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February 11, 1993 

To Pollution Prevention Planning Guide Users: 

The Hazardous Waste Research and Information Center (HWRIC) is pleased you have 
obtained its gUide for the development of a facility pollution prevention program and plan. 
We believe the evidence is ovelWhelming that once companies participate in a pollution 
prevention opportunities assessment and develop a pollution prevention program and written 
plan, they will not only reduce their waste and emissions, but will also save money. 

"Pollution Prevention: A Guide to Program Implementation" is based in part on 
manuals prepared by EPA and by a number of state pollution prevention programs. We have 
tried to tailor it, based on our experiences with a variety of industrial facilities, to meet the 
needs of illinois industries. It can and probably should be used in conjunction with the new 
USEPA manual, "Facility Pollution Prevention Guide," published in May 1992. The EPA 
manual provides more detailed infonnation and can seIVe as a good reference when 
additional background is needed on any particular aspect of pollution prevention planning. 

We hope that this gUide can serve as a simple manual for pollution prevention 
planning. We realize that not every company will utilize every element of this document, and 
that each will have to tailor the suggestions or recommendations made in the manual to their 
particular needs. Each company should seek ways of integrating pollution prevention 
concepts into the way they do business. In other words, pollution prevention should not be 
an add-on program, but rather a part of existing programs that produce a quality product, 
protect workers and the environment, and meet regulatory requirements. 

Development of this gUide has been made possible through state funds and also, in 
part, through a Pollution Prevention Incentives to States Grant from USEPA We hope you 
will read this manual and implement pollution prevention in your facility. I'm convinced that 
your efforts to develop a pollution prevention program and plan will payoff for you in a 
variety of ways, as it is doing today for numerous companies throughout the country. Ifwe 
can provide assistance in any way, I hope you will call on us. 

David L. Thomas, Ph.D. 
Director 
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INTRODUCTION
 

I ndustrial waste generation in the United 
States has reached daily averages in the 
billions of pounds. In Illinois alone, the 

quantity of Resource ConselVation and 
Recovery Act (RCRA) designated hazardous 
waste totaled 6.2 million tons for 1990 (IEPA, 
1992). Toxic chemicals released by 1,305 
Illinoisfacilities reporting underthe Superfund 
Amendments and Reauthorization Act (SARA) 
totalled 233 million pounds for 1990 (IEPA, 
1992). Almost 88.1 million pounds were air 
releases through stacks or fugitive emissions 
statewide; while 66.1 million pounds came 
from facilities in Cook County. The total non­
hazardous solid waste disposed in Dlinois dur­
ing 1991 was 41.6 million-cubic yards (IEPA, 
1991). 

This waste discharged to our air, water or 
land represents a significant loss of raw 
materials and a potential threat to human 
health and the environment. To be responsible 
guardians ofenvironmental quality, waste gen­
eratorsmust reviewtheirproductionprocesses 
and operations as well as consider both the 
economic and the environmental benefits of 
implementing a pollution prevention program. 

Adopting a pollution prevention program 
as a way of doing business can provide a 
number of significant benefits to a company. 
By decreasing the amount of waste generated 
or released, a company can reduce waste dis­
posal costs, improve worker safety, and reduce 
long-tenn liability. In addition, pollution pre-

WHAT: Pollution Prevention-any in-plant practice that reduces oreliminates the amount and! 
or toxicity of pollutants which would have entered any waste stream or would otherwise have 
been released into the environment prior to management techniques such as recycling, 
treatment or disposal. It 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 material 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 regulatory burdens 
• improve environmental and workplace conditions 
• ensure community safety 
• maintain good corporate image 

Table 1. An Introduction to Pollution Prevention
 



----------------------

vention methods may increase the efficiency of 
the production line and decrease costs associ­
ated with the purchase ofraw materials, inven­
tory control, etc. Any resulting changes in 
efficiency or expenditures may help the com­
pany to retain or improve its competitiveness in 
the marketplace. 

Companies have traditionally evaluated 
their industrial processes in tenns of optimiz­
ing their production, but times have changed. 
Due to increasing environmental concerns 
associated with industrial waste, companies 
must now incorporate waste management and 
prevention strategies into their industrial 
processes. Companies must reexamine their 
productionlineswith thegoal ofreducingwaste 
generation. By increasing efficiency of opera­
tion, companies can see that more of their raw 
materials go into products rather than ending 
up as waste. 

Properly managing or treating waste for 
disposal is not considered pollution preven­
tion. Rather than focusing on end-of-pipe 
technologies and treatments, companiesshould 
implement a pollution prevention strategy that 
begins with materials selection and purchase 
before they arrive at the receiving dock. From 

POLLUTION PREVENTION
 

IS
 
Source reduction
 

In-process recycling
 
Clean technology
 

Raw material substitution
 
Preventive maintenance
 

IS NOT
 
End-ot-pipe technologies
 

Pollution control
 
Off-site waste recycling
 

Out-ot-process waste recycling
 

Table 2. The Pollution
 
Prevention Concept
 

a materials management point of view, pollu­
tion prevention is not only a strategy to use 
safer raw materials, but also to ensure more 
efficient use of these materials. 

How to Use This Manual
 
This manual .serves as an overview for 

Illinois businesses ofall sizes that have chosen 
to learn more about developing a pollution 
prevention program. The manual is organized 
into 15 chapters and an appendix. 

The HazardousWaste Research and Infor­
mation Center has followed the basic six-step 
outline of the U .5. Environmental Protection 
Agency's Draft Guidance to Hazardous Waste 
Generators of the Elements ofa Waste Minimi­
zationProgram. However, based on experience 
gainedwhile assisting companieswith develop­
ing pollution prevention programs, the steps 
have been restructured and expanded to 
ensure development of successful pollution 
prevention programs. 

Additional sources to consult for more 
detailed coverage, worksheets, and resources 
on pollution prevention are EPA9s new publica­
tion' Facility Pollution Prevention Guide (1992) 
EPA/600/R-92/088 and PoUution Prevention 
Resource and Training Opportunities in 1992 

Information in this manual must be cus­
tomized as needed to make it applicable to the 
specific sizes and types ofindustrial processes 
used at your facility. What works at one plant 
maynot be feaSible at another due to technical, 
regulatory, or economic constraints. 

The order of the chapters follows the pro­
gression of activities needed to implement a 
pollution prevention program. By nature, a 
pollution prevention program is continuous ­
project implementation leads to feedback and 
redefinition ofgoals for additional projects, and 
so on. Chapters 2-4 provide basic infonnation 
on tenns, pollution prevention rewards and 
problems, andfederal and state legislativeback­
ground. Chapter 5 provides an overview ofthe 
steps for developing a pollution prevention 
program; Chapters 6-13 describe these steps in 
detail. The closing chapters, 14 and 15, dis­
cuss other waste management options and 
provide resources for pollutionpreventiontech­
nical assistance in Illinois. 

EPA/560/8-92-002.



DEFINITION OF TERMS
 

T hroughout this manual" we will be 
using terms that may have been 
used interchangeably in the past. The 

following brief definitions will help to clarify 
these concepts. 

Pollution prevention - any in­
plant practice that reduces or eliminates pro­
duction of pollutants or prevents them from 
entering any waste stream or otherwise being 
released into the environment prior to recy­
cling" treatment or disposal. 

A pollution prevention program 
should focus on source reduction and in­
process recycling. This recommendation 
follows the definition used in the Federal Pollu­
tion Prevention Act of 1990 and the illinois 
Toxic Pollution Prevention Act of 1989. How­
ever" other waste management strategies" not 
considered to be pollution prevention" such as 
off-site recycling" treatment" and proper dis­
posal methods should also be addressed in the 
company"s comprehensive waste management 
plan (see Chapter 14). 

Source reduction - any practice 
which reduces the amount of any hazardous 
substance" pollutant or contaminant entering 
anywaste stream orotheIWise released·into the 
environment (includingfugitive emissions) prior 
to recycling, treatment, or disposal and re­
duces the hazards to public health and the 
environment associated with the release of 
such substances" pollutants or contaminants. 
The tenn includes: equipment or technology 
modifications: process or procedure modifica­
tions: refonnulation or redesign of products: 
substitution of raw materials: and improve­
ments in operating procedures, maintenance" 
training or inventory control. 

In-Process Recycling -direct use" 
reuse" or reclamation of waste material within 
a process. 

Waste minimization - this tenn is 
generally used to refer to activities that involve 
Resource ConseIVationandRecovetyAct (RCRA) 
hazardous waste only. It may include source 
reduction and environmentally sound recy­
cling in any fonn including off-site recycling 
and beneficial re-use. This tenn does not 
include treating or disposing of waste after it 
has been created. 

Additional definitions that may be of 
use include: 

Wastes - pollutant discharges, off­
spec products" non-commercial co-products or 
by-products" and substances that receive 
destructive or containment treatment and 
disposal. 

Hazardous Dlaterials/waste ­
any material /waste which is RCRA listed or 
which is hazardous due to one or more of the 
following characteristics: 1) toxicity (poison): 2) 
flammability/ combustibility; 3) corrosivity: and" 
4) chemical reactivity. 

Specialwastes - An IllinOis-specifiC 
designation for any non-RCRA industrial pro­
cesswaste or pollutioncontrolwaste which has 
not been declassified. 

Toxic - Relating to a harmful effect by 
a substance onliving organismsthrough physi­
cal contact, ingestion" or inhalation. 





INCENTIVES AND OBSTACLES FOR
 
POLLUTION PREVENTION
 

P ollutionprevention is often referred to as 
business planning with environmental 
benefits. The most common benefits 

and incentives for establishing a pollution pre­
vention program are presented here. Some of 
the obstacles that may hinder implementation 
or program development are also discussed. 

Incentives 

Reduced Operating Costs (Economics) 
- Pollution prevention activities usually save a 
companymoney in the long tenn. Many pollu­
tion prevention projects have good returns on 
investment and short payback periods. Money 
is usuallysaved in disposal costs, newmaterial 
costs and improved operating efficiency. Many 
f1I1I1s report that the majority of savings comes 
from the latter. 

Improved Worker Safety - Reduction of 
the use of taxics in the workplace is a major 
aspect of pollution prevention. By reducing or 
eliminating toxic substance use, the safety of 
the work environment can be improved and 
personal protective equipment requirements 
decreased. Also, reducing the likelihood of 
leaks, spills and releases can decrease worker, 
visitor, and contractor exposure. These steps 
will result in cost savings through preventing 
the loss of materials and possibly through 
decreased ~uranceratesbyreducingmedical 
claims and disability leave. Better labor rela­
tions can also result from improved worker 
safety. 

Reduced Compliance Costs - Undertak­
ing pollution prevention projects can reduce 
your regulatory exposure and, in some cases, 
may eliminate the need for pennits, manifest­
ing, monitoring and reporting. Keeping up with 
regulatory requirements and submitting the 
reqUired reports is an expensive and time con­
suming process which, if eliminated, saves 
money. 

Increased Productivity - Pollution pre­
ventioncanimprove plant productivitythrough 
more efficient use of raw materials due to 
improved processes and operations. Many in­
dustrial plants that produce large quantities of 
wastes may be using old technologies to make 
theirproducts, ortheirprocessesmaybe poorly 
controlled and inefficiently operated. Some­
times small improvements can result in in­
creased product yield and better quality. 

Increased Environmental Protection ­
Many waste disposal and treatment methods 
have been shown to be less protective of the 
environment than previously estimated. These 
methods may just move enviromnental con­
taminants from one medium to another. They 
may cause future problems that are not yet 
apparent. Pollutionpreventionreduces the gen­
eration of wastes at the source, or results in 
less toxic waste, and thus assures improved 
environmental protection. 

