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Waste Minimization Training Courses
1990 Pacific Basin Conference on Hazardous waste Min1m1zat1on

November 9-15, 1990 - Hono]u]u, Hawaii

Agenda

Introduction of participants formation of work teams, reV1ew of text,
and overview of workshop goals

Waste minimization overview: terms, policies;,dnd_strategiés ——%”J:f%:

Examples of waste minimization~techniques‘ahd technolbgies .

Break

Excerpts from Pollution Prevention

Waste minimization assessments
Classroom Exercise - Advicé}to Pristine-Enviro
Lunch |

ini ion Ca di
Measuring waste minimization (John Warren, RTI)
Break |
Economics of waste minimization

Classroom exercises

tion Effort (Mr. Leighton Wong, US Navy)

DAY 2

Establishing a waste minimization program at your facility
Film, Waste Not |
Break
Amazing Blitzfn Exercise
Lunch
Review of Blitzfn Exercise

The Bigge r

Break
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SECTION 1:

WASTE MINIMIZATION OVERVIEW

"Waste Minimization" (from Wﬂam
WorldtBank Technical Paper>93.

" USEPA Pollution Prevention Policy Statement. January 20,

1987.
Current Waste Minimization Requirements in RCRA.

California Hazardous Waste Source Reduction and
Management Review Act. :

"Hazardous Waste Minimization: A Strategy for
Environmental Improvement: JAPCA January, 1988.

Lecture Overheads.
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TABLE 4-1

- T S ST R o

ST *‘_2!!&&!_22£é£££$22' “of Hhste Minimization and Related Terms
ia @'**”vﬂ~ PABLAEITE LTIV rvnay s
qn;fgrhe reduction, to the extent feasible, of hazardous waste
cwiovthet {s.generated or subsequently treated, stored, or
%««ﬁgisposcd of, It includes any source reduction or
<u Feercling activity undertaken by a generator that results
in either (1) the reduction of total volume or quantity of
hazardous waste or (2) the reduction of toxicity of
simimeo ¢ hasagdous waste, or both, so long as such reduction is

'@JQAM*QNQ“"““:LW”"M“““ﬂ,g ,Gonsistent with.the goal of minimizing present and future

threats to human health and the environment.

__Reduction of total The reduction in the total amount of hazardous waste
volume or quantity: gereratéd; trésted, srtored, or disposed of;~as defined by
volume, weight, mass or some other appropriate measure.

Reduction in , The reduction or elimination of the toxicity of a
toxicity: hazardous waste by (1) altering the toxic constituent(s)
" of zhe waste to less toxic or non-toxic form(s) or (2)
lowering the concentration of toxic constituent(s) in the
waste by means other than dilution.

Source reduction: Any activity that reduces or eliminates the generation of
' a hazardous waste within a process.

Source control: Any activity classifiable under source reduction with the

notable exception of product substitution.
Product The replacement of any product intended for an
substitution: intermediate or final use with another product intended

and suitable for the same intermediate or final use.

Recycled: A zaterial is "recycled® if it used, reused, or reclaimed
: (40 CFR 261.1 [b} [7]). :

Used or reused: A material is "used or reused" if it is either (1)
employed as an ingredient (including its use as an
intermediate) in an industrial process to make a product;

~ however, a material will not satisfy this condition if
distinct components of the material are recovered as
' separate end products (as when metals are recovered from
- . metsl-containing secondary materials) or (2) employed in a
particular function or application as an effective
substitute for a commercial product (40 CFR 261.1 [c]

(3H.

Reclaimed: A material is "reclaimed® if it is processed to recover a
usable product or if it is regenerated. Examples are
recovery of lead values for spent batteries and

regeneration of spent solvents (40 CFR 261.1 fcl [41).
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TABLE 4.1l (continued)

-/t)  Treatment: , (as part of waste mininizntion) -« Any activity or a

i series of activities that:reduces:the volume and/or
toxicity of hazardous waste without attendant recovery of
valuable material that”is-@ubseguently ‘employed-in the
manufacture of a ¢commercial product (e.g., an incinerator

. for disposal of spent®éhlorinated solvent with scrubbing

oo and ncu:ralizltiaﬁ of‘ﬁydt%gen chloride from the flue

A ~ 8")0 o . wani.y o
L SR . ' sar f R B Suabkaangy

Sourcé: ‘U S. Environmental Protecticn”0f£i€é%°1986. Minimization of Hazardous
. Hb 530 sw-as 033 (Octobe:') washiagton, D.C.
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compounds in lieu of chromate corroaion inhibitors in cooling towers.
Sometimes, however, a manufacturer may substitute a material not because
the waste would be less toxic but because the waste is simply not

regulated.

(1i) Technology Alterations

In certain instances, technology substitutions are also effective in
minimizing waste. A product can sometimes be manufactured by two or more
distinct processes. Certain processes, such as the chloride process for
producing titanium dioxide, generate considerably less waste than
alternative processes, such as the sulfate process. Unfortunately,
modification of existing facilities can involve considerable research and
development and capital investments, and can require a lengthy
implementation period.

Inefficient chemical reactions in a process are a major source of
increased waste generation. Improving the efficiency of the process
through modification of catalysts, reactor design, and operating
pn:nmeé%ts has been shown to reduce signifjcantly.the-quangity of waste
generated. For example, in the production of acrylonitriie by the
catalytic ammoxidation of propylene, switching from 4 antimony-uranium
catalyst to a ferrobismuth phosphomolybda;e cacalzst has boosted the
conversion of acrylonitrile by 35 percent. In ang ,’ ‘xhnce. there has
been a significant decrease in tar formation vhere changos ‘in reactor
design improved mixing for the manufacture of epichlorohydrin. Attaining
zero waste generation, however, is currently beyond the technical
capabilities of most chemical processors.

Modification of equipment is another way ta reduce waste generation. The
invention of mechanical wipers to scrape the sides of paint tanks, for
example, reduces the exposed volume of waste paint that would otherwise
produce fugitive volatile organic compound (VOC) emissions. Similarly,
process automation, which helps optimize product yields by automatically
adjusting process parameters, has in many cases minimized operator error,
reduced the likelihood of spills, and discou:aged :ho‘production of off-
specification materials. As noted onrf;e§. theoo ggﬁiﬁpdtiflcation
m&tcrials can be highly toxic. albeit ower volume, wnsie N

Water consqrvation can also’ resulc in ‘gnificant waste reduction.
Efficient groduc: washing results in duced sludge generation by
minimizing the amount of product. loagwxo\;he wash water and the quantity
of wastewater that is generated.

Technology modification and development of low waste techonologies is
currently a central focus of waste minim;;q;;ggwn‘Gcnn:ak&;x%pgqq changes
are most cost-effective when implemented during a plnnt s planning or
design period or when a plant is retooling and replacing worn out
equipment. Retrofitting plants that -have.alzesdy:hesn designed, and/or
constructed is often expensive and difficult.  Corséquently, while
technology modification may be of limited effectiveness in reducing waste
generation and toxicity from existing sources, it can be effective in
limiting future waste generation.
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(iiiﬂ :occdural Chlngos

*Good’ opcrating practices’ or good housekeeping practices" involve the
_alteration of existing procedural, organizational, or institutional
- aspects of a mnnufacturing process. The goal is.to limit unnecessary
' generation of waste dttributable to human intervention (or the lack of
it). Emplo: ee ttnining. management initiatives, inventory control, waste

““‘:f*sercdn ncgt gation, improvements in materials handling, scheduling
. ;,1ﬁ@rbv¢mcn€s. spill &nd léak prevention, and preventive maintenance are
R ? ¥ § exdmplas of gooll” op‘rlting practices. Others include the scheduling

7777 " “of batch operations to“limit-the frequency of equipment cleaning and,

. w_t'.'c.'mnq‘ucttt:l.y. wnsté gcntrxtion. the segregation of hazardous wastes from
""" non-hazardous wastes to mifimize the volume of contaminated wastes; and
the reduction of overspray and runoff from spraying by the paint booth

operator during paint application.

;.h(iv) Product Substitut;on

o

o

{laccmiﬁt of an o:iginnl produc: with a different product that is
engbd-for thie iﬂtnticni use can be an effective method of source
rodﬁct{pp C ?o: e&nqplt. ‘integrated pest management, an alternative to
ptsticiﬁi use 1H’clttain lpplications. reduces pesticide production and,
“in turh, tho %utti g!nlfittd during pesticide production and application.
" The substitution b tomcrete pilings for creosote-treated timbers
eliminates wastes from the manufacture of the creosote-treated pilings.
Substitution of less toxic solvents, such as petroleum solvents for more
toxic solvents such a¥ perchlorocethylene or trichloroethylene, generates a

spent solvent waste that is less toxic.
LB A TESE ME pa e e e

It is difficult to quantify the current status or effectiveness of these
‘source reduction techniques. Each substitution needs to be evaluated on a
case or applicntion-tpccific basis. The viability of a substitute can be

based on:

‘h’ﬁ’* o &”ﬁﬁ%¥iﬁff‘Eh"iuuigitd%bﬂcan function sdequately as a replacement;

R LU & SL TEEvCT

&;;§”:; o ‘hethdr ‘the itdﬁ%hi% cost ‘of ‘a subatitute justifies its use as a
THIEE T S idplademetle, &

epl ’

o whether the manufacture and disposal of a substitutc reduces
environmental consequence; o

i T8E e e tig “’cut!""/‘mit&amnnl benefit of the substitute is

“3‘?&"& KFIOYRS
cver oo SEfigiedely actraceives {’and

tare2il cesleano nalev . : . .
such as government action (e.g., procurement

'“*;,,’”"é"" g 1&—12311%1&1 Bdccots; s
. N caan oPOLEC t°a§m ;t thé sabsti:u:c.

[N
¥ oo [ g

Trade-offs have té°be- ﬁﬁighod“prior to the selection of substitutes., For
example, water-based inks, sometimes used for engraving and flexographic
printing, have the advantage of being less toxic than solvent-based inks,



- 169 -

but require more energy to dry, possess a low gloss, can cause paper to
curl, and occasionally require brief process stoppages. Petroleum
solvents can be used in dry cleaning, but they are much more flammable
than the more commonly used but more toxic pe:chloroothquno.

el

Available data are insufficient to quan;ify :ho cu:rcn: ‘@ffectiveness of
source reduction practices in reducing volume or toxicity. In qualitative
terms, data indicate that industry in dovolgped count:ics .have already
considerably reduced the volume of their wastes. Most of these source
control methods, however, have been employed (1) to reduce costs or
improve product quality, and, in turm,. 1pctensc pxofi;s and (2) to respond
to existing environmental regula:ions, Rarely “have these practices been
used solely for the purpose of waste minimization. ¢utrent information

~suggests that further significant, source :ednc;xon dqes appeat feaszble

and practicable. CouonmE wegesas

JELaans SRl mm el

4.2.3 Recycling

P hJ‘ &

Viewed generically, "recycling” encompusaes bath resuse and reclamation
activities. ‘The discussion in this section. on recycligg ;ctivi:ies

- - pertains. to, hazardous waste :ecycl&ng for matarials Feco gy:as well as
:.. for energy recovery. A recycler's decisipns as to. haw £O treat a waste is

principally determined by the charac:gr of ;pccific wasqp st:enns or waste
mixtures. Where treatment should take plgcg (either onsite ‘of offsite),
however, is a function of a gnnotntot 8. manngnmln:,ptaccicos which
includo: ‘ ..

R NS o T s

o . proximity to offsite recycling facil{;i,,n#‘ g i

o economic costs related to the transportation of wastes,
o the volume of wastes available for ptoccisiﬁg;”iﬁd |
0 costs related to storage of waste onlitc compared to offs;:g.

Recycling is characterized by three maiggpprgcticnqg (1). direct use or re-
use of a waste in a process, (2) recovery of a secondary material for a
separate end use such as the recovery of a metal from a sludge, and (3)

removal of impurities from a waste to obtain a rclgg;goly puru re-usable
substance.

(1) Materials Recovery

Although recycling of selected streams. ia,gﬁgc;icﬁg 20 8 cqpsido:nhln
degree by certain industries, only about 6gnqr:tn; qf th‘h;zardoun waste
generated in the United States was recycled in 1961. Of the waste that
was recycled, 81 percent by volume was recycled onsite. Offsite
recycling, however, is becoming increasingly common with :hg advent of
commercisl cecyclers and direct ::nnsfu: of g,,gqs from gonntntors to
others who can re-use the wastes. Table 4-2 summarizes these data for the

I B (R B

ten highest volume waste generating Lndggtgiog, G n” R RGembpn T
[N SR el SR
: Sy L edst hises rf Teoaw |, elowuers

’ 5 4:.0;?:‘ LTSI S Y s 4o F-8 T
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L I
TABLE 4-2
Ten Highest Volume Waste Generating Industries*
Generation and Recycling Volumes during 1981
Volume of Total Volume Volume
Vaste Volume Recycled Recycled
SIC Industry Generatod Recycled Onsite Offsite
. ‘ ‘M _gals* .M gals*Percent™ M gals*Percent™ M gals'Percent™
28 Chemicals and O
"Allied I
Products . 28,000 . 340 1.2 300 - 1.1 32 0.1
35 Machinery, |
... Except . L .
. Electrical .. i, 2go . .26 - 0.6 18 0.4 7.9 0.2
L7 Tranqurtst@on K w;; ;'::f’f . ; | o
.. Equipment . .2,300. 900 ..39.0 880 38.0 22 0.9
. 42 Mater. Freisht ;i:‘ "1-;.‘"§:T | -
- i T:anspn;ta:ion 1,700, - NR .. , NR : NR
29 Petroleun and A
Coal Products ..1,300 6. 2.8 32 2.3 4.2 0.3
- 33 Primary Mctpl,: L | .
*"' ©° Industries . 1,000, . 170  17.0 18 1.8 150 15.0

© 7 “Coﬁstrhciiongk nA

5

Contractors 870 0.2  <0.1 0.1 <0.1 0.1 <0.1
34 Fab:icated
Metal Products 820 24 2.9 14 1.7 9.6 1.2
/36 'ElectEic and, e

f P

"Elegtronjc, .

T e 7.0 0.4 0.1 46 6.9

m«-r.

wxzﬁgg Elcs:tic 949;””4; 5;; e o
¥ LE a4
Fla »‘ggﬂsgiq!n B liDNE P L BATE U
Services
(includes ,
POTWs) 470 3.3 0:7 0.1 <0.1 3.2 0.7
Total: 40,000 1543.2 1262.5 271.8

‘wfif“rn,oq céo wis:@a*rcqyclod at the end of the production process.
g pg%;ina Q:zor accouynts for onsite and offsite volumes not equelling
o yolume recycled, ...

e ‘?oqpqn; of tqta;qngtc generated (by SIC).

