Table 2 shows how the costing system at the automotive trunk:
liner plant, mentioned in Figure I, applies explicit and implied loss
allowances. Following this example, it becomes apparent how much
the cost of waste is hidden by current accounting practices.

The top half of Table 2 shows how the accountants arrive at a
standard usage of2.48 pounds per plastic part. They have done so by
weighing the blanks fed into the press and allowinga2 percent, or .05
pound explicit loss allowance per part for defects or damage. As shown
in the bottom half of the table, however, the actual weight of the
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Table 3. Elements of the Cost ofWaste in the Tnmk LinerPlant

Eunumt $OOOfYear $OOOfYear

Material
Losses built into standards 4,026
Material usage variance (gain) (455)
Material content of scrap 198
Inventory loss 261

Total material losses 4,030

W.m:
Labor in scrap 117

Total labor 117

Waste Handlin~and Disposal
Internal waste handling labor 43
Disposal 106

Total waste handling and disposal 149

Total Cost of Waste 4,296

plastic in the part is only 1.15 pounds. The rest of the plastic, 1.28
pounds per part (51.6 percent of the material input) is lost as edge
trim or offal. 'This implied loss is built into the standard cost and wiil
not show up in any financial reports. Thus, in most companies, the
accountants themselves wiil be unaware of these losses.

To calculate the total value of the material losses built into the
standards, it is necessary to multiply the total value of raw material
throughput by the weighted average standard loss allowance percent
ages. In the trunk liner factory, all the parts had a 2 percent explicit
loss allowance. Implied loss varied from part to part: The highest was
63.6 percent and the lowest was 28 percent. On average the standards
contained an implied loss allowance of 43.7 percent. Thus, the total
standard loss allowance for an average part was 45.7 percent of the
material input. Put another way, by performing at that standard, the
plant was wasting 45.7 percent of material input.

Table 3 shows the total cost of waste for the trunk liner plant.
Material losses built into standard costs account for 93.7 percent of
the total cost ofwaste, or $4.026 million out ofa total of$4.296 million
a year. This standard loss does not appear in routine financial reports
on plant performance. Thus, normal accounting reports underesti
mate the opportunity to increase profits through pollution prevention
by a factor of fifteen.
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Figure 4. Physical Material Losses
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This trunk liner plant is an extreme example, but it illustrates a
universal rmding. The cost of waste in most plants is between five to
seven times higher than management or environmental professionals
realize.

Eliminating Waste
Although the cost of waste derived from the accounts will be

correct in aggregate, it has no practical use in directing waste
reduction activity in the plant. Knowing that the accounts deal with
the value of a waste stream through a manufacturing loss allowance
tells nothing about the form or cause ofthat waste. Therefore, the first
step in any waste reduction project is a careful physical measurement
of material losses in the plant. Second, it is important to realize that
all useful measurements involve tracing the waste stream to its
source. The objedofthe measurement is not to characterize the waste
for transport, treatment, or, disposal, but to find what causes it.

It is useful to divide the waste leaving a plant into nine categories
of material loss. These categories define the source of the waste and
indicate broadly the type of action that will be necessary to minimize
it. Figure 4 shows the model. It is suitable for most production
processes. The nine categories of loss can take an amazing number of
forms. Table 4 presents some examples of common forms and ways
they can be measured.

Three of the losses in Figure 4-under delivery, over weight, and
over specification-<io not appear as physical waste streams. They

Pollution Prevention Review/Summer 1993 269



Table 4. Nine Categories of Material Loss

---------------------------------------_._----

l\)...,.
o

~
'tJ
£.
2
§
;3

'tJ..,
t1l

~
~
0'
;3

:;.;,
t1l
C
~
E
.......
CIl
r::
3
3
(1)..,

~ ....
(!)
(!)
w

Category ofLoss

Under Delivery

Handling Loll8ell

ProceSll Losses

Cleaning Losses

Examples ofLoss

Short weight in containerB, tankers,
or rail cara

Higher than Btandard water or IlOlvent
content in IlOlutionll or emulsionB

Burst or cut bags

Malerialleft in bags or drums

Damaged product

Set up pieces

Chips machined off parts

Sanding dust

Off cute, edge trim, offal

Product len in mixing veeeelB,
mille, tankll

Solvent, resin or detergentll
ueed to clean l!quipment aner production

Examples ofMeasurement

Weib-h samplell of high usaga value materialB.

Weigh tank trucks In and out of plant uBing certified lIC8.le, c10ee to the plant, under
plant supervision.

InBpect rall cara to Ilei!I if they are completely empty.

Take aamplea and have aolida content meaBured.

For milk or other food ingredientll meallure fat content all this is onen the expenllive
component of the mixture.

Timed inepection of raw material ~torage to determine rate at which containers are
damaged.

Shake, llCrape, or wll8h out containers emptied in production. Weigh the empty
containers to find the 10M by difference.

Set up temporary quarantine areas and Ilegregate any product damaged badly
enough to require repair or to be llCrapped.

Observe the start ofproduction and collect or mell8ure the atart up lOllS.

Weigh blanke, raw caetin~ or forgin~, then weigh the flllished parts. Find the loaa
by difference.

Weigh the dUBt from a known number of pam or time of production.

Weigh blanks, or sheete or rolls of raw material input. Then weigh the parts, and if
poesible offal a.8 a check.

Serape or wileh out the equipment. Calculate the IDeS from the weight of product
len after each U86, and the number of UaeB a year.

Il iB unusual w find good recorda of proceM IOSIlell. TIley must usually be observed
on the factory floor. Thell<. ohaervationa may IlOmetimes be croas checked in procesa
industries againet yield records, or hazardous wasle reports.

It is unusual to find good records of cleaning laMeS. They muat uaually be observed
on the facwry floor. Thel\<. obecrvationa may llOmetim~1lbe croll~ checked in chemi
cal plants using hszardous wasUot ""porta.
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The aooounting or plant production recorda for the f1f8t five 100000a Ullually give
fairly accurate quantitiea. They will not normally give good information on the
caUlMl of the 101la. That may be available by correlating QGQA recordll with produc
tion recordll for the same period.
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Scrap

Customer returna

Rework

Secondll

ObllOleacence

Samples

Unexplained 1lOlvent 101111

DUllt in bag houllea

Excet18 weight in packeta

Excet18 volume in containers

Individual pieces weigh more than standard

E:o:ese of expenaive component in product

Candy bar with higher than Iltandaro
chocolate to center ratio

Paint with higher than formula pigment
conlAmt

EXC6ll11 vinyl thicknellll on wallcovering
lltock

Sampling 1044 can be elltimated from the lIiu and frequency of QC/QA lIampling.
Often there ill only verbal evidence of this.

Evaporation ill hard to mellllure and much amaller than usually thought. The great
majority of unexplained 1lOIvent lOllS Ie unauthorized UlMl for cleaning. True evapora
tion can be found by maM balance or by vapor content and air velocity melUlure
menta. The mllllll balance Ie more reliable.

Weigh the dUllt collected over a sufficiently long period ( &eVeral weelul l, exprellll lUI

II percentage of production pauing through the e.ffected piecell of equipment.

Weigh containens, packeta, parta, candy bars, or other product in the flnillhed, goodll
wllrehoulMl. Weighing in the packing or filling area will change the operatons'
behavior and invalidate the reeulta.

Analyu SPC charta or other product weight records.

Thill III II difficult 10M to meallUm. It Ie IIlwIIYll product apecific. It can only be
elltimated by phYllical or chemical analYllia of eclual production.

Weigh centens entering enrober and weigh completed bare. Calculate ratio and ~t
difference from Iltandard center nnd chocolate COIlt.

CAmpnre Iltnntlurd nntl uctllnllKlliclll content or npccific gravity.

Weigh reelll before and afler coating.
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waste stream must be
~How can this sOUTce oj
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are, however, included in the defi~ition of waste for two reasons.
First, they are losses of material value from the process. They cost
money, even if they do not end up in a landfill. In addition, because
they are losses of value, they are automatically included in any
calculation of the cost of waste. It is useful to be able to reconcile the
waste measurements from the plant with the accounting figures.
That reconciliation provides a check on the accuracy of both figures.

Once the causes of a waste steam are known, the next stage is to
ask five questioIUl about it:

1. How can the production process be changed to reduce the
amount of the waste that it generates?

2. How can the waste be reused in the same product without loss
of value?

3. How can this waste stream be reprocessed internally into
another product?

4. Can another company use or recycle the waste?
5. How will the plant control the generation of this waste in

future?

The paragraphs below illustrate each of the questions with actual
examples.

Reduce
The first question for every waste stream must be "How can this

source ofwaste be reduced or eliminated?" Reducing waste saves the
most money because the company never loses the material value of
the waste stream; it remains in the product. The plant never has to
expend labor to handle the waste. Finally. reducing waste increases
capacity.

For example, in the fiberglass pipe plant (see Figure 1), machine
start-up caused halfof the scrap. To address this problem, a series of
process changes were made. They included heating the curing ovens
before start-up; double crewing and starting half the machines at a
time; and following a specific, detailed start-up procedure. These
changes cut start-up scrap from 700 feet per machine to 25 feet. The
time to reach full output dropped from 8 hours to 2 hours.

This exercise in source reduction also reduced labor cost per foot
ofgood product, increased output, and saved $450,000 a year in scrap.
There was no capital investment.

Reuse
Sometimes it is impractical to reduce the volume or value of a

waste stream. Then the question becomes "How can this waste be
reused as raw material in the product that created it?" This is less
desirable than reducing the waste generated, only because reuse will
involve double handling.

A very good illustration of reuse comes from automotive OEM
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Figure 5. lliustration of Pressed Plastic Parts Process Flow
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paint production, specifically, a plant that made a number of high
viscosity mill bases in ball mills. In this plant, as much as 30 percent
of each batch remained in the mill as a cleavage loss.

The plant reduced the loss somewhat by running several batches of
the same product in a series before cleaning the mill. This technique cut
the loss as a percentage of production volume, but it was not entirely
satisfactory. The material carried over from batch to batch deteriorated
due to excessive residence time in the mill In addition, the production
campaigns reduced flexibility and increased inventory.

The solution was to wash the cleavage out of the ball mill using a
resin and solvent mix. (Using a mix prevented quality problems when
the waste was reused.) The plant stored the wash in portable tanks.
It was then used as ail ingredient the next time the plant made the
same mill base. This saved material worth $220,000 a year. The
savings was only possible, however, at the expense of handling and
storing the waste.

Internal reprocess
If reuse fails, then the question should be "How can the plant

reprocess the waste, or recycle it internally, into another product?"
Reprocessing does not normally save as much as reuse, because part
of the value of the waste as raw material is lost.

The production of plastic and carpeted trunk liners provides an
elegant example of the advantages and disadvantages of reprocess
ing. Figure 5 shows the production process. OfTal, trimmed ofTcarpet
and plastic, was the main waste stream in that plant. The die and
press designs flXed the width of the carpet and the size of the plastic
blanks. Reducing waste from current products would have required
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prohibitive capital investment. Similarly, there was no way to reuse
odd-sized off cuts.

The solution was to regrind the offal. This produced raw material
for new plastic blanks. This recovered the value of the plastic, but the
carpet was lost. It also required investment in grinders and a regrind
handling system. The net saving was approximately $1.1 million a
year out of a waste stream valued at $3.85 million a year. Clearly,
reprocessing was better than throwing the offal away, but fell far
short of the savings available from avoiding the waste.

Many industries reprocess their waste. The classic examples come
from candy and paint. Coffee Crisp and Mars Chocolate bars both
incorporate reworked product in their centers. Paint makers produce
primers that contain scrap topcoat, still bottom sludge, or dirty wash
water. In every case, the reprocessed material goes into a cheaper
product or component of a product.

External recycle
When the waste cannot be reprocessed in the piant, selling or true

recycling are the only options. This may involve paying another firm
to convert the waste to a form that your plant can use. It may mean
selling or even giving the waste to another company that can use it.
Typically, recycling recovers only a small fraction of the value of the
raw material in the waste.

Redi.stillingwaste cleaning solvent is a good example of recycling.
Chemical and coating companies generate dirty solvent when clean
ing production equipment. In an industrial coatings company, this
mix of solvent and paint will have a material value close to $2.20 a
gallon. Typically, solvent redamation will recover mixed solvent with
a yield of 70 percent. The recovered solvent can be used for cleaning
and will replace solvent costing $1.25 a gallon. Thus, each gallon of
waste will generate solvent worth $0.88. Distillation charges, freight,
and disposal of the still bottoms will cost between $0.80 and $1.03 a
gallon of waste processed. Thus, the value of the recovered solvent
comes close to netting out with the cost of recycling. That is better
than paying to have the solvent burnt in a cement kiln, which
typically costs between $0.28 and $0.57 a gallon. It falls far short,
however, of the possible savings from reduction or reuse.

Control
The last step of the waste reduction process is to introduce

controls. Without simple, timely control reports, waste soon returns
to its original level.

The cost of waste has three defects as a control measure. First, it
is a financial figure. Operators and supervisors find physical figures
relating to the pounds, gallons, or pieces they handle more meaning
ful. Second, it is not timely. It can be estimated each month, but the
figure is only accurate just after physical inventory. Factory floor
waste control needs daily and weekly numbers. Finally, it is not
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Figure 6. Aboslute Material Utilization Percent
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usually possible to calculate the cost of waste for individual depart
ments or areas of the plant.

The weaknesses of the cost of waste can be overcome by using
another measure of waste, the absolute material utilization ratio
(AMU). This is the ratio of the material that is absolutely needed in
the goods' output to the material actually used in production. Figure
S shows the aoSOlute material u~lllzationratlos 01' tne plants usee as
examples in Figure 1. It is immediately apparent that the AMU is a
good proxy for the cost of waste. The higher the cost of waste as a
proportion of total direct cost, the lower the AMU. That is a simple
consequence of material losses being a high proportion of the cost of
waste.

Anybody can understand theAMU. It is an obvious measure ofthe
effectiveness with which a process, plant, or company converts raw
material into finished product. If the AMU is 80 percent, the process
converts 20 percent of its input to waste. It can be calculated for any
process or department as long as the amounts of material input and
physical waste are known. It is easy to calculate for short periods, a
day, or a shift. Thus, it fulfills all the important requirements and is
the best control measure for waste.

Organizational Levels for Reporting Waste
Most organizations need three levels of waste reporting. The first

stage is hourly collection ofmaterial loss data from major operations.
It is cheap and convenient to use hand-held computers to accumulate
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the data and produce the reports. The first line of control is plotting
waste levels or yields on statistical process control charts. The
purpose of the charts is to trigger immediate investigation and
corrective action. They are used primarily by line operators.

The second level is daily yield and quality reporting by depart
ment or production process. These reports will also contain weekly or
monthly figures. They are aimed at departmental management and
supervisors who use them to identify targets for improvement.

The third level ofreporting is a series ofmonthly summaries oCthe
lower-level reports by department, consolidated to a plant-level
report. These should be reconciled quarterly with the actual waste
shipments leaving the plant and the waste levels implied by the
accounts. This level ofreportinghelps manufacturingmanagement to
track progress, and decide on the level of resources to allocate for
pollution prevention.

Followingthesix steps-reduce, reuse, internal recycle and repro
cess, external recycle, control, and reporting-starting with the
largest waste streams, should allow companies to cut the cost ofwaste
by 30 percent within a year. Continuing for another two years will
save another 20 percent of the original figure. With the right controls
and attitudes, waste will continue to decrease in subsequent years.

The Economic Impact of Pollution Prevention
North America leads the world in per capita production of gar

bage. The continental cost of waste has never been measured, but it
is possible to estimate its order ofmagnitude. Waste costs more than
labor in most manufacturing operations. National statistics show
that U.S. manufacturing has 18.2 million hourly paid employees.
Their average hourly wage is over $12. Simple multiplication sug
gests a cost ofwaste in the $400 billion a year range. Active pollution
prevention can halve that, saving every North American $800 a year,
and at the same time, improve the environment.

The first step in cutting North America's continental cost ofwaste
is absorbing three concepts stressed in this article. First, waste
destroys profits. This is true for any manufacturer in any industry.
Second., it can be reduced cheaply, quickly, and permanently. It is not
an inevitable CO&t of doing business. Third, to save money on waste,
we have to avoid makingit. Treatingit is not the answer, economically
or environmentally. Minimizing the cost of waste is a question of
optimizing raw material utilization.

Eliminating industrial pollution will be slow. It will have to be
tackled process by process and plant by plant. One ofthe best ways for
any manufacturer to start is to devote a few days to measuring the
cost of waste in one plant. The result will be a surprisingly large
opportunity to improve profits. The next step is physical waste
measurement. Then the hard work starts. Take each waste stream,
study its source, and "Reduce, Reduce, Reduce.".
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Wastewater Minimisation and Effluent Disposal at a Brewery
By Colin Watson

ABSmACT
The CMl! rtudypl"e'ents experienoe gained wh.llst ecnduttlng a _ter and
wastewmer audit lOr I brewery iD order to Identify short·term option~
fix in-pnlcesI~ reduc:don &lid to t.uess the brewery's Iong.term ef·
fluent tn!atmel:lt &lid disposal options. Sampling and Row monitoring of
~ main eiBuent~m, were curied out to ~~rtain en"","t /I~ ami
pochaUoo x-Js. Ol~:harp {rom IndI'oidu.al pruce:i.~ IIn,ts were s;uupbJ
manaaDy to aid IdentifiClltion n(the m.-VOr ~II"I:'(':( nfhiJ:h rnIlutiOl' 10:,,1..,
'n'Ithln e.en unit operaUulI.....'lAIcr !'C·use.uxJ "",tc t~IIt1CIIVI'L.JUl1iou

altertllltives we~ looked at to help formulate I cost efTcdive "";I'll.' m;ln·
~t rl", Lon;·lt-nn .·m,,,.,,! 1"'11111""11 11III1,1i,l'p....'I ..I'IKlll. , ..."n'
then~ (or the whole hl't'W(~ry sltl.'. B)' C'1i1nllting til<- l'X'pI'I:h~J
redu~ in emllent BO\It' &lid pollution IOQds. OOlltIlow.re c:\iclll"lcd to
show the benefits tJw ~ukl be ~;\incd 11)' instig:alin& WUll'1' rC·ll<C .Ifld
wute red1.Ic:tSon measun:s.

