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Cleaner Pmd11C11on 

Objectives 

/nrrodJK"tion 

Introd~1ction 

I n Leaming tJnit .t we describe what Cleaner Production 
mean~ e.'!Cplain its role in achieving ESID and discuss how it 

can be achieved. Cleaner Production is important to industrial 
dev:lopmeot because it offers the potential to reduce pollutants 
and to increase indusuial productivity. 

TI1e specific learning objectives of ~is unit are as follows: 

• To understand the concept of Cleaner Production asessm­
tial for achiC\ing ESID. 

• To review the many activities that can achiC\-e Cleaner 
Production. 

• To learn \\'hat many enterprises already have achieved by 
implementing Cleaner Production. 

• To be aware of the baniers to introducing Cleaner Produc­
tion to industry. 

Key Learning Points 

1 Industry first tried to deal with poJlution by using the nanml 
environment to dilute the impact of pollutants. Subsequently. 
it became clear that some action had to be taken to minimize 
the impact of pollutants on the environment This led to the 
use of pollution control (end-of-pipe) technology. The>e 
methods are expensive and, often. they are noc fully effecth e. 

2 Cleaner Production a\"oids industrial pollution by reducing 
waste generation at C\·ery stage of the production process in 
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order to minimi:ze or eliminate waste before any potential pollu­
tants are created. 

3 The terms pollution prevention, source reduction and waste 
minimization are often used to mean the same thing as Cleaner 
Production. 

4 Cleaner Production can be achieved in a number of ways, such 
as good housekeeping and cperating procedures, materials 
substitution, technology changes, on-site recycling and product 
redesign or any combination of these actions. 

5 Cleaner Production is more cost-effective than pollution 
control. By minimizing or preventing waste generation, the 
costs of waste treatment and disposal are reduced. Further­
more, the systematic avoidance of waste and pollutants 
reduces process losses and increases process efficiency and 
product quality. 

6 The environmental advantage of Cleaner Production is that 
it solves the waste problem at its source. Conventional end­
of-pipe treatment often only moves the pollutants from one 
environmental medium to another, e.g. the scrubbing of air 
emissions generates liquid waste streams. 

1 Cleaner Production is often not accepted because of human 
factors rather than technical problems. The traditional end-of­
pipe approach is well known and ae<X"J)ted by industry and engi­
neers. Existing government policies and regulations often 
favor end-of-pipe wlutions, which are administratively easier 
to impose. There is • lack of com- m1Dlication between those 
in charge of productio'l processes and those who manage the 
wastes that are generatC4.t. There is often a lack of easily access­
ible information. Managers and workers who know that the 
factory is inefficient and wasteful are nof rewarded for sug­
gesting improvements. 

8 Although Cleaner Production t~hniques are preferable, some 
end-of-pipe treatment still may be necessary when it is 
impossible, at least for now, to eliminate completely the pro­
duction of wastes. 

9 Because Cleaner Production attacks the problem at several 
organiz.ational levels at once, the introduction of an industry/ 
plant-level Cleaner Production programme requires the 

-------------~ 
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commitment of top man.agement and a systematic approach to 
\\ilste reduction in all aspects of the produl.1ion process. 

10 Future industria~ development based on Cleaner Production 
would bring indumial acti'\ity closer to meeting the ESID 
criteria because it would both reduce pollutant discharges and 
increase the efficiency of nw material and energy utilization. 

Suggested Smdy Procedllre 

1 Look through the test at the beginning of the Review. Think 
about the questions raised and what you need to learn from this 
Leaming UniL 

1 Work through the Study Matuials. including the Readi11g Ex­
cerpts. the brochure and the "ideo. 

; 3 Prepare answers to the questions posed for the Case Studies. If 
possible, work ~ith a small group to discuss the questions 
raised. Compare your answeG with those suggested. 

4 Complete the exercises in the Revie'l4·. 

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

____ _J 
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Study Materials 

T he following sections are designed to help you become 
familiar with Cll!aller Production, to explain how Cleaner 

Production fits in with other approaches dealing with pol­
lution, to outline the advantages of Cleaner Production, to 
acquaint you with many of the principal methods for achieving 
Cleaner Production and to discuss the barriers to implementing 
Cleaner Proouction in developing countries. 

The appro2ch to pollution control has evolved through three 
stages over the fast ~O years: 

• Dilution 

• Treatment 

• Avoidance/Cleaner Production. 

Many countties are still at the dilution and/or treatment stage. 

The dilution approach involve.~ the discharge of pollutants 
directly into the environment It relies on the assimilative capa­
city of the water, air and soil to dilute or neutralhe the impacts. 
This approach can work if the amount of waste is small compared 
to the volume of the receiving environment. 

The treatment stage, traditionally called t.'11 J-of-pipe treat­
ment, bas been nsed at the end of the production process to collect 
pollutants and then to separate or neutraliu them in various ways, 
usually in specially buiJt treatment installations. Treatment often 
mer.,ly separates the pollutants from the waste i;tream, but they 
still have to be disposed of somewhere. 
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Cleona- Production 

Dilutioo and treatment, and even recycling, are not long-run 
solutioos. Natural systems have a limited assimilative capacity to 
dilutewastei(se:eleamiog Unit2). lo areaswherethereisa heavy 
coocenuatioo of industry, this capacity is easily exceeded. Wastes 
can impair human health, reduce the productivity of fisheries and 
agriadture and damage man-made materials. The levd of treatment 
is often limited because only so much of production costs can be 
allocated for pollution control, which is a non-productive in­
vestment. Recycling often suffeis from poor or unpredictable 
markets. for its products. Both treatment and recycling generate 
fiuther residues themselves, some of "'mcb may be worse than 
the original ~11ste product. 

The COSlS of the end-of-pipe treatment approach are creating 
a barrier to further industrial development The United States 
spent USS 100 billion and the countries of the European Com­
munity spent more than USS 30 billion on pollution cootrol in 
1992. There is little direct financial return to the industries that 
incur this ~enditure. 

The composition of the pollution is becoming more com­
plex. Thousands of new chemicals are introduced into the market 
each year to add to those already there. Some of them find their 
way into emissions and wastes. Also, the potential toxicity of 
these chemicals means that safety regulations are required to 
protect workers and users. The costs of complying with these 
regulations must be borne by chemicals producers and users. 

Strengthened e1r.riroomental regulations are putting pressure 
on industry to increase its environmental performance. It is often 
difficult, however, to modify existing plants at a reasonable cost. 

Cleaner Productioo, the preventive way, is a better approach 
to avoiding and minimizing environmental problems. Avoiding 
pollution by preventive methods often solves the problem rather 
than treating the symptoms. As a consequence of Cleaner Pr~ 
duction, there are often cost savings and better quality products. 

6 
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Questions 

Next Steps 

1 Read "The road to ecologically sustainable industrial develop­
ment .. , included in the Reading Excerpts at the end of this 
Leaming Unit 

2 Test your comprehension of the material by answering the 
questions below. Compare your answers with those suggested. 

_j 

1 What are the three st.ages in the evolution of pollution control 
approaches? 

2 Give two examples of how dilution still is used. 

3 What are two weaknesses of end-of-pipe treatment? 

4 Explain bow a Cleaner Production approach was used to reduce 
dioxin discharges from pulp and paper mills. 

·1m /lll_uo11f3 »nfW .(pu03!fj~s l"'o sra:10Jd 1u!l{3tn/'l 11! 11M01f' Ol POlf .u1ml"'! 1y1 'nutl ·11qfssod 
""'~ .llllJM I/SOM Jo IUWIJW..q i<q 'I/!"' ndod l"'D d/nd 1110lj i1XlDff3~p 11.11t0,1p Jo ""·'""fW IUl_,,!ffns .,, 

"/!01 Jlf/I OJ .I.ID ll{l WO.IJ ·8·1 
'.l#lf/OflD ()/ IUff!/»111 WO lllO.'.f lloWf/fOd 11(1 U#jlllOll Af"O Ii '1111/() 'll0!13'1f'O.IJ .llllf»/.J llDf(I M!llliKfn 
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Study Materials 

Cleaner Proch:ction 

Cleaner Production is defined by UNEP as the continuous 
application of an integrated preventive environmental stra­

tegy to processes and products to reduce risks to humans and the 
environment. 

• For production processes. Cleaner Production includes 
conserving raw materials and energy, eliminating toxic 
processing materials and reducing the quantity and tox­
icity of all emissions and wastes before they leave a 
production process-

• For products. the approach focuses on the reduction of 
environmental impacts along the entire life cycle of a 
product. from raw material extraction to the ultimate 
disposal of the product, by appropriate product design. 

Cleaner Production is good for the environment because it 
reduces pollution from industry. There are also some direct 
benefits to the companies that follow this approach, such as: 

• Cost-saving through reduced wastage of raw materials 
and energy. 

• Improved operating efficiency of the plant. 

• Better product quality and consistency because the plant 
operation is more predictable. 

• Recovery of some wasted materials. 

Cleaner Production requires: 

• Applying know-how. 

• Improving technology. 

• Changing attitud~ 

The Cleaner Production approach to industrial environ­
mental management requires a hierarchical approach to pollutant 
management practices. The order of preference in decision­
making on design and operation is as follows: 

8 
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• Prevention of generation of wastes. 

• Recycling. 

• Treatment 

• Safe disposal. 

Only when prevention techniques have been fully adopted 
should recycling options be used. Only when wastes are recycled 
as far as possible should treatment of the residues be considered. 
To use off-site recycling or end-of-pipe technologies before pre­
"·ention has been maximized is not Cleaner Production. 

Cleaner Production does not always require new tech-. 
nologies and equipment Some examples of practical Cleaner 
Production techniques include: 

Good housekeeping and operating procedures: 

• Tighten valves and check pipes to reduce leaks. Tum off 
water when not needed. 