Reduced Exposure to Future Liability 
Costs - Reduction ofpotential long tenn liabil­
ity from waste disposal has become an 
important concern in recent years. Past dis­
posal practices, even though they may have 
been legal, have often caused environmental 
damage that has proved to be expensive for 
industrial facilities as well as damaging to their 
public image. Pollution prevention can help to 
reduce long tenn liability by reducing the 
amount and the hazard ofwaste generated. 

Continuous Improvement - Successful 
implementation of a pollution prevention pro­
gram can be an integral part of a company's 
continuous improvement orTotal QualityMan­
agement program. Reducing wastes and im­
proving efficiency are what both pollution 
prevention and continuous improvement are 
all about. 



Obstacles 

Capital Requirements - Implementation 
of many pollution prevention measures often 
requires capital investment. Such projects may 
need to be justified on an economic basis. 

Specifications - Specifications can be 
both an incentive and an impediment. For 
instance. govenunent contracts may specify 
certain materials be used in the manufacture 
of a product or that virgin materials be used 
rather than recycled materials. This canlead to 
the use of materials that are damaging to the 
environment or the unnecessary use of virgin 
materials where recycled materials would 
suffice. 

Regulatory Issues - It may be necessary 
to obtain a new or modified pennit. or other 
govenunental approval. before implementing a 
process change or material· substitution. This 
can be time consuming and costly. For ex­
ample. ifa process is regulated bythe Food and 
DrugAdministration (FDA). allprocesschanges 
require submittal ofan applicationfor approval 
and new equipment must be inspected and 
approved by the FDA In some cases. clinical 
trials of a substance. such as a drug, must be 
repreated to demonstrate efficacy. 

Product QuantyIssues-Companieshave 
great concern for the quality ofthe products 
they manufacture. Some pollution prevention 
projects may change product quality, even 
when properly implemented. and thus may be 
regarded with skepticism. 

Customers' Acceptance - The customer 
ultimately defines product quality; anything 
that affects the quality, or even the perception 
of its quality, may affect acceptance by the 
customer. 

Immediate Production Concems-Imple­
mentation ofpollution prevention projects may 
often require time, money, and personnel, all of 
which are usually in short supply. 

Company Image Concerns -- Often 
companies are hesitant to admit that the "old 
way" may not have been the best way. Once 
easy to implement pollution prevention prac­
tices such as improved operations, for 
example, are underway, companies may real­

ize that they could have been dOing it all along 
but do not want the fact made public because 
it may make them look bad. 

Available Time/Technical Expertise ­
Some organizations may lack sufficient time or 
technical espertise to develop and implement 
pollution prevention practices. 

Inertia - Whenever a production system 
is in place and working with some degree of 
success, there is a tendencyto leavewell enough 
alone. The old adage "If it isn't broke. don't fix 
it." applies. 

Although there may be many obstacles to 
implementing pollution prevention, the ben­
efits can be so great as to warrant working 
through the obstacles. By properly educating 
and includingaU employees, as well as custom­
ersand suppliers, onthe advantages and stages 
of a pollution prevention program, successful 
projects and programs can be achieved. 



FEDERAL AND STATE LEGISLATIVE
 
OVERVIEW
 

T hiS chapter provides an overview of recent policy decisions on both the federal 
and state levels that concern pollution prevention measures. 

111.llll'\'II'.:·:~~~~$iAr.~v~:pgf.i.~ir.!.QN$·::]~I'I)\\"~.1\.,
 
Federal State 

"It is the purpose of this Act to reduce the
 
national policy of the United States that pollution
 
"The Congress hereby declares it to be the 

disposal and release of toxic substances 
should be prevented or reduced at the source which may have adverse and serious health
 
whenever feasible; pollution that cannot be
 and environmental effects, to promote toxic
 
prevented should be recycled in an environmen­
 pollution prevention as the preferred means
 
tally safe manner, whenever feasible; pollution
 for achieving compliance with environmental
 
that cannot be prevented or recycled should be
 laws and regulations ... However, 'toxic
 
treated in an environmentally safe manner
 pollution prevention' shall not include or in
 
whenever feasible; and disposal or other release
 any way be inferred to promote or require
 
into the environment should be employed only
 incineration, transfer from one medium of
 
as a last resort and should be conducted in an
 release to another, off-site or out of process
 
environmentally safe manner."
 waste recycling, or end of pipe treatment of 

toxic substances." 
From the Pollution Prevention Act of 1990 

Fromthe Illinois Toxic Pollution Prevention Act 
of 1989 

Table 3. National and State Pollution Prevention 
Definitions 

Federal Legislative Background 

The shift infocus from pollutioncontrol 
(treatment and disposal) to waste reduction/ 
pollution prevention began in 1976 with the 
Resource Conservation and Recovery Act 
(RCRA). RCRA identified reduCing waste at the 
source as the most desirable waste manage­
ment option. With the passage of the Hazard­
ous and Solid Waste Amendments (HSWA) in 
1984, regulations reqUired the generators of 
hazardous waste to submit a biennial report 
summarizing their efforts to reduce the volume 
and toxicity of waste generated. HWSA also 
requires generators who ship their waste off 
site to certify that they have a program in place 

to reduce the volume and quantity of these 
wastes to the degree detennined bythe genera­
tor to be economically and technically 
practical. 

Until very recently most government 
programs have emphasized control of wastes 
after they are produced. The policy shift is 
reflected in the excerpt from the Pollution Pre­
vention Act of 1990 presented above. The Act 
states that each owner or operator of a facility 
reqUired to file an annual toxic chemical re­
lease fonn under section 313 of the Superfund 
Amendments and Reauthorization Act (SARA) 
shall include with each filing a toxic chemical 
source reduction and recycling report for the 



preceding calendar year. This requirement 
became effective in 1992. The reporting re­
quirements include the following: 

1. the quantity ofthe chemical entering 
anywaste stream or otherwise released 
to the environment: 

2. the amount ofthe chemical which is 
recycled in a calendar year. including 
the percentage change from the previ­
ous year; 

3. source reduction practices usedwith 
respect to thatchemicaldUringtheyear 
(this includes a variety of technologies 
and techniques such as improvement 
in management, training, inventoty 
control, materials handling, or other 
general operational phases of indus­
trial facilities): 

4. projections of expected releases for 
the next two reporting years: 

5. a ratio ofproduction in the reporting 
year to production in the previousyear; 
and, 

6. techniques which were used to 
identify source reduction opportunities 
(such as employee recommendations, 
external and internal audits, participa­
tive team management, and material 
balance audits). 

Although there are other requirements, 
these six provide an oveIView of the scope of 
infonnation being requested by the Act. Point 
6 above lists a number ofitems that are impor­
tant components ofa PollutionPreventionPlan, 
and although not required, it is obvious that 
planning by industry is desired and will be 
necessary to fully comply with the regulations. 

The USEPA has developed three pro­
grams to encourage the use of pollution 
prevention techniques, among other methods, 
to reduce toxic releases. EPA's 33/50 Program 
is a voluntary program to reduce national pol­
lution releases and off-site transfers of 17 toxic 
chemicalsby33 percent bythe end of 1992 and 
by 50 percent by the end of 1995. The Green 
Lights program sponsored by USEPA encour­
ages companies to decrease their energyuse by 
using more energ efficient lighting, which, in 

tum, reduces the amount of waste generated 
through the generation of power. The third 
program is the Early Reduction Program under 
the Clean Air Act (CAA). The air taxics provi­
sions ofthe CAAamendments (Title In - Section 
112 (i)) offer sources a 6 year extension to 
achieve compliance in exchange for early re­
ductions oftoxic air emissions. Sources which 
achieve a 90 percent (95 percent for particu­
lates) reduction in the amount oflisted hazard­
ous air pollutants prior to EPA's proposed 
relevant maximum achievable control technol­
ogy (MACT) standard may be eligible for this 
compliance extension. 

RCRAreauthorization (both subtitle Cand 
D) will probably contain .detailed infonnation 
aboutthe components ofa pollution prevention 
program and will certainly be specific with 
regard to reporting requirements. Reauthori­
zation of RCRA is not likely to occur before 
1993, and specific gUidance on subtitle D will 
occureven later. The CleanWaterAct reautho­
rization may also include a pollution 
prevention provision. 

It is clear that as the federal govern­
ment moves toward eliminating or reducing 
pollution at the source, and examines pennit­
ting on a multi-media and facility wide basis, 
industry will be forced to develop comprehen­
sive pollution prevention programs which 
address the flow of all materials through the 
plant and the generation of all waste. 

State Legislative Background 

Inillinois, pollutionpreventionhasbeen 
encouraged through passage ofboth the Toxic 
Pollution Prevention Act (1PPA) in 1989, the 
Solid Waste Management Act and the Illinois 
Pollution PreventionAct. 1PPAwas intended to 
encourage pollutionpreventionthroughout the 
state by establishing duties for both the 
Hazardous Waste Research and Infonnation 
Center (HWRIC) and the nlinois Environmental 
Protection Agency (IEPA). 

As mandated in TPPA, HWRIC estab­
lished a toxic pollution prevention assistance 
program to provide infonnation and gUidance 
to Illinois businesses who wish to develop pol­
lution prevention programs. These assistance 
efforts are on-going and include seminars, 
curriculum development, research, on-site con­



sultation. and pilot pollution prevention 
projects. 

TheTPPAalso established a toxic polIu­
tion prevention program within IEPA The 
Office ofPollution Prevention in IEPA conducts 
a number ofactivities includingthe Partners in 
Pollution Prevention Program (PIPP). This pro­
gram is intended to enlist private firms in 
voluntary pollution prevention activities. Part­
ner facilities are "rewarded" for their efforts by 
receiving expedited pennit reviews and other 
assistance. Another !EPA program places 
graduate engineering students in industrial 
finns as interns to conduct pollution preven­
tion related projects. 

Amendments to TPPA have been pro­
posed that would make the establishment of 
pollution prevention activities in industrial 
facilities mandatory and subject to state gUide­
lines. No such amendments have passed in 
Illinois. but such laws do exist in several other 
states. Mandatory planning may become a 
federal requirement in future years. 

The illinois Solid Waste Management Act 
is another legislative mandate which focuses 
on pollution and wastes. It states. "It is the 
purpose of this Act to reduce reliance on land 
disposal of solid waste, and to assist local 
governments with solid waste planning and 
management. In furtherance of those aims. 
while recognizing that landfills will continue to 
be necessary. this Act establishes the following 
waste management hierarchy. in descending 
order of preference. as State policy: 

1) volume reduction at the source; 
2) recycling and reuse: 
3) combustion with energy recovery: 
4) combustion for volume reduction; 
5) disposal at landfill facilities. tt 

This hierarchy is intended to recognize 
that waste management should be approached 
in a progressive manner, choosing the most 
environmentallyprotective alternative first. and 
the least protective last. Although this state­
ment refers specificallyto solidwaste, the same 
general approach is also implicit in the ap­
proaches taken for other media in both the 
federal and state pollution prevention acts. 

The IllinoisPollutionPreventionAct (1992) 
establishes a hierarchy of the most deSirable 

waste and pollutionmanagement options. They 
are: 

1) pollution should be prevented or 
reduced at the source whenever 
feasible; 

2) when source reduction is not 
feasible. recycling in an environmen­
tally safe manner should be utilized: 

3) when neither source reduction nor 
recycling are feasible. treatment in an 
environmentally safe manner should 
be utilized; 

4) when treatment is not feasible, only as 
a last resort should disposal or other 
release into the environment in an en­
vironmentally safe manner be utilized. 