SINTUIS

Este e:tudio present. Ia experienei. ganeda mlentrll • coridujo '\mil

audJtorU de agua y agu.u serYldas de UMc;e~paraldcnti5cu op
oones I COl'tO pW:o para reducdon de ~rdldor de pc'OCesO 'Y para
eval\W' las opcionn alazio p1azo de la~para d trIWlI\cDto de
l.'/I\ICnt~ y mAnC'jn « ~1eioIl. ~ ~ • Cabo mUe$l~ y enntrol
de Ilujas til; las "'u.s prlnet~e.I de vllucnte p:w dctennlll.lr nM:ln ~
hl:llc~ <.It: Alljn r f>Ofucion. Soc utili,,, mue~mo man~ de de.~fItIt.' '!
proce<OS illUividulllCJ para ayudar. kJcntlficnr w fuente.s prindpalc.'S de
ca~' .ut:u de po/lldOl1.

1kiltI'll ,h, l'lM~' unidnd de U1l1.·Nl.iull ....owJIIU .lh:M1AI~ck· n.••,~
de ~'Ua~' tnlli'llli<;nltlfl-d\l(,~Ol1 <.Ie tle.spcnJi<:illC p.I'I ayu<1llr a (omlUIau
lin plan p;lra el manejo d. estos puntos que J<:Q e5cientc til rcl.con I

'u OO:Sto.
Luego Ie eonDden.n opdonel a l&zio plaz.o para tratr.1nlcnto y db.

posicion 0.. duperdioons para I. ~lYeI:Cria ente1L~ W ,...
duedonc:s de eBuente 'f earp de poJ\Idon ,. calculo los cortee pua.
demonstrar los btMndos que Ie~ aJ illrtigar ,..UJO de qua y
medJd&s~ reduCC'ion de despenildO$,

a study to investigate the possible ways of minimi$t!lg effluent
disposal costs. 11lc audlt team considered that the cost ofeffiuent
disposal at the b~ry could be minimised in M WI)":

• reduction In volume., COO and/or 55 load of the effiuent
produced at source; and

• reduction In the COD and/or S5 load of tM tffiuent dis
ch~ to sewer by pretreatment.

P"!ASSI!SSM~

T'NO ASHAcr sbff were allocated to art)' out the required
Investigations. assisted as necess&ry by one of the brewery's teeh·
nologL'ltJ. With the help of the b~ry's engineering staff, y.
notc!i 'Io'<-il"!l were In~alTed in mllnhnlC' When! mn the ","nom ef.
fluents combined so that the !low could be mOllitored
continuously wing ultnuonic I~Vftow meters and assedatee.l
d:tta ~C13. FloW-proportional daily composite samplcJ were
(.'('Jll~~l uJing Il\ltmnol\ti~ :Io'\mplcra. The brewery" ownL'\bo~
tory was l&blc to carry out the required effiuent analyses.

In order to put the brewery opention. tn pczspecdYe from a
W'.ute management viewpoint. a preliminary cheCk on clBuent
:md pollution loads disdlarged pet cubic metre ofbeer produced
wa.~ carried out ba.~ on pa.~t recoms ofwater uuge .nd fltoduct
data together with some limited information on ~b1ned efflu·
ent strength. 'These are shown in T.ble 1 below. .

It was I:oncluded that. In general. the brewery operated with
a vel)' law degree of water wutage with mOft of the useful by.
products or wastes already being~ or ~red for olf.
site disposal. These aspects had been considered .t an early stage
in the design of the 6Tewery and bad clearly paid dMdends in. .

7.0
U

a.1
T.'

BACKGROUND
!he modern bre'Ncry produoes beer in bottles. kegs and bulk

tankers. Considerable \'Olumes of effiuent containing high chern
kal ozygtm demand (COO) and swpended solids (55) conoen
trations are produced as a result of '!'lashing of vessels llnd a.~~

e:;ated equipment betwoen batches. Emuent fl0'N5 and pollution
loads haVe increased significantly with production incrciSCS. n....
~ oonscnt limits for di~htlrgc to the public $(......(:r bdll~

on I rcgulllr hl1,\l~

The water company had recently indial.tcd t1\:1t the lU't~ry

flows could oontinue to be accepted to sewer and the n<mnal
trade dliuent charging system WOtJ1d be applied whcroby churgcs
YUicd a«ording to \I1lri:mon~ in Row unll pollution kIlKI.~.

lbe CUrTect trade emucnt charges amount to 1eWr:U hundl'l...~u
of thousands of pounds per annum. After c:on.sIdering the likely
i~ons of the Increase in dRuent ehazgcs. the <:omp:my de
cided to appoint ASHACT Ltd. a finn ofoonsultants. to carry out

INTRODUCTION
~ following ease study describes I typical emuent audit/reo

duction ItlJdy carried out at a brewery by ASHACT lAd.
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reducing efBuent volumes and pollution load.~ dJsch~. Ncv
ertheles$. it WlU coru.lclerod ttu.£ there was stJI scope for further
wtSte savin& mea.suru to be Implemented.

Another factor in favour of tha b~ry is that most of the
beer is transported in I'<*i tanlcers rather than bottles or kegs.
both of whkh give rlso to more effiuent being produced.

The study team started off the effiuent au<li~e n:Ouetion
programme by becoming familiar With all the varlOu.l production
stars. This was done by walking around the plant with the brew
ery techno~ and oollecting relevant Information from de
partmental records.

Schematic Bow diapms -were drafted to illustrate the various
unit operations that oontnbuted to effiuent dixharge$. An ex
ample for the~S ball 11 shO'Nll in Figure 1. Onoe all th¢ unit
operations had 6een identified and described. the audit team
proceeded to gather data on water usage, effluent output and
wute recoYil!'%)'.

QUANTlFICAT10N OF WATER USAGE AND
EFFLUENT PRODUCED

1ne principal process outputs of oont"l:m ......ere the efRuent
disdtarges arising from production opcratiolU. It wu also noted,
that minor domestics~ contributions discharged to the same
drainage networlc as the b~1j' process effiuc:nt. The audit team
thenp~ to quantify thew outpuu.

'The total effiuent How recorded dUrini I two-wcdc monitoring
perioda~ed 1,400 m'ld. It was noted. however. from the flow
patterns during each day that discharges were extremely variable

wtth a~ flow rate of up to 80 m·Jb. On tM basis oC tbiI and
a number of other &ssumptions, tM audi1 team~ that
tM maximum !low on anyone day could nw:h 2.100 m'f'd.

An estimate of domestic water~ and hence domestic M'W
age discharges to the tnde effiuent~ I)'Stetn were also
made; this was determined .. only S m¥d (~ employees at 70
litres per head pet day).

Each efRuent source \W.S quantified In terms of volume and
pollution load. This InvolYied sampling an<i Bow measurement of
indMdual discharges around the brewery. 5iIlce the volume aDd
composition ofsome of these discharge.s varied t'Q71Slderably with
the type of boer produced. the~wu undertaken OYer leY
CT31 weeks to allOw a realistic assessment of the sltuatiol1 to be
made.

The material balance with respect to ovenIl e£fI.uent genera
tion compared to the $\1m of tlie point sources .howea I re
marbbly good agmment: the average daily combined pollution
loads amounting to around lO~ above the individualS~ as
sessed.

On studying the volumetric data collated, and eompartog this
to the water usage ~rds it appeared that around~ Of the
wat~r wu un:lccounted for (after making allowances for water in
the product). It \W.S observed that no allowa."lc:e (or evaporatlon
~ been included in the water balanoe and thAt. from
ASHAcrs previOUS experience oC brewery operations. evapo
ration alone could account for up to 5% oftotal water usage. 'nUl
allowance therefore effectively clo5e<i the small~ be
~'1!'en water inptlt aDd output indicated.

HOT LlOUOR----,
CAUSTICOETtRCENT

STE~------------.,

COlD WATER-----r--------,
CAUSilC

~LTtREO BRlG1-4T ew~ P.l.STt'URISER KEG FlL1.ING KECS TO
BEER TANKS WAREHe-.Jst

I

I COlO WA.TER I
I STEAM

CLEAN I
I OETtRCENT KEGS I
I I
I I
t I
1 REruRN(O I
1 KEGS

KEG WASHINC I
1 1
I I
I I
I I-

t I I I I I I
I I I I I I I, .. , , , , ,

c: \,W c: Q;
~

Q; a::
W.I ... W W.I ..... ~... < ... ...

~
...

< \I'l < ~ ~ ~~ %: ~ ~
~

\,W 0\ ~
ij;0 \,;l

« e ;; < ;i
~ u g ~
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EVALUAnoN OF EFFLUENT REOUCnON MEASUR!S
In tbe light ofa oomp~nstw elWntnation of the waste pro

duane areu. it wu pemble to Identity the major sources of ef
fluent It the brewezj. To assist the lnYe.rtigations into reduction
~bl1lties, reference wu made to available inf"rmatiOT'l (in
Clud1n2 dsta.ba.se) !OUrce.s. as ....-en as ASHAcrJ own CXlX"riellce
ofaDd~ similar projects. The various sections of t~c brew
ery "N'ete st1ld1~ in tum ~ follo~.

srewnou..
~ t'M) principal~ in tM brewhouJe~e the drain

from the I..auteztunj and I hot liquor t2.nk(i~ waleI') oYer.
Bow.T~r these contlibuted~l~ of the total e{Huent
Bow from the brewerv.

~
....... '.2 "

¥~that this Jbould be ~ble Wit~~
etriln4mt to brewing .tan<iazds. This would reduce raw water

costs, eliminate effiuent cl1arges previousiv incurred by this dis
~ reduoe energy re<iuirements and eliminate e.'tisting shock
load discharges from this source whJclt should remove lilly need
for BOWIioad Nland.ng of the totsll!U eBluent flow.

Since the hot l1quor tank overfiowWS$ dean acd hot, continual
reuse wuthe obYiow possibility. Unfortunately this pr~ to
be i~bJe owing to the spasmodic production 0( this water.
As the tank was very large ~.eYer, it W8S considered that all its
i.n.berem balancing eapadtycould be utilised if the supply £Or
reuse wu taken from the ba.Je of the tank ~ther than from part
-.y down the tank. .

Reuse of th!s water would bep~Je in • process that con
sumed bot water at ~roxima.teIythe same rate as the hot liquor
produc&n. The otUy proroes1 In the brcwel)' that utili5ed this
quant1tyofhot W8.t'er was the pe.stfJQri.~ng machine. However. aJ1
Of tlUa Row was not bot water r.inoe I temperature gradient h:W
to be mamts:i.ned Within the ptJteuriser to ensure that bottles
wue act wumed up or coolea dC7MI too rapidly.

It 'WaS c:onsSdered that the hot liquor should be injected di
~ into the pastearlser to replace the beating of cold water to
Ph'C. In addition, tbe botwater could be blende<i with the supply
ofcold water that alreadye~ to give the required tempera
~ pr1>flle throulthout the pasteuri.~r. It INaS estimated that
s1JCh a system wou1d enable at Jeut half of the~s hot WlIter
to be maed each day. ., " _

Fermtcwtatlon ArM /.
'The m.a$OritY oi effiuent"produoed in this ateI. of theb~

onp,ate<ffrom the CIP Mtems, the discharp from which oon
t2i1ied • h1gb. COD load duepri~ to the highyeast content.
WIth the elIoepdoo. of the initial rinse frQm pre-fennentatlon
!tIlge gaugiDg~ the initial tiNes from Other tanlcs-fer·
mentatloo tai\ks. storage YeSSeis aM yeast recovery vesscts--ll
exoe«fed 5,000 mgtl COO and together aoeounted for over 90%
of the COO Joad pnxfuoed In the fermentation area. Proposals
for~ tbC:S'e discharges were deYeIoped as rollCTNS.

~'bilities for redUdng the poilution load froin the gaugin~
-..essel C1P e1Ruent were limite<f as DO Y"St 'WU present that
coWd be !Jeered out.R~. reuse of the ~latNelv clean final
nn. as the 1nttia1 rinse for the next elP wash would' reduce the
e£Buent Scow to drain by a total of 20 m'/d &om 6 YeSSels. It was
ilio noted that the caustic wash from th. bn:whouse which 0c

curred usuaDy evuy week was diJdwg«l to drain from these
~~ every \lr"Cekend and that this. together with 100
ickfwish froot Wort Kettle didlatged via II fe:rmentation wk.
had • major effect on the combined wuteYo'1.ter~H giving valu~
fnqucntly out11de the aIlowahle pH ran~ for <lUcha~ to the

~ubllc ~r of &-10. Tests shoWed tnat if the add and caustic
dl.sdwites were run to drain togtther. the l1et.ltnllslng effect 01
th~ add' on the cau.st1c wt.S negligible~i to the different vol
u~. strtn~ and bu£fertng C8pfdties ln~ R.thcr than
install aloeiIaed acid dos:intpH control system to neutnll.se the
predominant caustic load. It was e:nvi'laged that dosing \'l' the
system by providing ~tional holdlng tank capadty wouJd be
suitable. This could~ ach.iC'Yed using I similAr amn~ment to
t~ emting dosed ClP unlts In order to standardise on equif'>"
mellt; it would reduce effluent flows to dNJn. l'lIW~r c:o«ts
and also chemicalrcleaning costs.

The load produoed by the initial ri.rue of the fe1'm!.ntation
tlInla was fo1Jod to be 198 ~ GOOld and l20 ~ SSld which
could be rtcIuced by at le.a.st 15% by pauiDg tile ri~ through a
yeast press. It waJ oonsidered that the firuJ elI' rinse could &Iso
be reuJed as the initial rinse. reducing efRuent Bow by~ m~/d.

.\$ referred to above. acid washes from the bf'8'o\lbOUJe wue being
discharged from the fermentation tanlcs; on oceuions.t~ de
pre$Sed the pH to 3. ConttJnment and recirc:'Ulation. via a new
Cll' unit~ considered to be the most ntitQble &lidp~~le
control mea.~re.

The initial rinse in the storage tanJc Cll' j,e(J.Uence W&S found
to contain eo ~ COD/d and 8 kg SSld. It "''11 estimated that
passing these r1JUeS~ a yurt press would re<iuoe O'o'enll
1O*b (rom this lOurcc to ISlet GOOld and. 2lcg SSld. Also. reuse
of the ttna! rinse as the lnitiaY rinse of the neft sequence....-ould
reduce effiuent Bows by 5 m¥d.

Dbcha.rges from yeast TeC:IO'Ierv plant centrifuge clet.ning were
clifficult to UNnge at the t1.me 0'£ the waste audlt and reduction
irlvertlgatioos. HowcY'V'. from vUual~0Tl5 the initialriruo
dearly contalned a~t qulnt1ty of yeut and so it was rec
ommended that such wutes should aJ,o be passed to ayeast filter
press. Similarly.~ ol the BD1I riNe and I'e'USe U I sub
~nt init:iAI rinse was proposed. It WlU alsosu~that the
lnltial riIues from ~1.1t storagl! vesseh should be 'filtered through
a >US! plUS. The bre'Hery had a1teady purchased • new yeast
p~ to filter yean lil1'W" which at the time were sto~ until
press capacity became ava1l&ble. This proposa! was~ to
Teduoe storage~ aIIov.ing a smiil amount of beer
reoavery (press 61tnte) aDd elimination of the frequent rtorage
tWoYer!ow.

Theref<m:. instead of treating each of the (enn~tation cellAr
dUcbarg~ ~y wb)ch would be uneconomic. the audit
team~ that the 'Pf'01)OSeCi 6ltel'-~ inst1lIation for the
yeast~ area should be arnnpi to 6lttr the initial rinses
from fermentatSon tanks. rtorage Yessels and yeast reccMty
equipment. ThiI would not only Pl'e"oUt the majority of >'elSt
from flowing to drain but would eiiahle Its~ for resale to
a food manufacturer. In addition. any other ll'lUOf oon~
yeut that h.d to be dumped to drain. such as tbe initial drol)
from the stor.ge tanlcs when the -..east stonge YeDds ~re fun.
could be filterCci and the yeast and beer recovered. The expeet~
inerease in Row to thep~ 5lter press was ~matea to be
well within the unit's d=ign cap.aty.

Treetn'*1t cellar
A number ofWaste saving optIOnS were~ for this

area. The priDdpal measuresp~relat~ to thcbottling and
kegging~ The possibilities of ut1l£si.ng the bot liquor tank
overt!ow for the pasteurlser s:uPPlYhavcal~ been highlighted
in the brewhouse JeCtioD abOYe. nc audJt team 6eJt that the
water Rawtng out of the pasteuri..~ could be used as an lnitW
rinse in the Ootde wa.shM.

The eldsting bottle washer system used 1 m'Jh fresn dclonilCd
water. It.......,p~ that the flnal sparge pipes ahould contlnu-e

---""'I!T'""...,..--rn
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T~bl. 2
summ.ry 01 Exlstlnq and Pro9os~ RKlue.d Wasle ContribUtiotl,

Vntt W.... IJdttint Prwc:iIotIodoc-.Uon o.....lOtIoo'l Com«>otltlon lIIeoommendatiOn OomDOlltlon

k9 kg kO q
m'/d COD/d SSJd rn'/d COD/d SSld

LaUWT\ln Anal run to Oral" 40 1000 35 MuM 0 0 0
not Liquor Tar»< ~ ,~ SO~ nKJS.e as IT\8l(..uo tot ro 0 0

~uri:Mr

Qauoing Vessels ClP WUI'I ~ ~r1~ 0 0 0
F~Veaels ClPwastl eo '98 '20 Reu&e and yeast ..~n 4() 50 30

Storage Tanka ClPwut\ '5 60 8 ~oIrt~awwI~ '0 '8 2
of iooial rinse

Yeast S'Iot1Qe and C1P wash 2 '5 Yeast~ 2 2 0
~

~t8u"IMt P!'oee8s wa1er 75 ~ In bottlewastlef 0 0 0
ictal 3:32 1273 1<,;4 1'2 70 3'2

:0 be supplied with dcioniscd water but that the poutcunser watcr
:.c~ to supply the remainder and wo for oontinu.J re-pion
~hment of the water in the final rinse tlInk. Malm W8ter \l.'Uuld
be provid~ u a 5tan~a:Jply ill the event for any~n that
tne pateunser W2ter

In the=aree.. dumping of rctume<i~ to drain ....-a.s
OiXUXti:lg cally giving a very Significant rm in COD lOad
during the dumping periods. It~ indicated to the company
that scpuate dispo$ll. F~bility diroctly to land. ~n01lkJ he :<e
rSous1yco~ed &$ often adopted by other bl"C'WC11es.