K ‘Nﬁ;: glg'qmt%y%%g’%i this type reported in RIA Generator Survey.
Environmental Protecticn Agency. 1984. National Survey of

Sour

TrE x‘ﬁﬁzn: ou:“ﬂhste éonorntors and Treatment, Storage, and Disposal Facilities

Regulated Under RCRA in 1981. Washington, D.C.: Office of Solid Waste.
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Recycled wastes are used as feedstocks in production processes or as
substitutes for commercial chemical products. Examples include:

o the re-use of solvents for equipment cleaning;

o éi;rt.¢§¢11ng of collected pe:tici&o duotl at pesticide formulators;
and

o the re-use of ferric chloride wastes from titanium dioxide
manufacturing as a wastewater conditioner in water treatment.

The. proportion of waste that is recycled is both industry and waste
specific. In general, certain wastes, such as solvents, teand to be
recycled more often than others, such as pesticides. Factors that
influence whether an industry recycles its waste include (1) the type of
waste generation process used; (2) the volume, composition. and uniformity
of wastes; (3) whether uses and re-uses of the wastes have been
identified, and (4) availability and price of virgin materiats ‘relative to
the costs of recycling and storing the wastes. -Toxicity'of" the waste does
not appear to be a direct factor in the recyclability of a generated
wvaste, although, as noted previously, high volume wastes, which are often
less toxic, are more commonly recycled. Baséd on limited" data, some
industry-specific observations can be made. See Table 4-2.

Generally, the streams that are recycled in the greatest volumes are
dilute waste streams containing a constituent that can be re-used in
large-scale applications by a generator. For example, in the chcnical and
allied products sector, spent acids and alkaline solutiomns are recycled in
the transportation equipment industry; wastewater treatment sludges from
electroplating and chromium plating processes are recycled; and in the
primary metals industry, spent pickle liquor is recycled. Chtoniun
solutions can be reused and recovered in tanneries. These streams are of
varying toxicity, and data are inconclusive as to whether toxicity plays a
role in a stream’s boing recycled.

Solvents tend to be recovered in larger proportion than other wvastes.

This is because there is both an existing technology” to 1116& ‘fecovery and
' because a market exists for the recycled solvent. The lvtilablc
technology (e.g., distillation) is relatively inexpensive to ‘dpérate and
can attain high purity levels (95 percent or higho:).m In other cases,
however, production processes generate wastes that'ifé not pfléticnl for
recovery since the recovered wastes themselves would'nct" Bi'ui(ful in

production.

» J&)b FReT
Aoy

i T RN

(ii) Energy Recovery ‘ R et

Do

In the 1981 U.S. survey, data indicate that recycling for. nntorialn
recovery and re-use appears to be more pdp&ldiﬁtﬁihyfﬁof qsé ot .energy
recovery. There are two ressons why this- “fe750 ti:s:ﬁ C&mﬁ‘iﬁntc: that
could be recycled for energy recovery can also" rocliﬁnnd tﬂd’ro-qscd
over and over. Energy recovery in contrast doft dyt eid tq ts. iny
when the waste is too "dirty* (contnninatdd f%om ripanfi&“fibuoo) ‘da,

generators consider energy rncovory u dotﬁti%i& t;on.‘fthc le§$§§ta may

%

*“QS‘J«?%- ERg [3
Rel omi TR <pihrt hed. siwsum

. r PRI v
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L ﬁot. hoﬁ.vnt. provide a completely accurate picture of current practices

because of recent developments in energy recovery technology. Many
- technologies were not available in 1981, and others are only beginning to

.-be commercially available today. Solvents tend to be used for energy
recovery because they can possess high energy values. Increasing
quantities of high calorific wastes are being used by cement plants and

lime kilns.

(iii) Other recycling technologies

- Uhstcs that have highet constitucnt concentrations are usually selected
.for recovery and. reclamntion. Data suggest that there are threshold

. levels that must. be reached before wastes can be considered eligible for

. -.-the recycling procesa.,.Hnlogenated 'solvent and nonsolvent wastes must be,
on average, in the range of 35 to 40 percent before recovery or re-use

,33tuchnologie: are pxactical., Fo: other wastes, such as nonhalogenated

. solvents and co:rnsives. the. threshold levels are lower for recovery or

. Te-use practices. In any case, the average concentration level for the

material being recovered using reclamation technologies is higher than

that for any of the other management practices (such as onsite wastewater

treatment, surface impoundments, wastewater discharge, land disposal, and

treatment of organics)..

A numbc: of other typical characteristics are common to waste streams that
are rccyclcd. TO be economically and technically viable for recycling, a
stream usually must be uniform (i.e., it must not contain more than one
- contaminant). Other factors that must be met in order for recycling to be
‘successful includog,v :

"o ‘A market for thc :ecycled material mnst exist within an economically
viable distance; and

o The recycled waste must meet purity reauirements for manufacturing
'dprocesses.w [

4o LT

PRI T Becausc;:ecyclnblc wnacps must be economically competitive with the virgin
materials they are. :eplacing. ‘the wastes must often be processed prior to
re-use. Reclamation processes include chemical, physical, and

Jﬁmi&;f:qLgc::gchgn;p;%ﬁggaﬁgﬁg;gg.F Some of the major technologies include the

Eﬂkkﬂﬂﬁﬁlk 8L PRV EHODUALS?

ey g e
»s Qn~Dis;111n;gog ogmsqlv:nt wastes;
featn T DAY

o Dochlo:ination,of hnlogenated nonsolvent wastes; and .

raliser a0y nlsglrgoncoutgnting techniques such as leaching, solvents extraction,
ion exchange, precipitation. crystallization, and evaporation to treat
dilute metal- boaring waste streams.
Whilc not as common as onsite recycling, commercial offsite recycling is
becoming increasingly popular. It is, in fact, favored by some
industries, most notably primary metals and small quantity generators of
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lead-acid battery wastes. Offsite recycling usually occurs at mobile
plants, centralized recovery facilities, or other commercial recycling
plants. An increasingly popular commercial recycling service called batch

__tolling accepts hazardous wastes from a generator only for treatment and

returns the recovered product to the same generator for re-use. The

' recycler charges a fee to the generator for recovery of the reclaimed

material. Some small volume generators have actually pooled their
resources and now operate centralized facilities, thereby reducing their

capital and operating costs.

Certain wastes that are not useful to a generator may be desired by
another industry as a raw material. VWaste exchanges are often helpful in
facilitating the transfer and recycling of these wastes. They serve as
information clearinghouses (listing wastes that are available- or desired),
and can also act as brokers; occnsionally they actually transpo:t wastes

- from one. plant to another. Available infotmation suggests that -
approximately 20 to 30 percent of all wastes listed by exchanges are
eventually recycled. Some of the” wastes that are most often recycled
include acids, alkalis, solvents. metal wastes, and'corrosives.“

4.2.4 Treatment , R

4.3

This topic is treated in considerable depth in*Ch;ptar\s;-

entives and Disincentives

Countries
With very limited government enforcement of air and water pollution

for Hhstc'Hipihiintipn 1n»Dcvil in

control regulations (if these have even been promulgated) -and with no

effective regulations to control hazardous wastes, the costs associated
with the disposal of hazardous waste in developing countries tend to be
negligible. 1If the wastes are transported off site the disposal cost may
simply amount to the lowest bid received from the local waste hauler who

.dumps it on uncontrolled waste sites or into swamps, streams or ponds as

close as possible to waste generators. Therefore, there is usually little
or no economic incentive for the waste generator to engage in waste
minimization practices unless the waste contains a valuable matc:ial which
can be readily recovered, for cxznplﬂx goid and silvir. T
The most important requisite for waste mininizttion*imftctivo enforcement
of air and water pollution control and hazardous waste minsgement
regulations. -Even without specific regulations requiring waste
minimization and utilization of low waste technologies: the increased cost
of waste disposal and limitations on certain unacceptable disposal
practices will provide some incentives for vnato‘niniﬂiza:iona “

Other barriers to an effective waste mininizati&n ptogrmn u~ s pa:ticula:
plant may include (Turman): R »f B

P

O lack of awareness of the benefits of vaste g;g;qizggign; ‘

o lack of technical staff;




- 174 -

o & "hands-off-the-process® attitude caused by fear of upsetting a-
product’s quality:

‘‘‘‘‘‘

""j“‘f‘ o organizational inortin. for example, an "if-it-isn’t-broken-don’t-fix--
' it® attitude;

o internal politics of the organization, for example, an innovator may
feel inhibited by a fear of lack of management’s support; and

o an "it-can’t-be-done’ attitude--people may reject an innovative
approach merely because it is outside their range of experience.

4.4 Hhato.uininizat;on Audits

One p:ccéduyilwhi;h é;ﬁfhelp overcome some of the above barriers to
identification and implementation of waste reduction plans is a Waste
Minimization Audit (Fromm and Callahan 1986). The objectives of the audit

are:

"0 to generate a comprehensive list of waste minimizat:on measures or
options applicable to a specific industrial process. and

o to rank all identified waste reduction options and to allow management
to focus on options deserving further in-depth consideration.

A typical wastes minimization audit may involve some or all of the
following steps:

0 selection of the audit team,

o compilution by the audit team of a waste stream list for the facility
with the associated flowrates,

o generation by the audit team of waste reduction options for each waste
stream,

o ranking by the audit team of each compiled option in three categories:
effectiveness, ‘extent of current use, and application potential,

o preparation by the audit team of documentation in support of selected
oo PRAORS.

abie e WL

S d Ap:0l¢ntat1on, ‘diséussion and joint review with plant personnel of
'””optibnc and thci: rankings, .

m:~gzwqqalyiii yy"ﬁyofgudii team of revised rankings, and.

o final repo:t preparation.

;:p:

thc lbOVQ procodurc 1: .applicable to all three categories of waste

" minimization (rccycling. treatment and source reduction). However, it
originally was developed and tested for source reduction options only.
Source reduction measures should be considered even when recycling or
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treatment options are given priority, because reducing the quantities of
waste that are recycled of treated often means an increase in revenues
(e.g., due to an increase of product yield and lower cost of treatment).
Tables 4-3, 4-4, 4-5 and 4-6 contain checklists of water reduction

' measures compiled based on many process analyses and on experiences gained

with waste minimization audits in a number of industries. Annex 4A gives
some examples of cost/benefit analyses of waste minimization projects.

Evaluating Waste Minimization Project Costs and Benefits

Ideally, the relative worth of any proposed-capital project is developed
by identifying and quantifying all project-related costs and savings.
However, not all savings need be quantified in practice to demonstrate

economic practicability.

In practice, the potential value of most capital projects has been
established on the basis of savings in the following areas:

o raw materials costs

o utilities, labor, and maintenance cp;;s. and

o0 enhanced revenues through creation of marketable by-produc:s

Waste reduction projects can create savings in the same areas. However,

the goal of reducing waste focuses attention on waste generation costs
which were pzeviously affected but not taken into consideration:

‘0 disposal fees

o fees/taxes on generators per unit of waste(some states)

O transportation costs

O on-site waste storage and handling\cost;

0 predisposal treatment costs

o permitting, reporting, and r-cotqu§§;ng'ébgcg

o pollution and safety liabilities

For the purpose of evaluating a project to reduce diitniduantitics, some
types of costs are larger and more easily qunn:ified.u These are disposal
fees, transportation costs, predisposal tréatment’ costs, raw materials
costs, and operation and maintenance costs. It is suggested that savings
in these costs be taken into consideration first because they will have a

greater effect on project economics and. ‘will involve less effort to
estimate reliably.

Diaposul fees vary according to whether the wastes are solid or liquid,
the type of container in which the wulto arfivct (drun 6: in bulk), and
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TABLE 4-3

Hhttc Reduction Hbthodologz Checklist: All Processes

All Vaste Streams

Commodities Produced
Continuously Examples:

~ Heavy and Light Ends

‘Spent and Lost Catalyst

Equipment Cleaning
Waste

Leaks and Spills

1.
2.
3.
4.
S.
5.
7.
8.
9.
10.
11.

12..

Use higher purity materials

Use less toxic raw materials

Use non-corrosive materials

Convert from batch to continuous process
Tighter equipment inspection and maintenance
Better operator training
Closer supervision
Practice good housekeeping
Eliminate or reduce water use for spill cleanup
Implement proper equipment cleaning techniques
Use improved monitoring systems

Use pumps with double mechanical seals

Acrylonitrile, Epichlorophydrin, Petroleum Refinlng.
1,1,1-Trichloroethane,
Trichloroethylene/Perchloroethylene, Vinyl Chloride

"'l,o

Monomer:
1. Develop more selective catalyst
2. Optimize the reaction variables/reactor design
3. Use alternate process routes
4. Combust with heat (and HCI) recovery
1. De§elop tougher catalyst support
2. Use filter inside reactor freeboard
3. Regenerate and recycle spent catalyst
L. Increase equipment drainage time
2. Use corrosion resistant materials
3. Agitate and/or insulate storage tanks
4. Re-examine need for chemical cleaning
+5s Use nitrogen blanket to reduce oxidation
6. Use in-process HX cleaning devices
Use bellow-sealed valves
2. Use canned (seal-less) pumps
N 3:

 Maximize use of welded vs. flanged pipe joints
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TABLE 4-4
Commodities Produced in Batches

Dyes, Inorganic Pigments, Paint, Agricultural Chemical
formulation, Phenolic Resins, Wood Preserving

Material Handling

Reaction/Processing
Step

Filtration and
Vashing

Baghouse PFines

0ff-Spec Product

Equipment Cleaning

Leaks and Spills

1.
2.
3.
4.
S.

1.
2‘
3'

1.
2.
3.
4.
3.

1.
2.
3.

1.
2.

1.
2.
3.
4.
S.
6.
7.
8.
9.

1.
2.
3.
4.