In addition. the lllinois Pollution Preven­
tion Act establishes a Pollution Prevention 
Advisory Council. This group will be composed 
of members from state government, industry, 
environmental groups. and private citizens. It 
is intended to advise lliinois government and 
industry on courses ofaction that can be taken 
to encourage pollution prevention. The act also 
requires that IEPAproduce an annual pollution 
prevention progress report utilizing SARA 313 
TRI and RCRA generator report data. 

As can be seenby the recent actions taken 
at both the federal and state levels, pollution 
prevention is a concept that is new and con­
tinuing to develop. Requirements for industry 
to establish a pollution prevention program in 
their facilities may be required in the future. 





DEVELOPING A
 
POLLUTION PREVENTION PROGRAM
 

T here is often general confusion among 4. Identifying potential pollution preven­
the tenns pollution preventionprogram, tion opportunities for the facility. 
plan and project. Manycompanies have 

compiled a list of projects and called the list a 5. Detennining cost of current waste 
plan - such a list is not a plan. A pollution generation and establishing a system 
prevention program involves developing and of proportional waste management 
implementing a continuous strategy-to address charges for those departments that 
all waste generated by a facility and procedures generate waste. 
forprioritizingandsystematicallyreducingthese 
wastes. A pollutionpreventionpIan is a written 6. Selecting the best pollution preven­
gUide used to chart the progress of the pro­ tion options for the company and 
gram. It reiterates management support, lists implementing these choices. 
reasons for the program, identifies the pollu­
tion prevention team, describes how waste will 7. Evaluating the pollution prevention 
becharacterized, providesa strategyand sched­ program on a company-wide basis as 
ule for pollution prevention assessments, well as evaluating specific pollution 
institutes a cost allocation system, indicates prevention projects. 
how technology transfer will take place, ad­
dresses training needs, and discusses how the 8. Maintaining and sustainingthe pollu­
program and projects will be evaluated and tionpreventionprogramfor continued 
implemented. The plan needs to be periodically growth and continued benefits to the 
updated to reflect the continuous nature of a company. Re-evaluating the program 
pollutionpreventionprogram. Projects are the as economic situations change and/ 
specificactivities undertakento reduce orelimi­ or process equipment require 
nate waste. upgrading. 

In the chapters that follow, the steps to The concepts presented in this manual 
establish and maintain a pollution prevention are applicable to the reduction of all waste 
program will be presented. These steps, as regardless ofmedia, quantityortaxicity. Some 
illustrated in Fig. 1, include: interpretation may be needed to make the 

suggestion usable by your specific industry 
1.	 Obtaining support from top manage- and facility.
 

mente
 

2.	 Getting the program started by
 
beginning to incorporate the
 
process within the company,
 
developing a written pollution
 
prevention plan, and training
 
employees in pollution prevention.
 

3.	 Reviewing and describing in detail the
 
manufactUring processes within the
 
facility to determine the sources of
 
waste generation and to define a
 
baseline inventory to be used to set
 
goals and evaluate progress.
 



Fig. 1. The Pollution Prevention Loop
 



TOP MANAGEMENT SUPPORT
 

T op management support is needed to get 
a pollution prevention program started, 
to incorporate it into already 

existing activities, and to sustain it. You may 
be usingyourowninitiative to learnmore about 
pollution prevention or you may have been 
given this responsibility by supeIVisors. To 
begin a successful pollution prevention pro­
gram, draft a brief written policy statement in 
support of a pollution prevention program. 
Obtain endorsement of the policy by all 
management levels and then distribute to all 
employees. In some cases, developing a corpo­
rate-wide policy statement can be a lengthy 
process. Rather than allow this procedure to 
delay proceeding with the program, an interim 
policy or area-specific policy can be developed. 
This canget the program started: the corporate 
policy can follow later. Several examples of 
management policy statements are provided in 
Fig. 2. 

Suggestions on how to gamer the support 
of all levels of management include providing 
them with information on some of the benefits 
of implementing a pollution prevention pro­
gram. Include the following topics: 

•	 costsavingsthrough reduced rawmate­
rial usage and waste. handling. trans­
portation and storage costs 

• increased productivity 
•	 improved product quality 
• regulatory compliance 
• worker health and safety 
• reduction of potentiallong-tenn 

liability 
•	 examples ofwhat other similar compa­

nies have achieved 
• improved public/corporate image 

Additional support needed from manage­
ment includes: assigning responsibility for 
progress evaluation, allocating time and bud­
get. and recognizing achievements. Continuity 
of the pollution prevention program is impor­
tant. It should be set up in such a way that one 

step canflow naturallyinto the following step in 
a continuous cycle. 

It may be necessary to get top manage­
ment levels interested in developing a pollution 
prevention program. To increase their knowl­
edge about the subject, bring to their attention 
case studies from other successful companies. 
Bringin outside speakers to talkaboutbenefits 
ofdeveloping pollution preventionprograms. If 
the company already has some pollution pre­
vention activities undeIWay, apply for the 
Governor's Pollution Prevention Awards pro­
gram inIllinois. Just the act ofapplyingfor this 
award can result inmore commitmentfrom top 
management. 

A pollution prevention program needs to 
be viewed by all personnel in the facility as a 
way of doing business. It can be incorporated 
within a total quality management (TQM) 
program because it focuses on increasing effi­
ciencies and more effectively utilizing raw 
materials. It also builds nicely on a health or 
environmental safety program because it can 
do the following: reduce the amount/toxicity of 
chemicals in the workplace: reduce short and 
long-tenn exposure ofempolyees. visitors. and 
contractors; reduce or eliminate monitoring 
requirements; reduceHVAC requirements: and, 
reduce or eliminate need for personal protec­
tive equipment. 
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SAMPLE ONE -:<f 
<i::;"~~1\'*} MANAGEMENT POLICY STATEMENT <~~.~I 

We•[company name]. are committed to excellence and leadership in protecting the r~·ll: 
environment. In keeping with this policy, our objective is to reduce waste generation and ~111 
emissions. We strive to minimize adverse impact on the air, water, and land through :1~1 
excellence in pollution prevention. Bysuccessfullypreventing pollution at its source, we can 
achieve cost savings, increase operational efficiencies, improve the quality of our products ~~~~ 
and services, and maintain a safe and healthy work place for our employees. 111~ 

.~~~~ 

[Company name]'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 encouragement and involvement of all 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 name] seeks to demonstrate its 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. 

;~::,::::,~,::~:::::::,;:~:::.~:~:::::,~::::::::~:~;::: :::~~;:;:'*i;:";'~*i:~:;::~"'-<'<~':'~'~~'''<;:::;::::';:::';:<;'~ ;:;:;"~:"'~~:;:;:;~:'<:~:~~~:<:~~':::<;:~:~~:;:::'''~~:;~;:'~<:~~.;:'*i:~:;J 
SAMPLE TWO 

At [company name], protecting the environment is a high priority. We pledge to 
eliminate or reduce, wherever possible: 1) our use of toxic substances, 2) our release of toxic 
pOllutants, and 3) our generation of hazardous and other wastes. 

When use of toxic substances, generation of wastes, or releases cannot be avoided, 
we are committed to minimizing any undesirable impacts on the air, water, and land. 

(Derived from Minnesota Office of Waste Management, 1991). 

Fig. 2. Sample Corporate Pollution Prevention 
Policy Statements 



GElliNG YOUR PROGRAM STARTED
 

TIis chapteroutlines a method to incorpo­
rate a pollution prevention program into 
the daily company activities. The steps 

involved include: committing to implementa­
tion, designating a pollutionprevention coordi­
nator, developing a pollution prevention team, 
increasing employee awareness and involve­
ment, rewarding and training employees, goal 
setting, and developing a written pollution pre­
vention plan. 

Commit to Implementation 

The commitment from all employees to 
implement a pollutionpreventionprogramstarts 
before any assessment or evaluations have 
been perfonned. It ismeasured as the time and 
effort needed to raise employee awareness, 
establish a cohesive pollutionpreventionteam, 
and begin to incorporate pollution prevention 
ideas into the day-to-day operations of the 
company. Pollution prevention is a team effort. 
The people who enter the facility every day are 
the most valuable assets to ensure a pollution 
prevention program works well. 

Designate a Pollution Prevention 
Coordinator 

While a pollution prevention program 
needs top down support and commitment, it 
also needs bottom up input and implementa­
tion. This means teamwork and participation 
from a1llevels within the company are essen­
tial. A key element for success is to find a good 
advocate and leader for the pollution preven­
tion program. 

The pollution prevention coordinator will 
be responsible for establishing the pollution 
prevention team(s), conducting meetings, and 
making sure the company isworking toward its 
pollution prevention goals. More than likely, 
the coordinatorwill come from a mid-manage­
ment position. He or she needs to be well 
organized. anadvocate forthe program, a cheer­
leader, and a motivator of people. If the 

coordinator has top management support and 
the confidence ofsupervisors and others onthe 
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 consider­
ation. Also, the coordinator will need to obtain 
interdepartmental cooperation and resources 
on a continuing basis. 

Develop a Pollution Prevention Team 

A pollution prevention team needs to be 
organized prior to beginning the assessment 
process. These responsibilities should not be 
assigned to anyone department. Some sug­
gested key personnel to consider including are: 
representatives (both supervisors and line 
workers) from maintenance, production, envi­
ronmental, health and safety, purchasing, 
shipping and receiving, legal and engineering 
departments; and, plant and executive 
managers. Not every company will have these 
designations. It is important to include those 
individuals knowledgeable about theprocesses 
generating wastes and involve them from the 
beginning. 

In addition to those individuals assigned 
duties on the pollution preventionteam, others 
maywish to help. Do not tum awayvolunteers 
- everyone should be encouraged to participate 
inthe pollution prevention program. All volun­
teers should be commended in some way (the 
in-house newsletter. etc.) for their interest in 
helping the company, theirco-workers, and the 
environment. 

One important point to continually stress 
throughout the development and implementa­
tion of the pollution prevention program is the 
need to work together. Employee suggestions 
should continually be encouraged - supeIVi­



sors need to listen carefullybecause innovative 
ideas can come from any employee. Pollution 
prevention must continue for the life of the 
facility; establishing a sound, cooperative pro­
gram from the start will be beneficial in future 
years. 

The initialpollutionpreventionteammeet­
ing should be an informal session to discuss 
what pollutionprevention is, why the company 
should do it, and where and how to begin. 
General information about the company's pro­
cesses and operational procedures should be 
reviewed. The team will be responsible for 
developing a fonnal pollution prevention plan 
as outlined later in this chapter. 

Set Goals 

There are different types of goals a com­
pany should set when beginning their pollution 
prevention program. Some goals will be waste 
specific, while others will be activity oriented. 
The team should discuss what types of goals 
are appropriate for the company. For example, 
a company may want to set an ultimate goal of 
zero percent waste generation to acknowledge 
the fact that pollution prevention is a continu­
ing challenge. This is vety similar to company 
goals like "zero product defects" or "zero lost 
workdays". Another goal may be to replace 
some or all toxic substances used with non­
toxic substances and thus reduce risk to em­
ployees, the public, and the environment. Nu­
mericalgoals forwaste reductionmaybe estab­
lished once the wastes are characterized. 

In addition to specific goals targeted at 
source reduction, more general goals should 
also be set. These could include improving 
worker health and safety in the facility or 
improving the company image and attractive­
ness to investors. Activity goals could include 
incorporating pollution prevention into perfor­
mance 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 holding monthly team 
meetings. 