Summary

Table 2 sho-.vs the ensting andp'ro~ redueecl efflu~t oon·
:nbutioN for the unLt operations highllgbted.

The predicted M:duct:ioru 011 the total e£Ruent di5ch.arg~ woere
~ro:Qm*o/ 20~ \'Olume. 3O'1Q COD load and 15% 5S load.
nus indicated a~ reduction in tnde efHuent charges reS'\llting
from implementation of the fiowlload reduction proposals. This
~~ to reduced avenge w:ute quantities per cubic me
tre of~r produced of 1.6 ~. 6.0 kg COD and 1.8lcg SS.

The audit team lpp!"eCWed dut in addition to savtl:1~ tn trade
eittuent ciw'ge3, there \1r"Owd be other OOs1. benefits whicll ~I"\,;

c:l.ifficWt to qUantify during the tl.me-&ame of the project but
wbic:h included c:Octs associated with raw ~er, energy and
ptoeiuc:t.

PRETREATMENT PRIOR TO SEWER DISCHARGE
Thes~ of reducing pollution at IOUrce reduced the de
~ fioo,n and loW on whiCh to si7.c and cost the effiuent pre
t1'eatment facilities. La.nd for the pretreatment plant was limited
1nci thereiore only compact prooesses were investigated. The
~ stages con.sidereQ were:.~

·balanc:i~

• pH control.;
•~ment OT i1otatlon w;th and without chemIcal addition:
• m.Ill.I~ pro<.-esn3;
• 3erobic:p~ including IlCtivated sludge. trtck1ing filters
~ submerged biofilters:

• final ~dcment: and
• comi'linations of th.c.sc.
~itaJ cost estima~were drawn up following outiine desi~

of each option. The.e were based. upon budget P~ quotation.~
from~ and e1cctrlCQi equipment manutacturel'5 and

If"'_ ,. --

sup;pccrs. Civil cn~ooring C(»t.s were CJltimated by applying ac
tuat rates for itcnu currently hem; constrocted as part of
ASHACT projects; other items v.'Cre estirna~ by tUin; off
gu.antities for major iteou, lIlclu~ excavation. concrete. rem·
forcing sted and fOJ'1DWOr1l: and applying publi.shed rates.

An economic evaluation of~ capital and ope:r:a~ costs of
e3Ch alternative OOl'Opued to savings iD tnde dRuent charge.s
incJudill~ discounted Cub aow amty,es wu undertaken. The 0p
erating costs Included allOWOlncc:s for chcml~. electrie:ty. wash
""'llter. ste:am. !.&bour and maiDten.anc:e.

The evt.iuatioo identified the ~t option for the b~ry as an
oo·sil'e pretreatment plant based on pH control. lnlaneng and
pure ~enactivated sludge treatment in. order to reOuoe trade
effiuent es payable to the .....ter co~y. 1'hlJ process had
the addition attnebon of reduced risk of developing £!amen.
toUl, peonv settling sludges com~ with oonveotiona.i air Ie

tivatea Jlud.2e systems t::reatiDg bI'e'Wery. or similar~es. haYing
... high soluble Cllrbohydrate content.

CONCLUSfON
The results or the effluent aucl1t and redue:tion studies were

~rmalli' presented to the brewery"s management in the fonn of
a techniCal report. 1be recommendations made were aocepted
.nd plans were then made to implement the reoorrunendatiOM.
It w:u recognised that some ~tal expenditure would be re
quired to implernetlt the propo$ed effiuent reduction prosramtne
and that this aspect was beSt costed by their own engmeering
staff. Hawever. siDee the capital IUms iavolYe<i woulef be rela·
tively small compared to the brew'l:ry's capital eq>enditure
budget for the current year. and related top~ imprQYe
menu in the brewery produetion operations. the brewery Would
be likely to a«ept the effiuent saviDgs proposals on the basis of
the si£nincantlv reduced trade effiuent Charie saving:! alone.

ASfiAcr ~ve Nbsequently carried out the deailed prooe:ss
d~ign for the pretreatment pram. ..

The audit had provided • sound understa.nding of an princ:tDal
Xl11rces of effluent arising within the brewery. FUrthermore. t'h.
brewery technologist assigned to USl.St the w:ute audit teml had
benefited greatly from being iDvolYed in the st~by-step ap
pr'02ch adOpted by ASHAcr. It w:u considered that .the extJe
lienee~Cdby theb~would enRble c:ompltly sttffto tin
the lcao in any futW'l! waste audit programme.~y the
ll.SSe.ument of the actual waste ~uctlon.s acili.~ foUawtng
oom=io~ of the plant rnoci.u1eat:ion.s and ad<:litions pro
po~.

-
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Th. £nvl~o"",ental P~ot.ctlon "g.ncy" Pollution P~.v.ntlon

Policy St.t.~.nt de.c~lbe. a p~.f.~~.d hl.~.~Chy of .nvl~o"",.nt.l

p~otectlon which .ncou~.g.1 u•• ~.ductlon .nd pr.v.ntlng the
gena~.t1on of w••t. by .ou~c. ~.ductlon. If wa.t. \I.ne~.t.lon

llncludlng .11 r.I ••••• to .I~. w.t.~••nd I.ndl c.nnot b.
p~.vent.d••nvlrol\lll.nt.lIy lound r.cycllng .hould b. u••d to ••n.\I.
the w•• t... EP" contlnuel to r.covnlr. tr••t ••nt .nd dl.po.al ••
u.elul and n.c•••• ry .an'\I•••nt •• thod. whan pr.v.ntlon .nd
recyelln\l .r. not 1••• lble.

Th.~. II Inc~e•• lng Int.~.lt on the p.rt of EP", St.te., .nd
Induatry to ....u~. pollutlol\ p~.v.ntlon p~Ov..'" Thl. p.p.~
r.count. ,h••volutlon of f.d.ral pollution pr.v.ntlon r.portln\l
r.qulr•••nt •. Th. p.p.r d••crlb•• probl••••ncount.r.d and ch.n\l.'
th.t h.v. b••n .ad. by EP'" to .tta~pt to lolv. th••• probl ••••
Probl ••• th.t r ••aln to b••olv.d .nd pot.ntl.l .ppro.ch•• th.t EPA
I. consld.rlng .ra .1.0 dl.cu••ad. Thll p.per .1.0 d••c~lb•• the
uperl'.nc•• of at.t•• In I.pl ••antlng th••• requlr••ent••nd of
Indu.try In tryln\l to provlda the Infor~.tlon r.qulr.d. Indu.t~y

• nd .t.t. r.co~.nd.tlona for the app~o.ch to the r.pa~tlng

r.qulr •••nt••ra al.o Includ.d.

B.for. d••crlblng pollution pr.v.ntlon d.t. coll.ctlon
.ffort., It I. n.c•••• ry to cl.rlfy the dlff.r.nc•• b.tw••n .0••
Of the t.~.. th.t will ba u••d In thl. p.p.~1 pollution
pr.v.ntlon. w•• t ••Inl.lr.tlon. lourca ~.ductlon .nd r.cyclln\l.
Th. t.r. w•• t ••Inl.lr.tlon w•• Ilr.t u••d In the cont.xt of
h.r.~dou. w•• t. ~.po~tlng und.r ACR"'. "lthou\lh EPA" 19" R.pa~t

to Cong~••• defined wa.t••lnl.I •• tlon to Includ. ~ny .ourc.
~.ductlon. r.cycllng. o~ t~••t ••nt .ctlvlty that ~••ults In
r.ductlon In quantity o~ toxicity of harardou. wa.t •• har.rdou.
v•• t. ~.po~tlng haG focus.d on .ourc. ~.ductlon .nd ~ecycllng.

Th. te~. pollution prsventlon ha. b••n u.ed to .xt.nd b.yond
h.rardou. w•• t. to Includ. toxic ch••lc.l ~.l.a••• and other w•• t ••a. veIl.

Pollution p~evantlon Includ•• u•••nd ,0U~C. r.ductlon ••nd
I. Int.nded to ••ph•• lr. th.t h.rardou. w•• t. \I.n.~atlon .houid
not b. the only focu. of .n .nvl rOI\lll.nt. I prot.ctlon progrp.
Ch•• lc.la and othe~ .ub.tanc•• that .r. n.v.r cl.ssill.d •• v•• te.
••y b. ~.le••ed to .11 envlro"",.nt.l .adl••nd In ••ny dlflerent
fO~M.. Without Including ~.l.a••• to .11 .adl. It I. pas.lbl. to
cOnfu••••hlft fro. on•••dl. to .nothar through t~ •• t.ent vlth
• ourc. ~eductlon .ctlvlty which r.duc•• total r.I ••••• to .11
••dla.

Sou~c. ~.ductlon and ~.cycllng ~.qul~. dlfler.nt Method. to
••••u~. p~ogr••• b.c.us. th.y ar. dlrf.~.nt In n.tur.. Sourc.
~.ductlon ~.duc•• g.n.~.tlon .nd ~.le••• of v•• t ••nd chr.lc.l.
r~lor to any tre.tln.nt. r.cycllng. or dl.po•• 1. Reeyelln') t.ke.
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v.at. th.t h••• I~a.dy b.an g.n.r.ted lor ch••lc.l. In the v•• t.'
.nd ~.UI.' th•• for the .... o~ .1.ll.~ pu~po,." A dlatlnctlon
ahould .1.0 b•••d. b.tv••n r.cycllng and ben.flcl.l u,. which
r.u•••••t.~I.l. for dlffar.nt pu~po••••uch •••n.~gy racov.~y.

Ban.flcl.l u•• c.n ba .n I.po~tant w.y to protact th••nvlron-.nt,
but I. not Includ.d •• r.cyclln9 .ctlvlty. A••uch It I. b.yond
the .cop. 01 thl. p.pe~.

IUt rtDtBN.. tlI.PtlltNC' IN DEVELOPING POLLUTION PRtVENTION DATA
COIl,teflON BtOUIBr..HtN'U

Th. Harardou. and 50lld W.lt. """anl1M.nts of 1914 I HSWJ\I
contaln.d the lIut fad.r.l pollution prev.ntlon r.portln"
r.qulr •••nt•• H••a~dous wa.t. \I.n.~.to~. w.~. r.qul~.d to c.rtlly
th.t th.y had a prog~.. to r.duc. quant I ty .nd tax Ie I t)' of th.
h.u~dou. wuta. In th.lr ...nlf.n for orr-.lte Ihlpa.nu.
Tr.at••nt ••tor • .,e, .nd dlapoa.l f.cllltl •• w.r. required to ••k.
••1.II.r c.rtlflcatlon for h.r.rdous v•• t. \I.n.r.tlon In p.r.lt
.ppllc.t Ions .

Pursu.nt to HSWJ\. EPA bav.n to ~.qul~. p.~lodlc ~.portlng on
v•• t ••Inl.lr.tlon l.ou~ca r.ductlon .nd recycllngl In tha "n
H.r.rdou. W•• ta Blannl.l B.po~t. with. vrltt.n d.sc~lptlon of the
w•• t ••lnl.I •• tlon affortl. Howev.r,.n ••••••~.nt of the .".ct
Of tha .ctlvltle. on qu.ntlty and tOldclty could not be ••d.
b.c.u•• qu.ntlty Info~.atlon w•• not .pecllied. Glv.n the
cOMpl.xlty of ••••u~lng progr•••• It would probably not hay. be.n
po•• lbl. to .p.clfy the Inlor~.tlon ne.d.d .t th.t tl.e.

I

EPA's fl~.t atte.pt to .sk .p.clflc qu•• tlona to quantify
pollution pr.v.ntlon .nd r.cycllng pr09r ••• va. tha H.r.rdou. w.lt.
een.r.tor Su~v.y Which Includ.d ....t. g.n.ratlon quantity for
c.lend.r y•• r. 19.5 .nd 1"', quantity r.cycl.d In 1"' ••ourc.
r.ductlon .nd r.cycllng .ctlvltla. I~pl•••ntad prlo~ to .nd durlnq
19", .nd p.rcent ch.nga In p~oduct p~oductlon Irom 1"5 to 19•••
Tho .urv.y Includ.d production change Inlor••tlon b.c.us. of the
~.c09nltlon th.t chan9.s In p~oductlon 1.v.l. .fl.ct w••t.
qu.ntlty. Actu.l p~oductlon I.v.l. v.r. not lnclud.d In the .urvey
b.caus. of conlld.ntl.llty conc.~n.. Th. approach of coll.ctln9
p.~c.nt ch.ng. In p~oductlon r.th.~ th.n .ctu.1 production l.v.'.
was .1.I1.r to tha prOduction ~.tlo used by tha CheMlcU
Hanuf.ctu~.r. "'.socl.tlon In • Har.~dou. w••t. su~v.y of th.lr
ma.b.~'hlp•

Becau•• 01 conc.rn th.t tha~. I. conluslon ov.r the actlvltl ••
that .hould be ~.po~ted •••ourc. reductIon .nd r.cyclln9, the
Gen.r.to~ surv.y requlr.d • w~ltten description of tha w.lte
.Inl.lr.tlon activity. Thh MAk.a It po.slbl. to re.ov. ua.tM.nt,
beneflcl.1 u'•••nd other .ctlvltl •• th.t are not sou~c. reduction
.nd r.cycllng b.'ora u.lng quantity InlorM.tlon to a••••• pr 09r •••.
The .urv.y data can th.n b. used to qu.ntlfy proq~••• 01 .onrca
reduction .ctlvltl.s by looklnq .t the aetu.1 dlfl.renc. b.tve.n
1'85 .nd 198' qu.ntlty or by uslnq the production ch.nge
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Th••urv.y did not Inc Iud. ,u'flcl.nt In'or••tlon to ••••ur.
r.cycllng pr09r••• bacau.e only I'" qu.ntlty recycled 'I" Includ.d
and th.r. .... no In'or•• t Ion on pr.vlou. y.ar r.cyc IIn9 or on
qu.ntlty r.cycl.d due to actlvltl.a laple••nt.d In the reporting
y•• r. Th. 19.9 81.nnlal Raport r.pr•••nt. the tlr.t tl ••
aUf'lcl.nt . In'orllltion h•• b••n Includ.d to •••••• r.cycllng
progr ••••

Th. d.U are .ufflcl.nt to Indlc.te which t.cllltl .. and
,.clilty c.t.gorl •• llndu.trl •• 1 .how pr09r.... ~••uch th'y .r•
•• ry u",ul 'or Id.ntl'ylng type. of I.cllltl •• wh.r. progr••• h••
.nd h•• not be.n 11I02••nd d.v'loplng .nd t.rg.tln9 t.chnology
tr.naf.r .nd ot~.r actlvltl... How.v.r. th.y ar. not .u"lel.nt
to .n.w.r qu••tlon••uch •• ·~r. the tacilltl••••lIln9 •••uch
progr••• a. th.y .hould or whIch f.cllltl •• that hav' not .hown
provr••••hould b•••lIlnv progr••• l- With only on. y••r 0' data
It I. I.po•• lbl. to d••crlb. the pot.ntlal for prev.ntlon
.ctlvltl••.

did not Inc Iud. .u'flcl.nt
r.ductlon. ~ co.pr.h.n.lv.

s

Th. Gen.r.tor Surv.y also
Intor•• tlon to •••••• toxicity

Tn••• type. of data .r••o.t u••ful for r.achln9 f.cllltl ••
which have not yet I.pl•••nt.d pr.v.ntlon - Indlcatln9 to th•• that
It I. po•• lbl. to raduc, w•• t •• and co.t. of ••n'9Inv th•• thus
Incr••• lnv pro'it. - and ch.ll.ngln9 '.cllltl•• which have
I.pl•••nt.~ pr.v.ntlon to do b.tt.r. It I. elIl'flcult to u•• th•••
d.t. to co.p.r. f.cllltl •• b.c.u.e of the dlf'.r.nc•• In proc•••••
.nd oper.tlon••t f.cllltl ••• ev.n when tll.V .r. In the ....
In~u.try c.t.gory. lA4voe.t.. 0' throughput d.t. ..y th.t
throughput I. u•• ful lor co.p.rlng dlff.r.nt t'Cllltl •• , how.v.r.
throughput data I. MOr. burd4n.o•• to coll.Ct. It I. not cl•• r th.t
,.clllty co_p.rl.on•••y b•••d. u.lng throughput d.t. b.c.u•• ot
th.lr dlv.nlty. and the w••t. per unit prOduct ••••ur••ay be
a"'cted by '.ctor. oth.r th.n prev.ntlon ju.t a. qu.ntlty chang••
h.1

r.gardl ••• 0' chang•• In product Ion .nd oth.r 'actor.. How.v.r.
It I. not r.all.tlc to .xp.ct .ctu.l r.ductlon. In the .hort t.r•.

Th. cOll\l)ln.d .".ct. 0' thea. f.ctor. I .... t the type. of
eonelu.lon. th.t c.n b. ~d. b•••d on d.t. th.t h•• b••n coll.ct.d.
It I. po•• lbl. to II Id.ntlty '0'" of the IndIvidual tacllitla.
that h.v. ..d. pollution pr.ventlon progr.... 21 g.ln .nd
und.r.t.ndlng of the nUMb.r of f.cllltl •• which I.pl •••nt.d
pollution pr,v'ntlon .ctlvltl••••nd ]1 g.ln .nd und.r.t.ndlng of
the nUMb.r of '.cllltl •• which .how.d qu.ntlfl.bl. progr.s. l.ctu.1
or .djult.d qu.ntlty elI.cr•••• I. It II .110 po•• lbl. to ••11.
n.tlon.1 •• tl •• t •• 01 the tot.1 qu.ntlty d.cr•••• due to .ourc.
r.ductlon .ctlvltl•••• Ithough the r.ll.blilty of th•••••tl •• t ••
I. unc.rt.ln. How.v.r. It I••xtr••• ly difficult to dl.cu•• the
policy I.pllc.tlon. of the d.ta and the ••th,.t•• b•••d on the
d.t ••

U.lng ••Ingl•••••ur. to .UllMarl.. .ourc. r.ductlon
progr••• do•• not •••• po•• lbl.. It I. n.c•••• ry to u••
,.v.r.l ••••ur.. Includln9 .ctu.l dlft.r.nc.. .dju.t.d
dltt.r.nc•••nd oth.r.. In .delIltlon to tot.l elIlf'.r.nce••
••dl.n dl'f.r.nc••nd pere.nt ch.n9' .hould .1.0 b. u••d.