Segregate containers by prior contents
Use rinseable/recyclable drums
Purchagse materials in bulk or in larger containers
Purchase materials in pre-weighed packages '
Use pipeline for intermediate transfer

Optimize the reaction variables/reactor design
Optimize the ‘reaction addition method
Eliminate the use of toxic catalysts

Employ efficient washing/rinsing methods
Eliminate . the use of filter aids

Use countercurrent washing

Recycle spent washwater

Maximize sludge dewatering

Increase use of,dust suppression methods
Use wet instead of dry grinding
Schedule baghouses emptying

Tighter control of reaction temperaturs
Reformulation of off-spec product

Install high pressure spray wash system
Alter production schedule

Use mechanical wipers on mix tanks
Clean mix tanks immediately after use
Use countercurrent ringse sequence
Recycle spent rinse water

Increase spent rinse settling time
Re-examine need for chemical cleaning
Dewater spent rinse sludge '

Use bellow-sealed valves

Install spill basins

Use canned (seal-less) pumps

Maximize use of welded vs. flanged pipe joints
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TABLE 4-5

ﬁhttt'2ndnctionrnbthodologz checklisix Manufacturing Operations

Electroplating, Lithographic Printing, Metal Parts
Cleaning, Metal Surface Treatment, Paint Application,
Printed circuit Boards"

Material Handling

Solvent Cleaners

Alkaline/Acid Cleaners

Plating/Etching/
Surface Finishing
Solution

Rinse Water

Paint Application

Leaks and Spills

1. Segregate containers by prior contents

2. Use rinseable/recyclable drum

3. Purchase materials in bulk or in larger containers
4. Purchase materials in pre-weighed packages

1. Install/operate cleaning tanks properly
2. Avoid cross-contamination of solvent

3. Avoid water contamination of solvent

4. Remove sludge continuously

S. Monitor solvent composition

6. Consolidate cold cleaning operatior:

- 7. Recycle spent solvent

8. Use plastic bead blasting for pain. .cripping

1. Install/operate cleaning tanks properly
2. Avoid cross-contamination of solvent
3. Remove sludge frequently

1. Increase plating solution bath life

2. Use lower concentration plating bath

3. Use trivalent Cr in place of hexavalent: Cr
4. Use non-cyanide plating solutions

S. wuse in-line recovery techniques

6. Regenerate spent bath solutions

7. Segregate all waste streams

8. Inspect all parts for proper cleanliness

1. 1Install/operate all rinse tanks properly
2. Use multiple rinse tanks

3. 1Install drain boards and drip tanks

4. Use fog nozzles and spray units

5. Agitate rinse bath

6. Use deionized water for rinsing

7. Recycle and reuse rinse water

8. Segregate all waste streams

9. Reclaim metal from rinse water

l. Use equirment with low overspray
2. 1Inspect all parts before painting

1. 1Install splash guards and drip boards
2. Prevent tank overflow
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TABLE 4-6

Replace Electroplating Chemicals

'Electroplating is a common process used throughout the metals industry. Many

electroplating process typically use chemicals containing high levels of
cyanide, and hexavalent chromium which are highly toxic and pose disposal
problems. Eletroplating chemicals are available which may replace chemicals

containing chromium or cyanide.

Ttaditional
Chemical

Fire Dip (NaCN
+ H207)

Heavy copper

Chromic Acid
Cleaners

Chrome-based

Anti-tarnish

Cyanide Cleaner

Tin cyanide

Substitute
Chemical

Muriatic Acid
with additives

Copper Sulphate

Sulphuric Acid
and Hydrogen
Peroxide

Benzotriazole
(0.1-1.02
solution in
Methanol)

Trisodium
Phosphate or
Ammonia

Acid tin
chloride

Comments

Slower acting than fire dip.

Provides excellent throwing power with a
bright, smooth, rapid finish. Requires
good preplate cleaning. Eliminates
carbonate build-up in tanks. Copper
Cyanide likely still necessary for steel
or tin-based metals.

Non-chromium substitution.
Non-fuming.

Non-chromium substitution.
Extremely reactive, requires ventilation.

Good degreasing when hot and in an
ultrasonic bath. Highly basic. May
complex with soluble metals if used as an
intermediate rinse between plating baths
where metal ion may be dragged into the
cleaner. h

Works faster and better
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the quantity of waste disposed of. Table 4-7 gives some disposal fee

__ranges for solids and liquids in drum and bulk containers and for "lab
packs." In the U.S., the drum prices shown are for larger quantities;

disposal of small quantities of drums can cost up to three times as much
per drum.

The cost of disposal site lab analysis of the waste is included as a

disposal fee and appears in Table 4-7. Each shipment of waste to a
management facility undergoes an analysis confirming the constituents of
the waste shipment. Therefore, reducing the number of shipments will

result in a savings.

Changes in raw materials cost, and operation and maintenance costs are
process-specific. Maintenance cost may seem a minor item, but it may be

quite substantial.

The remaining elements are usually secondary in their direct impact and
should be included on an as-needed basis in fine-tuning the analysis. For
example, calculating savings in waste storage and handling requires
imputing a value for the waste inventory .i-2a and esr.nating the pre- and
post-project costs of containerizing, late:i:ling, and oving the waste.

Changes in the administrative costs of regulatory compiiance may occur

only with a complete or near-complete reduction in waste volume.

Once cost savings have been calculated, the standard profitability measure
can be computed. One of the more popular measures among engineers is the
payback period. This measure has a strong intuitive appeal, especially
for projects intended for reducing costs as opposed to increasing
revenues. Capital funding for a project may well hinge on the ability of
the project to generate positive margins long after payback and to realize
an acceptable return on investment as measured by the internal rate of

return.

One way of accounting for a reduction in an identified but not readily
quantified risk is to ease tre financial performance requirements for the
project. The acceptable payback period may be lengthened to five years,
or the required internal rate of return may be lowered. Such adjustments
reflect recognition of elements which affect the risk exposure of the fim
but which cannot be included in the analysis, such as lower potential
liabilities. (These adjustments necessarily reflect the individual bias
of the persons evaluating the project for capital funding.)

Requesting Approval for Funding of Waste Management Projects

Unfortunately, suggestions for process improvements are not always sold on
their technical merits alone. As anyone involved in selling a product
will say, presentation is the most important part of persuasion. A clear
depiction of both tangible and intangible benefits may edge a project past
its competitors for funding.

Persons willing to sponsor a waste reduction idea should exhibit a strong
belief in their idea and confidence that it will work. 1In the interest of
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Bulk waste
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TABLE 4-7

Typical Costs of Industrial Waste Management

$50 - $75/drum

$7S - $160/drum

$150/cubic yard
$0.95 - $2.50/gallon

$100/drum

. $200 - $300

$65 - $85/hour @45 mph

(round trip)

Source: Jacobs Engineering. 1986. Private Survey. Washingtonm, D.C.
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implementing their idea, they should be flexible enough to develop
alternatives or modifications. They should also be committed to the point
- of doing substantial background/support work and anticipating possible
problems with the idea’s implementation. Above all, they should keep in
mind that an idea won't sell if the sponsors aren’t sold on it themselves.

The first step in securing approval is to call attention to the idea.
Identify the problem, noting how long it has persisted and is likely to
persist without action. For example, a lack of efficient control at one
stage of a process could be the source of a waste quantity associated with
a constantly increasing disposal cost. An effective identification of the
problem would include an outline of the process step, the method currently
used to control it, and the past and present costs to the company (e.g. in
terms of excess raw material usage plus waste management costs)
attributable to the inefficiency. After summarizing the problem, describe
the proposed solution, and spell out the material benefits to the company
of underwriting the solution. Also, try to enlist the support of
management at this point, especially those with primary profit
responsibility in your area. Keep in mind that the greater the
organizational authority on the part of an idea's main backer(s), the more
likely the idea will be implemented.

Knowing the level within the corporation that has approval authority for
capital projects will help in enlisting the appropriate support. For
example, smaller projects may be approved at the plant manager level,
medium-size projects at the divisional vice-president level, and larger
projects at the executive committee level.

While soliciting additional sponsorship of an idea, it is important to
assemble solid analytical and documentary support. Evaluate the
performance of the project under different sets of assumptions, taking
care not to "fix" the results positively but to stay close to realistic
expectations of future costs and prices, production quantities, tax laws,
etc. Use a number of different performance measures (e.g., internal rate
of return, net present value, payback period, the timing and amount of net
cash flow, and so on). In presenting the analysis, briefly outline how it
was done (i.e., what assumptions have been made, whether they are
conservative, and how the project generates net cash flow). For example,
if the project meets performance requirements even though current disposal
fees were used in calculations covering the entire life of the project,
point cut that thaese fees can realistically be expected to rise in the
future, resulting in even greater avoided costs than estimated. 1In
summarizing your analysis, present all measures of performance to aid in
the making of an informed decision. Also include a qualitative assessment
of intangible costs or benefits occurring to the company and their effect
on project desirability.

The analysis should include not'only how much the project will cost and
its expected performance, but also how it will be done. It is important
to discuss: '

o whether the technology is established, with brief mention of successful
applications;
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" 0 the required resources (e.g., technical expertise and labor time)

procurable in-house versus those that must be brought in;

o estimated production downtime;

o estimated construction period, and

o how the performance of the project can be evaluated after it is
implemented:

In addition, think through the project for possible alternatives or
modifications. Be flexible, as long as the original goal is not obscured.
Discuss your idea in advance with operation and maintenance supervision to
verify safety and efficient use of manpower. If your ides is for a
change in production methods, be prepared to answer questions about the

“project’'s effect on the quality of the final product.

The size of the capital outlay and the level of authority needed for
approval determine the extent of the necessary analysis and exploration.
Decisions on larger capital outlays generally require a more thorough
examination of project economic performance in the face of changing
business conditions, increased competition, etc.

The next step is to develop a suggested course of action. Develop a
detailed schedule for implementing the project, noting when it is most
feasible for production downtime to occur, or suggest that the project be
referred to an evaluation team. A team can review the project in the

context of:
o past experience in this area of operations;
o what the market and :hc‘compe:icion are doing;

0 how the implementation program fits into the company’s overall business
strategy; and -

0 advantages of the proposal in relation to competing requests for
capital funding.

An evaluation team made up of financial and technical personnel can ensure
that a sponsor’s enthusiasm is balanced by objectivity. In like manner,
it can also serve to quell opposing "can’t be done" or "if it isn't
broken, don’t fix it®" attitudes which the idea could encounter in the.
organizational structure.

Waste reduction projects generally involve improvements in process

efficiency and/or reductions in operating costs of waste management. Cost
reduction is certainly an objective of any well-run business. However,
the firm’'s capital resources may be prioritized towards enhancing future
revenues (e.g., moving into new lines of business, expanding plant
capacity, or acquiring other companies, rather than towards cutting
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current costs). If this is the case, then a sound waste reduction project
could be postponed until the next capital budgeting period. It is then up
to the project sponsor to ensure that the project is reconsidered at that

time.

Measurement of Waste Reduction

Having implemented waste minimization alternatives, it is important to
document how successful the alternatives are. You may be able to measure
your success by real benefits such as savings in the costs of waste
disposal or raw materials (see Section 4.7). However, a more analytical
approach to monitor waste reduction is to calculate percentage reduction
based on production as follows:

WR = ([ WL . W2 ]/WL) X 1002
P1 P2 P1

where,

WR= percentage of waste reduction
Wl= waste generated in year "1"
Pl= production output in year "1°
W2= waste generated in year "2"
P2= production output in year "2".

Example:

During 1985 a process generated 50,000 nilograms of waste and produced
500,000 kilograms of product. During 1986, some process modifications
were made to reduce waste and improve efficiency, so that 60,000 kilograms
of waste were generated, but the process produced 800,000 kilograms of

product.

Wl= 50,000 kg Pl= 500,000 kg
W2= 60,000 kg P2= 800,000 kg

WR= (((50/60) - (500/800)) / (50/60) X 1002
WR= 25 percent waste reduction
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ANNEX AA - Cost/Benefit Analyses of Waste Minimiszatiom

'w—zhc\follawing,:wbng;mples illustrate how waste generators treat the
cost/benefit analysis of waste minimizations strategies. In each case, the
treatment of the prospect were developed first, and the analysis focused on the

resulting economic feasibility.

Example 1. Secondary Solvent Recovery

A resin compounding operation uses 1,1,l-trichloroethane solvent for equipment
cleaning. The present configuration uses a single stage atmosphere still for
solvent recovery. The still recovers 92 percent of 3,455 lbs. of spent solvent
per day. The still bottoms, which contain 20 percent solids by weight, are
sent to a facility for solidification prior to landfilling.

The company is investigating the feasibility of adding a secondary recovery
system to produce a nearly solvent-free, "dry" cake consisting of filler solids

and polymerized resin.

The current and planned solvent recycling scheme is depicted in the lock flow
diagram in Figure 4A-1. For secondary recovery, a scraped-drum evaporator is
being investigated. The equipment list with pertinent technical and cost
information is presented in Table 4A-1. Important operating cost parameters
are presented in Table 4A-2.

A fixed-cost discounted cash-flow analysis, which assumes no inflation and no
change in the real relationships among costs, results in an internal rate of
return of 28 percent and a payback period of 3.3 years for this project. The
present Accelerated Cost Recovery Schedulel (ACRS) is assumed to apply for
equipment depreciation. The half of the installed cost is assumed to be met
with retained earnings; the other half is financed over 5 years at a real cost
of capital of 6.67 percent (12 percent nominal rate of interest with 5 percent
inflation). The unit has an assumed operating life of 10 years and no salvage
value. Project cash flows under these assumptions are displayed in Table 4A-3.