• Minimize dragout when objects are removed from pro­
cesswg baths. 

• Optimize openting parameters of the plant 

• Reduce storage and transfer losses by revising procedures. 

• Improve materials handling to reduce the incidence of 
spilJage. 

Material substitution: 

• Replace solvents with water. 

• Replace acid pickling of steel with peroxide treatmP,Ot 

• Replace chlorine bleaching with oxygen bleaching. 

Technology changes: 

• Batch instead of continuous processing. 

' 9 
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• Mechanical instead of solvent cleaning. 

• Powder painting instead of wet painting. 

• Automatic instead of manual chemical feed. 

• Dry heating instead of heat treatment baths for metal 
finishing. 

On-site recycling: 

• Internal recycling t1f rinse waters. 

• More efficient washing or cleaning using counter-current 
principJ~s. 

• Steam coodensate recovery and recyling. 

Product redesign: 

• Remove toxic substances from product components. 

• Concentrate product to reduce pack.aging. 

• Increase durability and improve repairability. 

• Use materials that can be recycled. 

In the PRISMA project, the Government of the Netherlands 
selected 10 of the most efficient companies in the electrop1ating. 
food and drugs, transportation. metalworking and chemicals in­
dusaies. An initial assessment of Cleaner Production possibilities 
yielded 164 options, distributed as follows: improved house­
keeping (28%), material substitution (22%). techl'ology changes 
(390A.), on-site recycling (10~ .. ) and product redesign (1%). 

Bec:1use it often leads 10 cost savings and improved JJ>­
enting efficiencies. Cleaner Production enables business and 
other organiz.atioos 10 pursue their economic goals while im­
proving the environment at the same time. 

The implementation of Cleaner Production involves changes 
in human thinkin·~ and attitudes about production and the en­
vironment. 

l __________ __ 
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Questions 

Study .\/arenals 

Next Steps 

1 Read "Deciding on pollution prevention., from the Facility 
Pollution Preve11tion Guide, included in the Reading Excerpts 
at the end of this Leaming Unit. 

2 Test your comprehension of the information by answering the 
questions below. Compare your answers ~ith those suggested. 

---------------·-----------

1 What is Cleaner Production? 

2 What is the difference between Cleaner Production and tradi­
tional environmental protection approaches? 

3 What are some of the environmental benefits of Cleaner Pro­
duction? 

4 What are some of the benefits to companies of Cleaner Pro­
duction? 

II 
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/ 

C/t?aner Produt:tian 

5 What ue the three source reduction measures involving process 
changes mentioned in the Facility Pollution Prevention Guide'! 

6 Why is off-site recycling not considered a Cleaner Production 
process'1 

·s;nxud ~/M».l lf(l lllOJ/ 'ISZ'M f""r.sal "'lfo s, &llf(I puo 11oqDJ.HJdSU1U1 OJ!nl»J illlrp.<:Ja.1 'PS:lfo ·9 
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Cleaner Production Pays 

Cleaner Production is cost-effective. h can increase process 
efficiency and improve product quality. 

The pa~ack period is the amount of time it takes the savings 
to pay back the amotmt invested in Cleaner Production. Some 
savings. e.g. housekeeping and changed procedures. can be made LU4 
immediately; some require study and investmenL Even when 
investment costs are high, the payback period can be sh.on. 

End-of-pipe treatment is an add-on cost and does not give a 
payback. 

Many Cleaner Production techniques yield substantial 
savings in production costs. (See the Reading &cerpts and the 
video.) 

Savings can come from reduced raw material and labor coSlS, 
lower energy consumption. less expensive mamtenance. reduced 
waste management costs, improved worker safety and lower 
product liability. 

In the PRISMA project, the .J2 Cleaner Production options 
for small and medium companies were determined: 20 of them 
(49%) produced cost-savings, 19 (45%) were cost-neutral and 3 
(7%) increased production costs. The cost-saving options had an 
average payback period ofless than one year. 

Thus. even though Cleaner Production does not always lead 
to cost-savings, it is the most cost-effective way to reduce 
pollution. 
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Questions 

Next Steps 

1 Read the brochure C/ea11er Production Worldwide, included in 
the training kit. and .. The effects of cleaner production on unit 
costs," included in the Reading Excerpts that accompany this 
Leaming Unit. 

2 Test your comprehension of the information by answering the 
questions below. Compare your answers with those suggested. 

1 Explain bow Cleaner Production leads to sa~ings. 

2 Does Cleaner Production always have a payback? 

l How did Cleaner Production save money for die ph<>lographic 
firm PCA International? 

~--------------------------- ---··-------·-

'.JPM MIO ""'II &gfjo ~ ''°"""' D 
'f/!M 'llSDM/O llOu:nll»J Ill» .ud IJOI O 01,.f tlllMfOt ,.,""t".JllflM t{.q SlllA'/llt :1µ1al.to llfl 1/uuf11d1H 'f 

.,,,,,,,.flOd nni»J 01 i<o... 1.W»ffei-» llDW Ill' rMMfO ~ P. f1"0 'uop I! osro ISOlll ur ""l ·o.llf : 

"OllJIM Jo d1H1aJp llf I .JOj .V,g qo,1111.111-luot f»SW.J'lf' '1w11 "·""I' p1roN»p 't(pllU)npo.x/ T""'f1ff"' 
'Nlpnb pnp<ud pM0.111111! 'riso' 1111111aJou-11roM f1X"·1.131p '.\Xln;r I'"' flOUlltW ·"'"""'~'-'IDS ; 

14 



C/~ana- Prod11dlon 

Questions 

' 
II II 

Next Steps 

1 Look over the questiocs below so that you have some idea of 
what you will want to learn from the video. 

2 Watch the video Pollution Prewnlim: Swedish F.xperiences. 

3 Test your comprehension of the information by answering the 
questions below. Compare your answers \\llth those suggested. 

1 What motivated the company Landskrona Emballage to try 
water-based inks? 

2 How does the use of water-based printing inks improve the 
working environment? 

3 What imponance did the manager of Landskrona Emballage 
attach to his employees' involvement in developing the cleaner 
printing technology? 

_____ J 
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4 How can the traditional alkaline degreasing processes be 
replaced? 

---------

"llOJPl/-,ot/ ,0 '"' ~ 
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Introduce Cleaner Production to Industry 

I ndustry can make Oeancr Production happen through a com­
minnent to action within the company. Many corporations in 

industrialized countries have already inttoduced Oeancr Pro­
duction without waiting for gO\·emmeot action. 

Because Cleaner Production often involves a change in LU4 
attitudes, people need inceotive5 to work towards an integrated. 
systematic approach to environmental protectioo. 

Without a clear, written comminncnt from top management 
to Cleaner Production, other personnel \\ill not contribute 
effectively. 

Without the invoh-ement of all workers at all organiutiooal 
levels in a plant, good resuJts "ill be hard to get. Motivation, 
incentives and a workplace culrure where suggestions from the 
shop-floor are acted on are needed to achieve such universal 
involvement 

The internal training of workers, supen.isors and managers 
is necessary to identify opportunities for Cl~er Production and 
to implement it 

Ten steps for introducing a Cleaner Production program in 
an enterprise are as follows: 

• Develop and implement a comprehensive corporate 
environment policy that focuses on prevention. 

• Set corporate goals for the Cleaner Production pro­
gramme, with specific percentages and timetables. 

• Allocate responsibility, time and financial support for the 
entire Cleaner Production programme. 

• Involve employees at all levels. 

• Develop waste reduction audit procedures within the 
company and use them on a regular basis to identify, 
evaluate and eliminate waste at each stage in the pro­
duction process:. This gives the infonnation on which 
in-plant Cleaner Production options can be based. 
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• Obtain and use the best possible technical and odier in­
formation, from both inside and outside the company_ 
Waste reduction criteria can CO\"ertechnical environ­
mental factors, regulatory compliance, public accep­
tance and economic viability. Research the industry 
specific Cleaner Production publications. ne\\'-slmers 
and databases of UNIDO and IE/PAC. 

• Monitor and C'\·aluate progress of the company's Cleaner 
Production prog:runme. 

• Regtdarly inform all employees on the Cleaner Production 
progress made by the company in the last month. six 
months, year and five years. 

• Encourage and reward successful incfu.idual and group 
effons to implement Clemer Production. 

• Remember that success in Cleaner Production is a jowney 
not a destination. Update the waste minimization goals 
and timetables on a regular basis.. 

Identifying Cleaner Production Opportunities 
in a Factory 

I D an existing plant, there is a need to study \\bere the polJutioo 
comes from in order to take the mosr cost-effective remedial 

action. 

One way of doing this is a waste audit, which systematically 
looks at all processes il!ld operations. The idea behind the audit 
is that my nw material that does Dot cod up in the product mUSl 

go out as waste. The audit procedure systematically identifies 
these los.ses, many of\\tlich may be hidden from view. 

UNIDO and UNEPhave produced a technical guide to waste 
reduction audits. You \\ill leam about waste mluction audits in 
Leaming Unit S. 

18 
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Baniers to Introducing Cleaner Production 

T he introduction of Cleaner Production is sometimes ham­
pered by: 

1 
! 

• Resistance to new ideas and approaches in \\hich staffbave 
no formal training. Demonstration projects are essential to 
show that Cleaner Production can work in ··our country·· LU4 
or in «my company". 

• Lack of financial resources. awareness and training. 
expertise and know-bow. information and access to 
existing mowledge. 

• Uncertainty about the right information. technology or 
regulatioos. 

• Government policies/regulations that focus on sing)e­
medium pollutant reductions that discourage innovative 
solutions to pollution reduction and that offer tax incen­
tives for investment in end-of-pipe technologies. 