Goals should be continually updated as 
they are achieved. This is the concept of 
continuous quality improvement and is an 
important component ofa pollution prevention 

program. Do not remain static. Build on the 
successes achieved. Specific goals will vary 
overtime and shouldbe based onthe size ofthe 
facility and the type of production processes 
undergoing change. It is a good idea to set a 
number ofmeasurable goals to track progress 
within a given period. 

Increase Employee Awareness 
and Involvement 

One method of increasing pollution pre­
vention knowledge is through a corporate/ 
facilityawareness program. SupeIVisorsshould 
discuss the status of the pollution prevention 
program at weekly meetings. They should 
encourage the employees to bring pollution 
prevention ideas to them so they can forward 
them on for the facility pollution prevention 
team meetings. Some companies may already 
have "quality circles" in place to improve prod­
uct quality and production efficiency. The 
team shouldworkwith these groups to develop 
ideas for pollution prevention initiatives. The 
pollution prevention team should include the 
following aspects in developing their aware­
ness program: 

• 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 

• identify company goals to reduce 
waste generation and to improve 
operations 

•	 stress that pollution prevention is not 
only essential but also beneficial 

•	 encourage employee participation as 
extremely important to improve 
facility and environmental conditions 

•	 make management and pollution 
prevention team members available 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 to company 
competitiveness 

•	 equate savings from pollution preven­
tion with the company's fiscal health 
(i.e., increasing job security to en­
courage employee involvement 

Train Employees 

Specialized pollution prevention training 
programs tailored for management, line, and 
maintenance staff should be incorporated into 
company procedures. Consolidated training 
for different groups can also stimulate discus­
sion between employees who would not inter­
act otherwise. Additional personnel training 
may be needed if materials handling or ac­
counting changes are made. 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. 

Another option is to have perfonnance 
evaluation systems reflect pollution prevention 
responsibilities. As pollution prevention strat ­
egies are identified, the training requirements 
must be considered bythe pollution prevention 
team prior to implementation. 

Reward Pollution Prevention 
Successes 

To stimulate additional interest and 
participation in pollution prevention, establish 
an employee incentive award or recognition 
program for the facility or company. Compe­
tition in larger plants may motivate participa­
tion. Shifts, departments, or even individuals 
can be encouraged to compete against their 
own past year's performance. Recognition in 
the fonn of an awards ceremony, a bonus, a 
special parking place, or added vacation time, 
provides a tangible reward to individuals and 
departmentswho have achieved theirpollution 
prevention goals. Further recognition may be 
promoted in a regular pollution prevention 
column in the company newsletter which rec­
ognizes pollution prevention efforts and suc­

cesses. When a company newsletter is not 
available, a short one page fact sheet on pollu­
tion prevention could be started that acknowl­
edges employee participation and accomplish­
ments. 

Develop a Written
 
Pollution Prevention Plan
 

After the pollution prevention team has 
beenorganized, developinga writtenplanshould 
be the first official task ofthe pollution preven­
tion team. This plan should include all the 
ideas developed by the team such as the state­
ment of support from management: the 
pollution prevention team's structure, organi­
zational gUidelines, and statement ofpurpose: 
the methods for fostering participation by all 
employees; the company's general goals: the 
structure ofan incentive/reward program: the 
procedures, criteria and schedule for imple­
menting pollution prevention projects: and the 
provisions for employee training. 

This plan should be presented and agreed 
to by management so that they understand 
how the pollution prevention team will proceed 
and what resources/support will be required 
from them. The plan should be modified on an 
annual basis as pollution prevention experi­
ence is gained and goals are reached. A 
company should strive to continually :Improve 
the entire program. 





UNDERSTANDING
 
PROCESSES AND WASTES
 

T o effectively implement a pollution pre­
vention program, it is important to un­
derstand the various unit processes and 

where in these processes waste is being pro­
duced. This chapter will explain how to 
detennine the various unit process steps in 
materials use and will present methods to 
detennine where wastes are being generated. 
An extensive amount ofdata gathering may be 
necessaIy in this step in order to achieve a 
complete process characterization. 

Two general approaches characterizing 
processes and waste generation are used. One 
method begins with gathering infonnation on 
total multi-media (air, landO, and water) waste 
releases at the end of each process, and then 
backtracks to detennine waste sources. An­
othermethod tracks materials from the pointat 
which they enter the plant until they exit as 
wastes or products. Both methods provide a 
baseline for understanding where and why 
wastes are generated and a basis to measure 
waste reduced after implementation of pollu­
tion prevention projects. The steps involved in 
thesecharacterizations includegatheringback­
ground infonnation, defining a production 
unit, general process characterization, under­
standing unit processes, and completing a 
material balance. 

Gathering Background Information 

The first step toward understanding 
processes and waste generation is gathering 
background infonnation on the facility. This 
allows for the accurate detennination of the 
type and quantity of raw materials used, the 
type and quantity of wastes generated, the 
individual production mechanisms, and the 
interrelationships between the unit processes. 
The pollution prevention team should divide up 
the responsibilities for obtaining this informa­
tion. A time frame should be established for 
assembling the data and presenting it to the 
group. Table 4 provides suggestions on data 
that should be assembled and where this 
infonnation might be found. 

In addition to these data, useful infonna­
tion can be obtained from line workers, main­
tenance staff, process engineers; purchasing, 
inventory, shipping and receiving; and, ac­
counting personnel. These employees can be 
interviewed to detennine howthe processes are 
run; what types of raw materials, cleaning 
agents, lubricants, etc. are used; what types of 
waste are generated and how it is handled; 
what other types of records are kept; and what 
infonnation is not recorded on a regular basis. 
Whengathering this infonnation, beginto track 
wastes to detennine if there are seasonal or 
shift variations inwastes generated. Once this 
infonnation is assembled, the general process 
can be characterized. 

Define Production Units 

To compare the amounts of waste gener­
ated dUring different time periods, and 
subsequently measure relative waste reduc­
tions, a production unit should be defined for 
each process - either the unit process or the 
overall process depending on the nature ofthe 
facility. A production unit is simply a set 
quantity of product characteristic of the pro­
cess- tons ofplastic, gallons ofacid, number of 
copies, etc. 

Oncethe productionunit isdefined, wastes 
generated can be quantified as waste per pro­
duction unit. Since total production can vaIy, 
comparing the total amounts of waste gener­
ated for different time periods will not reflect 
the reductions achieved due to pollution pre­
vention activities (i.e., waste will increase or 
decrease with production changes). For ex­
ample, a printing pressmayuse 1000copies for 
a production unit and might then definewastes 
as 'waste per 1000 copies.' 

By assembling background infonna­
lion, process flow diagrams for both the general 
process and individual processes can be devel­
oped. These diagrams, along with the material 
balances, help provide an understanding ofthe 
processes and the wastes generated. The pro­



Information On: From: 

Raw Materials Use Purchasing Records Production logs 
Inventory Records Packaging Material Discarded 
MSDSs Shipping and Receiving Logs 
Vendor Information Annual Report 

Waste Manifests Environmental Reporting 
TRI data Waste collection and storage 
Sewer Records (POTWs) Production Logs 
Permits/applications Environmental violations 
Flow diagrams Laboratory analyses 
Annual Report Obsolete expired stock 
Rejected Product Spill & leak reports 

Operations manuals (SOPs) Production logs 
Vendor information Flow diagrams 
Control diagrams Product specifications 
Quality control guidebook 

Product-to-raw material data Production logs 
Flow diagrams Product specifications 
Quality control data Facility layout 
Dependencies on preceding processes (e.g., how change in 

one affects another) 

Waste Generated 

Production Mechanisms 

Process Interrelationships 

Economic Information Cost accounting reports Pollution control costs 
Operating costs for waste handling and disposal 
Costs for prOducts, utilities, raw materials, labor 

Table 4. Possible Sources of Background Inforl11ation 

duction unit can be used for waste reduction 
comparisons throughout the pollution preven­
tion program. 

Characterize General Process 

A typical process has raw material inputs, 
product outputs, and waste generation. It can 
be represented by a general process flow dia­
gram. This diagram may not physically re­
semble the processbutwill showthemovement 
of raw material through the process as well as 
the generation of final product and waste. A 
simple diagram (Fig. 3) ofa metal parts fabrica­
tion facility illustrates this. 

In addition to the raw material, final prod­
uct, and waste flows, other inputs can be 
represented on the general flow diagram such 
as lubrication fluids, cleaning agents, cooling 
water, etc. This will provide an understanding 
of the overall process and the associated 

wastes. The general process can then be sepa­
rated into individual or unit processes. 

Understand Unit Processes 

Most production operations can be subdi­
vided into a series of unit processes. For 
example, the general process of metal parts 
fabrication canbe representedbyat least seven 
individual processes. 

1. Receiving and storing bulk metal 
2. Cutting, bending, or shaping metal 
3. Cleaning metal 
4. Painting or coating metal 
5. Assembling parts 
6. Packaging 
7. Shipping of assembled parts 

Each unit process has its own inputs and 
outputs; the product from one step becomes 
the input material for the following step. The 



INPUTS 

Metal 
--~ fabrication --~ 

OUTPUTS 

Fig. 3: A 'simple flow diagram
 

raw materials, products, and wastes for each 
unit process can be shown on a more detailed 
flow diagram. This diagram should containthe 
type/composition and quantity ofrawmateri­
als, products, and wastes to all media. The 
diagram should also include other inputs 
(lubrication flUids, cooling water, cleaning 
agents, etc.) along with the quantities used. 
The background information obtained previ­
ously will be helpful to determine the types/ 
compositions and quantities of these streams. 
The subdivision ofthe general process ofmetal 
parts fabrication is illustrated in Fig. 4. (no 
recycle of any material). 

The flow diagrams for the unit processes 
(and in some cases the general process) can be 
completed using either of the two approaches: 
1) startwith thewastes and productsgenerated 
and then determine the sources ofthe waste by 
going backwards through each of the unit 
processes, or 2) start with the raw materials 
and track them through each of the unit 
processes until products and waste material 
are generated. For cases where waste streams 
are not separated but rather are combined 
prior to handling, the second method may be 
the preferred initial approach. The two meth­
ods may also be combined to complete the unit 
process flow diagrams and thus a detailed 
overall process diagram. 

It is critical to determine the types/com­
positions and quantities of raw materials con­
sumed, productyield, and wastes generated as 
accurately as possible for each unit process. 
All wastes released to the environment (gas, 
liquid, andsolid) shouldbecharacterized. These 
wastes can include: emissions from stacks; 
vent emissions from process areas; fUgitive 
emissions from pipes, tanks, or vessels and 
leaking eqUipment; spent wash waters/clean­
ing solvents; cooling water; overspray from 
painting operations: cleaning rags: material 
scrap (e.g., metal, packaging, etc.); and other 
wastes. By subdividing the process into indi­
vidual components, these types of wastes be­
come more evident. With this infonnatlon, a 
materials balance canbe perfonnedfor the unit 
processes and then for the overall facility. 

Perform Materials Balance 

A materials balance accounts for all in­
puts and outputs into a process: in other 
words, what goes inmust come out. A material 
balance should be performed for each unit 
process and for the overall production line. 
Although this typically is a very involved proce­
dure, and while it is usually possible to identify 
sources of waste without having completed a 
materials balance, there are long term benefits 
to having done a materials balance. This 



Metal Parts Fabrication
 

packaging waste metal scrap spent ., i1 h fl ·d paInt waste 
• was Ul
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cleancutting fluid paint
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Fig. 4: Simplified general process flow diagram 



material balance can help detennine iffugitive 
losses are occurring in the process (e.g.• fUgi­
tive loss from a solvent tank = difference be­
tween solvent in and solvent out). In a physical 
process. one in which there is no chemical 
change ofmaterta1s. the raw materials that are 
not converted to product generally end up as 
waste. Forexample. a materials balancecanbe 
perfonned on the metal parts fabrication pro­
cess as shown in Fig. 5. 