Tn. l.r9•• t t.ellltl •• unduly Influ.ne. '99r'9.t. qu.ntlty
••••ure.. It I••110 I.port.nt to IInow the nWllb.r 0'
f.cllitla. th.t I.pl._nt.d pr.v.ntlon .nd the nullb.r 01
w••t •• or ch••lc.l••II,ct.elI.

Ev.n wh.n the dl ".r.nt ••••ur•••re u••d ••ctu.1 dl ".rene.
In qu.nlty .hould be .v.lu.t.d. In ord.r for pr.v.ntlon to b.
lruly .ucc••• ful. It I. n.c•••• ry to r.duc. total w•• te g.n.r.t.d

E't.ct. ot .ourc. r.ductlon proJ.ct•••y not .how up lor
••v.r.l y••r.. Thu. f.r. qu.ntlt.tlv•••••ur•• ot .ourc.
r.ductlon only con.ld.r ch.n9" In the qu.ntlty ot w•• t.
9.n.r.tlon Which occur durln9 the c.l.nd.r y••r In which.
.ourc. r.ductlon .ctlvlty I. I.pl•••nt.d. Sourc. r.ductlon
.tt.ct• ••y .1.0 r••ult In the .y.t•••tlc r.ductlon In w••t.
9.n.r.tlon ov.r the Ilf. of a production proc.... It .hould
b. po•• lbl. to und.r.t.nd thl. .'f.ct a. w. coll.ct
Intor••tlon ov.r tl ••.
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nlor•• tlon to .dju.t the .ctu.l dltt.r.nc. tor ch.n9" In .cono.lc
nd ••rll.t condl t Ion.. .

~ EP~ .tudyl h•••hown th.t .dju.tlng lor production l.vel
'. • co.pl.x t •• k and that thl. .dJu.t.ent I. not .lway.
pproprl.t•• partIcularly with Multlpl. product .anulacturlng.
,ac.u•• product Ion doe. not .Iw.y. Inlluenc. w••t. qu.nt I ty .nd
,ec.u•• oth.r '.ctor. c.n .110 In'lu.nc. w••t. qu.nt Ity, Th••tudy
:ound oth.r probl ••• th.t ••11. It difficult to u•• O.n.r.tor 8urv.y
.at. to •••••••ourc. r.ductlon .nd recyclln9 pr09r.... 80•• 0'
,h• .ar. I.port.nt 'lndlng. ot th.t .tudy .r••u...rl ••d b.low.

Ott.n ••t.rln9 d.vlc•• w.r. not .v.ll.bl. to ••••ur. the
qu.ntlty 01 w••t. g.n.r.t.d .nd qu.ntltl •• h.d to b•
•• tI••t.d. t.tI••t •• ·.nd ••t.rlng d.vlc••••y not b. v.ry
• ccur.t••nd .lgnl'lc.nt .rror r.t•••r. po•• lbl••

R.port Ing requl nll.nu .nd r ••pond.nt. und.ret.ndlng 0' th••
.r. ch.nglng. So•• ch.ng•• In qu.ntlty r.port.d .r. due to
ch.n9" In the w.y the w••t.. v.r. ..••ur.d or the
.ccountlng pr.ctlc•• u••d by the '.cliity r.th.r th.n .ctu.l
ch.ng•• In the qu.ntltl •• g.n.r.t.d.

Sub.t.ntl.1 dll'.r.nc•• In qu.ntlty r.port.d c.n r••ult Ira.
ch.n9" In d.tlnltlon. of t.r•• u••d In the r.portlng 'or•.
Tnl. c.n Includ. Chang•• In r.portln9 crlt.rla. Including
ch.ng•• In regulatory d.flnltlon. and clarltlc.tlon. to
In.tructlon••~•i
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A••e••ment of toxicity r'ductlon I. -ar. difficult .nd exp.n.lv.
land 1I0t n.c•••ully n••d.dl th.n •••••• llIg qu.ntlty r.ductlon
b.c.u•• ba•• lln. conc.ntr.tlon of Indlvldu.l con.tltuent••nd th.
chlln",. ov.r t I.. would b. n.c•••• ry to •••••• the d.gr.. of
r.ductlon In toxicity .chl.v.d. 8••• lln. conc.ntr.tlon d.t•• lon.
c.n b. v.ry burd.n.o•• to r.port .nd n••• rdou. v••t. report Ing
r.qulr•••nt. have not r.qulr'd facilltl •• to .ub.lt thl. d.t. In
the p•• t. Th. O.n.r.tOr Surv.y ••k.d '.cllltil. hov lourc.
r.ductlon .ctlvltl•••ff.ct.d 1·lncr••••• • ·O.cr••••• • or "No
Ch.ng."1 the toxicity of w••t. ",.n.r.t.d. but no .tt••pt w•••ad.
to qu.ntlry thl. e.rlct.

Th. I'" 81.nnl.1 R.port r.qulr'd .uch d' the 'AM' In.or•• tlon
II the G.n.rator Surv.y. "Ith 10•• I.port.nt chang... ~ft.r

dl.cu•• lon. vlth Indu.try r.pr•••nt.tlv••• r ••pond.nt. v.r. only
required to .n.wer thl ".ate .Inl.lutlon .Ictlon If th.y had
hopl •••nt.d .ource r.ductlon or r.cycllng .Ctlvlty. Th.r....r.
••nr I.prov•••nt. In qu.1t Ion "ordlng Ind In.truct Ion.. Th.
perc.nt ch.ng. In production "a. ch.ng.d to • production Ind.x ••nd
r••pondant. ".r•••k.d to c.lcul.t•• qu.ntlty 0' v••t. that Wa'
"r.duc.d" u.lng the production Ind.x QL .nothlr .or••pproprl.t.
• Uhod. Th.y ".re r.qulr.d to d••crlb. the ••thod th.y u••d If
th.y did not .dju.t th••ctu.l qu.ntlty ch.n",. by the production
Ind.x. Thl •• Ilow•••••••••nt 0' .ourc. r.ductlon progr••• u.lng
.ctual qu.ntlty reduction. qu.ntlty r.ductlon .dju.t'd for
production. or u.lng .noth.r ••thod which the ••cliity h•• 'ound
to bl .or. approprlat••

Applvlng L.ssons [.Irned In lhl Elrlv XI.r.

ror the 1'" Il.nnl.l R.port. th. production Ind•• w•• r.n•••d
th••ctlvlty/productlon Ind.x. Thl. ch.ng. w•••ad. In r ••pon••
to .t.t••nd Indu.try r.pr•••nt.tiv•• pointing out th.t It c.n b.
dlf.icult to Id.ntl.y ••pacl.lc product thlt I••••ocllted with
thl ".It. ,In.rated. Th. un 81.nnl.l lI.port IUo Includ.d
qu.ntlty r,cycled due to new Ir.th.r th.n ongolngl actlvltle. which
...n. th.t .,,"Iclent In'or.atlon Ihould b••vllhbll for the Urlt
tl•• to •••e•• rlcycllng progr.... Al.o nl" for the I'" ror. wA.
thl dl.contlnuatlon of the requlr•••nt to provld' a vrltlell
dllcrlptlon of the "Ut...Inl.lutlon .ctlvltl... Thl. WII
rlp[.c.d by I ch.ckll.t of 40-50 type. 0' project. to chao•• fro•.
"CAU" th.r. I••tlll confu.lon ov.r "h.t i. and I. not w•• t •
• lni.I ••tlon. the ch.ckll.t I~ f.lrly d.t.ll.d In ord.r to Indlc.t.
to r ••pone,nt. the typ•• Of .ctivltl •• th.t .hould b. r.port'd.
In .ddltlon. th. In.trucllon. glv••x_pl •• of the typa. 01
.ctlvltl •• th.t .hould not b. r.port.d Itr.at••nt. b.n.flcla.
r.u••• ,tc. I •• w•• t ••lnl.l.atlon.

D.v.loplng ha •• rdou. w••t. r.portlng for•••nd ••klng th•••
ChAng•• oV'r tl ... h.v. pllcl,J the Aglncy In • good po.ltlon to
•••••• th••ff.ct of w•• t••lnl.I.Atlon actlvltl •• on ha.Ardoua
~•• t •• In the tutur.. Ho~.v.r, h •••~dou. W••l. I. not the onlV
"nlv.ra. that .USt b. cov.r.,J by 'n nt Of pollution

,
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pr.ventlon proqr•••. Th. Agency I. Incr.a.lngly finding that It I.
I.port.nt to .ncour.g. pr.v.ntlon 01 toxic ch•• lc.1 u•••n,J
r.l ••••.

~Iog Repartlng alygn,J the UA%~gua-HAste Unlver••

Th. Ag.ncy I..pl •••nt.d .n optlon.l w•• t ... lnl.l ••tlon .ecllon
In th. Toxic. '"l•••• Inv.ntory for c.l.nd.r y•• r 1"'. ITn.

.••ctlon n..' w•• ch.ng.d to Pollution Pr.v.ntlon, Optlon.l
Infor•• tlon on W••t. "lol.I ••tlon In 1"'.1 With toxic che.lc.1
r.portlng. It 1. v.ry I.port.nt to 11 delln. " •• t ••• r.l ••••• to
.ny.nvirollll.nt.l .,dl. ZI Includ. r.I ••••• to .11 ...dl •• Inc. '0.'
.ctlvltl••••y r.duc. r.l ••••• to .Ir whll' Incr••• lng tho•• to
"at.r ••nd )1 requir. r.portlng of the quantity of ch•• lcil
g.n.r.t.d In w••t. prior to tr•• t ••nt Ind r,crcllng.

Th. optionAl pollution pr.vlntlon ••ctlon of TRI Include. th.'&IlI' type of qu.ntlty lofor•• tlon - production Ind.x .nd quantity
of che.lc.l In w••t. prior to tr•• t.ent or oth.rwl •• r.l ••••d to
.Ir. ".t.r. or l.nd for two con••cutlv. y••r. - •• the 81.nnl.l
Report. but ,Joe. not .llow r.spondent. to USI .n .It.rn.t••ethod
to c.lculat. the qUlntlty "rlducld" or prevented. Although the
q,"ltlon. 'l)oUld b. IIOdlrle,J to Includ••ddltlon.l Infon•• tlon .nd
I..prov. qu.llty of the Infor... tlon .ub.. ltled. th, •• jor we.kne••
of T81 pollution pr.v.ntlon I. th.t It I. optlon.l .nd only .bout
" of TR[ report. Inclu,J.d lhl. Infor.atlon In 1"'.

Th. IIg.ncy p lin. to punu. ..nd.tory po 11 ut Ion prevent Ion
r.portlng for c.l.nd.r y•• r 1'91 ~hlch will .1.0 Incorpor.te lh.
l •••on. l.ern.d In d.v'loplng h••• rdou. " ••t. reporting
r.qulre••nt.. On••ppro.ch the Ag.ncy I. con.lderlng I. v.ry
.1.ll.r to the .ppro.ch d••crlb.d In the propos.d Wast. R.ductlon
IIct IH.R. 1.",. Th. typ•• of Infor•• tlon that would b••dded to
the TRI Pollution Prev.ntlon Siction for ••••urlng progr••••r'.

Tol.l qu.ntlty or ch... lc.l .ntlrlng rlcycllng Ind tr.~t••nt

Qu.ntlty of ch•• lc.l entering recycling due to n." Ictlvltl ..

IIddltlon.l Infor••tlon .s n.ce.s.ry to Indlc.t. the .,f.ct.
or ch.ngl. In .cono.lc condition••nd oth.r r.ctor. on
qu.ntlty of ch•• lc.l g.n.r.l.d In "I.tl or oth.r~II' r.l ••••d.

aa••d on the d.v.lopOl.nt of the alennl.l R.port qu.stlon••nd
dl.cu•• lon. ~Ilh Indu.try r.pr•••nt.tlv••• on. ch.ng. undar
con.ld.r.tlon I. to ••k r ••pond.ntl vh.t qu.ntlty of che.lc.l would
have baan g.n.r.t.d In w•• t. If .ourcl r.ductlon h.d not baan
I..pl,..ant.d .nd th.n .ubtr.ct thl. qu.ntlty frolll the currant y•• r
qu.ntlty to ••tl.at. the qu.ntlty dlff.r.nc. due to .0urcI
r.ductlon. Th. optlon'l pollution prevenllon ••ctlon currently In
T81 ••k. for con.ecutlv. y•• r qu.ntlty lnfor.allon with the Intant
beln9 for the ~9.nCr to •• tl •• t. the quantity dlff.rence due to

,



~
i

,o-u .•
lourc. reduction Iro. thl. lnfor.atlon. Irlgur. 1 contain•
• x.-pl•• ot the qu••tlon. und.r con.ld.ratlon tor lnclu.lon In a
.andetory Pollution pr.vlntlon S.ctlon ot TRI.'

CoprdlnAtlng Tal lAd tb, Dllnnlal R.POrt

Th. Ag.ncy I. el.o con.ld.rlng wey. to coordlnat. the
pollutIon pr.v.ntlon ••ctlon. of TAl .nd the Blennlel Report, On.
way to ecCo.pll.h thl. I. to devl •• on•••t of que.tlon. Which
could bl Includ.d In both TRI .nd the BI.nnhl Report Iwlth
.pproprl.te .klp que.tlon••0 re.pondent. who r.c.lve both for••
would only .n.w.r the qu.et.lon. onc.l or could b••dMlnlst.r.d
IIparately I the pollutiOn pr.vent Ion que.tlon. would be re.ov.d
tro. the Curr.nt tor•• I, Th. Ag.ncy h•• ju.t b.gun to d.vl •• w.y.
to coordlnat. the tor... On. pr.ll.lnery ld•• th.t hold. pro.I ••
l. to requlr. r.portlng ba'ed on eech POllution pr.v.ntlon proj.ct
that .tf.ct. a1LbaL ha••rdou. va.t•• or the toxic ch••lc.l. In TRI.
".pond.nu vould b. required to lIet the TRI ch••lcAl. .nd
h••• rdou. ve.t.. th.t v.r••tt.ct.d by ••ch project .nd provld.
qu.ntlty ch.ng. lboth Incr••••••nd dlCr••••• 1 lntor.etlon tlr.t
for ve.t•• end th.n for ch••lc.l., Figur. z conte In.....pl.
qu••tlon. th.t .Ight be ••k.d u.lng thl. lor••t.

U.lng thl. eppro.ch, r ••pondent. vould only de.crlb. a
pollution pr.v.ntlon proj.ct one tl•• end would provld. Inlor•• tlon
to qu.nt Ity the ."ecll ot the proj.ct on III ch••le." or
h rdou. v••t.. .".ct.d In the .... for.. In .ddl t Ion to
.tr llnlng the r.portlng proc•••• thl ••ppro.eh ••••• to provld.
.ddltlon.l Intor..tlon .nd I.elllt.t••n.ly••• th.t cennot be ••d.
ualng the .ep.rat. for•• , Thl. .ppro.en c.n be u.ed to begl n
••••••••nt 01 ching•• In toxicity 01 h•••rdou. VI.t•• , Although
th. Ch••lcal quantIty Inlor..tlon vould b. tor the .ntlr. f.cliity
.nd not for ••eh v•• t •• It vould .tlll b. po•• lble to ••• thlt the
proj.ct th.t .tl.ct.d v•• te qu.ntlty .1.0 .ff.ct.d ch••lc.l
qu.ntltl... Th.r. 1. curr.ntly no v.y to quentlfy .".et. all
toxicity.

Thl••ppro.ch vould .1.0 .llov ••••••••nt ot .ctlvltl •• that
,ubltltut. on. ch••lc.1 or v••t. eon.tltu.nt for oth.r. that
pr"UIIeably POll I... threat to tn. .nvl rona.nt. Sine. both
Iner••••••nd d.er••••• of any w•• t •••nd eh••lcal••Itect.d by •
proj.ct vould b. r.port.d It viii b. po•• lble to b.gln to
und.r.t.na the ov.r.ll .tt.ct• • proj.ct th.t Incr••••d .0., and
d.cr••••d oth.r••

The I.prov•••nt. In h.tardou. v••t. r.portlnv .nd the u•• of
• Ith.r of tn... .pproach.. to TRI r.portlnv .hould provld•
•ufflel.nt lnlor••tlon to •••••• pollutlon pr.v.ntlon progr•••.
llov...r. .any of the probl... • ••ocl.t.d vi th eoll.etlng .nd
an.lr.lng date viii contlnu. to .ak. It n.c•••• ry to look et ••ny
dltf.r.nt ••••ur•• to .ak. th.t ••••••••nt.
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Th. r ••alnd.r of thl. pap.r d••crlb., the .xp.rl.nc. Of .tet••
In I.pl •••ntlng I.pl •••ntlng pollution pr.ventlon r.portlng
r.qulr•••nt • and of lndu.try In providing Infor.atlon pur.uant to
pollution pr.v.ntlon r.portlng r.qulr•••ntl.

t1lliNESQTA '::! EXPEBlWI:E IN COLI.tCTING WASte: HINIHltATI01t..JUtrili.lAL
UfO.T DATA

Wa.t••lnh,lzetlon d.t. WAS collected fro.. l.rg. qu.ntlty
gen.retor. In "Inn••ote In •• rly I'" lor the y.ar. I'" and 1"7.
Till •••ctlon provld...n .ccount of the data coll.ctlon,
co.pll.tlon • and valld.tlon In Hlnn••ot••nd the dlfflcultl •• th.t
"er••ncount.r.d. Hany of the r.portlng .rror. eMp.rlenced by
Hlnn••ot. v.r••1.II.r to tho•••xp.rlenced •• part 01 fed.r.1
reporting .fforta.