• Lack off amiliarity with Cleaner Product on practices and 
techniques on the part of engineers and consultants. Often 
they do not pay enough attention to improvements in 
housekeeping. small modifications of eX:sting equipment 
and Olher less technical matters that can be very cost­
effective. 

• Fear of being put at competitive disadvantage as a result 
of perceived high co515. 

-------~----------·---

Next Steps 

1 Test your comprehension of the information by answering the 
questions below. Compare your answers with those suggesacd. 

19 
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Questions 

/ 

1 List some of the main barriers to the introductinn of Clear.er 
Production. 

2 How can a firm induce all workers to become involved in 
Cleaner Production? 

3 Are engineers and consultants always familiar with Cleaner 
Production practices and techniques? 

4 What shoutd motivate consulting firms to advise clients on 
Cleaner Production rath'!I' than end-of-pipe treatment? 
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Additional Suggested Reading 

111 II I I I II I I 

Th.is concludes the study section of Leaming Unit 4. For 
additional infonnation on Cleaner Production, you may refer 
to the follo~ing sources. l 

Berglund, R.L., and C.T. Lawson, "Preventing pollution in the CPI", 
Chemical Engineering, September 1991. 

Crittenden, B.D., and S.T. Kolaczkowski, Waste Minimisation Guide 
(Institution of Chemical F.ngineers, 1992). 

de Hoo, S., and others, ••ne PRISMA Project as a model for use in 
other countries: background, methodology, results and some fol­
low-up projects", paper presented at the UNEP Ministerial Meet­
ing and Second Senior Level Cleaner Production Seminar, 27-29 
October, 1992, Paris. 

Huisingh, D., and L W. Baas, "Cleaner Production: the most effective 
approach to achieving improved water quality", European Water 
Pollution Control, vol. 1, No. I, ( 1991). 

Johansson, A., Clean Technology (Boca Raton, Aorida, Lewis Publish­
ers, 1992). 
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Cleaner Prod11dion 

Case Studies 

,-
1 Next Steps 

I 1 Study these cases, all of which are adapted from the brochure 
Clean Technology, published by the Department of the F.nviron­
ment (United Kingdom). Theo answer the questions tl:at 
follow, if possible working in a small group. 

l~ Compare your answers with those suggested. 

Case Studies 

Case Study 1: Reduction of Chromium Pollution and 
Waste in Leather Tanning 

' 

The conversion of hides to leather has bet'n carried out from 
the earliest times and still follows the same basic procedure. 

Many agents (vegetable, organic and metallic) can be used in the 
tanning stage, each conferring different characteristics to the 
leather. 

The use of L'ivalent chromium as a tanning agent is com­
paratively recent, only becoming established on a large com­
mercial SC'lle by about 1910. Now it is the most widely used 
process. Chromium imparts desirable qualities of wear, softness, 
feet and texture to the leather. The level of chromium normally 
used for high quality leather is 4-5 per cent by weight To achieve 
this, even by the most efficient processing, some JO per cent "f 
the chrome offered to the hide is left in the tanning liquor and 
wasted. 

The British Leather Company, which proces:;es about 6,000 
hides a week employs a cleaner technology that entails two si;ages. 
The first stage uses a liquor based on titanium, aluminium and 
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magnesium, v.ith no chromium This ii:: the T AL process of ICI. 
In the second stage, a chromium tan is used with 9 per cent 
chromium instead of the normal 17 per cent This results in a 
leather with a chromium contait of about 3 per cent but \\lth 
characteristics comparable to traditional leather. Residual chrome 
in the spent liquor is reduced because less chrome is used initially 
and the percentage uptake is greater. The overall effect is to 
reduce the chromium content of the spent liquor fiom 1,200 to 
350 ppm and the level in the final effluent to 10 ppm. 

Advances in leather technology combined with ex"tensive 
tanning trials have made thi~ process commercially viable. 
Considenble research was carried out to identify th1, optimum 
tanning properties of the "·arious combinations of metals used in 
the first stage of the process. 

The solution adopted has two advantages: 

• The chromium lC\·el in the discharge is substantially re­
duced. removing a potential constraint on production. 

• The technology requires no additional capital equipment 
and can be used in an existing plant. 

There are also modest sa\ings in tanning reagent costs. The 
main incentive to move to cleaner technology is the anticipatioo 
of higher future standards. The company can expect to save at 
least USS 300,000 that would be required for an abatement plant 
to achieve the same chromium reduction as that obtained by 
cleaner technology. 
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Cl~aner Production Ca.Studies 

Questions 

1 Which of the various techniques for Cleaner Production (good 
ho.asekee;>ing/operating procedure:~ material substitution, 
technology changes, on-site recycling and product redesign) is 
illustrated in Case Study I? 

2 ~y do yoo think the plant considered implementing a Cleaner 
Production approach! 

3 Why do you think the tannery did not want to install pollution 
control equipment? 

4 What do you think might be some barriers i.11 transferring this 
Cieaner Production approach to other places? 

- ·quopuo/S ''"''1''11' Jo ''01 puo a31»/M011f/o po/ '~l!JIY .:- . -
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Case Srudies Cleaner Prvclucll•Jlt 

Case Study 2: Cement Kiln Pollution and Waste 
Reduction by Improved Process Control 

The manufacture of cement in its present form was patented 
in 1824. Known as Portland cement, it requires the burning 

of fuel together with limestone and clay, yielding a clinker which 
is then ground with gypsum to gn·e cement. Burning is carried 
out in a rotating, inclined kiln. The process is complex. in terms 
of the reaction chemistry, the thermal conditions in the kiln and 
the dynamics of the process. The temperature largely determines 
the quality of the product cemenL However, both the NOx and 
SOx levels increase with higher tanperatures. 

The process must, therefore. be operated \\<ithin a certain 
band of temperature, with the optimum at the lower end. If the 
process is operated too far below this optimum, an unusable 
product is generated. If the temperature is too high, energy is 
wisted, cement quality reduced and air pollution increased. 
There are many possible disrurbances to the process, for example, 
changes in the calorific value of the coal and the composition of 
the feed, which make it difficult to operate manually. 

The LINKman expert system. developed by Image Aut~ 
mation, continuously monitors all the appropriate process vari­
ables such as the flue gas temperature, oxygen, NOx level and the 
power used to turn the kiln. h then makes adjustments to the coal, 
air and feed rates on the basis of a model of the plant's behaviour 
derived from operational experience. The system can also make 
smaller adjustments more frequently. This allows the plant to be 
run much closer to its optimum cooditions than is possible under 
manual control. One significant novel feature of the instrumen­
tation is the measurement of the 1'0x level in the flue gas, which 
gives valuable information on the temperature in the firing 
zone and can be used to help minimize NOx air pollution. 

The system has been made possible by improvements in the 
science of expert system control and in measurement technology, 
which have led to a reliable and sensitive NOx analyser. 

The system was installed on two of its kilns by Blue Circle 
Industries in the United Kingdom. It generated cost savings of 
USS 1,860,000 in 1987. The payback period for the capital 
investment of USS 406,000 was three months. 
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The advantages are as follows: 

• Coal wastage avoided. 

• Better quality product. 

• Less energy for clinker grinding. 

• Kiln lining bas longer life. 

• NOx and SOx emissions are reduced from 500 ppm to 200 
ppm. 

1 Which of the various Cleaner Produclion techniques is illustrated 
in Case Study 2? 

2 Was the introduction of Cleaner Production cost-effective? 

3 Why might workers in this plant have. resisted the introduction 
of this Cleaner Production action? 

17 
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4 Do you think cement plmts need end-of-pipe pollution control 
technologies? 
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Cleaner Producllon Ccue Studil!S 

Case Study 3: Upgrading of Tin Concentrate 

I 11 I I 

Tin has been mined from the earliest times. There has been a 
steady improvement in the perceutage of tin in the COll­

centrate that is sent to the smdters. The tin content of the 
concentrate has a strong bearing on its value. Other materisls 
such as copper, tungsten and me are also recovered from the ore. 

The traditional process involves a number of steps cul­
minating in flotation. The slurry containing the tin ore flaws 
cross-current to the rising bubbles, which float as a foam canying 
the tin-rich particles. The separation and upgrading of the ore 
have now been improved by introducing column flotation. The 
rising bubbles and falling ore flow counter-current. giving me 
effect of multiple stages of normal flotation. A water wash gives 
improv~ separation at the top of the column. 

Camon Consolidated. in the United Kingdom, reported that 
based on annually upgrading concentrate with a tin content of 800 
toon~ the capital investment of USS 32,000 had a payback 
period of only 18 days, because the price for the tin concentr::te 
increased by USS 640,000. 

The advantages can be summarized as follows: 

• Higher market value for the concentrate. 

• Less waste from smelting. 

• Less energy used for smelting. 

• Low capital investment 
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Questions 

1 Which Cleaner Production measure was applied in this sit­
uation? 

2 What is the main reason this Cleaner Production programme 
was successful? 

3 What do you think was the company's main motive for this 
chango-increased profits or environmental protection? 

"fM#Pl'l",p rs:lfqmq fO'IUOJI lf/!M >/'IJD'lllH1' Aff"f 
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Case Study 4: Trivalent Chromium Plating 

°IIigh quality chromium plating. used for decorative finishes 
.I"Ld to impart resistance to ~-ear and corrosion, has tradi­
tionally required a high concentration of toxic hexavalent 
chromium ions, which give a highly toxic eftluent. One company 
in the United Kingdo~ W. Canning Materials. has introduced an 
electrolyte with a much lower concentration of the less toxic LU4 
trivalent chromium ion. Two technical problems had to be 
overcome: 

• The tendency of the trivalent chromium to oxidize to 
hexavalent at the anode. This was overcome by using a 
membrane that had originally been developed for the 
mercury-me electrolysis of brine. 