Table 4A-4 shows project cash flows under the same set of assumptions, but
with no account taken of savings through avoided disposal costs. The internal
rate of return has fallen to 8.7 percent, and the payback period has incresased
to nearly six years. On the basis of recovered solvent alone, there is
apparently little justification for recovering the 8 percent of solvent
remaining after distillation. However, the presence of significant avoided

1/ Under ACRS, the equipment portion of a capital investment may be
completely depreciated over S years beginning with the first (whole or
partial) year of operation. The yearly allowable amounts are 15, 21, 21,
21, and 22 percent. ‘
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FIGURE 4A-1
j | Block Flow Diagram and Mass Balance for Solvent Recovery System
' " PROCESS EQUIPMENT
)\ CLEANING

¢ O ‘ PRIMARY RECOVERY
(ATMOSPHERIC STILL)

EXISTING
PLANNED
| D O SECONDARY RECOVERY
A N (SCRAPED DRUM EVAPORATOR)
TO LANDFILL

Steom 1 2 3 4 5

Sovent 3458 - 270 27 243 3,185

Resn 20 0 K 0 0

Filer 7 7 % _o 0

Total, b/day 3.551 376 13 2

Source: Butier. D.. C.T. Timm, C. Fromm. 1686, Justification of Waste Reduction Projects by Comomnnensive
Cost-Senafit Anaivais. Washington, D.C.: Jocobs Engineenng Group, Inc.
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. TABLE 4A-1

Secondary Solvent Recovery System

Equipment Data and Cost Informatiom

. Service Désc:iption4 Delivered Cost
Feed Pump 10 gph, gear type

1/4 HP, Hastelloy C casing,

Teflon gears $ 620

Scraped Drum Evaporator 10,000 BTU/hr, steam heated
1 HP drive, double 6"9 x 8"
drums (titanium), Teflon coated

housing $34,000
Condenser 10,000 BTU/hr, 3.5 ft2
graphite block $ 3,000
Receiver Tank 100 gal capacity $ 1,800
Mixer - 1/4 HP $ 600
Discharge«Pﬁmp‘ 10 gpm, 3/4 HP, Teflon-coated
casing and impeller magnetic-
coupled $§ 950
1340,970
Piping and Instrumentation § 2,000 is
Engineering, Design and Procurement (in-house) 8,600 /
Installation Labor and Materials 12,000
DEPRECIABLE FIXED CAPITAL INVESTMENT $63,570
Allowance for Unforseen/Cash Requirements 6,000
TOTAL CAPITAL COST ‘ $69,570

Source: Butler, D., C. Timm, and C. Fromm. 1986. Justification of Waste

Reduction Projects by Comprehensive Cost-Benefit Analysis. Washington, D.C.:

Jacobs Engineering Group, Inc.
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TABLE 4A-2

Secondary Solvent R.covtrj System

Summary of Operating Parameters and Costs '

Element Rate ‘ Unit Cost Annual Cost
Solvent Recovered 60,750 1lb/yr § 0.38/1b $23,08S
Inhibitor Makeup 1,814 1lb/yr $ 1.02/1b 1,850

Utilities (includes steam,
cooling water and

"electricity) ' 240
Operating Labor and

Supervision 1.5 hr/day $16,00/hr (burdened) 6,000
Maintenance and Spare Parts 6.0 of capital cost ' 4,250
Waste Disposal ’

without secondary recovery 94,000 lb/yr § 0.15/1b ) $14,100

with secondary recovery 33,250 1b/yr § 0.04/1Db $ 1,330

Source: Butler, D., C. Timm, and C. Fromm. 1986. Justification of Waste

Reduction Projects by cQggrohensive Cost-Benefit Analzsi . Washington, D.C.:

Jacobs Engineering Group, Inc. |




Gross savings:
Solvent recovered
Avoided disposal

Total savings

Operating costs:
Feedstock/power
Feedstock/steam
Inhibitor
Labor
Meintenance

Total cost

Operating income
Less:
Cost of working capitsl
Depreciation
Interest expense

Taxable income

Less:
Tex liability

Post tax income

Add back depreciation
Add back tex credits

Post tax cast flow

Cumulative cash fiow

TABLE 4A-3

Scrapad-drua Evaporator

1988 1087 1888 1069 1990 1991 1992 1993 1904 1906
(1) (2) (3) () (6) [()] [0)) (8) (9) (10)
11638 8 23076 8 23076 8 23076 $ 23076 23076 8 23076 8§ 23076 8 23076 823076
eaes 12776 12776 12776 12778 12776 12776 12778 12776 12776
17926 8 368660 8§ 36860 § 36660 § 36860 36860 3 36860 8 36860 § 35860 8 36860
100 8 200 8 200 8 200 8§ 200 200 8 200 8 200 8 200 8§ 200
20 40 40 40 40 40 40 40 40 40
926 18660 1860 16860 1860 1860 1860 1860 1860 1860
3000 6000 6000 6000 6000 6000 6000 6000 6000 8000
2126 4260 4260 4260 4260 4260 4260 4260 4260 4260
6170 8 12340 8 12340 8 12340 8 12340 12340 8§ 12340 8 12340 § 12340 8 12340
11766 8 23610 8 23610 § 23610 8 235610 23610 8 23510 8 23510 8 23610 8§ 23610
179 369 ace 13- —ow 369 F134 k13 369 369
9369 13102 13102 13102 13728 ] v 0 o 0
2131 1710 12687 789 281 1] (] o o 0
866 8 6340 8§ 08783 8 92601 $ 9146 23162 8§ 23162 8 23162 8 23162 8 22162
43 4170 4391 4630 4672 11676 11676 116768 11676 11678
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Lees:
Equity paymeat
Priacipal repeyment

Net cash flow
Real cumulative cesh flow

For the iaternal rate of
retura (IRR)

Operating Income
Cost of working capital
Depreciation

Texsble income

Less tax llabliity
After tax lacome

Add back deprecistion
Add back tax credits
Post tex aet cash flow

Interas! rate of fotura = 28.48%

Payback period = 3.3 years
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34706
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8-24006

§-24886
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17
9369
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1109
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8 17036
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—

o
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13102

8 10050
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]
$ 18127

TABLE 4A-3 (contliaved)

1008
—0

Ovid
8 10680

8 -3646

8 23610

369
13102
$ 10060

6026

13102
/]
8 18127

1089
—{

o
412

$ 10321

8 6778

8 23610
369
13102

$ 10060

13102
o
s 10127

1990
—i8

1]
71920

8 10379

$ 17166

$ 23610
369
13726

$ o420

4713
$ 47113

13726
1]
8 10429

1901
—®

o
0

8 11676

8 26731

$ 23510
369

o

$ 23162
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]
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Source: Butler, D., C. Timm, and C. Fromm. 1986. Justificetion of Waste Reduction Projects by Comprehensive Cost-Benefit

Anslysis. Weshington, D.C.:

Jacobs Engineering Group, Inc.
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Less:
Equity payment
Principal repaymeat

New cash fiow

Real cumulative cash flow

For the internal rate of
return (IRR)

Operating income
Cost of working capital
Depreciation

Taxable income

Less tax Jiablility
After tax income

Add back drepreciation
Add back tax crot_llt.
Post tax aet cash flow

Internal rate of return = 8.66%

Payback period = 5.9 years

Source: Butler, D., C. Tiam, and C. Fre‘-. 1886. Justification of Waste Reduction Projects by C
Jacobs Engineering Group, Inc.

Ansiysis. Washington, D.C.:°
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 disposal costs makes the difference between a marginal (probabiy unacceptable)

project and a project that can compete with other projects for capital funding.

Example 2. Retubing of Heat Exchanger

A paper mill facility is using a 8200-ft2 tubular-exchanger as an evaporator
for the forced circulation black liquor evaporator service. Severe fouling
conditions dictate daily water washings and an average of four shutdowns a year
for a hydroblasting (high pressure water jet cleaning) of tubes.

The company has tested electropolished tubes in this service. The test data
indicate that while daily washings may still be necessary, the cleaning
frequency can be reduced to once a year. The company is now set to evaluate
the economic feasibility of retubing. 1Initial analyses are based on cleaning
cost savings alone (i.e., they ignore savings in steam and pumping costs).
Since there is a spare unit, there is no loss of production. Basic parameters
are summarized in Table 4A-5.

As in Example 1, a fixed-cost discounted cash-flow analysis is conducted to
determine the internal rate of return and payback perioa for this project.
Assumptions about project financing are the same: half of the money is
borrowed over 5 years at a real rate of interest of 6.67% and the other half is
covered by the company’s retained earnings. Again, the Accelerated Cost
Recovery Schedule (ACRS) is assumed in effect for equipment depreciation, and
the investment tax credit is taken. The new tubes are assumed to last 15 years
before requiring replacements. Salvage value is assumed to be zero.

The cash flows generated by the proposed retubing project are found in Figure
3. Under the stated assumptions, the project has an internal rate of return of
9.94% and a payback period of 6.3 years. The real cumulative cash flow does
not become positive until the ninth year. These are indications of a marginal
project. Based on this analysis the acceptability of retubing the heat
exchanger would to some degree depend on the ability of the facility to absorb
the deficit cash generation until the project’'s later years. However,
inclusion of avoided steam and pumping costs should enhance the project
economics considerably. In addition, intangibles such as reduced worker
exposure have not been evaluated. On the basis of avoided cleaning costs
alone, this project comes close to being feasible. (See Table 4A-4, Table 4A-5
and Table 4A-6).

Source for Annex 4A: Butler, D., C. Timm, and C. Fromm. 1986. Justification
of Waste Reduction Projects by Comprehensive cOst-Benefit Analysis.
Washington, D.C.: Jacoba Engineering Group, Inc.

< -
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TABLE 4A-3
- ' Retubing of Heat Exchanger
¥:) B o : Sumnary of Technical and Economic Parameters
Parameter Description
Heat Exchanger . Long tube vertical evaporator, 8200 ft2,

fixed tubesheet, 800 tubes, 1.5" OD X 0.059"
wall, 26 ft-long bundle, 316 SS.

Cost to Retube $80,000 S
Includes cost of material (316 stainless

glecttopolished tubes: Tubec tubes - Avesta
Stainless Co.), shop and field labor,

freight.
Cost of Cleaning $4,200
(single occurrence) Includes shutdown, disassembly and setup,

hydroblasting, re-assembly and cleanup, waste
handling and general/administrative indirect
costs.

The wastes are incinerated on-site using a
conventional kraft mill recovery furnace.

Savings in Steam See Note

';:> Savings in Pumping Costs See Note

Note: These costs were not included in the analysis in order to isolate the
effect of cleanup costs. Energy cost savings can be substantial and
must be included in a comprehensive project analysis.

Source: Butler, D., C. Timm, and C. Promm. 1986. Justification of Waste

Reduction Projects by Comprehensive Cost-Benefit Analysis. Washington, D.C.:

Jacobs Engineering Group, Inc.
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fleal cunhtlvok cash flow

For the lateraal rate of
retura (IRR)

Operating income
Cost of worklag capltal
Depreclation

Taxable Income

Less tax Ilsbliity
After tax lacome
Add back depreclation
Add back tax credite
Post tax set cash flow

Internsl rate of return = 9.94%

Payback period = 6.3 years

TABLE 4A-6 (continued)

1908 1087 1988 1009 1990
. ) (0N @ _(@®)
$-34506 3-20601 8-24899 $-20610 $8-18063
8 3150 8 12000 8§ 126000 8 126000 $ 12600
2 120 120 126 126
11748 16440 16448 16440 17231
$-0600 8 -2074 8 -3974 8 -BO74 $ -4767
~-4216 ~-1987 -1987 ~1987 -2378
$-4316 8 -1907 8§ -1987 8 -1087 3 -2378
11748 18448 16448 16448 17231
8244 0 1] o o
$ 16678 8 14461 8 14401 8 144681 8 14862

190
—{o

§-16142

$ 12600
126

o

8 12474

8237

$ 6237
0

0

8§ 6237

1002 1908 1904 1906
(1)) () . __00)
8$-8006 8 -2068 8 3660 3 9808
$ 12600 $ 12600 § 12600 $ 12600
126 126 126 126
) [} ) 0

$ 12474 812474 812474 8 12474 '
6237 6237 6237 0237
$ 6237 8 6237 8 6237 3 6287
o ) o )
) ) ) °
$ 6227 8 6237 8 6237 § 6287

1

Source: Butier, 0., C. Timm, and C. Fromm. 1988. Justification of Waste Reduction Projects by Comprehensive Cost-Benefit

Anslysis. Washington, D.C.:

Jacobs Engineering Group, Inc.
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ANNEX 4B - Examples of Successful Waste Minimization Programs

Examples of Successful Waste Minimization Programs )
o Allied Chemical Corporation of Metropolis, Illinois, recycled its waste

calcium fluoride into the production of anhydrous hydrofluoric acid at
another facility. The project required a capital outlay of $4.3 million
and resulted in the recycling of 1,000 cubic yards per month. Annual cost
savings came to $1.0 million, giving a project payback of about 4.5 years
(Huisingh et al. 1985).

Borden Chemical Co. of Fremont, California, was able to reduce its
phenolic resin waste by 95 percent through filter rinse and reuse of
phenolic resin from the rinsate. The company also implemented tank
rinsing in 2 stages and set up a program to instruct operating personnel
about the importance of waste reduction. Capital outlay was minimal

(Huisingh et al. 1985).

Texagulf of Saltville, Virginia, makers of defluorinated phosphate,
installed a closed-loop recycling system to remove inorganic fluorides
from its process water discharge stream. The system reduced wastewater
volume by 280,000 gallons per day, resulting in an annual .t savings of
$2 million and a payback in one year (Huisingh et al. 198: '

Intel Corporation of Albuquerque, New Mexico, installed an in-line acid
neutralization unit for their hydrofluoric acid waste. The company

realized a payback in 8 months by avoiding the generation of 601 tons of
hydrofluoric acid waste which they had previously shipped to California .
for treatment and disposal (Jacobs Engineering 1986). )

Monsanto Corp. in Baxley, Georgia, was able to find a market for their
sodium hydroxide waste as a chemical neutralizer. No longer burdened with
the cost disposal, the company is saving $400,000 annually (Sobrino 198S5).

United Globe Corporation, a furniture manufacturer in Lexington, North
Carolina, turned in 1982 to incineration of process wastewater solids and
solvent wastes to produce process steam. The project involved an outlay
of $§1.5 million and paid back in less than 3 years on an annual savings of
$905,000 (Huisingh et al. 1985).

Lumberton Dyeing and Finishing Co., a textile firm in Lumberton, North
Carolina, modified their process by installing a counterflow heat recovery
system to heat process water with exhaust and to precipitate out
hydrocarbon pollutants. The system had a payback of five months (Campbell
and Glenn 1982).

Numerous solvent-using companies have installed distillation units and
carbon adsorption systems to reduce solvent waste and vapor emissions.
Some also burn spent solvents for heat recovery. In all, 22 of the 116
companies examined practiced a form of solvent recovery/reuse. Riker
Laboratories of Northridge, California, a pharmaceuticals division of 3M
Corporation, was able to eliminate 24 tons of their organic-based solvent
waste per year by modifying their process to accept water-based solvent

—d



U

(]

0

- 199 -

for tablet coating (Garrison 1985). Companies such as Fisher Body of
Lansing, Michigan, and Caterpillar Tractor Co. in Mossville, Illinois,
have significantly reduced solvent waste by switching to cloctrocoating

" and water-borne paints (Campbell and Glenn -1982).

At DuPont's petrochemicals facility in Victoria, Texas, the use of a new
process to produce adiponitrile (ADN) eliminated one intermediate.
Wastewater was reduced by 50 percent (400 gallons per minute).

DuPont’'s petrochemicals facility in Sabine, Texas, practices distillation
of waste for recovery of chemical inputs to other processes and
subsequently incinerates the distillation residues to achieve an 80
percent reduction in hazardous waste. The facility also recovers and
sells alumina instead of disposing of it off site.

At DuPont's Cape Fear plant, cobalt is recovered from one process for
reformulation as a catalyst in the dimethyl terephthalate (DMT)
manufacturing process. In addition, raw materials are recovered out of
by-product streams from DMT production, and off-gases are burned to
generate heat. The facility has also switched to the use of safer

solvents.

¢ QOther measures taken by DuPont include (League of Women Voters of
Massachusetts 1985):

® Sale of waste ferric chloride instead of ocean dumping
¢ Pre-treatment of waste aluminum oxide for sale to recycler
¢ Conversion of waste HCl into chlorine

Type of industry - Automobile Mirror Manufacturer
Name - Dominion Automotive Industries, Inc.
Location - Sevierville, Tennessee

Description - Dominion Automotive Industries manufactures mirrors for
automobiles and small trucks. Prior to an analysis of their production
process and subsequent modifications, they were prohibited from disposing
of their waste water in the local publicly owned waste water treatment
plant because of the hazardous constituents (organics and heavy metals).
The company was spending approximately $60 000 US per year to transport’
and dispose of waste water.