DIU Collectlgn

In I.t. 1"7, the Hlnn••ot. POllution Control Ag.ney IHPeAI
and Hlnn••ota T.ehnle.l A.II.t.nc. Progr.. IHnTAPI beg.n to work
tog.th.r to pr.p.r. for the ve.te .Inl.lt.tlon bl.nnl.l report det.
coll.ctlon. Th. HPeA .nnu.l report tor•• for v•• te g.n.rator. v.r.
u".d In pl.c. of the U.S. !:PA bl.nnlal report for ••• Ho...v.r. HPeA
.gr.ed to u.e the U.S. EPA va.le .11I1.ltatlon foul' .. Itt, .Inor
aodlflcatlon. to cl.rlty for••t .nd In.tructlon•.

In Janu.ry of I"', the .edlfl.d EPA for ••• with In.tructlon.
and codebook....er•••nt to .~o larg. quantity g.nerator. In the
St.te of Hlnn••ot.. Till ••alling .ffort v•• conduct.d through •
Joint HPCA, ~,TAP, and Twin Cltl •••etropolltan county .ffort. In
the Twin Cltle•••tro .r•• , the ••ven ... tro count I •• have the
.ulhorl ty to en fore. RCIUI. By Apr 11 1. It.. , the )sO tor•• /loot
r.turnl h.d b.en r.turn.d to HPCII. [ven though It .... not •
r.qulr•••nt, .pproxl.at.ly 5,000 lor•• v.r••ant to ... 11 qu.ntlty
9.n.r.tor. In Hlnn••ot. In an .bbr.vl.ted, quallt.tlv. for.at Which
did not Inc Iud. requ••t for quantlt.tlv. r.sulta. About ).)00 of
th••• for.....r. r.turn.d 1"\ r.turnl.

nitA Compll,tlgn

Wlth.oHuar. d.velop.d by EPA and It. contr.ctor., and the
applle.tlon••oftwar. fPC rocusl borro...d fro.. 1:1'11 Region v, HnTAP
hired a .tudent through the Unlver.lty ot Hlnne.ota to ent.r the
data Into tile co.puter. D.t. "ntry for 150 larg. g.nerator for.,
took the .qulv.l.nt of .Ix V••k. of e Itud.nl'. tI... No d.t.
valld.tlon wa. conduct.d prior to date .ntry. Hany co.put.r. dat.,
.nd .oftw.r. probl ••• had to b. work.d out during that tl •• p.rlod .

One. III th. dAta .... ent.r.d. data ,u"""arl.~ ... r. prlnt.d
out by :SIC code .nd w.at. category. Th. datil had to b••anually
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conv.rt.d to the .... unl t of .ea.ure Cpound. ".. u••d a. the
co_on unl t I "I thin .ach SIC code .nd "a.te c.tellory nUlllh.r.
bec.u.e the co.puter progr_ "ould not ••ke tho.e conver.lon•.
Rough calculation. "ere ••de on p.rcent prevention and reCYCling
ba ••d on difference. In I'" and 1•• 7 "a.te generatlon reported,
not takln9 Into .ccount production change••

1UU~lld4.U..a1l

Du. to conc.rns about the ".y d.t. " •••nter.d on the for •••
• d.t. valld.tlon e••rcls. va, conducted tor the top )0 I.rge.t
9.n.ratlng tacilities th.t r.port.d. N." figures ".r. calcul.ted
for the aMOUnt of "a.te pr.v.nted .nd r.cycl,d consld.rlng
production chang... Tn••• calcul.t.d tlgur•• ".r. co.pared "Ith
nport'd tlgur•• tor ".at. pr.v.nllon, and g.n.rally did not
co-par. favorably C••• Tabl. I, Thl ••U99••t.d the nUMb.r.
r.port.d by larv' qu.nttty g.n.rator. ar. not r.pr•••ntatlv. of
actual pr.ventlon acht.v.d. ThU•• tt W•• conclud.d that r.portlng
.rror. Ire .Ignltlc.nt ••nd the .ann.r In "htch pr.ventton project.
w.r. Id.ntltled ".' not n.c••••rtly correct. ror e•••pl••• nUMb.r
at proj.ct. r'ported to h.ve .cnl.v,d .19nl'lcant reduction. v.r.
actu.lly In.tallatlon. at pratreat.ent .yate•• or V're Uudg.
dryln9 proj.ct •. Thl. probl •• "a. not.d ••rller In thl. paper, .nd
w.1 on. coaaonly ,.perl,nc.d In ••rly r.portlng .ffort••

Conc.rns About t~portln9 t.'rcl •• and Sourc•• gf trrQL

Us. of the data fro. the flr.t reporting .hould b. con.ld.red
In IllIht of It. 11.ltatlon•. Th. potential for In.ccurat. d.t. I.
high due to .t le.st two factor. Id.ntlft.d during the reporting
proc"'1

o g.ner.tor unc.rt.lntle. "Ith r.g.rd to the d.flnltlon at
IIlst. recyclln9 .nd "a.t. frev.ntton. re.ultln9 In the
Inclu.lon ot treat.,nt and nctn.ratlon •• recycling and
pr.y.ntlon Ictlvltl ••

a Inaccurscl •• I\ncludlng not reporting or not knolllngl In
entering a nUMb.r for productton r.tlo Which "auld vlYe .n
tndlcatlon of "a.t, produC'd a•• re.ult of ••rk.t factor •.
A•• r"ult, wa.te r.port.d recycl.d or pr.y.nted I. bla.d
on the Incorr.ct •••uapt Ion that production .tly.d the ....
fro. 1'" to 1"7

Cgst oC Wa.te HIn!m1%Atlgn Dltl Cgllectlgn

Docua.nt.d COlt. for th. " .. Hlnn.sot. data coll.ct Ion.
COMpllltlon .nd villd.tlon , •• rcl.e totilled approxl•• tely Sl5,OOO
for copylnll, .alling ••upplle., co.put.r .qulpaent. IIlrlnll date
.ntry p.rsonn.I, atc. Thl. doe. not Includ. t.cnnlcal .talf tl ••
spent on the proj.ct Cro. HPCA, HnTAP. and volunt •• r .s.lstanc.
r.c.lv.d 'roM )H.
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Stat. regulatory .g.ncles typlc.lly do not have the st.lf or
fln.ncl.1 r.sourc•• to .lloc.te to an .ffort as co~prehen.lv. a.
COII.ctlng ~eaninglul w•• te .lnl~lz.tlon d.t.. ~ l.r9' Incentlv.
to the collection of accurate dftta would be the provl.lon 01 lund.
IroM tP~ to the .tat.. to provide re.ollrce. lor .oltware.
co~put.r., .t.lf, adMlnl.tr.tlv" .aliing. copying .nd other co.t •.

lHOl.lS1'RLJlUW QN HOW m CPI,LECT 1lA1'A

The 'ollo"llIg dlscnsslon Is based on the .xperlence co~panles have
had In snb.lttlng agency requested waste .lnlMlzatlon progres, data
on ag.ncy dev.loped lor••. This Includes the I'" Generator Survey.
and the "ast••Inl.lt.tlon RCRA Biennial Report lor.' Issued by the
U5EP~ for the data ye.rs 1"7 .nd I"'. ~Iso explained Is "hy .or.
than .0\ at the co.p.nle. did not optionally report "a.t.
.Inl.lt.tlon data for the Sara JIJ ror. R under Part •.

Olckground,

Th. National Anoclltlon of Hanut.cturer, coordinated IlIdu,try
.ltort. to provide Input on how to collect Wist••lnl.lutlon diU
to UStP~ Oilice at Solid WI.t. Ind the Olflce of Toxic Sub,tance •.
Includad ".r. The Bu.ln,•• Roundtable EnvlrolUftent Task Forc. Starr
Co.-Itt'., a~d the Che.lcal H.nutacturer'. Assocl.tlon.

Indu.try Input wa. al.o provided through the National Governor'l
~s.oclatlon Advisory Council on the ~CRA ~nual/Blennlal Report.
Th. council con,l.ted at Invited envlro~ental repre,.ntatlv.s 01
corporltlons. stlte•• UStPA and pUbliC Intere,t group,.

One po.ltlv. r.sult of the Industry efforts ".s the Igency
.groe.ent to u•• ·~l1un· reporting tor wa.t••Inlllllt.tlon. Qn!V
tho•• COMplnl.s who hid. ".st••Inl.ltatlon project or activity
In the reporting y••r. "er. r.qulr.d to .ub.lt dlta to show the
progr••••Id•.
Till. ·.lnl.1 R.d" tile nUll\bar of for •• UStPA had to r.vlell to COMpile
dlt. on wa.te .Inl.laatlon progr•••.

~oth,r po~ltlv. r ••ult 'rOM the dl.cu•• lons wa. r.l.t.d to the
tor•• th•••• lv••. Unlortunately, tn, for.lt used Inltlilly lor dati
collection ".s .arlou.ly fl.".d for Multi-product .anulacturlng
COlllpanle•• IIlth COMbined "a.t••tre..,. The tor.lt "as chlnged lor
the I'" reporUlIg y.ar tor the RCRA Biennial Report. lIo\lever, the
for. ne.~. to b. lurtnar IMproved. 't lIa. not cl.arly .tat.d that
MUlti-product .Inufacturlng co,"panle, wltll coMbined wa.te .tr'IMS
h.d the option to r.port the results 01 th. wlste .Inl .. lzltlon
proj.cts.

Holl tg ImDcDvA-OAta COlle~nC-HA~tA-Mlnlm1XAtlQ~

What follow. I. a dlle"•• lon at t"o I..portant lIuggested ways In
"hlch the proc.s. for coll.ct Ing "aste .. Inl .. lzltlon d.ta can b.
I..prov.d by the agency.

11
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,ugg.nlon I. Provld. Option to a.port a••ult. of O.n.r.tlon
Pr.v.ntlon proj.ct.

SU99•• tlon z. Hak. the ror•• S.lf Explanatory

Sugg•• tlon I. Ne.d to provld. option

Th••g.ncy agr••• on the n••d for providing thl. option. How.v.r
thla option ha. not b••n cl.Arly .tat.d on the for•• or In the
In.tructlon•.

tn. probl•• with qu.ntlfylng pnv.ntlon h that th.n h a big
,>ractlcal dlff.r.nc. In the abillty to quantify pr.vlntlon In
J.nlratlon ot WIIUI tro. ·a aUltl-product tacillty ..lIlng ••ny
,>raduCt' and COablnln9 It I W.lt••tr•••••• co.parld with ••• Ingl.
product facility which I. d.dlcat.d to .Aklng only on. product ••

loat 01 the )0.000 lArg. qUAntity g.lI.raton and acr. that 100.000
,.all qUAntity 9.n.r.tor. nay. aultl-product oper.tlon. With
:o-oln.d wa.t••tr.....

'or .ln91. product f.cllltl ••• the a-ount pr.v.nt.d Iro_ b.ln'}
j.n.r.tld CAn b••atlaat.d u.lng th. ov.r.ll balanc. Appro.ch. by
'.kln9 th. dlfl.r.nc. In total wa.t. &aQUnt. 9.n.r.t.d ••ch y•• r
:or • w•• t. cod•• alld .djuatlng for av.rAV' prOduction.

IOw.V.r, thl. ov.r.ll bAl.IIC. proc.dur. I•••r lou.ly f l.w.d lor
.ultl-product ••nufacturlng op.ratlon. with co.bln.d w•• t.
.tr..... ll.ZI Th. r•••on I. that nor.al production VAriation fro.
,ur to , •• r 01 the dl ".nnt producU g.n.rat Inv dl ".nnt type.
,nd aaount. of w•• t •• will ...11 .ny w••t. alnlal.atlon .ctlvltl ••
Jnd Ik.w th. r ••ult. In an unpr.dlctabl...nn.r. Allo adding to
.h. uncertainty Ie the chang. trOll y.ar to y'lr. In tn. alx of
,raduct. beln9 ••d., product. dropped Ind n.w product••dd.d•••cn
11th dlff.r.nt type. ao4 aaount. ot WI.t••

, d.tall.d .llpllnatlon II provld.d In r.t.renc,. 1 .nd 2J' the caapl.lClty Of .ult1-product tlcilltl.. with .lla-pl•••howlng
lhy the ov.rlll bal.nc. proc.dur. lor a ·.ln91. prodUCt flcility.
1. not ,ppllcabl••

.t I. not pr.ctlc.1 to ••••ur. the Indlvldu.l w•• t. v.n.r.t.d by

.v.ry Iingi. product lor th.a••ultl-prOduct I.cllltl ••. Thl. I.
lUI the co.pl.lClty 01 oper.tlon•. Any .tt••pt to do .0 "'Ould
Ilarupt the ••nufacturln9 op.ratlon. without .ny U"ful. oper.tlv.
',nUIt.

C»U'1I:X1TX or l1\IIT1-ptIQDUCI HlIW.!fACIUBltlG [lICILlTJ£S

. typlc.l cn.tln9 lin. u••d for .'kln9 pr•••ur•••nlltlv. t.pe I•
hown In [Ivur. J. There COuld bl ••••ny A. ZO of th••• Individual
oatln9 proc.". lin•••t I .ultl-product up. ,..nutaclurlng

U
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I.cliity. Th. w•• t •• Iro_ .11 20 proc••• lin•••r. co~ln.O••nO
r.port.O th.t w.y.

~lllty 01 co.tlng lin. op.rAtlgns And WAst. gencr.ted

Th. nuab.r of dlll.r.nt product••AO••t • I.cliity Ourlng the y•• r
CAn vary fro. ~) to 600 product•• The nuab.r 01 COAting. requlr.4
to .Ak•••ln91. product c.n v.ry fro. 2 to 10 co.tlng•. t.ch
COAting c.n cont.ln v.rlous .Ix.o .olv.nt••04 ••v.ral dllf.r.nt
raw •• t.rlall.

Product run. cAn VAry fro. 4~ .Inut•• to Z hour•• or •• long ••
two w••k•. So•• product I will requlr. the coating. b••ppll.d At
••v.rAI dllf.r.nt COAting lln.l.

Th••ultl-••dl. w•• t •• nora.lly ,.n.r.t.d Includ. USEP~ W.st. Cod.
r DOl. puaplbl' .olv.nt w••t.. Ind non-puJIIp.bl. .olv.nt
cOllt_lnat.d r.lI•• glov••• fllt.r•••tc. fro. cl ••nup b.tw••n
product run••• Ir ••I•• lon. tro. the .t.ck•• fugitive e.I •• lon.,
..... t. vater fro. cl.anup••nd Off-'p,c r .....at.rl.l or product....at•.
Th••olv.nt va.te g.n.rated II u.u.lIy coll.cted In ~~ g.llon
drua., It II not po.albl. to ••• Ily ••••ur••everal g.llon. of
v•• t. fro. I .hort run. or on. third of • bArrel of w••t. fro. a
lon9.r run. Thl. I. onl r.a.on th...... t •• ar••9vr'9.t.d. rurther,
the .g9r.g.t.d &NOunt. can Includ. wa.t •• fro. othlr COlt In, lin••
In the facility.

tl••pla gf a.aklna Of v.st. alnl.IIAtlon result.
In T.bl. Z I. on••1.pllll.d Ilia-pl. fro. the refer.nc•• Which
.how•• w•• t ••lnl.I ••tlon proj.ct which prlv.nt.d the 9.nlratlon
of 7.5 ton./Ylar ot wa.te tor on. product. The .ff.cU of the
project havi be.n ...kld by changel In production unlu of the
other prOducu.

~.flrrln9 to Tlbl. Z, It I. Impgrtant to ngt. th.t the f.cliity
only report' the .ggrl,at.d totll. of va.te to the .,.ncy. It do••
not have the ·tonl ot w••te g.n.rated· for each Individual product.
It can b••••n In T.bl. Z. that ev.n though the efflcl.ncy vaa
l.prov.d .nd the ·ton. VI.tl per unit of product· for 'roduct k w••
r.duced by w•• t ••lnl.l.atlon, It did not Ihow up In the .ggr.g.t.d
aaouDt which .t.y.d the .... at .lO -ton. of wa.t. per unit of
produCt-. Th. rnults Of the wute alnl.hnlo:'! project .... r.
• ••k.d by the tot. 11 ot coablnad W••t.1 which .r. rlport.d to the
·9.ncy .

Ex.-pl •• of oth.r type. 01 aultl-product ~.nulacturlng op.ratlons
with .1.11.r probla.. for ••••urlng pro,r... In ,.n.ratlon
pr.v.ntlon Includ. the .anutacturl of .dh•• lv.a. co.tlnv••nd
• •• I.nt •• al.ctropl.tlnv. the ~.nuf.ctur. of .plcl.lty che.lcal.,
.nd c.rtaln r.fln.ry operation••

u
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Thl. would allow the Ag.ncy .nd co.pAnl.s to traCk And r.porl u.tt.
.lnl.l.atlon progre••• I.I1.r to the u.y lH ha. Monitored the

K.Il.A-JlII1MI Ii Blpgr U - Walll K1DI II UWllJL.£nU1i1n

Unfortun.t.ly. the W.lt••lnl.I ••tlon r.port for.1I dId nOLO cleerly
.how co..panl.. h.d In opt Ion to repor t the r!tsu I t I of wa.t.
.lnl.I •• tlon proj.ct.. If r.portln9 y•• rly 9.n.r.tlon r.te. anc1
• product Ion r.t 10 v•• not r.l.v.nt to .hOW w•• l ••Inl.hat Ion
pr09r.... ror thl. r ••llon, v.lldatloq .nd evalu.tln~ wa.t •
• lnl.I •• tlon progr.l. fro. the blennl.1 reportl for thl d.ta ye.r.
1"7••nd 1"', wIll b. a diffiCUlt, If not I.po•• lbl•• t •• k.

ror .x~pl" the ·.-aunt g.n.rat.d· could be b•••d on )0 cOMbln.d
w•• t ••tr.... tor the wa.t. cod. b.lng r.port.d for tb. f.cliity.
How.v.r. the ·.-aunt pr.v.nt.d· or ·a~ount r.cycl.d· I. b•••d on
onlY the on. or two wa.t. .tr.Aft. .ff.ct.d by the w•• t.
alnlal •• tlon project.