• The low nte of deposition at the cathode due to the 
kinetics of the reaction. This was overcome by in-house 
development of organic additives that modify the reaction 
and give a performance superior to the traditional process. 

For a new plant ecooomic benefits arise from the use of smaller 
baths to achieve the same production rate and from reduced expen­
diture on effir:ent clean-up. Where there is a premilDll on quality 
or \\here hexavalent chromium is not permitted. savings are even 
greater. The new technology leads to five advantages: 

• A safer woding enviroomeot 

• Reduced discharges of toxic hexavalent chromiwn, typically 
from 80 ppm to less than 3 ppm of les~toxic trivalent 
chromium. 

• Quality is improved because the plating is more tmiform This 
also saves chromium and allows more anicles to be plated in 
the same barb. 

• Only half as much el~city is required to deposit the same 
quantity of chromium. 

• Reduced effluent treatment costs. 
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Questions 

2 Could this plant solve all its water pollution control problems 
"'ith Oeaner Production? 

3 Why do you think management might ba,·e resisted the intr~ 
duction of an alternative dectrolyte"! 

4 Why was the change cost-effective? 
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Review 

The following test \\ill help you re\iew the macerial presented 
in Leaming Unit 4. 

1 The first step in impr~ing Cleaner Production in industry is a 
change in 

a. Technology 
b. Customer preference 5}·:::1ems 
c. Attitudes 
d. Legislation on recydin!! 

2 The approaches to indusuial et:\ironmental management have 
evolved through which three stages? 

a. Abatement to prevention to dilution 
b. Prevention to dilution to abatement 
c. Dilution to prevention to abatement 
d. Dilution to abatement to prevention 

3 The most cost-effective management choi~e for .:ombating 
industrial pollution is pollution 

a. Prevention 
b. Dilution 
c. Abatement 
d. Control 

--------- -------- --------- --- ----
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4 Cleaner Productioo eliminates wast: 

a_ During production 
b. At every stage of the life cycle of a product 
c. By disposing of wastes safdy in approved facilities 
d. By recycling processing residues 

5 aeaner Production does not include 

a. Better housekeeping 
b. Ecologically benign products 
c. Recycling of wastes by outside contractors 
d. Low- and noo-waste technology 

6 From the poetical business point of view, pollution prevention 

a. Often pays 
b. Does not pay 
c. Has a long payback period 
d. Is not possible 

7 aeaner Productioo is all of the foll°"ing except 

a. Preventive or proactive 
b. Idea-oriented 
c. Reactive 
d. Front-ended 

s aeaner Production provides a competitive advantage in all of 
the following siruations except 

a. Environmental regulations becoming more severe 
b. Company adopting quality management standards 
c. Customers beginning to care 
d. Government increasing energy and water subsidies 

9 The implementation of Cleaner Production actions does not 
necessarily need 

a. Training 
b. Coopentioo baween government and industry 
c. A change in management attitudes 
d. Advanced technology 
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10 ''Cleaner Production is just not realistic in developing countries 
where per capita GNP is below$ I 000. ·• This statement ii 

a. Falie 
b. Correct 
c. True 
d Helpful 

11 The JO 5teps for introducing Cleaner Production in an enter- LU4 
pri>e in,:lude all of the follov.ing excep! 

a. Implementing an environmental policy 
b. Conducting an environmental compliance audit 
c. Sming goals and timetables 
d Allocating responsibility. time and financial suppon 

12 The I 0 steps for introducing Cleaner Production in an enterprise 
include all of the follo"ing except 

a. Jn,·olvement of senior employees 
b. Seeking government subsidies 
c. Monitoring and evaluation 
d. Disseminating infonnation to employees 

13 In a Cleaner Production project, funding \\ill usually be 

a. Donated by the workforce 
b. Prmided by eventual cost savings 
c. A\·ailable from UNIDO 
d Needed before any plans can be implemented 

14 All of the following are barriers to Cleaner Production except 

a. Lad~ of financial resources, awareness. training. expertise 
and access to know-how 

b. Uncertainty about the right infonnation, technology and 
regulations 

c. Attitudes of employees who feel threatened by change 
d. Demonstration projects 
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lS Cleaner Production is 

a Vrtal for business survival 
b. Moral 
c. A good management choice and sometimes profitable 
d A social ra1her than a business priority 

opp"" or-~ 
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Cleaner Production 

Some Ideas to Think About 

The follnwing ue some questions that arise in connection 
with Cleaner Production. Take some time to think about 
them. If pos.g"ble, work in a small group. 

1 How will industry in a country with a per capita GNP of less 
than US.S 500 react to Cleaner Production concepts? Why? 
What can UNIOO, UNEP or UNDP do about it? 

2 How is the concept of ESID interpreted in your counuy? 

3 How will the manager of a nationalized company react to 
Cleaner Production? Why? 

4 How will the manager of a multinational company react to 
Cleaner Production? How could this be helpful to you? 

5 Why should industry in dC\·eloping countries be interested in 
Cleaner Production? 

6 Select an industry or company with \\bich you are familiar. 
Describe briefly its environmental sinwion. Identify some ob­
stacles lbat you think will prevent or delay Oeaner Production 
approaches. Think about what you, as a UNIDO repre­
sentative, can do to help implement Cleaner Production in this 
situation. 
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Reading Excerpts 

The Road to Ecologically Sustainable 
Industrial Development 

Excerpted, 'tll.ith permission, from l"NIDO, Proceedings of lbe Corr.jerena r.m Ecolr~cally 
Sustain.able Ind11.strial Detelopmeni. Copenhagen. Denmark. 14-ld Qaot.:r 1991 IPL· 1121_ 

Working paper No. I, chaps.\- and VI. 

Chapter V. The Road to Ecologically Sustainable 
Industrial Development 

The Opportunity 

r»redicting the future is difficult, but a plausible sce:i.ario for achie\·ing 
C ESID is cleat. A recent report from the World Resoi=ce; n~irute seated 
as follo\\-s: "human impact on the narural emironme:u depends funda­
mentally on an interaction among population. ecor.omic gro"-1h and 
technology. A simple identity encapsulates the relatio:-.ship: 

. Pollution GDP _ 
Polltllron = GDP x p l . x Pop11/ation opu atron 

Here, pollution, understood as em·ironmental ck-~dation, emerges 
as the product of population, income levels lthe GD? per opita termJ 
and the pollution intensity of production (the poOutio:i. GDP term)'". 

aelrly, the one variable that can be most easily l:Tected in the short 
run in this relationship is pollution intemity. Q\·er the next 2t) years lthe 
time frame for this analysis), "'·orld population is p~cted to increJ.S(: 
from 5.3 billion to 7.2 billion. Similarly, per opita (·DP is predicted tCI 
increase from $2,900 to S4, 100 and per capita ~l\'A fr.~m S9<ll) to S 1.-J(l(J 

Tiie onl~- choice for avoidin~ environment:ll disru;:-tion i:- to r<:duc<: 
pollution intensity by, in the short tenn, cleaner prO.:uction ;ind, in th<: 
long term, closing the materials and pr<>du""t cydc.'S and shiftin~ u, 
renewable energy resources. 
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Cleaner Pi·oduction 

1be intl"raaion of the three va:'..:iblcs is much more complex than 
indicated by the simple identi~- abo\e. For example, as per capita GDP 
increases, the reso~ rces needed for reducing pollution intensicy incre~;e 
and the gro~lh of population declines. Similarly, as per capita income 
increases, the public demand for recbcing pollution :.ntensicy increases. 

Cleaner Production 

1be concepc of Oeaner Produaion is e\·olvmg from earlier concepts 
of dean technology and low and nor:-waste technolo~-. Tiie old concept 
oi dean technoiogy was seen in 19-:> u}" the Cummis.sion uf the European 
Communities as having three distina but complementary purposes: 

• les.5 pollution discharged into the narural environment (water, air 
and soil); 

• les.5 waste Gow waste and nun-waste technology); and 

• less demand •:>n natural resources (water, energy and raw 
materials). 

Although there i > no agreed defolition for Oeaner Production, just 
as there is no :igreed ciefm!:ion for susuinable development, there is some 
consensus emerging. as evidenced :it the L"nited '.,\;ations Environment 
Programme (l~"EP) ~.eminar on the Promoeion of Cleaner Production. 1be 
advisory group for tlie seminar suggested that Oeaner Production should 
be defmed as -... a more global approach to en\·ironmental protection 
whida would :iddre;s all phases of the prot4uc.1ion process or product lite 
cycles, with the ol:jective of prevention and minimization of short- and 
long-term ri.c;ks to humans and the environment. Such an approach 
includes 'cr.ldle-to-grave' minimization of wastes and emis.5ions to air, 
water and soil, as well as minimization of energy consumption and the 
use of raw nuterials-. 

The t~rm Cleaner Production is technically :ind operationally very 
difficult to defme, p:irticularl~- in rebrion to rhe .. cleanliness" of prod­
ucts. For che purposes of this paper. Cleaner Production is bcsl thoughc 
of as two things at once: a new em·ironmental quality goal for industry 
and, at the S31lle time, a new approach for achieving that goal. 