Waste Reduction Methods - House-keeping methods were improved to keep the
organic contaminants out of the waste water stream. Organic solvents,

primarily methylene chloride are shipped offsite for solvent reprocessing.

An ultrafiltration unit and ion exchange unit were installed to remove
metals and other contaminants.

Waste Reduction Costs - $30,000 US

Payback period - 2 years



- -« 200 -

Annual Savings - $30,000

" Other benefits - Dominion has segregated its hazardous waste from other
non-hazardous waste streams. The threat of environmental contamination is
significantly lowered and the long term liability to the company is all

but eliminated.

Source - Personal Communication Mr. Fred Valentich, Environmental Manager,
Dominion Automotive (Garrison 1985).

Type of Industry - Dye and Epoxy Resin
Name - CIBA-GEIGY
Location - Toms River, New Jersey

Description - The Toms River CIBA-GEIGY Plant has the capacity to produce
about 300 different products including dyes and epoxy resins. The plant
has the capacity to produce 220,000 and 105,000 pounds per day of dyes and
resin respectively. The plant used a significant number of organic
solvents in its manufacturing process as evidenced by over 100 air permits
filed with the New Jersey Department of Environmental Protection. In its
anthraquinone dyes manufacturing process the company used a standard
process which relied on mercury as a catalyst. About 2,280 pounds of
mercury catalyst ended up in waste streams, the most significant of which
was 39,500 lbs of contaminated material. :

Waste Reduction Methods - The Toms River Plant has instituted many waste
reduction projects but one stands out as superior. In 1983 a new process
was instituted at the plant which eliminated the need for mercury as a
catalyst in the manufacturing process. This process was developed by the
corporation’s research staff in Switzerland.

Waste Reduction Costs - Not Reported

Payback Period - Not Reported

Annual Savings - Not Reported

Other Benefits - Mercury is a particularly toxic tnd‘pcrsistent chemical
in the environment. Elimination of the use of the chemical is a major
benefit to the environment and public health.

Source - INFORM (Campbell.and Glenn 1982).

Type of Industry - Power Tool Manufacturer

Name - Emerson Electric Company
Location - Murphy, North Carolina

Description - The Emerson Electric Company produces stationary power
tools. Key steps in the finishing of the products are painting and metal
finishing. Manufacturing lines of interest include: an electrostatic
Paint line, zinc electroplating, a paint stripping line and parts washing.
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Waste Reduction Methods - Emerson Electric installed a modern automated
electroplating process and replaced their organic solvent-based paint
system with an aqueous-based anodic electrostatic immersion system.

.Because they installed the water-based system, Emerson has been able to

recover and reuse paint. Cost for raw materials has decreased $600,000 US
per year. The company has also improved its house-keeping and general
waste management practices.

Waste Reduction Costs - $1,254,000
Payback Period - 1.2 years
Annual Savings - $998,000

Other Benefits - Emerson has implemented a wide variety of waste reduction
methods. Invested costs are recovered in little over a year and the
financial benefits will continue to accrue thereafter.

Source - North Carolina Pollution Prevention Pays Program (Kohl, Moses,
and Triplett 1984).

Type of Industry - u.s. Government-Owned Research and Production Facility
Name - Department of Energy/Oak Ridge Operations (DOE/ORO) Location - Oak
Ridge, Tennessee.

Description - The Department of Energy Facilities at Oak Ridge
historically have produced large volumes of both radicactive and mixed
radioactive and hazardous wastes. Rather than continuing to ignore waste
production as had always been the case in the past, the DOE site managers
recently instituted a waste reduction program which penalized generating
organizations for producing waste.

Waste Reduction Methods - In 1985 a cost recovery system was instituted by
charging the manufacturing and research organization $1.50 per gallon of
waste. This fee increased to $3.00 in October 1986. The facility has
implemented numerous waste reduction techniques but the results of only
two are reported here. In 1982 a process was developed to recover silver
from used photographic chemicals. The process has been refined and scaled

‘up to production level. Second, at one of the machining facilities a non-

hazardous water-based coolant (propylene glycol and borax) was substituted
for an organic solvent-based coolant (tetrachloroethylene and mineral

oil). :

Waste Reduction Costs - unavailable

Payback Pericd - unavailable

Annual Savings - $60,000 (for silver recovery only)

Other Benefits - The recent emphasis by this US Government Department on
waste reduction is an indication that the government is willing to set an

example particularly for small and medium-sized industries which are still
unaware of the economic and environmental benefits.



- 202 -

Source - Waste Management Technology Document (Draft) (Huisingh, et al.
1985) and personal communication with Dr. Bill Bibb, Director of Research
_.and Waste Management Division DOE/ORO (Kohl, Moses, and Triplett 1984).

Type of Industry - Leather Tanning
Name - Not Reported
Location - Italy

Description - Leather tanning is an age-old process which has continued to
improve. The application of new treatment technologies has improved the
efficiency of tanning even more. In summary, the tanning process

involves:

1. soaking with salt to prevent bacterial degradation;

2. fleshing to remove unwanted remaining flesh and fat;

3. unhairing using a line and sodium sulphide solution; and

4. tanning using either the vegetable, chrome, or alum process.

Waste Reduction Method - This relates only to the unhairing operation and
recovery of salt and sulphide. Ultrafiltration is the technology selected
to recover the make-up materials in this bath. The s . : and sulphides
pass through a membrane while the contaminants such as solids, proteins
and oils do not. The membrane has a projected useful lLife of about three

years.
Waste Reduction Costs - $80,000 (1979)
Paybdck Period - 2.93 years (including accelerated equipment depreciation)

Annual Savings - New uses are being developed for the waste proteins and
solids generated in the tanning process. Use for these materials range
from foodstuffs to cosmetics.

Source -‘Pollution Probe Foundation (League of Women Voters of
Massachusetts 1985)

Type of Industry - Auto Engine Remanufacture
Name - Vulcan Automotive Equipment Ltd
Location - Vancouver, B.C., Canada

Description - Vulcan Automotive remanufactures used auto engines. As part
of the remanufacturing process, they clean the old block and parts prior
to reconstruction. The old cleaning process which they used involved the
wet application of caustic soda followed by scrubbing and rinsing. The
caustic sludge was stored on-site in tanks prior to off-site disposal.
Costs for disposal ranged from $15,000 to $18,000 per year.

Waste Reduction Methods - The company installed a new parts-cleaning
system. The two step process involves heating the metal parts to remove
the volatile organic oil and greases. Second, the parts are sprayed with
a high velocity stream of aluminum shot. The new process is more
efficient and less costly than the alkaline-based process.
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Waste Reduction Costs - $73,000 US
Payback ?}Fingf 2 years
Annual Savings - $41,000 US

Other Benefits - The installation of the new dry washing process has
eliminated the need for approximately 48,000 gal/yr of water as well as
reduced the manpower requirements for the washing process.

Source - Institute for Local Self-Reliance (Huisingh, et al. 1985).

Type of Industry - Electroplating
Name of Process - Providence Method
Location - Many

Problem - The majority of contaminated waste from electro-plating
facilities is caused by drag out. This leads to the generation of large
quantities of hazardous waste, but also to high treatment costs and high
raw materials cost. Typically in a batch system, drag-out can account for
between SO per cent and 90 per cent of the chemical raw material use.

Solution - Process modification designed to remove the majority of the
drag-out in one or two counter-flow tanks not connected to the final
flowing rinse tank resulted in final effluent which required at most pH
adjustment and which could then be discharged to sewer. Volume of waste
requiring batch treatment was reduced by up to 99 per cent.

Reduction in waste treatment costs - US $60,000 assuming conventional
treatment method water flow of 36,000 gpd reduced to 10,000 gpd.

Other benefits - up to 50 per cent saving in process chemicals.

Source - USEPA - Meeting Hazardous Waste Requirement for Metal Finishers
(1986).

The cases cited here may now be taken for granted by experienced chemical
engineers as common yield-improvement measures, but each one has
contributed to significant waste reduction while improving profitability.

Of the more than 115 cases of waste reduction which were examined, 29
included data on payback period. This information is summarized in Table
4B-1. As seen in the table, more than 80 percent of the 29 cases had
payback periods of less than 3 years, which indicates fairly rapid capital
recovery and suggests solid profitability. Of course, waste reduction
could be an unprofitable undertaking. One case was found where a process
modification resulted in a net annual cost to the company. However,
because the modification helped the company achieve regulatory compliance
and improve its community relations, management indicated that the cost
was warranted.
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TABLE 4B3-1

Waste Reduction Project Payback Periods

Payback Period
(Years)

Under 1
1-2
2-3

3.4
Qver 4

Total

Source:

Jacobs Engineering. 1986.

Cases

16

|

29

Washington, D.C.

Percent

35
21
7

10

|\l
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ANNEX 4C - Bringing About Change in Hazardous Waste Management

Written by Jerome Kohl, North Carolina State University, Raleigh,
North Carolina .

Introduction

This chapter provides information on North Carolina generators and some United
States experience in working with hazardous waste. Most of the experience is
North Carolina experience; however, some information is presented on
California, Massachusetts, and New York practices.

The basic thesis is: (1) We have developed a hierarchy covering waste
management options, in this hierarchy eliminating generation of the wastes is
our first choice and land disposal (burial) is last. Other disposal options
fall in between; (2) As a result of problems with land disposal we recognize
that we need to bring about a change in the waste handling practices of our
waste generators; and (3) To bring about this change requires that we educate
the generators on alternatives available to them and the pros and cons of each
alternative and that we motivate them to make a change. This chapter describes
the options, North Carolina educational mechanisms, and efforts at motivation

and our recommendations.

First, a little background on North Carolina, our hazardous wastes and their
regulation; and our hazardous waste treatment, storage, and disposal

facilities.

North Carolina, which is shown in perspective to Spain in Table 4C-1, manages
generation, treatment, storage, and disposal of its wastes under permits from
the United States Environmental Protection Agency (USEPA). North Carolina
Regulations cannot be less strict than those of EPA by EPA rule and cannot be
more strict by State Law. So the State Regulations parallel those of the EPA.
Enforcement is by a Solid and Hazardous Waste Management Branch of the
Department of Human Resources. We also have a Pollution Prevention Pays (PPP)
group in the Environmental Management Division of the Department of Natural
Resources and Community Development (NRCD). NRCD enforces air and water

pollution regulations.

North Carolina has a "Governor's Waste Management Board" which fosters public
education and has certain authority in case a company seeking to set up a new
treating or disposal facility is in disagreement with a local authority on
local charges (this situation has not yet arisen). A two-year-old "Waste
Management Commission" overseas is the establishment of the needed facilities.
This multiplicity of interested agencies in different departments leads to
confusion and competition.

North Carolina generators comprise private industries often owned out of state
(and out of country); Federal installations including many military bases;
state and local institutions, including schools, prisons, and hospitals.
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. TABLE 4C-1

A Perspective

Area in Sq. Miles

193,000
3,000,000
853

49,000

Population

34,000,000
226,545,000
1,200,000
6,000,000
433,000

300,000




- 208 -

Bringing About Change
Psychological Factors Involved in Change

The purpose of this Annex is to provide information on how we in North Carolina
have helped people and organizations to improve their operations in regard to
production and disposal of their hazardous wastes through better management and
recycling. Improving here meant getting individuals and organizatioms to do
things differently. It is well known that such changes do not occur easily or
naturally. People and organizations have a strong tendency to continue doing
things the way they are used to doing-them. If changes are to be made, it is
necessary that persons and groups be well-informed, be well-motivated, be
cooperative and have a positive attitude toward the new ideas. These are all
psychological factors. Changes are not likely to be brought about by giving
orders or by an appeal to the good intentions of people. Changing the behavior
of people in work organizations is a difficult task that requires considerable
thought and planning even though it seems perfectly clear that such changes
will benefit everyone. Creating change in an organization requires a change
agent, that is, 3 person who will see to it that the conditions necessary for
change are established. That person cannot bring about change directly. He or

she must do it through people.
Change Agent ----- > Supervisors ----- > Workers ----- > 1ze
Here are some suggestions that should help in bringing about desired changes.

(1) Ia influencing people to change their attitudes and behavior, we ‘should
keep in mind the following:

(a) The way people perform or behave results from two major factors -«
motivation and ability. They not only must want to do something,
they must know how, if things are to happen. Neither motivation nor
ability by itself is enough. If we wrote this idea in mathematical
form, it might look like this:

P =MXA.

P is performance, M is motivation and A is ability. Note that the

relationship between M and A is multiplicative. If either M or A is
zero, nothing will happen. Neither high ability with low motivation
nor low ability with high motivation is likely to be very productive.

(b) People are goal oriented in their behavior. They do things because
it will make them better off in some sense. The fact that you may
not understand or approve of that reason does not matter except that
if you do not understand their goals, you will probably not be
effective in influencing them. It is also worth remembering that
personal goals are often different from organizational goals.

(¢) While we tend to think of people as individuals, the social forces in
their behavior are extremely important. People do things because of
what other people think or do. Hence, we have to plan our operations
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so as to affect people as groups and not just individuals. A working
organization is not merely a collection of individuals; it is a
social system. That means that any change in operation that one
person makes will affect many othcr persons and they will react to

that change.

(2) The following are some ways of influencing or changing behavior with brief
comments on their effectiveness:

() Giving orders for desired behavior often causes resentment. This
procedure overlooks levels of motivation and ability and usually
deals with people as individuals and ignores social factors.

(b) The use of incentives or rewards is a necessary condition. Usually
we think of financial incentives only, but other important incentives
are promotion, praise, and social approval. An incentive will be of
no value if it is not desired by the person. Giving awards to a few

-only may result in animosity toward management and other workers.

: (c) Procedural changes based on social and group factors are usually more
. effective than those directed at individuals only.

(d) Involving the employee in the decision to make changes and in the
process of making changes increases the chance that he will be
cooperative and will contribute effectively to improving the process.
People like to have control over their own behavior even at work.

(e) Make full use of the employee’s knowledge and his ability to think;
treating employees like mental incompetents leads to resentment.
Employees usually are the source of the best ideas.

(£) The cooperation and support of all levels of management is important
and necessary, if changes are to be made. Make sure management is

informed and supportive.