For a chemical process, the materials 
balance becomes more complicated as raw 
material inputs are converted to products 
through one ormore chemical reactions. Some 
unreacted raw materials may also end up as 
waste along with reaction by-products. For 
these processes, a standard material balance 
may already be available as part of the daily 
production log or cycle. Where possible, how­
ever, actual measurements of the amounts of 
materials used and generated should be used 
to produce the mass balance. The reason· for 
this is thatmanufactUringprocessescanchange 
over a period oftime to a pointwhere the actual 
materials balance would differ from that de­
rived from the standard operating procedures. 

Once the material balance has been per­
fanned, the actual amount of each waste gen­
erated by a process and the source becomes 
apparent ifnot already known. These numbers 
are the baseline amounts of total waste gener­
ated at the start of the pollution prevention 
assessment and can be used for comparison 
throughout the implementation of the pro­
gram. 

Key Elements of a
 
Materials Balance
 

Quantity of raw material brought 
on-site 

Quantity produced on-site 
including amounts 
produced as production 
by-product 

Quantity consumed on-site 
Quantity shipped off-site as, or 

in, product 
Total waste generation (before 

recycling and treatment) 
Amount of raw material in 

beginning and ending 
inventory 

An indicator of production levels 
involving the chemical 

Release and transfer rate 

Table 5. Materials Balance
 



Metal Parts Fabrication 
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Fig. 5: Simplified materials balance for metal parts fabrication 
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ASSESSING WASTES AND IDENTIFYING
 
POLLUTION PREVENTION OPPORTUNITIES
 

T he infonnation assembled inthe process 
characterization will be used to help 
identify pollution prevention opportuni­

ties. This chapter provides gUidelines for 
prioritizing streams and/or unit processes for 
beginning pollution prevention assessments in 
the facility (starting with the target streams). 
and for generating options for reduction using 
the information already obtained. 

Prioritize Streams 

Before conducting an assessment to iden­
tify what pollution prevention opportunities 
are present. waste streams and unit processes 
should be prioritizedto determinewhich should 
be examined first. The flow diagrams prepared 
in Chapter 8 provide a good starting point for 
prioritization as they show all of the input and 
output streams for each unit process. Both the 
pollution prevention team and top manage­
ment should be involved in this decision-mak­
ing process since each will have their own ideas 
ofwhat areas should be addressed initially. 

When establishing priorities for pollution 
prevention. all ofthe input and output streams 
should be ranked - beginningwith those which 
require immediate attention. followed by those 
which are less urgent. These factors should be 
considered when ranking the streams: 

•	 US EPA's 17 target chemicals from 
the 33/50 program (see Chapter 15) 

• Toxic Release Inventory (TRI) waste 
• High purchase and/or disposal cost 
•	 Highly toxic 
• RCRAwaste 
•	 Particular regulatory concerns 
• High use and/or release rate 
• Potential for removing bottlenecks in 

production or waste treatment 
• Potential liability due to endanger­

ment of employees. environment or 
the public 

•	 Potential for successful implementa­
tion 

• High volume waste (may include 
tonnage) 

•	 Carcinogens 
•	 Hazardous Air Pollutants (HAP) 
•	 CFCs and other future banned 

materials 
•	 Local citizens' concerns 

Once the streams are ranked, candidate 
input and output streams (especially 
wastestreams) can be identified. keeping in 
mind the goals set at the beginning of the 
program, for the initial pollution prevention 
assessment. As the assessmentproceeds, these 
priorities may change. 

Begin Assessments 

When the candidate streams are estab­
lished, the assessment for identifying specific 
pollution prevention opportunities can begin. 
This procedure involves first looking at the 
processesassociatedwith the candidate streams 
and then expanding the assessment to the 
entire facility so that all potential opportunities 
are addressed. The pollution prevention team 
should discuss the potential waste streams 
and the staffing of the overall facility to deter­
mine who should conduct the initial process 
assessment. Typically a team of two to three 
people is effective. 

The assessment team should first become 
familiar with the targeted processes. The flow 
diagrams developed in Chapter 8 provide an 
understanding of the process but may not 
explain why certain materials are used and 
why wastes are generated. For this infonna­
tion, the team must go into the facility and 
study the processes in detail. This study 
should be conducted while the process is in 
operation (ideally during all shifts) and, if pos­
sible. dUring a shut-down/clean-out/start-up 
period to identify what materials are used and 
wastes are generated by this procedure. When 
studying the process. the team should note any 
potentialpollutionpreventionopportUnitiesand 



should pay particular attention to the follow­
ing: 

• Observe procedures of operation by 
line workers 

•	 Quantities and concentrations of 
materials (especially wastes) 

• Collection (including exact sources) 
and handling ofwaste (note ifwastes 
are mixed) 

• Any recordkeeping - and obtain 
copies of these if not already done 

• Flow diagram - follow through actual 
process 

• Leaking lines/poorly operating equip­
ment 

• Any spill residue 
• Damaged containers 
•	 Physical and chemical characteristics 

of the waste or release 

It may also be helpful to photograph the 
process to recall specifiC details later. Often, 
details can be better captured visually than 
with words. However, this should be cleared 
with the appropriate personnel first. 

The assessment team should talkwith the 
line personnel, including operators, supeIVi­
sors, and foremen, as much as possible. In 
doing so, they should determine the reqUired 
operating conditions, product specifications, 
and equipment specifications for the process. 
Theyshould discuss the points previouslylisted 
as well as the daily routine the workers follow. 
Specifically, the team should try to identify 
when waste is generated - not just by the 
regular process but by upsets, off-spec prod­
ucts, spills, etc. The team should also talkwith 
the maintenance and housekeeping personnel 
who seIVice the process to determine when, 
why, and how the process is seIViced. Is 
preventive maintenancebeingdone oraremain­
tenance people always responding to break­
downs? It is important to talk with these 
individuals as they generally have the best 
working knowledge of the processes. 

After examining the targeted processes, 
the assessment team should set a schedule for 
looking at the other processes in a sllllUar 
manner. Assessment for non-targeted sources 
should be thorough, but it may take more time 
to completely assess these. Implementing pol­

lution prevention projects on targeted pro­
cesses can begin before assessments are com­
pleted for every process. This will help build 
momentum and corporate support for a sus­
tained program. 

The team should also conduct an overall 
sUIVey of the facility. This sUIVey consists of 
investigating supplemental operations such as 
shdpping/receivtQg,purchasing,uaventory,ve­
hicle maintenance, waste handling/storage, 
laboratories, powerhouses/boilers, coolingtow­
ers, and maintenance. Again, the team should 
discuss daily routine with the personnel in 
these departments and should note potential 
opportunities for pollution prevention. Some 
specific topics to cover in these departments 
are listed in Table 6. 

Once the process assessments and plant 
sUIVeyare completed, the data obtained should 
be reviewed for thoroughness by all of the 
pollution prevention team members. This re­
view will also initiate the brainstorming pro­
cess for ideas to reduce waste at the source. 

Generate Reduction Options 

A productive way to generate ideas is to 
conduct an infonnal meeting in which team 
members are encouraged to "brainstonn" and 
discuss options. The team members should 
also solicit ideas from other personnel at all 
levels - not only in their department but from 
the entire 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. 

Some of the options may be simple to 
identify and implement such as: 

• Ship/receive materials in bulk to 
eliminate drum disposal if large 
quantities are used 

•	 Reuse containers where possible 
•	 Order materials "just in time" to avoid 

expiration 
•	 Establish a central stockroom/ 

inventory control system 
• Investigate solvent/cleaner alterna­

tives or reducing the total number of 
different solvents used 



Shipping/receivin9 Packaging materials - what is done with waste? 
How are materials shipped/received - drums, bulk? 
Can containers be returned/recycled? 
Are you required to return empty containers to vendor? 
What happens to pallets? 

Purchasing Who orders materials? 
How far in advance are materials ordered? 
Can materials be ordered as needed (just-in-time)? 
Is the minimum amount ordered? 

Inventory What is the shelf-life of all materials? 
Is there an inventory control system? Bar coding? 
Is there a central stockroom (no individual orders)? 
Do you operate by "just-in-time" philosophy? 
Do you operate by ''first in, first out" principle? 

Vehicle maintenanceAre solvents used for parts cleaning? 
Are solvents recycled? 
Have solvent alternatives been tested? 
Do you recycle batteries, used oil, or antifreeze? 
How are used oil filters/carburetor cleaners handled? 

Waste handling Are waste streams segregated? 

and storage Do you know the sources of all waste? 
Do you have a "waste inventory" control system? 
How often is waste shipped off-site? Treated on-site? 
How is waste handled once shipped off-site? 

Laboratories How are chemicals ordered? In what quantities? 
What is the shelf-life of all chemicals? 
How are expired chemicals handled? 
Are solvents recycled/reused (e.g., first rinse)? 
How are gases stored? 
How are laboratory wastes handled? 
Are laboratory wastes segregated? 

Powerhouse/boiler How is fly ash/slag handled? 
How is tube clean-out material handled? 
What type of fuel is used? Are alternatives used? 
What type of boiler water treatment chemicals are used? 
How is boiler blow-down handled? 

Cooling towers What type of chemical additives are used? 
How is bottom sediment handled? 
What is your water source? Is water recycled? 

Maintenance What types of cleaners are used? 
Are solvents used? Are they recycled/reused? 
Have solvenVcleaner alternatives been tested? 
How are waste oiVgreases handled? 
How are other wastes generated and handled? 

Table 6. Topics to Cover in Assessing Support Departments
 



• Reuse solvents where possible 
• Segregate waste streams 

Other options that may not be as easily 
identified but must defmitely be considered 
involve source reduction and in-process recy­
cling. Table 7 provides some examples. 

A priority approach in selecting options 
may be developed. Ranking options on a high, 
moderate, or low continuum helps to ensure 
that pollution prevention is not a Mane-shot" 
approach. Moderate and low priority options 
should still be considered since circumstances 
such as a change in raw materials, regulations 
or technology could occur. 

Once these options have been applied to 
specific streams/processes, further investiga­
tion or change in product composition may be 
required. For example, it may be necessary to 
implement new or existing techniques/tech­
nologies or to identify raw material altenla­
tives. At this point it may be helpful to contact 
other facilities, vendors, trade associations, 
state and local environmental assistance agen­
cies, and publications for ideas. These groups 
maybe aware ofmaterial alternatives orsimilar 
pollution prevention technologies that have 
been successfully implemented. Further pol­
lution prevention opportunities may be identi­
fied through Mupstream" suppliers and "down­
stream" consumers. These individuals should 
also be allowed input into the company's pro­
gram. 

Another way to identify pollution preven­
tion opportunities is through benchmarking. 

In the benchmarking process, a company se­
lects an area for improvement and identifies 
other companies who have similar practices 
that ·they consider to be " best in class". They 
then compare their own practices to those 
companies' processes to determine where dif­
ferences exist. ThecompayuSingbenchmarking 
then implements measures to make their prac­
tices more like those of "best in class". A nine­
step program developed by AT&T, 
benchmarking is described in detail in 
Benctunarking: Focus onWorldPractices (AT&T 
Quality Steering Committee, 1992). Working 
together, AT&T and Intel applied the 
benchmarking process to develop a pollution 
preventionprogram. Benchmarkingteamsfrom 
both companies followed the nine-step process 
to compare their own pollution prevention pro­
grams to the best in class programs ofsix other 
companies (Klafter, 1992). 