The new environmental qualicy goal would require industry to move 
beyond the current norm, which generally calls for meeting ambient 
standards which nonnally just COMider the effects of one pollutant in che 
environment immediately surrounding the source. As stated earlier, ambi­
ent standard"' are not able to protect the environment from cumulacive 
loadings of pollucanlS imo it. 11le emerging em·ironmental norm, toul 
loading stand.irds, initially calls for reducing wasteful loading into the 
environment lndu.,.lry would me(1 chesc tc>lal loading stand:mlc; by 
increasing the: efficiency of energy use, reducing dqx:ndcncc on non­
renewable r<-::o'jrces. reducing dissif'Jlive uses of toxic malerials ere. In 
the long nm\°''~ 100 years). rota.I loading sl:mc.l;ml.; would aim for clo.c;ing 
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the materials and product cycles and shifting to renewable energy 
resources. Closing the materials cycle would require industrial processes 
to move, as technically and economically feasible, to zero waste discharge, 
particularly of fossil-fuel-related pollutants and toxic chemi<..-.tls. Closing 
the product cycle would require industry to manage products over their 
entire life cycle, from material extraction, manufacturing and use through 
disposal. Elements of such a policy are already in place, e.g. in the 
automobile industries of several countries. 

1be new approach for achieving this goal would tum the traditional 
approach to em·iroruncntal managc:mc:nt upsi<lc <lo\Vll. TI1c current 
approach looks first for ways to reduce pollutants after industrial 
processes have already generated them. It requires the application of 
end-of-pipe technologies, such as waste-water treatment plants, filters 
on smoke stacks and the incirleration or neutralization of wastes and, 
fmally, the burial of the residue. The current hierarchy for pollutant 
reduction is as follows: 

• Firlal disposal 

• Treacment 

• Treacment with energy and materials recovery 

• Reuse and recycling 

• Reduction 

• Prevention. 

The new approach that is emerging for environmental management 
reverses the prioriti~s for management of pollutants at the ftnn or 
establishment level. The new hierarchy looks first for pollution prevention 
opportunities, such as product and process changes and on site recycling 
and recovery, before turning to pollution abatement measures. It is as 
follows: 

• Prevention 

• Reduction 

• Reuse and recycling 

• Treacment with energy and materials recovery 

• Treatment 

• Final disposal. 

This new approach to environmental management ic; emcrgi:ig for 
several reasons. First, industry, particularly progressive companies, is 
realizing that :; 1c new priorities are a lc~o; cxpcn'>ive and thus more 
profitable approach to environmental mana~ment. Secondly, it is aware 
that sooner or later it will he forced hy Gon·mmcnts and public pressure 
to reduce pollutant loadin~ to tlw cnvironm<.·nt Both industry and 
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Go\·emrnent know that the treatment and burU.: :i.ppruch wi.L. nOl nx.tt 
toUI loading standards and sometimes noc even ambi~t .sundards. 

One example of the inability to meet ambien~ st:mch:d.s is ::.e 
reduction of dioxin discharge from pulp and paper mils. The tre:ltnx:nt 

of waste water v.ill not reduce dioxin disdurge sufficiently to lil«:{ 

ambient standards, so industry is changing its bleaching prnces.s a.,d 
significantly reducing the amount of chlorine use. 

The availability of Oeaner Production opt::ins, w'.-ich inc:udes h::h 
source reduction and ;>c.;Jui.~on control equipn;cm. dt:;:;en.:is .:.n \'-ht;: xr 
ambient or total loading standards are being pu.1'$Ued_ Qeaner ?roduct::Jn 
opcions are generally available for meeting ambient Slandards, as is anes::ed 
to by the success of some industrialized and dt'\·eloping countries. 

Although Cleaner Production options are generally available, tt.ey 
may not yet be applicable to all production processes. For example, so::ie 
de\·eloping countries use agricultural residues <straw and bagasse) in tile 
pulping process. Since these raw materials ha,-e different properties frcm 
wood pulp, e.g. a higher silica content, noc all Ce3.Jlef ?roducti0n opticns 
de\·eloped for reducing the com·entional water pollutarus ~:i.ted v.-:th 
wood pulping are applioble to the pulping of lgriculrural residue. 

The availability of Oeaner Production option.s for meeting tcu.I 
loading standards, which call for significant reduaion in pollutants beycnd 
that needed to meet ambient Sl31ldard.s, can be questioned, but there is 
some evidence that significant reductions are possib!e. A number of 
approaches have proven themselves useful-a.'1d, in many ca..--es. prciic­
able-in practical appliotions in the indu.suUli.zed countrie5. nu.' is 
particularly true for technologies that optimiz.e the use of ener~-_ lnck-ni. 
many of these technologies are not orJy avaibble today but. if imple­
mented, could realize net sa\ing.5 of both energy and money and 
simultaneously decrease the burden on the en'ironment. 

The existing inefficiencies give an indiotion of pocenti:il ene:gy 
Sa\"ings. A comparison of energy con.5umption per unit of output in 
de\·eloping countries and industrialized countries .sho"--S th:it ene:~· 
con.5Umption, in tonnes of oil equivalent, per million dollars of real G:>P 
is 440 in the former as opposed to 290 in the btter, i.e. o\"er -=-o per cenc 
more per unit of outpct (table 1)_ .\.1other comparison L.-. induslti:.il 
energy consumption per million dollars of real industrial value added. 
On average, developing countries use twice JS much ener~y as dC\d­
oped countries to produce the same output. These inefficiencies m..iy 
be attributed to factors such :is the improper nunagcment of the 
induslfial production procc:s.s, l:ick of sophi.-.:!cll<.:d :echnoJ,,gi<."S, .1.'ld 
wmnp; pricing. 

·mere arc sen.-ral l)phons for achil·vin~ t.•ul lo ... lin~ s1.;nd;srcb :"r 
cnt·r~·rd:itcd pollucanL' 111c.sc: op!ions indu,:c: !lit· 1.-l!r,·Nin . .: 
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Table 1. Final Energy Co~n and Economic Activity in 
OEa> Countries and Developing Countries, 1985 

Ratio of 
OECDto 

Developing Developing 
Item a/ OECD countries Countries 

Per c1pir:1. fin:i.I energy 
consumpcion, roe 3.102 0.323 9.6 

Per capita industrial energy 
consumpcion, toe I.096 0.159 6.89 

Real GDP per capita, 1980 dollars 10 815.0 773 14.75 
Real MV A per capita, 1980 dollars 2 769.0 289 9.58 
Final energy consumption per 

million dollars of real GDP, toe 286.8 440.16 0.65 
Industrial energy consumplion per 

million dollars of real industrial 
value added, toe 276 550 0.50 

a/ Tonnes of oil equivalent• toe. 
i Source: UNIDO, lndustryand Development: Globai Report 1991192, fonhcoming. L ________________ ___, 

• Devices to control the speed of rotating process equipment such 
as fans, pumps and agitators; 

• The enhancement of heat recovery from gases and liquids and Lhe 
recycling of this heat; 

• Computer-aided systems to control the temperature, flow and 
speed of energy etc.; 

• Cogeneration to produce both heat and power. 

Several option.c; are also available for achieving total loading stand­
ards for toxic chemical pollutants. TilCse options include the following: 

• The replacement of chemical processes by mechanical processes; 

• The replacement of single-pac;s rinc;e processes by counter-current 
proccs.c;es; 

• lbc replacement of single-pa.~" proc~-s.c;cs hy clo.c;cd-loop pro­
cesses; 

• 111c rl·rlaccmcnt of organic-solvcnt-h;Lc;cd inks, painl'i and coat­
ings I)\· wall'r-h;L'i<:d orx:s; 

• 'i11t: rt·placc:nwnt of m<:rc:ury, c1dmium and kad hy othl'r ks.-. loxic: 
sul 1st.111n·s for riwm·nts, c11.1h·s1. ... li.llll'rit·s ('(l' ; 
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• 1be replacement of halogeruted :ompounds b:.- non-ru.Iogem::::c! 
compounds; 

• 1be installation ci physical se~r-alion tedm0: ")gies S'.ich as : -,n 
exchange, uluafiltration and ren-:-se osmosis lo illow the recyci:..•g 
of useful components; 

• 11le in.slallation of more accura:e sensors, microproees&>rs ::..,<l 
odler types of monitoring equip::ienL 

Many dissipati\·e uses of toxic mets:s could essem:.illy be b:mneC j\· 
a "1'.roke of the pen In the o..;e nf tc-crae:'.-lyllead. somt- .:o~: w~5 ir.Yoh-::.-::: 
the same oaane number can be ac:hieYed only al hi¢1er cost. either :.y 
the addition of alcohols or by more intensive refining and the use of gre~er 
amounts of aromatics, such as benzene. ~-ylene and toluene. It is diffic-.. dt 
to generalize about the cosc of eliminatng other dis..c:ipati\·e uses. M~"'ly 

h3ve been replaced by better substirutes largely the case ~ith org:mon:..cc­
allic pesticides, foc ihstance). A few may be very difficult co eliminate. in 
which case the emphasis should probably be on recO\·C'r}- and recyc.:li::g. 

1be full anainment of susuinable practices rema:..'lS an open-eneed 
task. The main difficulty is dearly in the J.rea of recycling and remanufac­
turing. 1be closing of the materials cycle md the product cycle is es.sen:::tl 
for long-run sustainability. Additional research into the potentiai :·or 
remanufaauring is needed because it remains an opporrunity for both 
developed and developing countries tlUl has yet co be exploited and t.ut 
has significant implications for F.SID. Re:nanufacturing may be definec :is 

"the disassembly, inspection, refurbishing, reassembly md final testing oi 
wom durable products, a process tha• renders them u.s.lble and lt:.s.S co$jy 
to both producers and consumers··. It requires smaller apiral inn:Stme::us 
and fewer labour skills than the manufacture of original equipment. ln 
remanufaauring, the cOSl of energy is only 20-25 per cent that of :he 
energy cosc in original m:mufacture; the cost of materials is cul e\·en mere. 
to 15-20 per cent. In addition, recycling and remanufacturing activities 
v.ill need supporting industries, such as those that manufacture measur'.ng 
and automatic control devices, 3Jld they will in many cases off er r.c:w 
employment opportunities because they are labour-intensh·e. 