(3) 1In planning change it is a good idea to make some assessment of the forces
in your organization that are for the change and those likely to be opposed to
it. We call this "Force Field Analysis." Examine all the forces in your
organization; try to determine whether they are for or against the new
procedure and the amount of their support or opposition. As an example, these
forces might include -- Plant Manager, Safety Officer, Direct Supervisor,
Workers, Engineering, Purchasing. You might diagram these forces as follows in
Figure 4C-1:
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FIGURE 4C-1

Force Field Analisis Diagram

For Change :::)(::: Against Change
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You can see from this balance of forces, pro and con, that you will have some
problems in bringing about your change. While you seem to have power and

reason on your side, the forces against you might defeat you in the long run.
A careful analysis of all forces will give you guidance on how to proceed and
what tactics to use in achieving your change.

Economics

One important factor motivating change in the manner of handling wastes is the
economic factor. In the case studies included in this paper, the motivation is
often economic. For each proposed change, an estimate of costs and savings
will need to be made so a payout can be determined.

Some of the lesser-known incentives involve actions by the State of North
Carolina and by the Federal Government to encourage companies to do something
to reduce hazards and to reduce the danger of groundwater pollution.

Incentives are offered by the Federal and State governments for the following
reasons:

(i) To encourage compliance with state and federal pollution abatement
requirements

(ii) To avoid or mitigate economic harm to industries forced to comply with
pollution clean-up requirements

(1i1) To help ensure that complying companies are not at a competitive
disadvantage to non-complying companies

The incentives offered by our governments include:
(1) Rapid amortization of investments
(ii) Investment tax credit
(1ii) Deduction against franchise tax liability
(iv) Tax-exempt Industrial Development and Pollution Control Bonds
(v) Penalties as incentives:
(a) RCRA legislation and EPA policies prohibit the EPA from approving or
recommending to private parties any facilities that have Category 1

violations. :

(b) RCRA legislation and EPA policies require that penalties be large
enough to offset any economic gain from non-compliance.

(c) Normal business expenses through compliance are tax deductible but
penalty expenses are not tax deductible. For example, the cost of
buying new drums for a leaky drums penalty is not tax deductible.
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(d) The cost of lost goodwill is immeasurable in terms of lost customers,
etc.

 The North Carolina state incentives currently in existence are:

(i) Tax Exempt Industrial Development and Pollution Control Bonds (N.C.
General Statute 159c-2) must meet certain criteria and be approved by
appropriate local and state authorities.

(ii) Exclusion from local property tax (N.C. General Statute 105-275) of
property used to"abate water pollution or to recycle or provide resource

recovery of solid waste.

iii) Reduction of franchise tax (N.C. General Statute 102-122) for costs of
property used as in (ii) above.

(iv) Sixty-month amortization (N.C. General Statute 105 122b) on costs of
property used as in (ii) above.

Federal incentives are:

(i) Tax-exempt bonds for water pollution control faci!ities and solid waste
disposal facilities.

Other economic incentives to change include:

(i) The need to maintain and enhance the status of the company in the eyes of
the community and its customers.

(ii) Early payback of investment or a satisfactory return on the investment.

Bierarchy

There are a variety of options for managing any hazardous waste. As an example
this chapter uses electroplating sludge. To reduce sludge production three are
options such as recycling, solidifying or otherwise disposing of the sludge.
The factors determining the hierarchy include:

(i) Liability

Liability may be the most important consideration in a decision on how to
handle sludges. The RCRA "cradle to grave" philosophy and the lawsuits being
carried out under Superfund against electroplaters, who in the past legally
disposed of waste that must now be pulled out of a landfill and reburied, are
strong factors motivating minimizing the use of landfills -- even hazardous
waste landfills. While it is difficult to assess a per day cost of this future
liability, it must be considered in making decisions regarding disposition of
sludges.

(ii) Regulations

Any actions are desirable that can be taken to minimize applicable regulations,
reduce the paperwork and record keeping.
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(1ii) Costs

In trying to assess the costs, for example, of paying someone to reuse a spent
solution or a sludge, one must balance this cost against the total disposal
cost and liability. A factor often not included in cost consideration is that
of liability insurance. This insurance cost should be factored in when the
waste is stored or disposed of in such a way that future liability could be

incurred.

(iv) Conservation of Resources

Chromium, nickel, and copper are all elements of limited supply. It is foolish
to take solids with high concentrations of these metals and to mix these solids
with many other types of waste materials and then bury the mixture in a manner
that makes it difficult to ultimately retrieve the metals. From the long-term
point of view, it is in the best interest of electtoplaters to minimize their

purchase of newly mined metals.

In light of the factors describea above, we suggest that a hierarchy for
handling electroplating sludge can be developed which will resemble Figure
4C-2. Note that we indicate that the most desirable option with the least
liability is changing the process and/or housekeeping to reduce or eliminate
sludge generation. We suggest that the poorest option with the greatest long-

‘term liability is the placement of solidified waste in .a landfill. Table 4C-2

summarizes the liability and economics of the various sludge handling methods.

Education - Spreading the Word

- Due to its lack of treatment facilities and inability to overcome local

opposition to siting new facilities, North Carolina is trying to move its
hazardous waste generators up the hierarchy shown in Figure 4C-2. Table 4C-3
lists the techniques used in North Carolina for informing generators of the
options available to them and the 'pros and cons of each option. An Advisory
Committee of Generators is used to help develop workshops and manuals and a
Consulting Behavioral Psychologist provides counsel on motivation. Table 4C-4
lists New York techniques. California uses the above ideas and has set up a
program to review manifests. If the manifest indicates that sludge was buried
that could have been recycled, the generator is told of his error and
instructed to change his ways to a new technique for which he is given
information. Massachusetts offers a phone-in-for-help system.

For example, working with S.E. chapters of the Electroplating and Surface
Finishing Society, two one-day meetings were organized on "Reducing Metal
Losses and Sludge Production in the Electroplating Industry." For and from
these meetings a manual, "Managing and Minimizing Hazardous Waste Metal
Sludges, " (December 1984, J. Kohl. and B. Triplett) was developed. Funding for
the workshops and manual came from the N.C. Legislature (via the Governor's
Waste Management Board). The Table of Contents of this manual is shown in
Tables 4C-5, and 4C-6, and 4C-7 are case studies taken from the manual.
Exhibitors (vendors of equipment to electroplaters) were encouraged to
participate in the workshops. The manual includes a list of equipment
suppliers and a list of companies accepting electroplating sludges and spent or
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FIGURE AC-2
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TABLE 4C-2

Overview of Various Handling Alternatives for Metal-Containing Hhctos»

Option

Improve housekeep-
ing practices to
minimize waste
generation

Change process to
minimize or elimi-
nate waste genera-

Recycle in-plant

Recycle out-of-
plant

Solidify - place
in secure landfill

Secure landfill

' Solidify - place
in non-secure
landfill

Limitations

Management must be
amenable to proce-
dural changes

Process and manage-
ment must be amen-
able to change

Capital for equip-
ment, operating and
maintenance
problems and
expenses

Concentration levels
of contaminants in
solutions and
sludges, modifica-
tion of process may
be necessary

Expense for solidi-.
fication process as
well as for secure
land£ill

No free liquids

Liability

Reduced

Greatly reduced
or eliminated

Greatly reduced
or eliminated

Greatly reduced,
but: transporta-
tion, failure of
recycler,
disposal of
residue

Reduced, but:
transportation,
future site
problems

Transportation;
future site
problems

Delisting may be
withdrawn; site
problems

Economics
Little or not capi-

tal investment

Depends on
particular

" situation

. Depends on

particular
situation

Process modifica-
tion expense,
transportation,
usually cheaper
than landfilling

$25-$250 per ton
for solidification,
$85-8100 per barrel
for secure land-
filling

$85-$100 per
barrel

$25-5250 per ton
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TABLE 4C-3

Generator Motivation

Motivating Action in North Carolina

Governor’'s Award for Excellence in Waste Management
Pollution Prevention Pays Matching Grants ($5,000)

Regulations Limiting Placement of Electroplating Sludge in
Landfills

Enforcement of Regulations - Fines

Other Motivating Factors

Rising Costs of Metals and Land Filling
Lack of Nearby Disposal Facilities
. Concern over Liability from Land Filled Wastes

Fear by Employees of Hazards, Waste Responsibilities

Note: New York taxes generators on a per ton basis according to the
mode of waste disposal employed.




- 217 -

 TABLE AC-4

. - Generator Education

New York

Environmental Facilities Corp. - Not a regulatory agency
Information Services

Waste Exchange (particularly underwrites costs)
Assistance with understanding regulations

Waste Stream Eviluation and Analysis - identification of most
economical options, evaluation of alternatives

Referral to outside consultants

Assistance with tax free financing options for indus:rinl
pollution control project
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TABLE 4C-5
Managing and Minimizing Hazardous Waste Metal Sludge Manual, December 1984 )
Table of Contents
page
Introductory Acknowledgement and Notice i
Materials Introduction ii
Chapters 1 WHY CHANGE? 1
A. Psychological Factors Involved in Change 1
B. Liability 3
C. Economics 10
D. Hierarchy 12
2 NORTH CAROLINA RCRA REGULATIONS GOVERNING METAL
WASTES FROM THE ELECTROPLATING INDUSTRY 17
A. Introduction 17
B. Electroplating Sludges and Solutions
as Hazardous Waste 17
C. Basic Guidelines for Electroplating -
Metal Waste Generators 17
D. Applicability of the Regulations to Various
Waste Handling Alternatives ‘ 20
3 MODIFICATIONS TO REDUCE THE TREATING AND RECOVERY LOAD 23
A. Leaks and Spills Reduction 23 )
B. Dragout Reduction 24 7
C. Scrap Reduction 25
D. Filter Choice - 25
E. Personnel Training 25
F. Rinsing Techniques 26
G. Alternatives for Stripping and Bright-Dipping
Operations 28
4 RECOVERY EQUIPMENT 3l
A. Evaporators 32
B. Ion Exchange 36
C. Electrolytic Metal Recovery 37
D. Electrodialysis Metal Recovery s
E. Reverse Osmosis 39
F. Ultrafiltration 42
S  SALE OF METAL SLUDGES AND SOLUTIONS 43
Appendices A Delisting Metal Sludges 43
B Research in Progress 47
C Metal Content of North Carolina Electroplating Sludges 49
D Companies Accepting Electroplating Sludges and Spent '
Solutions 51
E Hazardous Waste Landfills and Service Organizations 5?7
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TABLE 4C-S (continued)

Equipment Suppliers
RCRA Information Sources

Overview of Various Handling Alternatives for Metal-
Containing Wastes

Hazardous Wastes from the Metal Finishing Industry
Economics of Staged Rinsing for One Set of Conditions
General Characteristics of Recovery Equipment for the
Electroplating Industry

Desirable Characteristics of Electroplating Metal
Wastes from the Recyler’'s Point-of-View

Overview of Delisting a RCRA Waste

Electroplating Sludges (F006-F008) Shipped Off-Site
Metal Content of 1982 North Carolina Electroplating
Sludges (F006-F008)

Options for Managing Electroplating Sludges
Effect of Added Rinse Stages on Water Use
Organization Chart-Solid and Hazardous Waste
Management Branch A

North Carolina-Hazardous Waste Surveillance and
Enforcement Team :

Evaporator Case Study (Easco Hand Tools)

Evaporator Case Study (Eastern Plating)

Ion Exchange Case Study (Lufkin-Cooper Group)
Cation Exchange Case Study (Easco Hand Tools)
Reverse Osmosis Case Study (Acme-United Corporation)
Reverse Osmosis Case Study (Stanley Tools)

60
62

15
18
28

33

44
46
50

50

14
27

66
67

k¥
35
36
3?7
40
41
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TABLE 4C-6

Evaporator Case Study

Company: Eastern Plating

Location: Newport, Tennessee

Contact: Roger Woods

Phone: (615) 623-0062

Purpose: Recover Ni, cr*3, cr*6

Motivation: » (1) Economic - less expensive to operator

than any other system

(2) The evaporator can put every thing back
in tank :

(3) Eliminates necess: for landfilling or
sewering waste

Equipment

Supplier: "~ Techmatic, Inc.

Payback: 6 weeks - 6 months

Comments: Almost maintenance free; inexpensive to
: operator

Reported: ‘Personal communications, August 1984

Source: Kohl, J., and B. Triplett. 1984. Managing and Minimizing Hazardous
Waste Metal Sludges Manual. Prepared for workshop on °"Reducing Metal

Losses and Sludge Production in the Electroplating Industry," December,
Raleigh, North Carolina.
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TABLE 4C-7

Reverse Osmosis Case Study

Company: o Stanley Tools
Location: 100 Stanley Road
- Cheraw, South Carolina 29520

-Contact: ‘ Mike Vannest

Phone: (803) 537-9311

Purpose: Nickel salts recovery

Motivation: Cost reduction

Equipment

Supplier: Osmonics

Payback: 1.3 years

Comments: ' Low maintenance, very pdnitive sxperience

Reported: Personal communication, August 1984 to B.
Triplett

Source: Kohl, J., and B. Triplett. 1984, Managing and Minimizing Hazardous
Waste Metal Sludges Manual. Prepared for workshop on "Reducing Metal Losses
and Sludge Production in the Electroplating Industry,"” December, Raleigh, North

Carolina.
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surplus solutions. Tables 4C-8 and 4C-9 show a section of such a list and a
- complementary table.

Similar meetings have been developed and presented on Managing and Recycling
Solvents, Managing Used Oils, Managing and Recycling Solvents in the Furniture
Industry. Over 100 workshops have been developed and presented to hazardous
waste generators and small generators throughout North Carolina. For these
workshops, manuals and video tapes were developed. Industry specific programs
and video tapes have been developed for dry cleaners, pesticide applicators,

and vehicle repair facilities. A )

We lack an objective, quantitative evaluation of the results of applying the
techniques described in this Annex. Based on experience, small workshops
(30-40 participants) are recommended with generators presenting case studies as
speakers, and with plenty of time for discussion. Exhibition of equipment is
encouraged and exhibitors are offered 5 minutes on the program to explain their
product and its uses. Manuals should include case studies. The more "local”
the case study, the better. "In-plant" visits are arranged to enable
generators to see first hand good housekeeping and advanced recovery

techniques.

For an in-plant workshop we use a company practicing a good waste management
technique and willing to "show-off" their practice to other companies. This
provides an opportunity for a prospect for change to see for himself what
works, to ask questions, to get pay back information. U.S. experience with
bringing about change in agricultural processes has demonstrated that trial
plots by farmers open for inspection by their neighbors is the number one means
of bringing about change. Our feedback says that bibliographies are not much
used and if prepared, should only list readily available publications.
Recommendations for a successful workshop and manual are shown in Figures 11

and Tables 4C-10 and 4C-11.

Conclusion

We strongly believe that education of generators on available options is not
enough. Indeed some of our experiences, indicate that knowledge of an option
such as sludge drying with a pay off under two years still will not lead to the
purchase of a sludge dryer. An additional boost is often needed beyond

economic advantage or good pay off.