Other waste management options may be 
considered after pollution prevention strate­
gies have been exhausted. These include, in 
order of USEPA's priority, recycling on-site to 
other processes, reclamation, recycling off-site 
or using material exchanges, on-site treatment 
(physical, chemical, or biological process that 
renders a waste less toxic, produces a by­
product that is recyclable or reduces the vol­
umes of the waste stream for disposal), treat­
ment off-site: and lastly, properdisposal. These 
alternative waste management options are dis­
cussed in more detail in Chapter 14. For 
additional sources of assistance refer to Chap­
ter 15. 

Source Reduction In-process recycling 
Substituting raw materials with less toxic 

alternatives 
Using raw materials that generate less 

waste 
Using raw materials that require less 

frequent cleaning of equipment 
Modify product to eliminate need for 

toxic materials 
Making process modifications and/or 

operating conditions that improve 
efficiency 

Improve preventative maintenance and 
operating procedures 

Reuse of raw materials by fortification 
Reuse of raw materials by recovering 

from waste/product stream 

Table 7. Source reduction and in-process recycling options 



COST CONSIDERATIONS
 

B efore pollution prevention projects are 
evaluated for economic feasibility, the 
full cost of waste generation must be 

detennined. This full cost is necessary to 
develop the economics of pollution prevention 
techniques/technologies, including calculat­
ing the cost savings and payback periods. 
Methods for true cost detennination and eco­
nomic analysis are presented in this chapter. A 
cost accounting system for all wastes gener­
ated in the facility will also be deSCribed. 

Determine Full Cost of Waste 

The full cost ofwaste generation includes 
more than just treatment or disposal costs; it 
includes all the costs incurred by producing 
and handling waste. All of the expenditures 
associated with the waste stream, both direct 

and indirect, should be identified. These in­
clude, but are not limited to the follOwing: 
purchaSing, storage and inventory, and in­
process use of materials; air and water emis­
sions, solid waste collection, waste storage, on­
site treatment or recycling; waste disposal; 
waste transportation; lost raw materials: and 
laborcosts. A pie chart showingthe typical cost 
for waste generation is shown below (Fig. 5). 
Often, wasted raw material costs are three­
fourths of the full cost of generating waste. 
Waste disposal costs are typically less thanhalf 
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. Some examples 
of waste associated costs to consider are pre­
sented in Table 8. 

II Wasted Raw Material Cost 

II Labor Cost 

mJ Waste Disposal Facility Cost 

f2J Waste Transportation Cost 

o Other Costs 

Fig. 5. Typical Cost Distribution for Waste Generation
 



TABLE 8. COSTS TO CONSIDER ­

DETERMINING FULL COSTS OF A WASTE STREAM
 

Hazardous Substance Use 

Purchasing 
Taxes on hazardous products 
Safety training 
MSDSfiling 
Safety equipment 
Extra insurance premiums 
Labor 

Storage and Inventory 
Special storage facilities 
Safety equipment 
Storage area inspection and monitoring 
Storage container labeling 
Safety training 
Emergency response planning 
Spill containment equipment 
Lost product from spills, evaporation, etc. 
Labor 
SARA Title III (TRI) reporting 

In-Process Use 
Safety training 
Safety equipment 
Containment facilities and equipment 
Clean-up supplies 
Labor 

Lost Raw Materials 
Labor for handling 
Equipment for clean-up 
Reporting 

Waste Generation 

Air and Water Emissions 
Air emission permits and controls 
TRI measurements/estimates 
TRI reporting 
TRI fees 
Worker health monitoring 
Sewer discharge fees 
NPDES permits 
Water quality monitoring 
Sampling training 
Pretreatment equipment 
Pretreatment system operation 

Solid Waste Collection 
Safety training 
Safety equipment 
Collection supplies 
Container labels 
Container labeling 
Recordkeeping 
Truck maintenance (for in-house fleet) 

Waste Storage 
Storage permits 
Special storage facilities 
Spill containment equipment 
Emergency response planning 
Safety training 
Storage area inspection and monitoring 

On-Site Treatment or Recycling 
Capital and operating costs 
Depreciation 
Utilities 
Operator Training 
Safety equipment 
Emergency response planning 
Permits 
Inspection and monitoring 
Insurance 

Disposal 
Sewer fees 
Container manifesting 
Disposal vendor fees 
Preparation for transportation 
Transportation 
Insurance and liability 
Disposal site monitoring 

Adapted from: Pollution Prevention Planning, Washington State Department of Ecology, Jan. 1992. 



Develop Economics 

Once the full costs of the waste streams 
are detennined, an economic analysis of each 
specific pollution prevention project can be 
conducted. This analysis will provide manage­
ment infonnation on the costs and benefits 
associated with the techniques/technologies 
so they can decide whether it is economically 
feasible to proceed with implementation. Cer­
tain benefits, such as reduced long-term liabil­
ity, reduced worker exposure to toxic chemi­
cals, and improved community relations, will 
be difficult to quantify. 

There are essentially two steps in an eco­
nomic analysis after the true cost of waste 
generation have been determined: calculate 
the initial cost of implementing the pollution 
prevention strategy, and determine the annual 
cost savings and payback period (if applicable) 
for the project. In some cases. the total operat­
ing costs (including the waste handling costs) 
for the existing process and the 6new' process 
must be considered if they are substantially 
different. For example, some pollution preven­
tion options involve increased utilities usage 
which must be taken into account. 

The initial cost of the implemented tech­
nique/technology should include capital re­
quirements for new equipment, start-up costs. 
training costs for new equipment or proce­
dures. and any costs for regulatory compli­
ance. The full cost for waste generation should 
also be calculated for the new option using the 
procedure described previously in this chapter. 
The strategy in question may have only limited 
initial costs associated with it. such as capital 
and start-up expenditures, since it may be as 
simple as a raw material substitution or mak­
ing a minor process modification. In these 
cases, the annual waste cost savings may be 
the principle factor considered. However, there 
may be costs associated with implementation 
of the pollution prevention project such as 
process down-time or upsets. An additional 
source to consult for in-depth coverage. 
worksheets, and resources on pollution pre­
vention is EPA's Facility PoUution Prevention 
Guide (1992). 

Once the total initial cost for implement­
ing the pollution prevention strategy is deter­
mined, the cost savings should be determined. 

To calculate this, the following equationmaybe 
used: 

Existingjidl costofwaste -prqjectedjidl costsoj 
waste after implementatiDn=cost savings 

For options which do not involve capital 
investments orotherinitial expenditures,waste 
handling cost savings may be the primazy 
consideration for economic feasibility. For 
most pollution prevention options, some costs 
willbe reduced ifthe full costs forwaste genera­
tion are identified. 

For strategies that involve initial expendi­
tures, such as capital investments and start­
up costs, each company will have its own 
criteria offeasibility to consider. It will usually 
be necessary to calculate the economics of a 
project bymethods specifically determined and 
approved by the company. 

A quick test for initial feasibility is the 
payback period. Additional methods of deter­
mining long-term costs include net present 
value, internal rate of return, and profitability 
index. Further infonnation on applying these 
methods can be found in EPA's Total Cost 
Assessment: Accelerating Industrial Pollution 
Prevention through Innovative Project Financial 
Analysis(1992). The payback period is defined 
as the amount of time (generally expressed in 
years) it takes to recover the initial investment 
through annual cost savings. The follOWing 
equation canbe used as a simple calculation of 
the payback period. Note that this equation 
does not account for depreciation, interest, etc. 
A very thorough and in-depth examination of 
full cost accounting can be found in Appendix 
F of US EPA's Facility PoUution Prevention 
Manual. 

Simplifzed Payback Peritxl =
 
initial investment (capital + start-up + other costs)
 

anrwaljidl waste handling cost savings
 

In options where there is a substantial 
difference in the total operating costs of the 
existing process and the "new" process (e.g., 
utilities usage increases significantly), the total 
annual operating cost savings (including waste 
handling cost savings) should be used in place 
of the annual true waste handling when calcu­
1ating the payback period. 



Establish Cost Allocation System 

A cost allocation system is an important 
element of a pollution prevention program. In 
this system, each department or process is 
charged for the total waste management costs 
for the wastes they generate. The charges 
should cover the full cost of the waste as 
explained previously in this chapter. This cost 
allocation system should lower the total over­
head cost as most companies charge waste 
disposal costs to overhead (Le., the environ­
mental department). It will also provide incen­
tives for employees associated with the depart­
ments/processes that are chargedfor thewaste 
handling to reduce their waste generation and 
subsequently their costs. 

By calculating the full cost of waste gen­
eration, the parameters for determining the 
economic feasibility of pollution prevention 
strategies can be developed - annual cost sav­
ings and payback period. These will be used in 
the following chapter to evaluate the pollution 
prevention options and to decide which option 
could be implemented first. Establishing a cost 
allocation system will provide employees, in­
cluding management, with a better awareness 
ofthe costs associatedwith wastegeneration in 
their department/process. 



IDENTIFYING AND IMPLEMENTING
 
POLLUTION PREVENTION PROJECTS
 

O
 nce suggestions for pollution preven­

tion options aregatheredandthe costs 
associated with these options calcu­

1ated' they should be reviewed by the pollution 
prevention team and the least beneficial op­
tions eliminated from further consideration. 
These options may be reviewed again at a later 
time since pollutionprevention is a continuous 
process and what is less beneficial now may 
work better in the future. The remaining 
options should thenbe examined inmore detail 
to detennine its overall benefits. Technical and 
economic feasibUity of each option, based on 
the company's requirements for these criteria, 
should be studied. For example, each company 
has their own standards for economic evalua­
tion, feasibility for implementation, levels of 
expertise, operational requirements, etc. Those 
options found to be consistent with the 
company's goals can then be scheduled for 
implementation. There may even be cases in 
which certain benefits of a project override low 
economic return. 

Benefits 

The benefits to be gained by implementing 
a pollution prevention project should be iden­
tified. Along with reduced waste generation 
(and associated costs), these benefits may in­
clude improved worker safety/morale, better 
connnunityrelations, reduced liability, reduced 
regulatory concerns, and improved relations 

with regulatoty agencies. These benefits may 
be difficult to quantify but should be empha­
sized when evaluating options for implementa­
tion approval. 

Technical Evaluation 

There are many factors which should be 
considered when detennining if a project is 
technically feasible. Table 9 presents some of 
these factors. 

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 de­
taUs that may inhibit the project success and 
are essential in proper implementation. For 
projects that involve a new technology/tech­
nique, a bench-scale or pUot test may be re­
quired to assess the technical feasibility. At 
this point, if it is detennined that an option is 
not feaSible by these criteria, the option should 
be deferred for consideration at a later time 
when the circumstance for evaluation may be 
different. If possible, illustrate effects of an 
option by modifying flow diagrams of existing 
processes to show how potential options will 
improve plant processes. 

Process related Company related 

Exisiting technology available 
Amount of downtime required 
EquipmenVprocedure compatability 
Utility requirements/availability 
Specific training required 
Acceptable service from vendor 
Ease of implementation 
Quality assurance 

Pollution prevention goals 
Product quality maintained 
Customer acceptance of product 
Likelihood of success 
Creation of other environmental concerns 
Reduction of treatmenVdisposal costs 
Payback period 
Regulatory compliance costs 
New markets for modified products 

Table 9. Factors to consider in detertnining feasibility 



Economic Evaluation 

Once a pollution prevention project has 
been found to be technically feasible, the eco­
nomics of the project should be examined. In 
the previous chapter, the full cost of waste 
generation and the cost savings for implement­
ing a pollution prevention option was deter­
mined. In cases which involve capital and 
start-up expenditures, the payback period or 
other economic criteria were calculated. This 
infonnation is necessary when evaluating the 
economic feasibility of a project. 