1be above is only P3ft of the stoJ)·. :ind in the long run probably :he 
less important part. 1lle adoption of aeaner Production at the esub­
lislunent level is dearly necessary, but it is not sufficient. It is increasinidy 
clear that the world economic sy5'em must be re-oriented. There is a nrrd 
to reduce dependence on fossil fuels, especially coal: the need to ciU'le 
the material and product cycles has already been mentioned. Strucrur.d 
changes like these will occur only if and when appropriate economic .. :.nd 
regulatory incentives are created. Such incenti\·es may include resouxc 
or emissions taxes, tradeable pennits, subsidies and even outri)itln ban~ ,m 
certain materials. 

'' 
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Chapter VI. The Effects of Oeaner Production 
on Unit Costs 

A hh11u¢1 rx.-i~:~·r l >:IX) ~<1r any od1<.·r in.'litutior. h:L" :.tsSt.~'it.·d in c.k:tail 
.t1.u .~: l."Cc >noa!:.: :L"fX .::.' ~)1 :.i::hic:,·in~ E.'\ID throufci1 < ll.·:.ancr Producti<JO, 
:::-:.t;.!llll."nt:.try c.L:~ su,g.'t:~t th:H ~ud1 production "·«>uld abo he mon· 
.. _.fficil.·m. Ck:uh . .idd:::=)n:ll rt-se-.irch i.-. 1Wt."<.kd in rhi.-; :trca. 

·ntc C\'ick.-n ... "'l.~ th::.: Cle=tn(:r Produl.""tion mc:t."urt.-s cm reduce r:.uhu 
·: .:111 irKn::L'<.: u:"::: flroc _.:;ion cc •'L' :md huh.'<..· impr· 't." prudtK1i,·icy is still 
: ~ .:,.:m ... ·atary. -~. ....:.J.lc --.:ii r?:<.:-1..'llrl.~ :h..'1..'< ,..:11 lur .,;tl\' :i rd:.tli\·dy small 

:::-:iction of tOl:il c-m·ir ~~,.mental im·l.""'lf'lICnb in huh industrialized and 
..:c,·eloping cour:::..-ies. ~e,·ertheless, numerous c:ise-studies suggesl chu 
(]eaner Product: _,n s-.·~emc; can lower production co..'\ts and reduc<: 
<:mi.-.sion.s and ::..."t" a,·::.:!:ible for many sectors. An cmerpri.-;c adopcing 

Table 2- E.~plcs of Waste Reduction and Payback Periods of Oean 
Technologies in the United States 

.Method Reduction of waste Payback period 

?har::· . .<.:.:ulic 
prod~ ... ::: :,,n 

~quir:::(-:it 

~am.::.:i~urc 

\X':iter-b:i_c;c-.:! soh('n! HllY:t 
replaced organic 
solvenr 

l ltrafiltr:itic1 J(l(h-. of solvcm 

r-·arm <.."(f..:ipnl<..·nl Proprietary ?roe~ 8(~;,, of sludge 
manu:.:sc::urc 

.\utor.:0ti..-c Pneumatic deani.;~ J()(l'Yo of sludge 
r:1:.1ne:.:c::..m· process rep:3ccd 

caustic proc<".Ss 

'-lier, -~·: ... ·:::1fo~ics \"ibratory c!e:tnir.:: J(lP",. of sludgt.• 

< >rg:u:: ... · 
dicm:.--..: ..... 
pnxh;::!.-,n 

rcpl:lccd c.::·_:,.tic 
process 

Ahsorption. :-er:ir 
condcn.c;c·r. 
conscrvatior: vcn:. 
floating rooi 

9-; .. ,. of cunwrn.: 

< I yc:ir 

2 ye:trs 

2.5 \"ear.> 

2 years 

_"\ yc::irs 

I lllllnlh 

r:101( ·,.::-.i;~hil· 

11Im p:, ·~:cssin~ 
Ek<.·trol}lU: r<:Co\l·=-· 85"" of ckn:lopc.:r; < I y<·;1r 
ion cxch:m,.:<: 95"« of fixn; siln:r and 

soln·nr 

Srn:~. l· I hu~mgh, ll "Cka1wr '.•:dm -:, 1¢1:s 1.hrrn1gh pro(l·~" modili,:llions. nu1ni.1:., 
'>ul 1-,~:.1:; · >rlS .sad <..·(oh •~<.ally h.<.-..:d t~..:~i,~11 v;1lul·s", b1tlt1sl1y 111u/ l:'m1n111t11f·111. vol I.!. 

\.• ''''~"' 
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deaner Production processes may real:.ZC one or mort oi the: follo\\ ing 
benefllS \\.1lile reducing indusuial pollutic:t: 

• Savings in raw materials and enegy; 

• Decreased waste managerneru c.:..stS; 

• lmpro\-ed product quality; 

• Enhanced productivicy; 

• Decre:ised down-time; 

• Redured worker health risks anc en\•ironmenui luzards; 

• Decreased long-tenn liability for the dean-up of waste materials 
that might otherwise ha\-e been ::,Uried; 

• lmpro\-ed public image for the company. 

A survey in the United Sutes of more than 50(• companies that 
adopted deaner Production processes found that e:ich company re­
duced industrial wastes by be1'l·een 85 and 100 per cent; e\·en more 
importantly, the investment payback periods were short. only one 
month to three years. These benefits :iccrued to old industries as well 
as to high technology industries. The technological changes included 
the incorporation of advance technologies, such as ion exchange and 
ultrafiltration; process modifications in,·olving the replacement of an 
old substance by :i new, less-polluting material; and the adoption of 
processes that were less chemical-intensive and more mechanical-in­
tensive. The most dramatic case was tlut of the photographic firm PCA 
lntemational Inc .. which is included in uble 2. The initial cost of 
2,120,000 for the process modification was paid back in a few monchs 
by aMual savings in the cost of developing solutions (2,360.000), foi:er 
solution (225,000), bleach solution (2,780,000) and silver reco\·ery 
(21,410,000), a total annual saving of 22.575,000. 

Ca-;e-studies in Europe are reporting similar findings. 11le Lands­
krona in Sweden :ind the PRIS~l" projects in the i'\etherlands confirm 
results achieved in the United Sutes. 

Although de:mer Production systems are penetr:iting industry in 
developing countries, the number of applications is probably not as great 
as in industrialized countries, and the documentation is minimal. There 
are some data, however in the lntemational Cleaner Production Inf orma­
tion Clearinghouse of UNEP, induding reports on several te>.1ile mills in 
India. Where such data are reported, the payback is in the range of om! 
month to a few yeJtS. Another example is a meat factory in Pobnd, which 
reports a payback period of five month." for reduced w:.ucr consumption 
and of one year for heat recovery. 

There is, moreover, little re:ison to bdicvc that n'k.'(.'ting Ull' rcquirc­
mc:nL<; of ESID will require extraordinar\' resources, c;\ 1.:n in the CL~' of 
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the pollution conlrol .1pp=oach, which i:" .. the lor~ run i5 likd}· to be mon..­
costly than the pre" enlivn of pollution through Oetter managcmenl and 
technology :\ recent OECD Sludy of p>llution ::ontrol expendituK-s for 
eight countries with reb:i\.·ely complete cbu S: .. owed that expcnditun.-s 
"'aried between 0.8 and : - per cent of gross na•:,:mal product CG:\"P). On 
a,,·erage, countries with the most strir~t em·irorunental progr.unmes 
spend about 1.5 per cenc of their G'.\"P to recuce pollutants from all 
sectors. On the basis of dau from the l: nited 5utes and Germany, the 
manufacturing sector appears to account for :soout 25 per cent of the 
total expenditure, or ab:,ut 0.4 per ce:::: of G'.\? The new approach to 
puaut;.mt n .. '.1.:i"<:s. :1:h:~:~ =-~.:uts witL s0;;:-c<: ~;.:due:: ·,:i. C process .:md 
product changes) rather than pollutic·:t abate=::em and which empha­
sizes ambient rather than uniform dic;charge sundards, would result in 
the manufacturing sector in developing countr.es spending reasonable 
sums on pollutanc reduction to achie,·e compii:lncc with ambient and 
total loading standards. 
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Facility Pollution Prevention Guide 

Exceqxed, v.ith permission, from :: . ..­
Office of Solid Waste 

V. S. En"ironmenul Protection A~cy 
Washington, D.C. ~ 

Risk !kc:.:ction Engir.:.>~r.; L"?!'o::.··­
Office of Research and De,·elopm:::lt 
t:.S. Emironmenul Proteaion . .\~0-

Cindnnnati, Ohio 45268 

Chapter 1 

Deciding on Pollution Prevention 

. i pollUIWn 
pt'ftondion program 
~aDtpsof 

-.sir. 

'"f»llution pre'·ention is the use of maleri.J.:5. processes, or praccices clut 
C reduce or eliminate the crealion of polluuncs or wasles al the source. 
It includes praccices thal reduce the use of hazardous and nonhazardous 
malerials, energy, water, or other resource:- 3.S well as cho..~ that protect 
narural resources lhrough conserv:ilion or more efficient use . 

A pollution prevention program L' :m on~oing, comprehensi\·e­
examination of the operations al a facility with lhe goal of minimizing all 
types of waste products. An eff ecch·e pollution pre,·ention prOgrlffi will 

• reduce risk of criminal and civil liability 

• reduce operating coscs 

• improve employee morale and participalion 

• enhance company's image in the community 

• prolect public health and lhe environment. 

1bis Guide is inlended lo :issisl you in developing a pollution 
prevention program for your busines.s. It will help you d«ide which 
a.-;pcccs of your operation you should a.~ and how detailed thi.~ 

assessment should be. 