DAnJ:OULOtD TO DATe: III U:I.t1'A

121l-L1nAL&~~ In the I'.' C.n.r.tor Surv.y, the .gency
••k.d tor only g.n.r.tlon rat •• for the y.ar. 1"S and I'" .nd
the production ratIo, It .vallable. ~. e~plaln.d abov••nd 'houn
In the report.d "Inne.ot••xperl.nee. thl. d.t. cannot b. u.ed to
c:.lcul.t. wa.t. alnlal.atlon pr09r... 'or I"'. Production
vArl.tlon .nd the ch.ng. In prodUCt .Ix fro. I"S to I'" will •••w
tile r ••ult. In .11 unpr.dlct.bl. lO.nner and .a.1l ,"y u.lt.
IOlnl .. I •• tlon prollr••••

~M~ 311 OD'IDna1.....JI..U I1lnllllllllllll..JiUIQ(llngl Co"pllnl .. w.re
vlv.n the option to r.port w••t. alnllOl •• tlon progr••• on .peclflc
ch••lc.l. In the ..... forMat •• the I'" C.ner.tor Survey.
COlOp.nl •• do not coll.ct va.te. by .peclflc ch••lcal, but r.ther
by walt. Itr..... vhlch Includ•••ny Ch'Mlc.l •• AU,lOptlng to
.naly•••n4 ca.plle lh••-ount. of ••ch S~ )1) Chealcal In .very
walll. .tt..... vould be • treM.ndOu, t.sk .t .ultl-product
f.cllltl ••• Th. d.t•• one. obtaln.d. would b. of Ilttl. v.lu. In
.howlng wa.t. alnlal ••tlon progr••••t the f.cliity. It I. 'or thl.
r •••on th.t -or. th.n '0\ of the co.panl •• did not cOlOpl.te '.rt
• of rora II, on optlonU vaet••llll.h.tlon reporting.

How.v.r. cOlOp.nl •••r. looking at the practlc.bliity of COlllctlng
d.t. on the SNtA )1) ch••lcu. In the Wlet. .t ,..... at the
.ucc••• 'ul w•• t••Inlal •• tlon proj.cl. It f.cllltl •• , and
optlon.lly r.portlng th••• proj.ct r ••ult •.

the d.t. coll.ctlon
r ••ult' of wa.t.

IItCOHH[ND~TIONS

An option .hould b. provld.d 100r. cl.lrly on
tora. to allow co.p.nle. to report tbe
.lnl.l.atlon proj.ct••1 ••ch facility.

...

"

-,

4
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Ho.t p.r.on••r. Intl.ldated by d.tall.d In.tructlon••nd will
not b. abl. to under.tand th•••

consld.r th.t!

•• 1I•••d on a r.vl.w ot th. for•• In Hilln••ota and oth.r
.Ut... halt ot the per.on. tilling out the tau.. ar. non
uchnlcal, and u, Intialdated by d.ull.d In.Uuctloll•.

b. Tho•• p.r.on. who .r. t.chnlc.l c.nnot lind tl•• to r ••d
4.t.ll.d CaMpi•• tor•••nd In.tructlon•. Thl. I. b.c.u•• of the
ov.rwh.lalng burd.n 01 .11 USEPA r.gulatlon•••nd trying to k••p
the I.clllty running. Thn. p.nona will aak•• con.cl.ntlou.
effort to coaplet. the fora•• ba••d on tlae .vall.ble to do It .nd
.tlll k.ep the f.cliity running.

An ex..pl. at Indu.try" on. p.g•••ugg••t.d •• l'-.xpl.n.tory lor.
I••hown III flgur. t. U.lng • for. 11k. thl. would .ub.t.ntl.lly
reduce the burd.n on Indu.try to proyld. dat., and r.dllc. thl
~urd'Q 00 tb••gloey to validate aad coapile ,b. da,., It would
.ub.t.ntl.lly r.duc••g.ncy .xpendltur.a to pr.p.re the fora••od
Inatructlone. It would .1.0 reduce ag.ocy .xp.ndltur.. on
con.ult.ot. to a•• I.t co.panl •• In und.r.tandlng the In.tructlon••

-.nd In .n.lyzlng the data.

It would .how wh.r. w•• t ••lnl.I •• tlon I. t.klng pl.c,. the type
• nd how auch. for .upport of the ag.ocy'. pollut Ion pr.v.nt Ion
prOgr... the .g.ncy COUld tb.n go b.ck .nd obt.lo .ddltlonal
d.ull.c1 Infor.atlon. If d•• lr.d. fro. tho•• co.paol •• Who report.d
.ub.t.ntl.1 w•• t. alnl.lzatlon progr••••

An ....pl. at how the c1ata c.n b. coll.t.d to .how trend. In wa.t •
• Inlalutlon progr.... II .hown In flgur. S. Th. d.ta could b.
cOMpll'd by wa.t. cod••• or for v.rlou. Indu.try c.t.gorl •• by SIC
COd'., or by .tat•• , .tc. to show tr.nd•.

In rl;ur. 5 th. r.port.d .lJlIOunt lI.n.rat.d· I. for .11 or th.
cOOlblnad wa.t••tr.... tor a IIlv.n w••t. Cod•. Not. how.v.r that
the ·....,unt pr.v.nt.d· I. b•••d on th. r ••ult. of the wa.t •
• Inl.lt.tloo proj.ct which could .".ct only on. or two wallt •
• tr.....

S.lf .xplanatory forM' without detall.d In.tructlon. would glv.
the .g.ncy the b.st shOt at Coll.ctlng good data. Th. b•• t way to
In.ur. g.ttlng good d.ta I. to ·K••p It Siapl.·.

unfortun.t.ly •• d.cl.lon w•• a.d. on the wa.t••Inl.lzatlon
portion at tn. bl.nnl.1 r.port to a.k tor d.t.ll.d d.t••nd ·rorc."
the pl.nt p.raon. who had to fill out th. tor•• to ·r••d the
In.tructlon.·. It won't work ••nd h.r.'. whYI

Suggestion Z H.k. tbo farms ~olt t.planato~

.--

j
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NOTE TO EDITORS

Und.r Ihe new I.der.' copyrlghll.w,
publlcillon rlghl. 10 Ihl. p.p.r .re
relelned by lhe ,ulhor.,).

Table 1. JI Sa.ple ot Report.d
Valuee tro. the 1'" Hlnn••ot. We.t.
Hlnl.I •• tlon D.t. Coll.ctlon [ftort

'\
1

}

111 121 III 141 lSI 161
19" 1917 1'81 1'" un

I:l<peCt.d Wollte
Oener.ted Oen.r.ted C.nereted C.lculated Prevo

Ilbl.1 lib•• I Prod. Adju.te" lp.r Wute lIep.
Actu.l Actu.l htlo production r.tlol Pr.vented by

Co.p.ny R.port." AeporU" IPIII Col 2 x Col 1 Col 4-Col 2 Co.pan

Co.p.ny A "1.010 141.0'0 1.0 111.010 0,020 0,02
IcorrecLlr
cUcul.Udl

Co.p.nr • 2U."0 IlO,HO .11 216.462 ",122 115,64
•reported
••cee".
c.lcu lat.d I

Co.polny C 'O',IH 1,101,201 t.4 1,IH.H' 22,nO 1,40
Ie. leu lated
exce.d.
reported I

'\
£

I ••y .e.n collectln, 1••• det.ll.d det •• but thet would b. 900d
both Indu.try .nd the Ig.ncy. Eipeclilly line. the USEPA tOd.y

, not Ippe.r to have the r••ourc•• to .n.ly.e .11 at the d.t.
hi' coll.ct.d. nor do the Itlt. 'gencl.e.

Hultl-Product Henutlcturlng r.cllltl ••• The Prectlcel probl •••
with Ag9r.g.t.d W••t ••• D.H.•entor.do. lH, pr•••nt.tlon to
Nltlonll R•••• rch Council Co.-Itt•• to EV'lu.te HI.I •• llnc.
Intor.etlon for rlcilltl •• Hlndlln9 Toxic Sub't.nc••• He••
• ellnc. work.hop, Hlrch 24-2~. I'll.

'How To H•••ur. Welt. Hlnlal •• tlon Pr09r•••• LI.lt.tlon. at
He•••• l.nc•. •• D.H .••ntorldo. )H. 1"0 Spring Nltlon.l
Heetln, o' the ~.rlc.n lnltltut. o. Che.lc.l [n9Ineer.·,
Herch 21, 1"0. Orlendo. FL.

C~ Welt. Hlnl.I'ltlon Ae.ourc. HAnuAl, Che.lc.l Henut.cturer.
A••ocl.tlon. WI.hlngton. D.C .• 1"'.

16

CQUCLUSlotiS

[vllu.tlon of He••ure. U••d to A••••• Pr09re•• In POllution
.ventlon. J~. W. Cr.I,. A.ch.1 B.k.r .nd JOhn w.rr.n, April
10.

ar::n:UNCU

9O-41.J

In 'ddltlon. the Ig.ncy .hould •• rloul1y con.ld.r .doptlng
Icy to alII. th. foral .eU-.xpl.n.tory. with alnl•• 1
tructlon•••• In the .x~pl••hown.

ror .ultl-product ••nutlcturln, op.r.tlonl, th. U5EPJI ehould
• cl ••rly 91v. co.plnl., th. option to r.port th. r.eulte ot
t. alnlal,.tlon proj.ct••t the t.cllltl ••• Tnl. Ihould b. done

both the AeRA .I.nnlel A.port .nd for SARA Tltl. III ror. R
lon.l P.rt ••

h )P proj.ct .ub.. lu.1 tor. Includ., • d••crlptlon ot th.
j.Ct .nd .n .,tl••t. ot th• .-ount of pollut.nt. pr.v.nt.d 'ro.
n, ,.n.r.t.d or r.lee,.d th. tlr't y••r. Al.o Includ.d I, the
It y••r COlt .evlng. r"ulling tro. the proj.ct. JI typicil
ort ot el9ht JP project. I••hown In T.bl. Jill

vl,lon could be .ede on the .xl'tln9 ACRA W.'te Hlnl.l.etlon
ort tor•• , to report h••• rdoul w•• te .Inlal ••tlon re,ult' In
, .enn.r troa MUlti-product alnu'.cturln9 t.cliitle. wh.n
IIclbl •.

ult. ot th••ultl-••dl. Pollution Pr.v.ntlon Pr09r~ lJPI .Inc.
WI' Inltl.t.d In l"~.

~
iii
l:l



.-ABLE 2.

MULTI PRODUCT OPERATION - COMBINED WASTE STREAMS
CASE I - WITH WASTE MINIMIZATION PROJECT

SIC COCe: __ WASTE COCE __

TONS wAST[ GtJeEItATm TOMS TONS WASTE
UNrTS OF ~lUno ADJUSTlll WAST[ I'tR UNTT

~DUCT ~PUCT ,1171It" ro" ,""oovenON AC'!\!AL '"!£YP!!tP OF' ,"ROOUCT

It.. A 35 NA NA IS NA .4J
II SO NA NA 10 NA .20
C 15 NA NA S PeA .JJ

ACGREG4ltD
TOTAL. 100 NA NA 30 .30;

ltl7 It 70 2 22 1/2 .33
II 2.5 1/2 5 .20
C 30 2 10 .JJ

~Gol.ltD 37.5
N>PAAfJ(T
INCREASE

TOTAL. 12.5 1.2.5 NJO CAL.Cl.AATED 37.5 7.5 TONS .JO

- :
i..

TRACKING WASTE MINIMIZATION PROJECTS
DATA SUMMARY

TABLE 3.

POLLUTANTS PR£VENTtD (TONS/YR)
PROJrCT NALIE DATE PLANT AIR WATER w!W SOUD HAl.

RErORLIULAnON 1987 A
RADIATION 19S7 B 3000

:0
POLYMER.

VAPOR OEG/ 19S7 C ~5

SOLV. SUB.

rREON REPLACE/ 19S7 0 313 ~30 ~30

IN CANS

SPRAY ORIEO/ USS E ~30 3.5
L.£AO EUM.

ALTERN. 1985 r 643 327
ELlULSltlER

HIGH SOUO 1988 G 332
ADHESIVE

ZINC OXIDE 1988 H 70 70
REOUC.

Z.....
...

1111 Ii_ r .I~ --
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Firm
,oIutIon Pr.vendon .

Prepared ByAJ....ment WoriIlhMu

Site Checked By

Date . Proj. No.
.

Sheet 0'_ Page oI_

l IWORKSHEET SITE DESCRIPTION
2

Firm:

Plant:

Department:

Area:

Street Address:

City:

StatelZip Code:

Telephone: I l

Major Products:

SIC Codes:

EPA Generator NU'TIber.

Major Unit:

Product Of' Service:

Operations:

FacHitieslEguipment Age:

POUUtioD Prevention Worksheets Sourc:e: USEPA; Facility PoUulioa Preveuioa Ouido

- 'III! Ii_ I•. ~
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,oIutlon Preventlon
Prepared ByFirm Alluament WorillhMU

Site Checked By

Date Pro;. No. Sheet _ of Page of

IWORKSHEET I PROCESS INFORMATION
3

Process UnitJOperation:
Operation Type: oContinuous aDiscrete

oBatch or Semi-Batch aOther

StaM
Cocument

c~:lte7 Curre~lt7 Last Used inrrs Cocument
(YIN Revision Reoor1 INl Number Location

Process Flow Diaoram
MateriallEnerov Balance

Desion
Ooeratino

Flow/Amount Measurements
Stream

Analvses/Assays
Stream

Process Oescriotion
Ooeratino Manuals

EouiDment List
Eouioment SDecifications

PlDino and Instrument Di'ltrlms
Plot and Elevation Plln/sl

Wortt Flow Diaorams

Hazardous Waste Manifests
Emission Inventories
AnnuallBieMial ReDQr1s

Environmental Audit Re""r1S
PennitJPermit ACDfications
Batch Sheet!sl

Materials ADDlication Dialtrams

Product ComDosition Sheets
Material Safety Data Sheets
Inventory Records
Ocerator loos

Production Schedules

76
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Firm
Pollution Prevention

Prepared ByA....llnent Worlr.sh..t.

Site Checked By

Date Proj. No. Sheet of Page of

IINPUT MATERIALS SUMMARY IWORKSHEET

4
Description

Attribute
Stream No. Stream No. Strum No.

Namel1D

SourcelSupplier

Component/Attribute of Concern

Annual Consumption Rate

Overall

Componentlsl of Concern

Purchase Price, • per

Overall Amual Cost

Delivery Mode 1

Shippino Container Size & Typel

Storage Mode'

Transfer Mode4

Empty Container DiSpOsal Management'

Shelf tife

SUQplier Would

- Iccept expired lNterial7 lY~1

- aceept shippino conUinetl1 lY,ffi

- revise expiration date 7 lY!H1

Acceptabfe Substitutelsl, if any

Alternate SU4)plier(11

Notes: 1. e.g•• pipeline. tank car. 100 bbl tank truck. truck. etc.
2. e.g .• 55 gil drum 100 It) paper ~g. tank. .tc.
3. •.g•• outdoor, warehouse. undergrOW1d. aboveground. etc.
4. e.g., pump, for1clift. pneumatic transport. conveyOt. etc.
5. e.g.• crush and IandfiU, clean and recycle, return to I~plier, etc.

PoUutioa Preveation Worksheets 77



Firm I'oGu1Jon I'rlventlon
Prepared ByA....ament WorItlhHtl

Site Checked By

Oate Proj. No. Sheet _ of Page _ of

IPRODUCTS SUMMARY IWORKSHEET

5
Oescription

Attribute Stream No. Stream No. Stream No.

NameJ10

CompOnent/Attribute of Canc:em

Annual Production Rate

Overall

Componentls) of Concern

Annual Revenues. •

Shipping Mode

Shipping Container Size. type

Onsite Storage Mode

Containers Returnable (VIM
j

Sheff Life I
Rework Possible (YIN)

Customer Would

- relax specification f'I":,.Jl

- accept larger contairl8ss (YIN)

78
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Pollution Pr.ventlon
Firm A.II..mlltlt Worksh••tl Prepared By

Site Checked By

Date Proj. No. Sheet _ of_ Paoe of_

IWASTE STREAM SUMMARY IWORKSHEET

6

Attribute
Description

Stream No. Stream No. Stream No.

Waste IDlName:

SoutceJOrioin

Component or Property of Concern

Annual Generation Rate (units I
Overall

Component(sl of Concern

Cost of Disposal

Unit Cost It per. I
Overall (per yearl

Method of Management1

Relative Rating Rating Rating
Priority Rating Ctiteria2 Wt. (Wl {RI RxW (RI AxW IAI RxW

Re-gulatory Com;)lianca

Trutment/Oisposal Cost

Potential Liability

Waste Quantity Generated

Waste Hazard

Safety Hazard

Minimization Potential

Potenml to Remove B¢tt1eneelt

Potential BY1)roduet Recovery

Sum of Priority Rating Scores l(RxWl IIRxW) I(RxWl

Priority Rank

Notes: 1. For example, unitary landfill, hazardous waste landfill, on-site recycle, incineration, combustion
with heat recovery, distillation, dewatering, etc.