From our discussions with generators and with suppliers we have found that a
waste generator is most likely to change his ways when he knows of a better
option, know that it will pay out in one or two years and when he is convinced
that his present practice could lead to a clash with the regulators or to a
possible liability. Figure 4C-3 illustrates this point. When enforcement of

regulations is consistent, when there are indeed fines and prison sentences,

pollution abatement equipment sales rise. With faltering uncertain

enforcement, we experience a reluctance to change.
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TABLE 4C-8

ﬁg_qiEt Suppliers

The following list was compiled through personal interviews, telephone

conversations and sales literature.

The preparers of this list take no

responsibility for the list’'s completeness nor for the quality of services

offered by these firms.

Baker Brother/Systems

Post Office Box 707

Raeford, North Carolina 28376
Phone: (919) 875-4169

Contact: David Gibson, Manager
Equipment: Electrodialysis

Barnett-Hormberg, Inc.

1709 East Boulevard

Charlotte, North Carolina 28203

Phone: (704) 332-1597

Contact: H. C. Martin

Equipment: Corrosion control linings,
air pollution control systems,
fiber glass tanks, portable
and fixed agitators, FRP grating,
structural members, heat ex-
changers (steam and electric)

Corning Glass Works

Corning Process Systems

BF. Plant

Big Flats, New York 14814
Phone: (607) 974-0280

Contact: Raymond Baker
Equipment: Corning Evaporator

ECO-TEC

925 Brock Road South

Toronto, Ontario, Canada L1W 2X9
Phone: (416) 831-3400

Contact: Mike Dejak

Equipment: Ion exchanger

Filtration Technology, Inc.
Post Office Box 31442
Raleigh, North Carolina 27622
Phone: (919) 787-3988
Contact: Jim Grantham
Equipment: Fluid filtration

Frederick Gumm Chemical Company

1280 Wall Street, West Lyndhurst

New Jersey 07071

Phone: (201) 460-7900

Contact: Joe Cahill, Product Mgr.
Equipment and Supplies: Full line of
equipment and chemicals for electro and
electroless plating

Harshaw/Filtrol

3915 D Valley Court

Winston-Salem, North Carolina 27106
Phone: (1-800) 321-4802

Contact: Louis Gianelos

Equipment: Evaporators

Innova Technology, Inc.

5170 126th Avenue,

Noth Clearwater, Florida 33520
Phone: (813) 577-3888
Contact: Ted Nohren
Equipment: Chrome Napper

JWI, Inc.

2155 112th Avenue
Holland, MI 49423

Phone: (616) 772-9011
Equipment: Sludge Dryers

Lancy International, Inc.

Post Office Box 490 ,

Zelienople, Pennsylvania 16063

Phone: (412) 452-9360

Contact: James Knight -

Equipment: Electrolytic metal,
electrodialysis, ultrafilters,
evaporators, etc.




TABLE 4C-9

Deslrable Characteristics of Electroplating Metal Wastes from the Recyler’s Polnt-of-View

Capital Northland World
Anloa Atomergic Assay Gowen Nacderaid Madison Chealcal Resources
Metals Chanlcals Labs Ltd. Chamlcel Inc. Industries Company Company
Wastes Sludges Sludges and Sludges, Reclaiam Al Reclaim spent Sludges, Copper Sludges
Accepted solns, copper solutions, etchants, solutions: Cu etchants stchants from
stripping cysaides sclde, ferric etchants., Cr circult board
solns and chlorides soins., Sn and industey
and cysnides sluainua Pb strippers,
saterials solder condi-
tioner

Metals Cu, Cr, Sa, Cu, most base Cu, precious Seme ss Wastes Same ss Wastes Cu, In Cu Cu, Sn, Ni,

Recovered NI, precious metals, pre- motails, Accepted above Accepted sbove preclous
metals clious metals cysnide ' metals

. ' . '

Required Generally Item basis, No % require~ High Al coa- Metal content MWetal content 14 oz Cu/gal., No X require-,

Metal 20% or higher % ment for Cu tent, indivi- not not spplice- low level ment; -lxtwoﬁ

Content higher of better bearing duaily based spplicable ble; accept parts of oK '
Cu; 2-20% isolated waste materials; saterial various, other metals
other metals streams s plus mixtures 0K content smounts of (100 ppm)

waste

Other Sauple size; Low smounts Senple size Sample size; Prefer to deal Wastes only Prefer low Fe, Semple: 2 Ibs

Speclal 2 oz ¢f As, Be, Pb 2 oz siudge, 1 pint with .us- from circuit A..' Pb dry cake or

Require- ' 100 ml tomers but - board 1 gatl. liquid

aeats tiquid will consider industry; siudge

- outside sample size:
sources 1 qt.

] Payment for 8 decislons Paynent for Payment based Payment 28 Payment for Payment only Payment for
wmetals, based on Rh, Pt, Au, on Al content cents/gal. for Cu, In for Cv metals and
precious profit, cost Ag, Pd Cu, etchants, etchants with preclous
setals, factors precious otc. low concentra- metals
penalty for motais tion of Fe, As,
undesirabie snd Pb
compounds



Transpert

Product

Poranlts

Anlen

Ship to
overseas
refineries

‘None

(Broker)

Ah-or.lvc
Chemicaly

Seller pays

Resalsble
technical
grade metal

Part B

TABLE 4C-9 (continued)

Capital
Assay Gowen Nacdernid
Ltd, Chanlcal Inc,
Seller or Depends on Seller pays
recycler location and
pays quantity of
satecrial
Solid metal Basic Rejuvenated
chenicals spent
solutions,
recisimed
metals used
in new
plating
solutions
Hazerd None Part B
Pernit,
sesking »
delisted

status

Madisen
Iadustries

Seller pays

-Copper and

zine
chemicals

No RCRA
permits

Northland
Chenlcal

Compeny

Charges for

" own trucking

sllowing
credit for Cu

1]

Copper
cheaicale

Interim
status

world
Reseurces

*Yariable®
as to whe
transport and
8 factors
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TABLE 4C-10

Formula foi a Successful Workshop on Minimizin

Work with a 10-20 member advisory committee, comprised
of suppliers and prospective attendees or speakers

Include exhibitors: give each $ minutes on program
Help speakers develop good visuals and handouts
Limit presentations to 10-20 minutes

Encourage and don’t limit discussion and questions

Provide hourly breaks with fruit, juices, etc.
Emphasize case studies - preferably local

~ Include information on motivating factors and pay back




- - 227 -

TABLE 4C-11
Pormula for a Successful Manual on Minimizing Electroplating Sludge

Work with an Advisory Committee of generators,
treaters, etc. :

Emphasize Case Studies, preferably local

Include accurate, up-to-date information on:
suppiiers. transporters, recylers, incinerators,
buyers, landfills, services '

Provide contacts for information on regulations

Provide a complete, clear Table of Contents
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References Annex 4C

N.C. General Statute 159C-2.
N.C. Gcnefal Statute 105-2735.
N.C. General Statute 102-122.
N.C. General Statute 105-122(b).

For reference material ofi tax and other incentives for pollution abstement
equipment, contact Dr. Linda W. Little, Executive Director, Governor's Waste
Management Board, 513 Albermarle Building, 325 N. Salisbury St., Raleigh, N.E.,
27611, UsA, (919) 733-9020.

Note: The N.C. Pollution Prevention Pays (PPP) Program offers assistance to

- small businesses and communities to find ways to reduce, recycle, and prevent

wastes before they become pollutants. The program offers the following
publications: 1) Pollution Prevention Bibliography by Industrial
Classification; 2) Directory of N.C. Resource Recovery Firms; 3) Environmentsl
Auditing Information Package; 4) Accomplishments of N.C. Industries; and 5)
United nations Compendium of Low and Non-Waste ‘Technologies. For access to the

PPP program contact:

Mr. Roger Schector, Director - PPP Program

Division of Environmental Management

Department of natural Resources and Community Development
Post Office Box 27687

Raleigh, North Carolina 27611

(919) 733-5083
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CHAPTER 5 - Infrastructure of Hazardous Waste Management Systems

5.1’ Introduction

5.2

management system consists of three units:

The need for a hazardous waste management system begins directly upon
generation of waste and continues through all subsequent stages to final
treatment and disposal. This system is really a series of management
actions to control and contain the waste coordination among various
persons and groups of persons. In this simplest form, a hazardous waste

o storage upon generation;
o collection/transportation; and

o final treatment/disposal.

This chapter reviews the elements of an overall management system that are
applicable to onsite and offsite management of hazardous waste.

Storage upon Generation

The first stage in this infrastructure is storing waste after it is
generated. The waste generator needs to have a system to safely store
waste until it can be transferred for further storage, treatment, or
disposal. Typically, this storage is done in containers or bulk tanks.
Methods like surface impoundments are discussed in Chapter 7.3.1 on
disposal technologies. Which is used depends largely on how and where the
waste is generated and the physical state of the waste.

5.2.1 Containers

Containers offer the advantages of being very portable, suitable for any
physical state of waste, and flexible as to mean. . filing. They can be
kept next to the waste generating process until full, then easily moved to
a waste storage area awaiting further transfer.

Most containers are suitable for many types of waste, form liquids,
sludges to bulky solids. Containers may be filled by any available
method, for example, pumping, shovelling, or tipping. Empty containers
which had contained raw material may be suitable for storing waste,
depending on the compatibility of waste with the container and with any
residues which may be left in the container. Compatibility with the
container is important so that the container’s integrity is not impaired.
For example, a plastic container should not be used to store solvent

-waste, Care must be taken that residues from the container’s previous

contents will not react with the waste; example, a container which had
contained cyanide salts should not be used for waste acid.

Disadvantages of containers are:

(1) they are easily damaged and toppled;
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Uniteg States Ollice oi
Erviconmental Protecuon . Sublic Attars 1A-107)
Agency wasnington DC 20460

Note to Correspondents

THURSDAY, JANUARY 26, 1989

The U.S. Environmental Protection Agency today

issued 'a policy statement on its pollution prevention

program (see.attachment).

. Pollution prevention -~ i.e., reduction and recy-
cling to reduce the amount and toxicity of contaminants
and thus the need for pollution controls -- is now a
major agency priority. The policy commits EPA to
instituting pollution prevention throughout all of its

progcams (alr, water, land, etg,.). EPA has astabl
a Pollution Prevention ottice that will oversee the"h‘d

“agency's efforts; the office has begun to develop a
comprehensive agency-wide pollution prevention strategy.

Reporters can call Robin Woods at 202-382-4377
for further information. 4

Dave Cohen, Director
Press Services Division



ENVIRONMENTAL PROTECTION AGENCY
(OSWER~FRL=XXXX=X)

Pollution Prevention Policy Statement

Agency: Environmental Protection Agency.(EPA)

Action: Proposed Policy Statement

Summary:

The Environmental Protection Agency’s progress over the last
18 years in improving environmental quality through its
media-specific pollution control programs has been substantial.
However, EPA realizes that there are limits as to how much
environmental improvement can be achieved under these programs,
which emphasize management after pollutants have been generated.
EPA believes that further improvements in environmental quality
can be achieved by reducing or eliminating discharges and/or
emissions to the environment through the implementation of source
reduction and environmentally-sound recycling practices.

EPA’s proposed policy encourages organizations, facilities
and individuals to fully utilize source reduction techniques in
order to reduce risk to public health, safety, welfare and the
environment, and as a second priority to use environmentally '
sound recycling to achieve these same goals. Industrial source
reduction can be accomplished though input substitution, product
reformulation, process modification, improved housekeeping, and
on-site, closed loop recycling. Although source reduction is
preferred to other management practices, the Agency recognizei the
value of environmentally sound recycling, and is committed to '
promoting recycling as a second priority, above treatment, control
and disposal.

Since not all pollution can be reduced or recycled, safe
treatment, control and disposal will continue to be important
components of an environmental protection strategy. Source
reduction and recycling will not totally obviate the need for or
the importance of *hese processes. Individuals as well ac
industrial facilities or organizations can practice source
reduction and recycling through changing their consumption or
disposal habits, their driving patterns and their on-the-job
practices.

e



~EPA firmly believes that all sectors of our society must
work together to ensure continued environmental protection.
Today’'s notice commits EPA to a preventive program to reduce or
eliminate the generation of potentially harmful pollutants. The
Agency has established an Office of Pollution Prevention which
together with EPA‘s media-specific offices will develop and
implement this program. An Advisory Committee of senior Agency
managers will help direct EPA’s pollution prevention program and
will assure the participation of the entire Agency in this
important mission. EPA also believes that State and local
government must play a primary role in encouraging this shift in
the environmental priorities of all sectors of industry and the
public.

Today’s notice also commits EPA to working with States to
develop and implement specific strategies and technical
assistance programs to encourage commercial and manufacturing
industries, the agricultural sector and the general public to
reduce the amount of pollution generated.

There are varying views among representatives of industry,
public interest groups, state and local governments and others
over the role of recyling in pollution prevention. The Agency
believes that source reduction (including closed-loop, in-plant
recycling) is generally preferred over other management
approaches. The Agency also believes that out-of-loop and
off-site recycling, when properly conducted, also offers the
potential for significant economic benefits and reduced risk.
With the publication of this proposed pollution prevention
policy, the Agency would like to specifically request comment on
the role of environmentally sound recycling in the pollution
prevention program. Other comments on this policy, and on the
steps necessary to implement it effectively are invited.

Dates: EPA urges interestea parties to comment on this notice
in writing. The deadline for submitting written comments is (S0
days after publication in the Federal Register.

Addressees: All comments must be submitted in triplicate
(original and two copies) to: EPA RCRA Docket (room SE-201)
(mail code 0S-30S5), 401 M Street, S.W., Washington, D.C. 20460
Place the docket number, # F-88-SRRP-FFFFF, on your comments.
For further information, contact:

Gerald Kotas, Director, Pollution Prevention Office, Office of

Policy, Planning and Evaluation, 401 M Street, S.W., Washington,
D.C. 20460, (202) 382-4335; or

‘—2



James Lounsbury, Office of Solid Waste (0S-302), 401 M Street,'
S.W., Washington D.C. 20460, (202) 382-4807. '

Supplementary Information:

POLLUTION PREVENTION POLICY STATEMENT

Qutline:

This policy statement is organized as follows:

I. Background

II. EPA’s Pollution Prevention Policy

III. Development of EPA’s Multi-Media Pollution Prevention
- - Program :

I. Background

EPA has made substantial progress over the last 18 years in
improving the quality of the environment through implementation of
media-specific pollution control programs. Notwithstanding past
progress, there are economic, technological, and institutional
limits on how much improvement can be achieved under these
programs, which emphasize management after pollutants have been
generated. As early as 1976, EPA believed the nation could not
continue to reduce threats to human health and the environment
while utilizing only better methods of control, treatment or
disposal.