This chapter provides background information on pollution preven­
tion. Specifically, it· 

• Summari7..cs the hcncfiL-; you can ,,bt.ain irom a (Ompany-widt· 
pollution prevention progr.1m char integratt'S raw nuteri.1b, sur· 
pli<.·s, chcmic;ilc;, <.·m:rgy, and wa!<·r U.'><.'. 
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C/ftllla- Production 

• Describes the l.5 EPA"s Environmenul Managt.menc Hierard1y. 

• Explains ~ hal p:>llulion prevenlion is and what it is not. 

• Pro\ides an on·~·iew of federal 3Jld state legislation on pollution 
control. 

1bose companies stmggling to maintain complia'1ce today ~ "°'be aro!md 
by the end of the 9Q5_ 7bow toeir?g the compliance line will sun1it'l'. But those 
rieu'iug tbe em'imnmem as !l stn:egic issue u'i/l l>e lead~. 

- Richard W. Maclean. chief of envirorunental programs at Arizona Public 
Service Co., as quoced ir. Eruironnrenlal Business]ounial. December, 1991. I 

'--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.! 

Benefits of a Pollution Prevention Program 

Tn the case of pollution prevention, national em·ironmental goals co­
.A..incide with industry s economic interests. Businesses have strong in­
cenlives to reduce the toxicity and sheer HJlume of the waste they 
generale . .\company v.ith an effective, ongoing pollution prevention plan 
may well be the lowest-coot producer and have a significant competitive 
edge. 1be cOSl per uniI produced v.ill decrease as pollution prevention 
measures lower liability risk and operaling costs. The company's public 
image will also be entunced. 

Reduced Risk of liability 

You will decrease your risk of bolh civil and criminal liability by 
reducing the \·olume and the potential loxicity of the vapor, liquid, and 
solid discharges you generale. You should look at all types of waste, nOl 
just lhose that are currenlly def med as hazardous. Since lo xi city def mil ions 
and regulalions change. reducing the \·olumc of wastes in all categories 
is a sound long-lerm m.magemenl policy. 

Environmenlal reg11/a:io1zs at lhe feder.il and sl:lle levels require lhat 
facililies document the pollulion pre\·cmion and recycling measures 
lhey employ for wasle<> defined as h:izardous. Companies that produce 

Above all, companies u-am to pi11 dow11 risk ... Because tbe costs can he so 
enormotL'i, risk m11st now be take11 inlo accounl across" wide range of btL'iiness 
decisio11s. 

- Bill Schwalm, S<.'1lior mana~r for cnvironmcnul prow;1ms and manu­
facturing at Polaroid, in an inlt-n icw with Em ironm(.·mal Busin<:ss Journal, 
lkc<:ml><:r, 1991 
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ma.<lr.< currrntfy 

Mfirwdas 
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cxces5ive waste risk hea'y fmcs, and their managers may be subj~l.1 to 
fines and impmorunent if potenlial pollutanes are nlimlanagec!. 

Civil liability is increased by generating hazardous ·waste and other 
pocential pollutanes. Waste lWlclling afferu public health md property v-J.lues 
in the communities surrounding production and dispo.5al sites. Even 
materials not currently covered by hazardous waste regulatiom may 
present a mk of civil litigation in the future. 

\fl'orkl>rs' comper1Salio11 costs and r'.sks are directly related to the 
volume of hazardous m;;.\cri:tl.s produce:!. :\g;ii.a, it is .inwL-;c to confin•: 
your attention to those materials specifically defined as hazardous. 

Reduced Operating Costs 

.-t c-.palNnsir.,,. 
pollUIU>n prn.onrlion 

J1l'Otll'Om can 
rrducr currrrrl and 

fulurr OfWraling 
costs. 

(>plim1:inR procr"'s 
and ningy usr 

rrducrs wastr and 
ronJmls production 

CO.fls. 

An effective pollution prevention program can yield cost savings 
that will more than offset programdevelopmentand implementation costs. 
Cost reductions may be immediate sa,·ings that appear directly on the 
balance sheet or anticipated savings based on avoiding potential future 
costs. Cost savings are particularly nOliceable when the coses resulting 
from the treatment, storage, or disposal of wastes are allocated to the 
production unit, product, or service that produces the waste. Refer to 
chapter 6 for more information on allocating costs. 

Materials costs can be reduced by adopting production and packag­
ing procedures that consume f~·er resources, thereby creating less waste. 
As wastes are reduced, the percentage of raw materials converted to 
finished produces increases, with a proportional decrease in materials 
costs. 

Waste management and disposal costs are an obvious and readily 
measured potential savings to be realized from pollution prevention. 
Federal and state regulations mandate special in-plant handling proce­
dures and specific treatment and disposal methods for toxic wastes. The 
coses of complying with these requiremenes and reporting on waste 
disposition arc direct costs to busines..-.es. 11lcrc are also indirect coses, 
such as higher taxes for such public sen·ices as land fill management. 1l1c 
current trend is for these costs to continue to increase at the same or higher 
rates. Some of these cost savings are sununarized in box 1. 

Produclion costs can be reduced through a pollution prevention 
assessment. When a multi-disciplinary group examines prodm.1ion proc­
esses from a fresh perspective, opportunities for increasing efficiency arc 
likely to surface lhat might not otherwise have been noticed. Production 
scheduling, material handling, irwentory control, and equipment mainte· 
nancc arc all areas that can he optimized to reduce the production of 
w;L<;tc of all types and al~o control the costs of production. 

Hncrgy cost.'> will d~:crc:asl· as pollution pr<:vl·ntio11 measures arc_· 
implcnwntc:d in variou:-> prochKtion lirws. In addition, cm:r;zy usc:cl to 
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Ottanttr hod11dion 

Box 1. Waste maoagicment costs will decrease as pollution 
prevention measures are implemented: 

• Reduced manpowe and equipment requirements for o:i-site pollu­
tion control and tremnent 

• Les.5 w-:iste stor:sge 5Pace, freeing more space for production 

• Less pretre:ur.:ent ::.::d packaging prior tc. dispos.::l 

• Smaller qumti~es L-etted, wich ~ible shift from treatment, storage, 
and disposal (TSO · :3.cility to non-TSO sucus 

• Less need to transplrt for disposal 

• Lower waste produ~on ta.i.:es 

• Reduced paperwof.:.: and record-keeping requireme~ts. e.g., less 
Toxic Release Inve:uory (TRI) reporting when 1RI-listed chemicals 
are eliminated or reduced. 

operate the o\-erall facility can be reduced by doing a thorough assess· 
ment of how \·arious operations interact. 

Facility cleam'{> costs may result from a need to complr wich future 
regulations or to prepare a production facility or off-site w3.SCe storage or 
disposal site for sale. These future costs Cl!\ be minimized by acting now 
to reduce the amot:nt of wastes of all types that you generate. 

Improved Company Image 

~irnaJl*IS 
rnJ:oanud by a 

drnorrstratH 
c°""""""" to 

?CJi::.tum .~-.rrilion 

As the quali~- of the environment becomes an issue of greater 
importance to society, your compan)··s policy and practices for controlling 
waste increasingly :.nfluence the attitudes of your emplo~ c.-es :ind of the 
conununity at large: 

Employees are likely to feel more positi\"e toward cheir company 
when they believe that management is conunined to pro\iding a safe work 
environmem and i.-. acting as a responsible member of the community. By 
participating in pollution prevention aai\itics, employees can interact posi­
tively with each other and with management. Helping to implement :md 
maintain a pollution prevention program should increa..;e their sen<;<.' of 
identity ~ith cornp.iny goals. This positi\"e atmo.."Pherc helps 10 retain a 
competitive ~·orkf 0:cc and 10 attr.lct hi~h-qualit\· new employn·s. 

Community .mitr«Jrs will Ix- mort· positin: toward comp:mi<:s 1li.1t 

operate and puhliliZ<' a thorou¢1 pollution prt•n.·ntion prowam. l\h '-"I 
c0mmunitics actiw:v resist the siting of new w.L"tc di~pnsal Liciliti<.·." in 

...___ _______ J 
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Oeanw Production Reodmg &t:erpts 

\fl"e regard the emiro11menl as a long-term strategic set of issues. To baz-e a strrmg, 
viable compar~v. the e11vironmen1 bas to be takit!n into accotml ... by plan11i11g 
for /consumer demand for more e11l'irrmnumtaJ quality/ we will be more 
competitive in the marketplace . 

- Bill Riley, director of Environment-Marketing at aorox, as quoted in 
E111;ro11menlal BliSinessjournaJ, December, 1991. 

their ~uc:is. In additinn, they :ire hecoming more- con."Cious of the LU4 
monetary costs of lreatment and disposal. Creating em·ironmencally com-
patible products and avoiding excessive consumption and discharge of 
material and energy resources, rather than concentrating solely on treat-
ment and disposal, will greatly enhance your company's image within 
your community and \\ith potential customers. 

Public Health and Environmental Benefits 

Reducing production wastes provides upstream benefits because ic 
reduces ecological d.ainage due co raw material extraction and refining 
operations. Subsequent benefits :ire the reduced risk of emissions during 
the production process and during recycling, treatment, and dispo.531 
operations. 

The Environmental Management llierarchy 

Soun:r rrriucti<on 

and rru.sr I"'"""' 
pollurWri 

~e Pollution Prevention Act of 1990 reinforces the US EPA's En­
• vironmental Management Options Hierarchy, which is illustrated in 

figure 1. The highest priorities are assigned to preventing pollution through 
source reduction and reuse, or closed-loop recycling. 