2. Rate each stream In .ach Qtegory on a scale from 0 (nonel to 10 lhioh).

PoUutioD PreveDtioD Worksheets
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'oIu1ion fIr,vendon
Firm -,"..ament WorillhMtI Pre~red By

Site Checked By

Date Proj. No. Sheet_of _ Pag. of_

t IWORKSHEET OPTION GENERATION
7

Meeting format l•. ;., btlinstonning, nominal group tedvliquel

Meeting Coordinator

Meeting Participana

List Suggestion Options RatioNleiRelNrU on Option

80
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PoIutJon Pr'Vll'ltJon
Firm Auulment Worir.lhMtI Prepared By

Site Checked By

D.te PrO;. No. Sheet of Page_of_

I IWOfUCSHEET OPTION DESCRJPTION
8

Option N,me:

Briefly describe the option:

WlSte Stream(sl Affeaed:

Input Miterial(sl AlfeC1led:

Productlsl AHected:

Indicate Type: 0 Source Reduction
_ Equipment-Rellted Change
_ Persomeln'roc:edUl'e-Relited Change
__ Mlterials-Re1lted Change

0 Reeycling"'euse
_Onsite _ Mlterial reused fOl Otiginal pwpose
__ OHIit. _ M.terial used fOl • Iower-qualitY ~s.

__ Material &Old

Originally pl'oposed by: D.te:

Reviewed by: D,te:

Approved fOt ltUdyl yes no By:

Reason fOl Acceptencz or Rejection

PoUutioD Prevention ~ orksbeets 81



PoGutfon PrIVII'l1lon
Prepared ByFirm .......amll'lt Workahllta

Site Cheeked By

Date Praj. No. Sheet_of _ Page of

WORKSHEET I PROFITABILITY I9

Capital Costs

Purchased Equipment

Materials

Installation

Utility Comections

Engineerino

Start-1JP and Trainino

Other Capital Costs

Total ~pital Cosu

Incremental AtYluaI Operatino Costs

Chanoe in Disposal Costs

Chanoe in Raw Material Costs

Chanoe in Other Cosu

Amual Net Operating Cost Savings

Payback Period (in yearsl •
Total Capital Cosu

AlYlUaI Net Operatlno Cost SavlllQs
•

82
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Age... CD':<P Pelutlon Pr,v."tlon
~!Firm Aa.uamWl. WOlksh...1 Prepared By

Site I....C? A ~~ (:£ LS~ Checked By Pc?
Oate ,'. ',~ 12L~ \ t'iSI Pro;. No. I Sheet I of ( Page \ of lq

WORKSHEET I WASTE SOURCES I1

Material Handling
Significance at Plant

Waste SOUlee:
Low Medium High

Off·spec materials -,t
Obsolete raw materials ..,t
Obsolete products 'I
Spills and leaks (liquids) -./
Spills (powdersl ..;.
Empty container cleaning ~
Container disposal (metal) 'I-
Container disposal (paper, plasticl 'I
Pipelineftank drainage ..,t.

Laboratory wastes X
Evaporative losses X
Other

Waste Source: Process Operations

Tank cleaning y
Containet cleaning X
Blender cleaning ')(

Process equipment cleanino )(

Customized Pollution Prevention Worksbeets

•
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Firm A-ec.. c.t:;C2D Pollution Prlventlon DG-'-AII..ament Workshllts Prepared By

Site LC~ J-1~G~~:'S Checked By P:-D
CIte (, \~.f?C.W , \~~' Proj. No. I Sheet \ of I Page 2. of ,~

WORKSHEET WASTE MINIMIZATION:
2a Material Handling

A. GENERAL HANOUNG TECHNIQUES

Ale III rlW materials tested for quality before being accepted from suppliers? ~es ONo

Describe safeguards to prevent the use of mlterials that may generate off-spec product: 'j?C--O~'iti= VE-AJtGr

'\0 'PW.cJ 1 !::-£ ~~;'''''rlG!~ Cl;:: f>...-":'f'Ly"'::.I~ c... e:=-c?'= l~E.

Is obsolete raw material returned to the supplier? DVes QNo
,,/'

Is inventory used in first-in first-out order? 131'es DNa

Is the inventory system computerized] aVes ~o

Does the current inventory control system adequately prevent wute generation? eYes DNa

What information does the system trick] 't?20!?wa-!M t=:;:?i. L k ~""""t: llc: ~""'r;.r-"')
t' r ,,

C-ok'\!k:cL IJvM?.<E12-,~ "2E.=e \\.;-"'",:.; . ctt>\e-i-.:T"1c.~· 7..:..-:e,
I I

Is there I formal personnel training program on raw mlterial handling, spill prevention,
~proper storage techniques, Ind waste handrll'lQ procedures] DVes

Does the program include information on the safe handling of the types of dnnls.
contliners Ind packages received]

~/A
DVes ONo

How often is training given Ind by whom]
I

Is dust generated in the storage Iru during the handling of raw materials] DVes IrNo

If yes, is there I dedicated dust recovery system in pllee] DVes ONo

Are methods employed Zsuppress dust or capture Ind recycle dust1 DVes ONo

Explain: ~~
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Firm ~.'"3?- Co c-:.." Polution PrlventJon
"S<; '-A.....ment Workshll" Prepared By

Site L.b~ l-. \,,:b[;-l:£,!. Checked By CE"?
Date Ij,~~2d ! 19~1 Proj. No. \ Sheet J... of ...!.- Page ~ of \'t'

WORKSHEET WASTE MINIMIZATION:
2b Material Handling

B. BULK UQUIDS HANDUNG

What safeguards Ire in place to prevent spills and avoid ground contamination durinQ the transfer and fillinQ of
storage and blending tanks7

High level shutdown/alarms 0 Secondary contlinment ~
Flow totalizers with cutoff 0 Other 0

UIJ:)82.b ~C u""':"1"'1 ., .
\ 1/.L". t. 1'2C' ~U.:-:: ') \/..,....)Describe the system: \ t

CQ~C:c.s:r£ A,¢.c' 'r c=. c.:.:- '- .' ·':·T.l I ~~ t,J;':'.-C .f l' r r<' __ : .'
V'~~' ~

.. ,.,
/ ..

'.A.:(!H 'BER(\\«S

Are air emissions from solvent storage tanks controlled by means of:

Conservation vents 0 AbsorberICondensor 0 Adsorber 0
Nitrogen Blanketing 0 Other Ylpor loss control system 0

Describe the system: we ..-; \,.'c:;'""""E"'/ \

Are III storage tanlts routinely monitored for leaks7 If yes. describe procedure Ind mO~rino frequency for
above~roundtvaulted tanks: \' t -:;..U{- L P':: $ P'_(' - , C' ""- ' \&~ 'L~

Underground tanks: .J\6v.AL Ib>=Z pGc,'T1 0 ~ UJ~w/

How are the liqUcis in these tanks dispensed to the users? (i.e., in small containers or hard1)iped.1 t1;eD-
eQ2t:;;O To (\\AJ"j\jF6c.~~r I'o.JC-r= b1esA.~ ,

What melsures are employed to prevent the spillage of liquids beino dispensed? 5IACL,.OV€E:
.,.~ t01 j.j Go \

A.re pipes cleaned reg';::!A-AlsO discuss the way pipes are cleaned and how the resulting waste is handled:

When I spill of liquid occurs in the plant. what cleanup methods are employed le.g., wet or dryl? Also discuss
the way in which the resulting wastes are handled: R' e T ,'.1 e:rr-: oD fO f2 LA12L-{ ~?f' U<;;

60 U~*"'f "'0 ~P"t..\1..~ i~ r<GTH0 1> j"Ol'Z.. Sr'J.',L 7P'llJ.·1tW€l~ \0 :;m.stt

Would different cleanino methods allow for direct reuse or recycling of the wlste' lexplain)~osf ~;l
~lAJeD OE12- "0 ~\OJ",> JOI..Vf,· r;' 'jt?O ?'.'J>lLfofZ. 1?E~Yc. t.. II••; Go-

I

Customized Pollution Prevention Worksbeets

•
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Firm AgL c:.e::,~p

Site LD '2 t:JJC::r E:"LC-?
Date r\\~K::LLl" 1 ISJ~ (

i

PoUutJon Prevention
Aa....m ....t Workahlltl

Proj. No.

Prepared By D 6-L
Checked By _~---::-",,-, _

Sheet L of..L Page~ of 19

WORKSHEET

2c
WASTE MINIMIZATION:

Material Handling

C. ORUMS. COHTAWERS, AND PAOCAGES

Are drum., containers, and pacbges insgected for damage before being accepted1

Are employees trained in ways to Artely handle the types of drums and packages received1

Are they properly trained in handrlng Df spilled materials1

~s
e{es

04'es

DNa

DNa

DNa

DVes~

DVes DNa

DVes fJ'
~s DNo

DVes '"~s DNo

Dves ~
0,'<,

Are stored items protected from damage, contamination, or exposure to rain, snow, /
sun and heat1 l!'Ves 0 No

" . ~~,- \~An'~~}'_c..~~r
Oescnbe handhng prOCedures for darmaged items: .........-t.1-'o'-t:: I LJ ..... ,.;:..;., r:::: ---~I( ~<..:::::r)

~Rt--.J 10 'D!$Trz (BLJTci2..

Does the layout of the plant rnUt" in huvy traffic through the raw material storage aru1
(Heavy traffic increases ttoe potential for contaminating raw materials with dirt or dust and
for causing SIlilled materials to beeorme dispersed ttvoughout ttoe facility. I

Can traffic through the storage area ~ reduced? IVIA
To reduce the generation of empty _. and packages, dust from dry material handling
and liquid Wlstes due to cleaning emqny druns, has the plant anempted to:

Purchase hazardous tNteNilss in preweighed containers to avoid the
need for Weighing1

Use reusablelrecyclable drums with liners instead of paper bags1

Use larger containers or bulk delivery systems that can be returned to
s~pljer for cleaning?

Dedicate systems in the IoaCing are. 10 a. to segregate hazardous
from nonhuardous wlstesr

Recycle the cleaning waste fto. product?

Describe the results at these anempm: '3:?~(I, \ ~ IS Ird L I tJ t;="f2S.

Are a~I empty bag., ~kages, and ClXlntIiner. that contained hazardous r:naterials se~re;ated fr0l",those that
conta.n nonhazlrdOUS wastes? Desc::tibe the method currently used to dlspOs. of this Wlste: --.,;~;..O;::;... _

HhZAl2:po,-,? W¥?, Gc;. ~~~.,~ rav RA,....;I". LAg

102 Appendix C
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Firm A~ CaRD Poludon ~.v.ndon
Prepared By 'Dc=:lAllu.ment Workshi.t.

Site L...c? ~J-=GE" l E"S Checked By Dp
• I r· ,

\Q~\ ( Sheet -l.. of I Page G of \8Date I "1\:,:(,1-1 ! Proj. No.

WORKSHEET IINPUT MATERIALS SUMMARY I
3

Description
Attribute

IStream No. Stream No. -L Stream No.

Material NameJ1D i4o~'J~ /l; f.DU! ~t: U~ t TE1Z) v.) t= \ ')
SourcelSUClolier :r Tv' V r:-f.'_ f.'P't 1J.:l'b·~(

Hazardous Component lJ/A ~/I-.

Annual Consumotion Rate 1t;C,CCC ~q \ DeclC=.~ \-

Purchase Price•• per -if-~/ k:.a ~A-. l-

Overall AMuaI Cost ~2r:;c.eco =r.L,.. ::;lCC •~ t:)

Material Flow Diagram available (YIN) ~ Y
Delivery Model ,-eV':::' IL- DII,ew \oJ€'
Shippino Container Size and Type2 I~ i>eur", ~ t-
Storage ModeJ 1}JL. r?( ue'v9= I-..J A
Transfer Mode4 .J.l.~'-JD 112~ P:::t.' £:;
Control ModeS '" '6\..J e ul ~:Jt..'L. \D t.."L
Empty Container Disposal Management' t~,,~ ~LM~lu ~/,f..

Shelf Ufe -ZY(2... UIA.
SUQplier Would

- accept expired matwl7 (Y~l V ~ A
- accept shippino containers? (YIN) V ~ J>..

revise expiration date7 (Y~' " ~~.l~,. W ,.
Acceptable SubItiMe(sl. if Iny ~ewE"' ~e~€

Alternate Suoclliet(., ~1!!S'J"f:U~L-

Notes: 1. '.g., pipeline, Unk car, 100 bbl tlnK truek, truex, .tc.
2. '.g., 55 gal drum 100 Ib paper bag. Unit, .tc.
3. '.g., outdoor, wlrehouse, underground, Ibov.ground, etc.
~. '.g., pump, foritlift, pneumatic transport, conveyor, etc.
5. '.g., on-demand to III, select people only, sign out.
e. '.g., crush and IaneftiU, dun and recycle. return to supplier, etc.

-
Customized Pollution Prevention Worksheets 103



Firm AB.c. Coer-=> JloIutkln "'.vention
Prepared By 'I:::GLA.....ment Worksh••ts

Site L..C "7 A0(~r;:-LES Checked By ~

Oate".'~C~ I Ic;e.\ Proj. No. ! Sheet -l of -l Page {c of I~

I IWORKSHEET PRODUCTS SUMMARY
4

Description
Attribute

Stream No. --.l- '2Stream No. Stream No.

NameJ10 ~ !..l \.2E 4(':.Jf'i c; ... ~'i~0h ... ,.,.,;II.,;
• ~ l .. ..,....,...,.

Hazardous Component - -
Annual ProductIon Rate \ ,'ooo,Ccc L 3COOL-

Annual Revenues, • ~~~ MlU-1Ct...J ~ 2800 lLUC,.J

Shipping' Mode iC'uC.lL- ~:-!C-

Shipping Container Size and Type ~t::.J-1';" I·e., ~~e:...t"~ yo.,.
'''-7''f('''' "?'", 7 'v I

On-site Stotage Mode r ll~eElJ,.,.j,F CCL0 S~eJ.G,t:=

Containers Returnable (Y""I ~ 1-...)
Shelf Ufe \ 11-..... 0 ~ (,(,,0';

Re-worlt Possible (YINl Y I--J

Customer would:

- Relax specification (Y""I t-J tJ
- Accept larger containers (Y~l ~ N
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Firm A..BC- L-C e.P "oIudon "".,ention "I:'G L-A.....ment WOIkstl..ts Pre~(ed By

Site L.C? ; \~C"t; l.-t:::c::. Checketl By r-~'-./c

Date t-::. ftt'C~ I ISe;, I Proj. No. \ Sheet I of l Paoe :J... of F?

WORKSHEET OPTION GENERATION:
5 Material Handling

Meeting Format le.g., brainstorming, nominal groUCl techniqueI 8eA'W~'TZ R-f\\1 NCr-
Meeting Coordinator P~t..

Meeting Participants tv\A\, 'Dt;"01 'PL.?
\ .

Sugge.ted Wastl MlnimlzatSon Option. Cunlntly Ratlonal,lRematils on Option
Doni YIN?

A. Gen.... Handling TechnIqu..

Quality Control Check y'
Return Obsolete MateNI to Supplier f..J

~--PPL."~ ~c .. ",-::::-;;...:t1::-
<::ll": ,. . <:.-. "-'.:::.. ::::c ...:. '- G.".c.: C"

Minimize Inventory y
Computerize Inventory N -c. ..-~; oS· ~e-.\I€

Formal TrainirlQ ~ \0 -==~11~' "'a-/~ .. - ..__ , '. \ .. c::. +...;,... ..... ' _ .....

B. 8uIk UquicU Hendling

High Level ShvtdownJ~rm y
Flow Totalizers with Cutoff f'J
Secondary Containment V
Air Emission Control f'J L.l:cJ~ r}.J'\0 ,....~ ~

leak MonitorirlQ 0 c.o:;:r ??
Spilletl Material Reuse tJ ~~.,.. ~ tv\\->
Cleanuo Methods to Promote RecyclirlQ to ~"n.,LA'lJe ~PIL' TYDEc;

C. Dn.wns, Contain.,... 8I'ld Pec:Uva

Raw Material Inspection V
Proper StoragelHandling y
Preweighed Containers U \J~~~~ ~lJei,\fV

Soluble Bags N ~O

Reusable Drums y
Bulk Delivery tv \2:::l ~ LD I.J~ lDE'?t.""1)

Waste Segregation IJ ~ft;~l:>~~\J~
":;:'~ ',";~A:i"""'~-;) ~~l:s11.""

Reformulate Oeaning Waste tV

Customiud PollutioD Preventioa Worksheets lOS



Firm ~~C:;Oe.P ,olIutJon PtlVlntion
Prepared By ~LAtliisment Workshlltl

Site L--CS ~LES Checked By P8l::>
Oate 1\'pA,t:c.~ lCAI Proj. No. \ Sheet \ of -l Page L of \~

I IWORKSHEET PROCESS DESCRIPTION
6a

1. GENERAL

AqU«Hl$ ClHnJng

Type of Clunino Procedure tUnrdous or
Aqueous Cleaner IClf, manual washl Active Ingredient

Alkaline Sufactant tv'\~·JjUkL. ILDtf ! D t.-\.sS :!'J t.~

Alkaline Cleaner GID t:;.ct-Q~

Acid Cleaner

Acid Sanitizer t:::::~P H ;:,PO 4-
Other

How are spent cleaning solutions managed:

~sBiodegradable; disposed ot in sewer ONo
Treated on·site; dispoSed of in sewer es ~oTransported off-site DVes
~ QVes ~~
tf yes. explajn:r\~.b..,Q;~Lu.;~Sr\ ~Cw"'o~"'GG:!t.;"'e! LI P .fcl,1-:~ lJt\,)"i"(Zl..U2l:1?~i1Ge....~ Fo-

list waste streams generated by aqueous cleanino: -IJ>..I..J~<it;,. ?Q UI ~,.J-E"'I---'T L u=sr.., 1..::)11':::<::.-

SoIwfft CJMnIng ~~
Type of tUnrdous or

Solvent Used Cleaning Procedure Active Ingredient

How are spent solutions managed:

Biodegrad.1ble; disposed of in sewer DVes DNa
Treated on-site; disposed of in sewer DVes DNa
Transported off-site DVes DNa
Other DVes DNa

If yes, explain:

list waste streams generated by solvent cleaning:
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Firm Age coep Pollution Prevention 06:-AII.ument Worksh..t•. Prepared By

Site LcS> (,I~-:"'-::= LE?S Checked By Pc?
Date :\'\A-t2C1-i I /991 Proj. No. I Sheet ( of ( Page"£' of \<6

WORKSHEET I PROCESS DESCRIPTION I6b

1. GENERAL (continued)

Disinf«tJnglSteri11zJng

Type of DisinfectitlQ Procedure Hazardous or
Disinfectant Used (Spray. Wipedown. etc.! Active Ingredient

gLeE"" Ct-l4 P IN\ PCDoc..c N QlJ.\T k~/I.1 ("'("r'., CM~(,

How are spent disinfectants managed:

s<:Biodegradable; disposed of in sewer oNo
Treated on-site; disposed of in sewer Dves DNo
Transponed off·site DVes DNo
Other DVes DNo

If yes, explain: G,KCC~ ~Ct-uno~ :D 0 t\\CEb -r0 DQ.AJ t-=J

Is ethylene oxide used for sterilization? eVes ~
What type of pollution control equipment is used?

What is the percent 1%1 ethytene oxide captured?

What is the percent 1%1 chlorofluorocarbon captured?