Any project that yields a cost savings 
(annual waste handling or annual operating 
costs) has potentialfor profitability. Ifthere 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 practical to imple­
ment first since they do not require an initial 
capital investment. 

For projects with capital and start-up 
costs, an additional profitability criterionmust 
be examined: payback period and other eco­
nomic criteria (as calculated in Chapter 10). 
Typically, ifthe payback period is less thanfive 
years, the project may be considered economi­
callyfeasible. This criteriavaries depending on 
the company. There may also be other profit­
abilitymeasures thatmust be considered: this, 
too, will depend on the company. Before mak­
ing the final economic feasibility detemlina­
tion, the accounting department/controller 
should be consulted since his/her approval 
will usuallybe necessarybefore the projectmay 
proceed. 

At this point, there may be more than 
one project that meets the company's goals for 
pollution prevention (i.e., beneficial and fea­
sible). 

Implementing Projects 

Once the pollution prevention team 
selects the projects to be implemented, man­
agement approval must be obtained. If man­
agement support was obtained as deSCribed in 
Chapter 6, the approval process should not be 
difficult (providing the project benefits, profit­
ability, and feasibility are acceptable). The 

pollution prevention coordinator (or whoever 
will be in charge of the project) should present 
to management the details of the project along 
with the budget and project justification (par­
ticularly economics). Individual companies 
will have their own procedures to be followed 
for project endorsement. 

When approval has been obtained. the 
necessary funding for the project should be 
acqUired. Again, this procedure will vary with 
the company. It may be worthwhile to contact 
the Illinois Department ofCommerce and Com­
munityAffairs (DCCA), the Federal Small Busi­
ness Administration, and other governmental 
offices: these organizations may provide loans 
or grants for pollution prevention projects. 

Whenfunding is inplace. project imple­
mentationcanbegin. The phases ofimplemen­
tationwill be the same asformost otherprojects 
in the company. Personnel that will be directly 
affected by the project (line workers, engineers) 
should be involved from the start. Those per­
sonnel indirectly affected (e.g.. controllers. pur­
chasing agents) should also be involved as 
project implementation proceeds. Anyaddi­
tional training requirements should be identi­
fied and arrangements made for instruction. 
All employees should be periodically infonned 
ofthe project status and should be educated as 
to the benefits of the project to them and to the 
company. Encourage employees to comment 
onthe plan and to suggest additional reduction 
options. This may ease the natural resistance 
to change. 



PROGRAM AND PROJECT
 
EVALUATION
 

O nce a pollution prevention program is 
established it should be continuously 
evaluated and updated. This periodic 

reviewbythe pollution preventionteam should 
be conductedfor all stages ofthe program, from 
management support and team selection to 
project implementation. Once the elements 
have been examined, the programcanbe modi­
fied and goals redefined to improve overall 
effectiveness. 

Program Evaluation 

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 ex­
ample, 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 perproduc­
tion unit reported in the current year and the 
waste per production unit reported in the pre­
viousyear. The change in hazard level is based 
ontoxicity, reactivity, ignitability, andcorrosivity 
of the waste and industrial hygiene/employee 
exposure-type measurements. This compari­
sonmeasurement ismost usefulwhen evaluat­
ing an alternative material substitution such 
as switchingfrom an organic solvent to a water­
based solvent (switching to water may even 
eliminate an OSHA sampling requirement -­
DO WE WANT THIS?). 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 waste re­
duction can be found in Chapter 4 of EPA's 
Facility Pollution Prevention ManuaL and in 
Alternatives for Measuring Hazardous Waste 
Reduction by R Baker, R Dunford, and J. 
Warren (available from HWRIC). 

Progress can also be measured qualita­
tively through employee involvement, attitude 
and number of ideas suggested. Some ex­
amples of qualitative evaluation criteria are 
presented in Table 11. 

When evaluating the elements of the pro­
gram, it is important to identifythose strategies 
and techniques which have beenvery success­
ful, marginally successful, or have failed. If 
possible, the reasons why these projects were 
or were not successful should be detennined. 
This infonnation will be beneficial for modify­
ing the program and redefining goals. 

Program Modification 

To ensure continuing progress and suc­
cess of the pollution prevention program, the 
individual components and the overall plan 
shouldbe modified usingthe knowledge gained 
from experience. Successful strategies and 
techniques can be used again or adapted to 
other areas where progress has been slow or 
impeded. The initial pollution preventiongoals 
should be redefined and/or expanded, reach­
ing for the ultimate goal of zero waste genera­
tion. 



Project ElelTlent Evaluation Criteria 

ManagementSuppon Statements of support 
Approval of projects 
Providing ideas/input 
Praise and publicity of successes 

Team aspects/program initiation Employee enthusiasm & participation 
Using skills from training 
Supporting projects 
Providing ideas 

Understanding process Processes characterized 
Flow diagrams developed 
All wastes and sources identified 
Waste accounting system implemented 

Project implementation Projects completed within budget 
Projects completed on schedule 
Waste reduction achieved 
Cost savings attained 
Raw material savings achieved 
Product quality improved 
Worker safety improved 
Cost allocation system implemented 

Continuing the program Follow-up and review procedures 
established 

Employees kept informed and involved 
Pollution prevention team composition 

rotated 

Table 10. Program Evaluation Criteria
 



SUSTAIN THE POLLUTION PREVENTION
 
PROGRAM
 

N OW that a pollutionpreventionprogram 
is underway, it must be sustained in 
future years. This involves reaftlnning 

conunitment to the program at all levels ­
including upper management. Employee en­
thusiasm and interest must be maintained to 
ensure continuation of the program. Ideally, 
the entire eight-step cycle should be repeated 
following the successful implementationofeach 
pollution prevention project. Some specific 
ideasfor Sllstaining the program include bring­
ing new personnel into the pollutionprevention 
team, training, and publicizing success stories. 

Rotate Pollution Prevention Team 

To maintain the flow of fresh ideas, the 
pollution prevention team members should be 
rotated to introduce new perspectives. With an 
ongoing pollution prevention progam, there 
may be new employees who join the company 
over the years that want to participate. A new 
team leader may step in with high energy, 
enthusiasm, and creativity. If some members 
do step down, they can seIVe as consultants to 
the new team. There may also be dedicated 
team members who wish to remain on the 
team; this should be encouraged as they have 
gained valuable experience. The composition 
ofthe team should still include employees from 
all levels and departments. The importance of 
a written pollution prevention plan is that itwill 
outline the operating procedures for the pro­
gram and provide continuity even when team 
members are replaced. 

Refresher Training 

Pollutionprevention awareness and train­
ing should be conducted on a periodic basis so 
that all new or reassigned employees under­
stand the company's conunittment to pollution 
prevention. Pollutionpreventiontrainingshould 
be incorporated into a number of the compa­
nies existing training programs (Health and 
Safety, Environmental, Processes, etc.). This 
training should be an on-going process. 

Publicize Success Stories 

Publicityis one ofthemost effectivemeans 
to sustain the pollution prevention program. 
Internal publicity raises the awareness of em­
ployees of activities going on at the facility and 
encourages further participation. The results 
ofthevartousprojectsshouldbe relayedthrough 
bulletinboards, newsletters, interofficememos, 
etc. The names of the pollution prevention 
team members, as well as those employees 
offering suggestions, should be included in 
these publications. If individual successes are 
recognized, otheremployeesmaywish tojoin in 
to receive the same recognition. Presentation 
ceremoniesfor employee/teamincentive awards 
will also help publicize successes. Cost sav­
ings, waste reductions, and product quality 
improvements due to pollution prevention ac­
tivities/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 environment and shouldbe publicized. 
News releases should be prepared for local and 
state media documenting the project and the 
benefits gained by the company and the sur­
rounding community. Reporters could also be 
invited into the facility for a demonstration ofa 
new technology. 

Further public recognition can be facili­
tated through state, county, and local award 
programs. The state of Illinois sponsors the 
Governor's Pollution Prevention Awards each 
year. These awards are presented to industrial 
facilities, trade organizations, vendors, com­
munity groups, and educational institutions 
that demonstrate significant achievements in 
pollution prevention. Some cities and counties 
also hold similar recognition programs. 

Trade association meetings and publica­
tions are another good avenue for promoting a 
company's pollutionprevention 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 techniques to re­
duce waste. These case studies should empha­
size the benefits gained by the company - not 
only waste reduction but also cost savings, 
quality improvements, safety :Improvements, 
regulatory compliance and better community 
relations. Applying for state or national pollu­
tion prevention awards can also be a means to 
publicize the company's efforts. 



OTHER WASTE MANAGEMENT
 
OPTIONS
 

A s described in Chapter 4, it is federal 
and state policy that pollution be pre­
vented or reduced at the source when­

everfeasible. Despite the tremendous progress 
some have made in preventing wastes, it is 
oftennot economically ortechnicallyfeasible to 
eliminate all wastes from industrial processes. 
For any remaining wastes the preferred man­
agement options in order of preference, as 
shown in Table 11, are on-site recycling or 
reuse, off-site recycling or reuse, treatment 
includingdestructionbyincinerationand other 
means, and disposal in landfills. This is com­
monly referred to as the waste management 
hierarchy. EPAhas taken the position that the 
hierarchy should be viewed as establishing a 
set of preferences, rather than an absolute 
judgement that prevention is always the most 
desirable option. 

For safety or economy-of-scale reasons 
in some specific situations recycling or treat­
ment may be preferable to source reduction or 
in-process recycling. Environmentally sound 
recycling can have many of the advantages of 
source reductionbecause it achieves reduction 
in the amount ofwastes needing treatment or 
disposal and conserves energy and other 
resources. However, on-site recycling and 
treatment are generally preferred over off-site 
processingbecause releases oftenoccurdUring 
transport and handling and the chances for 
spills increase. 

Some facilities lack the skills to operate 
recyclingortreatment equipmentproperly. The 
permittingprocess reqUired foran on-sitewaste 
treatment facility is both time consuming and 
expensive as it involves a public hearing. Oth­
ers do not generate a large enough quantity of 
waste for economic operation ofrecycling equip­
ment. In those cases, off-site recycling or 
treatment where wastes from multiple facilities 
are combined can be an excellent waste man­
agement approach. 

Other technologies that do not in them­
selves reduce the mass of contaminants pro­
duced also may be beneficial. For example, 
more efficient use of water in plating rinsing 
through use of counter-current flow or spray 
rinse systems increase the cost effectiveness of 
in-process metal recovery and reuse. 

The emphasis in managing waste should 
be to continually try to move up the hierarchy 
toward source reduction and waste elimination 
(pollution prevention). Although a company 
may have an environmentally sound recycling 
program for certain wastes, the generation of 
these wastes may reflect inefficiencies in opera­
tion. Obviously, ifmore ofthese wastes can be 
turned into product, the companywill decrease 
its costs and should increase profits. 