Preventing or recycling at che source eliminates the need for off-site 
recycling or treatment and disposal. Elimination of pollutants at or near 
che source is typically less expensive than collecting, treating, and dispos­
ing of wastes. It also presenlc; much less risk to \·our workers, the 
community, and the em·ironment. 

What is Pollution Prevention? 

Cba"ll' pro<Jucts 
and pmductiori 

procrsHS to rrducr 
fK•llutinri at lbr 

((1f4f'(', 

'Dlllution prevention is the m:iximum feasible reduccion of all wastes 
C generated at production sites. It im·olves the judicious us<: of re.sources 
through source reduction, energy efficiency, reuse of input materials 
during production, and rcduc<.:d water conc;umption. 'lnerc arc two 
general methodc; of source rc:duction that can he u."t.·d in a pollution 
prevention progr:im: producr chang<:.'I and process clunges. '111ey reduce 
the volume and toxicity of production w;L'ltt:s :md of <.·ml-product-; durin~ 
their lifc·cyclc and at di."P<>-'>al. Figur<: .! provid<.·s somt' cxampk·s. 
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Rrdnig" ;>t'Oducts 
to m11umCI tbftr 

,,.,;rormwrttaI 
impact. 

Procns cb~ may 
wimp-nt«l 
~ quicltly tban 
product cba~ 

Cleaner Production 

Product cbanges in the composition or use of t~_c imcrmcdiatc or 
end products are perfonned by the manufacturer w1;h the purpose of 
reducing waste from manufacture, use, or ultimate di!-;>os:tl of the pro<l­
uas. Chapter 7 in this Guide prO\"ides inf om1ation on eesigning products 
and packaging that have minimal environmental in1paa. 

Process changes are concerned with how the product is made. They 
include input material changes, technology changes, and in1proved oper­
ating practices. All such changes reduce worker exp:isure to pollutants 
dur'w,g the manufacturing process. Typicilly, inlpro\·ed oper:iting practices 
car.::(; i.mpk:i:c·mc-: more quickly :md ~:!cs..;; ex;::en..<;<: :'.-:.1:-: !..'1;:,ur m:ucri:il 
and technology changes. Box 2 provides examples of process changes. 

Figure 1: Environmental Management Options Hierarchy 

Method 

Source Reduction 
(Highest Priority} 

Recycling 

Treatment 

Disposal 

Example Activilics 

• Environmentally 
Friendly Design 
of New Products 

• Product Oianges 
• Source Elimination 

• Reuse 
• Reclamation 

• Stabilizatio;, 
• Neutralization 
• Precipitation 
• Evaporation 
• Incineration 

• Disposal at a 
Pcm1ittcd Facility 
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Example Applications 

• Modify Product to 
A \·oid Solvent Use 

• ~fodify Product to 
fa1end Coating 
life 

• Solvent Recycling 
• Metal Recovery 

from a Spent 
Plating Bath 

• \"olatile Organic 

• Thermal 
Destruction of 
Organic Solvent 

• Precipitation of 
Heavy Metal from 
a Spent Plating Bath 

• l..;md Di:-posal 



• 

• 

,. 

C/eant!T ProJucti"rr 

figure 2: Source Reduction Methods 

l_Source_J 
I 

I 
Product Changes 

• De:-:gn for Less 
En-. .: vlllllc..:nlal 

Imp.let 
• Increase Product 

Life-

I 

Reading /ixr:upls 

I 
Input Malerial 

Changes 
Technology Changes 

• Layout Olanges 

Improved Operating 
Practices 

• Material Purification • Increased 
Automation 

• Operating and 
~uinterunce 

Procedures 
• Substirution.s of 

Less-Toxic Materi:ll • hnproved 
Operation 
Conditions 

• Improved 
Equipment 

• New Technology 

• ~tmagement 
Practices 

• Sr.ream Segregation 
• M:iterial Handling 

L-nprm·ements 
• Production 

5.:heduling 
• L-went0ry Control 
• Tr.iining 
• \\·:iste Segercg:ition 

What Is Not PolbJtion Prevention? 

Ir ol.<1# trrtllm#Pll is 
l'IOI poDulion 

prrnmlion. 

Off-Stir f'PC,'l'cling 
c Jmn somr ri.f• 

~ere :ire a numtx.T of pollution control measur~ that are applied only 
•after wastes arc generated. They are, therefore. not correctly catc· 

gorized as pollution prevention. Box 3 provide:- some examples of 
procedures that are waste handling, not pollution pre,·emion, meJ.SUrcs. 

Off-site recycling is \"astly preferable to other fonns ot waste 
handling because it helps to presen·e ra~· materi.J.Js and reduces the 
amount of material that will require disposal. Howe\"cr, compared with 
closed-loop recycling (or reu~). performec' lt the production sitt.·. there 
is likcl\" to be more residual waste that will requin." dispo.-.al. Further, 
waste tr:lnsportation :md the rccyding pron:.ss iL"<:lf cam· the ri...,ks of 
work<.T exposure arid of rd(·:i:-:c into the em ironme:ll 
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Box 2. The following process changes ue pollution prevention 
meamres because they reduce the amount 

of waste creat.ed during production: 

Examples of input material changes: 
• Stop using heavy metal pigmenL 
• Cse a less hai.ardous or toxic solvent for cleaning or as coating. 
• Purchase raw materials that are free of trace quantities of hazardous or 

toxic impurities. 

Examples of technology changes: 
• Redesign equipment and piping to reduce the volume of materiJ.l con­

tained. 
• Cuning losses during batch or color changes or when equipment is 

drained for maintenance or cleaning. 
• Change to mechanical stripping/deaning devices to avoid solvent use. 
• Change to a powder-coating system. 
• Install a hard-piped vapor recovery system to caprure and return 

\·aporous emissions. 
• Csc more efficient motors. 
• Install speed control on pump motors to reduce energy consumption . 

.Examples of improved operating practices: 
• Train operators. 
• Cover solvent tanks when not in use. 
• Segrega1e waste streams to avoid cross-cont.amina1ing hazardous and 

nonhazardous materials. 
• hnpro\·e control of operating conditiom (e.g., flow rate, tempenturc, 

pressure. residence time, stoichiometry). 
• hnprO\·e maintenance scheduling, record keeping, or procedures to in­

crease efficiency. 
• Optimize purchasing and inventory maintenance methods for input ma­

terials. 
• Purchasing in quantity can reduce costs and packaging material if care 

is taken to ensure that materials do not exceed their shell. life. 
Rc·e,·aJuatc shelf life characteristics to avoid unnecessarv disposal of 
stable items. 

• Stop leaks, drips, and spills. 
• Tum off electrical equipment such as lighL<; and copiers when not in use. 

I 

I 
• Place equipment so as to minimi7£ spills and losses during tran"port of .l 

Tra11.sferri11g hazardous wastes to another emironmental medium is 
not pollution prevention. Many waste management practices to date have 
simply collected pollutants and mo\'ed them from one t:nvironmcntal 
medium to another. For example, solvcnL<; can he remowd from waste 
water h\' mean" of an activated carbon absorber. lil>wcver, r<:gcncrating 
the carl'l\m rcquirl's the use of another f.Olvent or hc.·;iting. which transf<:r 
the wa."!l' to the ;Hmosphcrc. In some cases. trano;fl·r is a ,·alid trl·atmcnt 
\Jpti<>n !lowcvc:r, too ohl·n the purpo."C ha." l><.tn 1,1 shift ;i pollut:int to a 
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,------- ------ -------- -------------- ------ ---

1 Box 3. The following are not polludon prevention measures 
because they are taken after the w~ is created: 

• Off-s~ tc:eyding: 

Off-site reqclin~ /e.g., solvent reco,'er}- at a central dislillation facility) is an 
excellent v.'a.Ste :::ur.agement option. Howe\·er, it does create pollu!ion during 
transport md dL:..-1ng the recycling procedure. 

I • Waste treatment: 

Waste tre-~en; :_,,-ol\'es changing the form or com;:>osition of a wJ.Ste stream 
through C.:>rltro~c-d reactions to reduce or eliminate che amount of pollutant. 
F.xamples indu~ detoxification, incineration, decom;><lSition, stabilization, :md 
solidification or e:iop.suhtion. 

• C.Onccntrating haDrdous or toldc c:oDStilucnts to reduce volume: 

Volume reductico operations, such as dewatering. are useful tre:ltment :ip­
proaches. but they do not prevent the creation of pollutants. For example. 
pressure ::ltratic: J...1d drying of a flea,-y meul wa...re sludge prior to disposal 
decreases the skdge water content and waste volume, but it does noc dec:re:ise 
the nwnbei of tJf-3\~- metal molecules in the sludge 

• Diluting CODSliluents to raluce baz:ard or toxicity: 

Dilution is appli;:d to a w:w.e stream after generation and does not reduce the 
absolute ::..rnoun: of haz:irdous constituents entering the en\·ironmem. 

• Transferring hazardous or toxic constiluents from one environmental 
medium to aoodic:r. 

Many u·a..c::ce m:uugemem, treatment, and control pr:ictices used to date tun: 
simply ooDected pollutants and moved them from one environrnenul medium 
(air, water, or I.md) to :mother. An example is saubbing to remove sulfur 
compowids fror.i combustion process off-g:is. 

Transf w lo at10tbrr 
m1ironmrn1ol 

mftlium sbouJd tw 
awiMdinmrut 

~ 

le<iS-tpuly re~lated medium. In either case, media U"J.nSfers ar<: n~ll 

poliufon pre\·ention. 

\\"aste treatment prior co disposal reduces the toxicity :ind/or disposll­
site sr-.ire requirements but docs not eliminate all pollutant materials. 11lis 
includes such processes :as volume reduction, dilution. detoxification. 
incinC':ltion, decomposition, stabilization. md isolation measures such i" 

enca~-ulation or embedding. 
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