List waste streams generated by disinfecting/stenlizitlQ: e~6D\...U]O~EZo ~\ '!).t:.'~...J t:'1U-

VentInsJ ~E=A W \f E"':I:::o~~

What large-volume liquid chemicals are stored on-site? ElliWO~

Ale storage tanks with breathing vents used? 7:;Do process vessels release vapors?

What chemicals are reteased through vesset vents? en+~OL-

What type of pollution control equipment is in place? "-=Of'-.,)C

What percent 1%1 of vent gases generated are captured? (j1,
List waste streams generated by venting: 61'YJo..t....JOL JAPo~

Customized PollutioD PreveDtioD Worksheets
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Firm ~'gc. ~RP PoIIU1fon PrlvII1tlon :I:dGLA.....mant Workshllt. Prepared By

Site l...L$ Ad;GE"...FS. Checked By 'D2P
Date t J..AJ2~ j..L \99L- Proj. No. I Sheet -l of \ Paoe \ ~ of l'b

(

WORKSHEET I PROCESS DESCRIPTION I6e

1. GENERAL (C«ltinuedl

DupoulW.

List the disposable items used in manufacturiOQ: yLA?uC pJOE"'l'? I 8EA~ec SiC-
i J

Off,S/»C M.tMMs

List the production raw materials that have been disp~sed of due to being out-dated or off.spec:-'1=2 U /.'

.:::=::t+L.Ce fD E;
List the products you manufacture that have be~destrOyed and disposed of due to beiOQ out-dated or off·
spec: . ""'$I>:- L r t>! r;:; ~ -= k U !"! ¢

How Ire these items managed7 Wa..C\ --:-0 {J~--l\r=+G~..)Qe;e, ,7':; ..,~~~ ye:t.$i+
GOc...iJI1~NS ~~ @e::..u=e:.~~

2. FERMEHTATION ~(~
FenMnt., /nf",-",.tJoII

Description of fermenter:

Identification number:

Type of growth media used:

Size of sump:

Frequency of sump cJunout:

Does sump fluid go to wlste treatment tank7

How otten is fermenter inspected for the following:

Heat transfer fluid leauge:

Agitator seal fluid leauge:

Integrity of process connectors:

Integrity of sterile barriers:

What is the IeOQth of the fermentation cycle7

/Iroc.u ,nf",-",.t/on

How is clJture removed from fermenter?
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Firm Apc: c.e(......~ PoIuUon Pr.vantlon
J;:s,~Alluament WOIkshttts Prepared Bv

Site Lc? ±\.\:.~r: Lc~~ Checked Bv ~
f 0.,e H- lSA I I Sheet --l of I Page I I of f6.Cate ,. . I:. , Proj. No.

I IWORKSHEET PROCESS DESCRIPTION
6d

2. FERMENTATION (continuedl

Where does it go7

How ~re cells removed7

Is used media sterilized7 If so, how:

Are media, cell debris, or vent gas waste streams hazardous?

If ves, list hazardous components:

How ~re contaminated fermentation batches handled?

What is the fermentation vield percentage?

Ust the wlste streams that are generated bV fermentation:

3. CHEMICAL SYNTHESIS. NATURAL PROCUCT EXTRACTION, FORMULATION

SoIvtnt·Bu«lI'roceu••

~ Ooeration Annual Usage

G114-~'- ~(!-J ~AW.Ol-JS \ 1 ~~o ,Cl:::l::::) 6.AL

How .re spent solvents managed: QcCO\J~ ~\:> ~CLA.r~ e,y ,

'DI ?Tlll..-A.TtoN
Ust wlste streams generated bV solvent-based processes: .o$pE""-Ji E.I~Oc.... 70U;no~

~O~[1Jt~~~~\'I?l~

Customized Pollution Prevention Worksheets
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Firm A9C- c...ee.D 'oIIudon 'rev.ntlon ~LAu...m....t Worksheets Prepared By

Site LoS ~..:6E l..£"S Checked By t€?
Date /\i~Pq-f ! \>82 \ PI'\:)j. No. \ Sheet J... of -L Page~of ~

I IWORKSHEET PROCESS DESCRIPTION
6a

3. CHEMICAL SYNTHESlS. NATURAL ~DUCT EXTRACTION. FORMULATION (continuedl

A~·lJ4sMi I+oceues
What types of wlter are used in your pl1mt7

~:Water for injection ONo
Distilled wlter ONo
Softened wlter ~s ONo
Municipal water es DNo
Reverse osmosislOeionized water DVes ONo

WNIt aqueous process solvtions are generated or used]

AQueous SOlution Type at Water OperaIton Annua' Usage
7eDIIJM e..u L OetDf" \}y~ ~\z"'V'.....J.. !l~N \ \ooo,oool-..

IcJ'·r2f~ D~llW:::~ ~'20 L.tf:;. Q~E\7~~c'-6 U~~,..2J
t

How Ire spent cleaning solutions mana;a:

~Biodegradable; disposed of in sewer ONo
Recycled on-site ONo
Recycled off·site DVes DNo
Treated on-site aVes aNa
Treated off-site DVes ONo
Other Dves ONo

If yes. explain: 4~LrU;:; ~D...un.o~ 2t:C.V,-Lf"'i.:) o ~ - $l~ \~ o\fi Or 7Pez:.;
L-~B ~l...Y1J~N~ ~~ '?\,?"\ )::ow ~ ~G" nek>rM

List waste streams generated by aqueous-.based processes: .-? Der...!l L..A&o~y' ~~/~ 1~

4. RESEARCH AND DEVELOPMENT

List disposable items used in R&D processes: MISe. PLMuC- L-.A€? uJAeE

List other R&D wastes:

Current Waste
Process Type of Waste

~:rl.~~t;~u....:t=1!,.~,.:;:J 'F;7q,;JEl:,. M~ 1Ar.
£k;-Y}b l I:.Xc N±§"'" P~PE=\2..,Pl.A$i1Co':;' T li?A2 t± ! LJ...t...J'DP1 LJ

\ I
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Firm h B.L c.ee:!:> Pollution Pr.v.ntion _
Prepared By J::;6.LA.....ment Worksh••ts

Site ~ A"-bEt-ES Checud By PEP
Date NI~e(,4 , 99' Proj. No. ~ Sheet ..Lot L Page~ at t~

WORKSHEET IWASTE STREAM SUMMARY I
7a

Attribute
Description

Stream No. t Stream No. --Z:- Stream No.~

Waste IDlName: LLa\..i(L'(..W~ ~~ V~PCI'- C~-.. ~ l~\.S-t£

SourcelOrigin ~~ A..1..Sl~ ~ID £'P6't:' iA.l~

GDUI!)M~iT ThJj~ V~...... S frl-L't. f>.,C... r~e-

C~(t-JC- N~~04,lS

Annual Generation Rate (unitslyearl I~,cec 0r /"'f':.. \ec.c 6I-L /ue.. "Z:; ~..::.:: ~ I \..: e..
Hazardous Component Name

, -- -
Annual Rate ot Componentls) of Concem - - -
Annual Cost of Disoosal "f lOo~ ~(OO= ".\ O,coc;:)
Unit Cost ($1 ) l~ll.OCk:T /-<-"''-~ I I C:rA.z.- ~ OA /'-B

Method of Management I I~J..Jei2-. ~\l'2. f~\~ 10 t..J ~1":~V
'-Jo,......~=;::fl~

RetativeJ Rating Rating Rating
Priority Rating Criteria: Wt. (Wl (RI RxW (RJ RxW (RI RxW

RegtJtatory COlT'pliance <3 q AO ~ 7Z- 4 ~2-

Treatment/Oispesal Cost 4 '3 \2- ~ [2- 7 ~
Potential Uability 7 G' '3~ 5" ~C ; ~~
Waste Cuantity Generated ~ Cj G"4 A 24 6 ~~
Waste Hazard 2 Z A- Co \'2. ::z 4
Safety Hazard :3 f ~ I '3 I ~
Minimization Potential 5 <? 40 7 3-5' (( 4.c
Potential to Remove Bottleneck '2 '2 4 'Z ~ Z 4
Potential By-product Recovery 0 I 0 \ CJ \ Q

Sum of Priority Ratino Scores I(RxW) \~z.. I(RxWj 1Q.7 I(RxWl I <g' z..
Priority Rank Z ~

Notes: 1. For example, sanitary landfill, hazardous waste landfill, on-site recycle, incineration, etc.
,

2. Rate each stream in in each category on a scale from 0 (nonel to 10 !highl.

3. A very imporunt criteria for yoW' plant would receive a weight at 10; a relatively unimportant
criteria might be given a wei9ht of 2 or 3.

ClLStomiud Pollution Prevention Worksheets
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Firm...A.3C- Ccl2~
,CliIutlon Prevantlon D6L.-As....ment Worilshllt. Prepared By

Site LC2 ~1~C=-8..c~ Checked By Pt:(~

(t.f.-:e ,I I,QqI \ l of-l. Page \L of J.l'Oate \ " c..~ Pro;. No. Sheet

I IWORKSHEET WASTE DESCRIPTION

7b

1. Wlltl Str...., NImeIID: E1Hp...~1..- ~rL. Strum' -z...
Procal UnItJOl*adon 7iO~K-E ~ S'1\.\\ ~~\otJ,:>

2. ~cn.8Cteri.uca lattadl~ .". with compo.itlon dati. I' nlclls..,)
gas a liquid a solid 0 mixed phase

Density, Ib/cu. ft. High Heating Value. BtUl'b
ViscositylConsistency
pH flash point % water

3. ~ 1Mv.. prOCIII a:
air emission 0 waste water osolid waste ohazardous waste

oother

4. WUCI genwadon~
.,I) M1\ ~ EJz:n rJ t.. 'DU,="Th 'W-G-tl:-:-;;:.I.I. crt ~~~ e.EQi; \ I l~continuous 1-1.

a discrete
discharge triggered by: ~mjcalanajysiS

ther ldescribel =p:...,b.J. '< iJ§;'JT\~G=

Type: aperiodic length of period:
osporadic (irregular occurrence)
onon-recurrent

5. Genwarlon "-11 Gr/o.~
AMuaI \,000 ..Je'!'per year
MaximOO1 lb. per year
Average lb. per year
Frequency batches per
Batch Size Average_ Range

I. WMtl Origlna/Sourc:el
(FlI out 1NI wOfbhMt to Identify the origin of thl watl. If the watl Is a mLlturl of W..tl struma,
ftI out a sheet for each of the Indvlduaf wlltell.

Is waste mixed with other wastes? ayes
~Is waste segregation possible? ayes

If yes. what can be segr~ated from it?

If no, why not? PUe-e: ~De...

1nj)Ut material source of this wuta E"'IlJ:;LWOt.- '~Dr?-~

112
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AS;: L.::o(2P 'oIIutlon Pr,ventlon . 'D:S-i-Firm A...llment WOIksh,.ts Prepared By

Site L.6~ h: l::.G'Eo L'E:-S Checked By PE=P
Oate!\~~H no \ Pro;. No. \ Sheet 1 of I Page .l!Z of ~,

WORKSHEET WASTE MINIMIZATION:
8 Reuse and Recovery

A. SCGREGATION W/A
Segre;ation of wastes reduces the amount of unknown material in waste and
improves prospects for reuse and recovery.

Are different solvent wastes from equipment cleanup segregated? DVes DNo

Are aqueous wastes from equipment cleanup segregated from solvent wastes? DVes ONo

Are spent alkaline solutions segregated from the rinse water streams? DVes oNo

If no. explain:

B. ON-SlTE RECOVERY

On-site recovery of solvents by distillation is economically feasible for as linle as 8 gallons
of solvent waste per day.

~Has on-site distillation of the spent solvent ever been anempted? ONo

If yes, is distillation stlll being performed1 ~ ONo

If no, explain:

C. CONSOUOATIONIREUSE

~Are many different solvents used fO( cleaning1 Dves

If too many small-'iolume solvent waste steams are generated to justify on-site
DVes DNodistillation. can the solvent used fO( equipment cleaning be standardized?

Is spent cleaning solvent reused1 Dves DNo

Are there any attempts at makillQ the rinse solvent part of a batch formulation (reworlc,)1 DYes DNa

Are any attempts made to blend various waste streams to produce marketable products? aVes

~Are spills collected and reworked? Dyes

Describe which measures have been successful:

Is your solvent waste segregated from other wastes? ~es DNa

Has off-site reuse of wastes ttvoUQh waste exchange services been considered1 DYes

~Or reuse through commercial brokerage firms? Dves

If yes, results:

Customized Pollution Pre"ention Worksbeets
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Firm ~'6c.. CDe? PoGutIon Pr.ventlon ~LA.....ment WOIkshetts Prepared By

Site L-Q2 hl...i-:..aFS Checked By r-:t:P....
• I - ,

19'j·L ( Sheet.J. of \ Page l6.01 RDate f \ +- f:,Cr; I Proj. No.

WORKSHEET OPTION GENERATION:
9 Process Operation

Meeting Format le.g., brainstorming, nominal group technique) BA<,b... \~i;;lP E: f\ \ (~c-

Meeting Coordinator J>GL
Meeting Participants M~-r!! peP, DL...CS I fl\:!S

SYQ9Uttd Options Cun.n%:r RationaJ.lRamarlt, on OptionDone Y 7

A. SubltitutIonlR.formulation Options

Solvent Substitution ~ )
Product Reformulation I\J '(- k.)oTF~Ip.l-~

Other Raw Material Substitution ~) \

I. Ouning

Vapor Recovery ~ --r-o ~1VP'I ~ '-;, ~~E'lt; t+
Tank Wiper. ~1

Pressure Washers Vi
RaJse Cleaning Solutions V ~~ c.tP ONL"'I
Spray Nozzles on Hoses V
Mop Ind SqueeQees ./
Reuse Rinsewater V ~~~~~7;",-~ I~~~h:>,,::-~ '-:l

Reuse Cleaning Solvent ~
Dedicated Equipment V
Cleln with Part of Batch ~
Segregate Wastes for Reuse ~)
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~EL- c...ex:.o ,oIutfon "evlntlon ~LFirm Allu.ment Wetk,hlln Precared By

Site LC~ ~J·JGsE='Lo Checked By PSP
"'e r4- \'7) l..- I I I Page .i1 of r?Oate I 'I~ c: I Proj. No. Sheet of

WORKSHEET WASTE MINIMIZATION:
10 Good Operating Practices

A. PRODUCTION SCHEDUUNQ TECHNIQUES

Is the production schedule varied to decrease waste generation? (For example. do you attempt to increase
size of production runs and minimize cleaninQ by accumulating orders or production for inventory?l

Oescribe: ~es - 5Cr\~Ei1\'.~PS. E"Qu tpUe:U\ \ ~ ~lt..:~ C~~l-'! C~~~ u. L~~C'::::J
8~ <:,UN$ ~-r ':\JILL.- 60 'i"L) ol-jE' BA.~H

Ooes the production schedule include sequential formulations that do not require cleaning between batches?

If yes. indicate results: =SEC- )-.... eo.J E"

Are there any other attempts at eliminating cleanup steps between subsequent batches? If yes. results:

I. AVOID OFF·SPEC PRODUCTS

Is the batch formulation attempted in the lab before large scale production? ~ DNa

Are laboratory CAJQC procedures performed on a r~ular basis7 r;rfes DNa

C. OTHER OPERATINO PRACTJaS

Are plant material balances routinely perlonned7 Dves ~o
Ale they performed for each material of concern (e.g., solvent) separately? DVes m;o

Are records kept of individual wastes with their sources of origin Ind eventual disposal? OVes ~
(This can aid in pinpointinQ large wlste streams and focusinQ reuse efforts.)

Ale the operators provided with detailed operating manuals or instruction sets? ~es ONo

Are III operator job functions well defined7
:?os

DNa

Ale regularty scheduled traininQ programs offered to operators7 Yes ONo

Ale there employee incentive prOQrams related to pollution prevention7 DYes ~
Ooes the plant have an established pollution prevention program in place? DVes ~
If yes. is a specific person assigned to oversee the success of the program7 DYes ONo

Oiscuss goals of the program and reMs:

Has a pollution prevention assessment been performed at this plant in the past? If yes. discuss:

~c>
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Firm ~?=<- C.C2..P Pollution Pr.v.ntlon U:;L..AII.llment WOtkshttts Prepared By

Site lL:.~ /;.., ~&=1.E"S Checked By PG?
i,\·i,2'c L:

I

l~Date \.09 \ Proj. No. \ Sheet \ ot I Page l.i of!

WORKSHEET OPTION GENERATION:
11 Good Operating Practices

Meetil1Q Format (e.g., brainstorming, nominal gro~ techniqueI B (2A.l t--.)..-:7TO e"\I f-:) G-
Meeting Coordinator "'C6tL
Meeting Participants . MA'Tj Pe?I H'T!\ \ ! ..::rEb, J) L. ~

S4I9Qelted Options Cun.n~ I Ratlon••Jl'em8rits on Optl4nDon. Y 7

A. Produedon S<:heduling TtdWqu..

Incr~se Size of ProductIon Run y c.e ~ t.'D 6c Lt.J2:5t:-;2:..
SeQuentlal Formufatll1Q '{
Avoid Unnecessary Cleaning Y <::La~rk.. ~ u..~ l.£f.£J,;~0
Maximize Equipment Oedi~tion ..;

8. Avo'd Off·~ Products

Test Batch Formulation in Lab '(
R~ular CAJQC V

C. Good ~atinQ Pr8edc81

Perlorm Matenal Balances ~ ~c.-~, ~="I'o~ S
Keep Aeeords ot Waste Sources & DisQOsition tJ ?'e.o'b11o-.J 101,)0~~

WastelMateriafs Documentation tJ !;:'(2.0"0\..l "1"b 'Dc--rH-\~
Provide Operating Manualsl1nstruetions ~

Employee Training V
Increased Supervision V
Provide EmQloyee Incentives ~ "'0 'EE c.. 0 I-j~\~
Increase Plant Sanitation ~
Establish Pollution Prevention Policy y E:tJ6R/~~10 Do-n+\<?
Set G~ls for Source Reduction y E1JGQ/~'D;,J '\0 1::c__n ..~1~
Set G~ls for Recyclir'IQ t-J
Conduct AMuaI Assessments y ~oert\ wM ~~rv\
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