In summary, source reduction techniques 
and in-process recycling which prevent and 
reduce waste generation are preferred over 
recycling, treatment, and disposal options that 
dealwith wastes after they are produced. Once 
pollution prevention options have been fully 
considered, additional methods of handling 
and controlling wastes should be evaluated 
according to the waste management hierarchy. 
Often these approaches need to be used in 
combination to be most effective. Technical 
advancements in production processes and 
waste management technologies make it desir­
able for each company to routinely review and 
improve its pollution prevention and waste 
management practices. 
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ADDITIONAL SOURCES OF
 
POLLUTION PREVENTION INFORMATION
 

Hazardous Waste Research and
 
Information Center (HWRIC)
 

The Hazardous Waste Research and 
Infonnation Center, located in Champaign, ill., 
was established in 1984 as a division of the 
Illinois Department of Energy and Natural Re­
sources. HWRIC is a non-regulatory agency 
which combines research, information collec­
tion and analysis to provide illinois citizens, 
businesses, and other organizations with di­
rect technical assistance and literature on 
matters of pollution prevention and waste 
management. 

The Center's five programs include 
Research, Infonnation Services, Laboratory 
Services, Pollution Prevention and Data 
Management. 

RESEARCH 

HWRIC supports a balance ofbasic and 
applied research by investigators from public 
and private universities, industry and other 
government agencies. The funding HWRIC 
provides to these researchers is often supple­
mented by other funding sources. Three areas 
of emphasis for the research program include: 
1) promotion of pollution prevention technolo­
gies and techniques: 2) development and 
evaluation of remediation technologies: and 3) 
assessment ofthe threat contaminants pose to 
the environment and human health. 

INFORMATION SERVICES PROGRAM 

HWRIC's libraryand clearinghouse pro­
vide a wide range of books, reports, articles, 
and pamphlets on hazardous waste, pollution 
prevention and waste management topics. 
Database search capabilities are also available. 

LABORATORY SERVICES 

The Laboratory Services program pro­
vides coordination and support of research 

activities in the laboratotywing and analytical 
support to researchers needing assistance. 

POLLUTION PREVENTION 

The pollution prevention program is 
central to HWRIC's efforts to help Illinois in­
dustries better manage their waste. Illinois 
businesses, educational institutions, govern­
mental bodies, communities and citizens who 
request assistance with waste management, 
pollution prevention and other environmental 
problemsarehelpedinvariouswaysbyHWRIC's 
technical assistance staff. This may include 
on-site technical assistance including help in 
developing a pollution prevention program and 
written plan. HWRIC also administers the 
Governor's Pollution PreventionAwards to rec­
ognize successful pollution prevention efforts 
of lllinois industrial facilities, vendors, trade 
organizations, community groups, and educa­
tional institutions. 

DATA MANAGEMENT 

HWRIC staff maintain databases on 
current locations, quantities, properties and 
components ofhazardous materials and waste. 

For assistance from HWRIC contact: 
HWRIC 
1 East Hazelwood Drive 
Champaign, illinois 61820 
(21 7) 333-8940
 
FAX: (217) 333-8944
 



Illinois Environmental Protection
 
Agency (IEPA)
 

The illinois Environmental Protection 
Agency is a regulatory ann ofstate government 
which enforces state and federal environmen­
tal protection mandates. 

OFFICE OF POLLUTION PREVENTION 

IEPA's Office ofPollution Prevention (oPP) 
promotes a spirit of cooperation between gov­
ernment and undustry through the Partners in 
Pollution Prevention (PIPP) Program. Partner 
companies receive expedited pennits for pollu­
tionpreventionpr~ectsandanenhancedMGood 

Neighbor" communityimage. Companiesmust 
frrst designate a pollution preventionfacilitator 
and adopt a policy statement with manage­
ment support then design their own programs 
and schedules for implementation. Under the 
Toxic Pollution Prevention Act, IEPA provides 
variance support for innovation plans. 

For more infonnation contact: 
Office of Pollution Prevention 
Illinois EPA #34 
P.O. Box 19276
 
Springfield, IL 62794-9276
 
(217) 782-8700 

POLLUTION PREVENTION INTERNSHIP PROGRAM 

This program places engineering stu­
dents as interns at Illinois industries on tar­
geted pollution prevention projects. Interns 
receive training and technical support from 
opp support staff. They report and work at the 
cooperating industry under that company's 
direct supeIVision. Pollution prevention goals 
are mutually determined and company confi­
dentiality requirements are respected. The 
program has saved Illinois industries over $2 
million to date. 

ILLINOIS INDUSTRIAL MATERIALS EXCHANGE 
SERVICE (IMES) 

IMES is operated by IEPA in coopera­
tion with the Illinois State Chamber of Com­
merce. It is an infonnation clearinghouse, 
directory, and marketing facilitator for hazard­
ous and nonhazardous materials that might 
otherwise be wasted. Information about mate­

rials either wanted or available is submitted to 
IMES and published and distributed without 
charge to more than 13,000 subscribers na­
tion-wide. At no time 1s IMES involved in 
negotiations or actual exchange of materials. 
Client confidentiality is respected at all times. 
IMES in now part of the National Materials 
Exchange Network. 

For more infonnation contact: 
Industrial Materials Exchange SeIVice 
illinois EPA 
2200 Churchill Rd., #34 
P.O. Box 19276 
Springfield, IL 62794-9276 

Department of Commerce and
 
Community Affairs
 

(DCCA)
 

As a result of the Clean Air Act 
Amendments of 1990, each state is reqUired to 
provide a Small Business Assistance Program. 
DCCAwill operate this program. The purpose 
of the program is to provide compliance 
infonnationto small businesses. This includes 
their rights and obligations to meet the 
requirements under the Act. Additional 
infonnation must also be provided in the areas 
of pollution prevention, accidental release 
detection, process technologies available and a 
referral system for assistance. 

For more infonnation contact: 
Dept. of Commerce and Commnity Affaris 
Environmental Assistance Program 
620 E. Adams St. 
Springfield, illinois 62701 
(217) 524-0169 
(217) 524-6591 

United States Environmental 
Protection Agency (USEPA) 

POLLUTION PREVENTION INFORMATION 
CLEARINGHOUSE (PPIC) 

USEPA'SPPIC was established in 1988 
to promote source reduction and recycling 
through information exchange and technology 
transfer. The PPIC is a free clearinghouse 
service containing technical, policy, program­
matic, and legislative infonnation relating to 
pollution prevention and recycling. The PPIC 
utilizes the following infonnation exchange 



mechanisms: a repository contaJning the most 
current pollution prevention literature, such 
as case studies, fact sheets, training, video­
tapes, and general references: Pollution Pre­
vention Infonnation Exchange System (de­
scribed below): hotlines to answer or refer 
questions and to provide links to PIES for users 
without access to a PC: and, outreach efforts 
including workshops, training, and indusby­
specific pollution prevention materials. For 
more information contact: PPIC, c/o SAlC, 
76oo-ALeesburgPike, FallsChurch, VA 22043 
(703) 821-4800 or FAX (703) 821-4775. 

The USEPApublishes a document each 
year which provides infonnation on pollution 
prevention resources available from both fed­
eral and state agencies. It includes listings of 
documents, videos, state and university pro­
grams, USEPA resources, libraries, and clear­
inghouses. Entitled PoUution Prevention Re­
sources and Training Opportunities in 1993 
(EPA/560/8-92-oo2), this document is avail­
able from USEPA PPIC. 

POLLUTION PREVENTION INFORMATION 
EXCHANGE SYSTEM (PIES) 

PIES is an electronic conduit to infor­
mation and databases, as well as a national 
and international network. It is PC accessible 
without user fees, easy to use, open 24 hours a 
day, technically and policy oriented. PPIES 
helps: access technical and programmatic 
infonnation: solve technical and policy ques­
tions: find and order documents: locate expert 
assistance: identify upcoming pollution pre­
vention activities and events in your area; 
discovergrants and project funding opportuni­
ties: save money by showing you how to reduce 
your waste and reduce liabilities. For more 
infonnation, contact the Pollution Prevention 
Information Clearinghouse or refer to The Pol­
lution Prevention lriformation Exchange System 
(PIES) User Guide (EPA/600/R-92-213: Nov. 
1992) 

THE 33/50 PROGRAM 

The 33/50 program is EPA's voluntaIy 
pollution prevention initiative to reduce na­
tional pollution releases and off-site transfers 
of 17 toxic chemicals by 33 percent by the end 
of1992 and 50 percentbythe end of 1995. EPA 
is asking companies to examine their own 
industrial processes to identify and implement 

cost-effective pollution prevention practices for 
these chemicals. Company participation in the 
33/50 program is completely voluntary. The 
Taxics Release Inventory (TRI) will be used to 
track these reduction using 1988 data as a 
baseline. As reqUired by the Pollution Preven­
tion Act of 1990, TRI industrial reporting re­
quirements will be expanded, beginning in 
calendar year 1991, to include infonnation on 
pollution prevention. 

The 17 chemical groups are: 
benzene 
cadmium & cadmium compounds 
carbon tetrachloride 
chloroform 
chromium & chromium compounds 
cyanide & cyanide compounds 
lead & lead compounds 
mercury & mercwy compounds 
methylene chloride 
methyl ethyl ketone 
methyl isobutyl ketone 
nickel & nickel compounds 
tetrachloroethylene 
toluene 
1,1,1-trichloroethane 
trichlorethylene 
xylenes 

For more infonnation, contact TSCA Hotline 
(202) 554-1404 or FAX request to TSCA Assis­
tance SeIVices (202) 554-5603. You can also 
access 33/50 mini-exchange on PIES or con­
tact USEPA Region V, Pollution Prevention 
Coordinator, 77 West Jackson Blvd., Chicago, 
IL 60604-3590; (312) 353-4135, FAX (312) 
886-5374. 

THE GREEN LIGHTS PROGRAM 

Green Lights is a voluntary, non-regu­
latory program sponsored by the USEPA to 
encourage companies to convert to more en­
ergy efficient lighting, and thus reduce pollu­
tion produced from energy generation (e.g., 
carbon monoxide, sulfur dioxide, nitrogen ox­
ide emissions: scrubberwaste: boiler ash, etc.) 
Byswitchingto newlighting technologies, com­
panies can also lower electric bills and improve 
lighting quality. The USEPA has also involved 
equipmentvendors, electric utilities, and light­
ingmanagementcompanies, calledGreenLights 
Allies. These groups are encouraged to give 
rebates to those customers who use energy­
efficient lighting. Formore infonnationcontact 
PPIC or the Region V Pollution Prevention Co­
ordinator. 
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POLLUTION PREVENTION
 
PROGRAM
 
CHECKLIST
 

Top Management Support
 

o Written policy statement supporting pollution prevention 

o Distribute statement to all employees 

Getting Your Program Started
 

o Commit to implementation 

o Designate a pollution prevention coordinator 

o Develop a pollution prevention team 

o Set goals 

o Increase Employee Awareness 

o Train employees 

o Reward pollution prevention successes 

Understanding Processes and Wastes
 
o Gathering background information 

o Raw materials o Production Mechanisms 

o Waste Generated o Process Interrelationships 

o Characterize general process 

o Examine unit processes 

o Perform materials balance 

o Define production unit 



Identify Pollution Prevention Opportunities
 

o Begin assessments 

o Prioritize waste streams 

o Generate reduction options 

Cost Considerations
 
o Determine full cost of waste 

o Develop economics 

o Establish cost allocation system 

Identifying and Implementing
 
Pollution Prevention Projects
 

o Determine benefits 

o Conduct technical evaluation 

o Conduct economic evaluation 

Program and Project Evaluation
 

o Evaluate program 

o Modify program as needed 

o Determine methods to measure waste reduction 

Sustain the Pollution Prevention Program
 

o Rotate pollution prevention team 

o Train employees as needed 

o Publicize success stories 
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