In the development of its hazardous waste management program,
EPA recognized the importance of a hierarcl.y with sourfe reduction
at the top and recycling above treatment and disposal.* The
emphasis of EPA’s hazardous waste program over the past twelve
years, however, has been primarily on implementing
statutorily-mandated requirements concerning waste identification,
treatment, stotage, and disposal. In spite of the significant
progress which has been made using this approach, the sheer volume
of hazardous waste generated each year poses a continuing and
serious environmental problem.

1 see 41 FR 35050, August 18, 1976. This notice provides a
discussion of EPA’s preferred hierarchy of environmentally sound
hazardous waste management practices.



- another attempt to reduce pollution at the source. Nevertheless,

much of the past focus in these programs has been on pollution
control rather than pollution prevention. It is necessary at this
time to reassess EPA’s programs in light of today’s policy
statement and redirect them accordingly.

The term "waste minimization", which EPA has previously used
in reference to source reduction and recycling activities in its
hazardous waste program, has been replaced in today’s policy
statement by the phase "pollution prevention". Through
eliminating a term that may be perceived as closely tied to RCR:,
EPA is emphasizing that the policy has applicability beyond the
RCRA hazardous waste context. EPA stresses that the policy
focuses primarily on the prevention of pollution through the .
multi-media reduction of pollutants at the source. In addition,
in order to obtain additional benefits of avoiding releases to the
environment, EPA’s pollution prevention program secondarily
promotes environmentally sound recycling.

II. EPA’s Pollution Prevention Policy

EPA'’s proposed policy encourages organizations, facilities

. and individuals to fully utilize source reduction techniques in

order to reduce risk to public health, safety, welfare and the
environment and as a second priority to use environmentally sound
recycling to achieve these same goals. Industrial source
reduction can be accomplished though input substitution, product
reformulation, process modification, improved housekeeping, and
on-site, closed loop recycling. Although source reduction is
preferred to other management practices, the Agency recognizes the
value of environmentally sound recycling, and is committed to
promoting recycling as a second priority, above treatment, control
and disposal.

Since not all pollution can be reduced or recycled, safe
treatment, control and disposal will continue to be important
components of an environmental protection strategy. Source
reduction and recycling will not totally obviate the need for or
the importance of these processes. Individuals as well as
industrial facilities or organizations can practice source
reduction and recycling through changing their consumption or
disposal habits, their driving patterns and their on-the-job
practices. EPA believes that developing and implementing a new
multi-media prevention strategy, focused primarily on source
reduction and secondarily on environmentally sound recycling,
offers enormous promise for improvements in human health
protection and environmental quality and significant economic
benefits.



Section 1030(b) of the Solid Waste Disposal Act, as amended
by both the Resource Conservation Recovery Act (RCRA) of 1976 and
the Hazardous and Solid Waste Amendments of 1984, established a
national policy, initially referred to as the “"Waste Minimization
Policy", that expressed a clear priority for reducing or
eliminating the generation of hazardous waste over managing wastes
that were nevertheless generated. Specifically, it stated that:

"The Congress hereby declares it to be a national policy of
the United States that, wherever feasible, the generaticn o:Z
hazardous waste is to be reduced or eliminated as
expeditiously as possible. Waste that is nevertheless
generated should be treated, stored or disposed of so as to
minimize the present and future threat to human health and

the environment."

Today’s policy statement commits EPA to a program that
extends beyond minimization of hazardous waste to reducing all
environmentally harmful releases. EPA'’s experience with its
current programs has shown that, notwithstanding the substantial
gains that have been made in limiting environmental pollution,
media-specific programs have some inherent limitations. Efforts
to control or treat pollutants subsequent to their generation or
production can sometimes result in transfers of these pollutants
from one environmental medium to another, where they may continue
to present a hazard. 1In addition, once these pollutants have been
produced or generated, some proportion of those releases will have
an impact on the environment, however effective the control or
management techniques. The preventive approach of today’s policy
statement provides a way to more effectively respond to these

remaining problems.

EPA believes that all sectors of our society must work
together to ensure continued environmental protection. EPA is
committed to working with individuals and organizations (both
public and private) to make source reduction and as a second
priority, environmentally sound recycling, the major focus of
future environmental protection strategies. In particular, EPA
believes that State and local governments must play a primary role
in encouraging this shift in the environmental priorities of all
sectors of industry and the public.’

Some programs within EPA have already adopted measures to
pronmote sources reduction and recycling. For example, the Ofzice
of Water has adopted effluent guidelines that have resulted in
flow reductions and product substitutions. The rapid phasing down
of lead in gasoline by EPA’s Office of Air and Radiation is



III. Development of EPA’s Multi-Media Pollution Prevention
Program ‘

EPA has initiated development of a comprehensive pollution
prevention program to implement this pollution prevention policy
throughout the Agency programs, whether they affect air, land,
surface water, or ground water. EPA has established an Office of
Pollution Prevention which together with the Agency’s
media-specific offices will develop and implement this program.
EPA will develop an overall Agency pollution prevention strategy,
as well as coordinate strategies among EPA’s program and regional
offices. An important emphasis of these strategies will be on
educational, technical assistance and funding support to make it
easier to build these programs into the public and private
sectors. An Advisory Committee of senior Agency managers will
help direct EPA’s pollution prevention program and will assure
the participation of the entire Agency in this important mission.

As part of this program, EPA will establish mechanisms for
avoiding or mitigating the generation and cross-media transfer
of pollutants. Development of EPA’sS multi-media pollution
prevention program will focus on several key components. These
include:

o the development of institutional structures within each
of EPA's media-specific and regional offices to ensure
that the pollution prevention philosophy is incorporated
into every feasible aspect of internal EPA
decision-making and planning;

o the support of State and local pollution prevention
programs. EPA believes that State and local agencies are
more aware of the problems facing the commercial or
manufacturing industries, or consumers, than the federal
government. Indeed, a few States have already formally
recognized the importance of multi-media pollution
prevention. One of EPA’s primary goals is to help States
develop their own pollution prevention programs;

o the development of an outreach program targeted at State
and local governments, industry and consumers, designed
to effect a cultural change emphasizing the opportunities
and benefits of pollution prevention;

o the creation of incentives and elimination of barriers to
pollution prevention;



o the development of a multi-media clearinghouse to provide
educational and technical information. This includes the
support of research, development and demonstrations
necessary to provide relevant data; and

o the collection, dissemination and analysis of data for the
purpose of evaluating national progress in multi-media
pollution prevention.

EPA believes that the development of a comprehensive
multi-media pollution prevention policy offers enormous promise
for improvements in human health protection and environmental
quality. Because the focus of pollution prevention is on greater
efficiency in the use of materials and processing of products, its
implementation could additionally result in significant economic
benefits.

There are varying views among representatives of industry,
public interest groups, state and local governments and others
over the role of recyling in pollution prevention. The Agency
believes that source reduction (including closed-loop, in-plant
recycling) is generally preferred over other management
approaches. The Agency also believes that out-of-loop and
off-site recycling, when properly conducted, also offers the
potential for significant economic benefits and reduced risk.
With the publication of this proposed pollution prevention policy,
the Agency would like to specifically request comment on the role
of environmentally sound recycling in the pollution prevention
program. Other comments on this policy, and on the steps
necessary to implement it effectively are invited.

Lee M. Thomas
[insert date]



' CURRENT WASTE MINIMIZATION REQUIREMENTS

At present, there are three formal statuto
minimization. Those sections enacted as

B Section 3002(a)(6) of HSWA re
report to EPA, that the generator describe “the
year to reduce the volume and ftoxicity of
‘changes in volume and taxicity of waste actu
In question in comparison with previous years
is available for years prior to enactment of !
EPA classed large quantity generators;

8 Section 3002(b) of HSWA requires génerators t i i
i € o certify on th
mamfests' (mandated under Section 3002(a)) that theyfyhave inEl;rJl:,caeStg
program "to reduce the volume or quantity and toxicity of such waste to the

degree determined by the generator to be economically practicable™: and

] Section 3005(h) of HSWA requires the same certification in relation to any
new permit issued for treatment, storage, or disposal of hazardous waste.

The following Generator's Certification statement, included on the Uniform
Hazardous Waste Manifest required by Section 3002(a) of HSV)/A, must be signed by all
hazardous waste generators who ship hazardous wastes off-site for treatment, storage,

or disposal:

“if | am a large quantity generator, | certify that | have a program in place
to reduce the volume and toxicity of waste generated to the degree | have
determined 1o be economically practicable and that | have selected the
practicable method of treatment, storage, or disposal currently available to
me which minimizes the present and future threat to human health and the
environment, OR, if | am a small quantity generator, | have ‘made a good
faith effort to minimize my waste generation and select the best waste
managem:=:t method that is available to me and that | can affor.”

These requirements should increase the awareness of generators and facility
owners and operators of the importance of minimizing hazardous wastes, and might
serve as the basis for more specific and farther reaching requirements. However, the
present requirements are not overly restrictive. The generators determine whether any
particular waste minimization approach that might apply to their processes is ecopomncally
. practicable. And although the biennial reports should provide useful insight mtorvyhat
generators are 2<iually doing to reduce wastes, they are not likely to provide de.unitive

information.

2 ry requirements relating to was'z
part of the 1984 HSWA amendments include:

quires, as part of any generator’s biennial
efforts undertaken during the
waste generated” as well as
ally achieved during the year
to the extent such information
(HSWA)." This report applies to

-4



DEFINITION OF WASTE MINIMIZATION : | _

Before proceeding, you should become famili ome important terms. Th

. p! . ecome familiar with s imp.
following definitions set early parameters for wasts minimizatiin p?o'grams ';'I'twe; 's.l d ;
_ . include:

a Waste minimization means the reduction. to th ;
W - ' 8 extent feasibl '
inilﬁcej;gatag Qif;irf;d g; subsequently treated, stored, o? g’z:;gfégrgf’ "
generator th;t results i reduction or recycling activity underiaken 5y a
of hazardous wast in either (1) the reduction of total volume or Quar)xle:-f
both, so long as g’,eo;e(g) t?e re'dUCUOn. of tOXECifY of hazardous wasts jo)r
present and f ucuan is consistent with the goal of minimizi
gture threats to human health and the environment: N3

8 Source reduction refers to th i
e reduction or efiminati :
atth s . imination of wast i
procz :srtgggi,f_uszi{any within a process. Source reduction mezsirgeesniirelmiz
sty various]%a ions, feedstock substitutions or improvements in feedctuw
. ousekeeping and management practices, increases ii ?ﬁ:

efficiency of machinery
. . ! , and even recycelin R
reduction implies anv action that rac ~o¥G.Ng within @ process. Source

8 Recydling refers to the use Or reuse of a waste as an effective substitute for
a commercial product, or as an ingredient or feedstock in an industrial
process. It also refers to the reclamation of useful constituent fractions
within a waste material, or removal of contaminants from a waste to allow
it to be reused. Recycling implies use, reuse, or reclamation of a waste,
either on-site or off-site, after it is generated by a particular process.

Hazardous waste minimization involves volume or toxicity reduction through either
a source reduction or recycling technique and results in the reduction of risks to human
heaith and the environment. The transter of hazardous constituents from one
environmental medium to another does not constitute waste minimization. Neither would
concentration conducted solely for reducing volume unless, for example, concentration
of the waste allowed for recovery of useful constituents prior to treatment and disposal.
Likewise, dilution as a means of toxicity reduction would not be considered waste
minimization, unless later recycling steps were involved. Finally, EPA does not consider

treatment, ©.g., incineration solely for the purpose of management or land disposal, as a -

valid wasts minimization practics.

e
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INTRODUCTION

This is a matrix of the provisions of twelve state facility pollution prevention planning statutes. The matrix is
intended to provide a comparative analysis of state facility planning laws, which may be particularly useful to
states that are currently considering such legislation.

This matrix was developed as part of my Master of Science thesis in environmeantal policy analysis at The Ohio
State University, School of Natural Resources. My thesis will assess the statutory structure of twelve mandatory
facility pollution prevention planning statutes, and, based on models of the factors which contribute to successful
policyimplementation, will evaluate the extent to which each statute structures the policy implementation process.

Statutory variables have been divided into two dimensions: specificity and enforceability (i.c., How specific is
cach statute? and How stringent are enforcement provisions in each statute?). Seven specificity variables and
cight enforceability variables have been developed. These variables comprise the matrix rows and the twelve
states comprise matrix columns. Each cell contains the provisions of a state’s law corresponding to the respective
variable. Funding mechanisms for facility planning programs are also included in a separate matrix.

. To make the matrix more concise and readable, language in the matrix may be, in some cases, abbreviated from

statutory language. These provisions are derived from explicit language in the statute. Provisions of subsequently
drafted administrative rules or policy guidelines are not incorporated.

A draft version of the matrix was sent for review to a key implementer of the facility planmng program in each
state. Revisions were then made from the comments received.

Any comments or questions regarding the matrix may be addressed to me at (614) 64-3503.

Robin M. Sullivan



OUTLINE

The matrix is organized as follows:

' FACILITY POLLUTION PREVENTION PLANNING STATUTES ANALYZED IN °

SPECIFICITY

Persons Required to Prepare a Plan

S1) Clarity of Statutory Objectives

S2) Waste Management Hierarchy

S3) Guidelines for Facility Plans

S4) Performance Goals of Facility Plans
VSS) Requiremcnfs of Facility Progress Reports

S6) Conditions Where Pollution Prevention May Not Be Practicable
LY)) Exemptions From Completing Facility Plan -
ENFORCEABILITY
- El) Agency Review of Facility Plans

E2) Agency Review of Facility Progress Reports

E3) Frequency of Facility Progress Report Submission to Agency
E4) Administrative Penalties for Noncompliance

ES) Public Access to Facility Plans

E6) Public Access to Facility Progress Reports

E7) Plan Approval Criteria

External Checks on Administrative Actions

E8)

FUNDING

Z MATRIX

e
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FACILITY POLLUTION PREVENTION PLANNING STATUTES
) 7 ANALYZED IN THE MATRIX

STATE STATUTORY AUTHORIZATION DATE IMPLEMENTING AGENCY
Catifornia S8 14 1989 Department of Heaith Services
Hazardous Waste Source Reduction (DHS)

Management and Review Act

Georgia 8.B. 519 1990 Department of Natural Resources
Amendment to the Hazardous Waste (DNR)
Management Act

Maine S.P. 1011 - LD, 2507 1980 | Department of Environmental
An Act to Clean the Environment by Protection (DEP)
the Reduction of Toxics Use, Waste
and Release

Massachusetts H. 6181 1989 Department of Environmentai
Toxics Use Raduction Act Protection (DEP)

Minnesota Toxic Pollution Prevention Act 1990 Pollution Control Agency (PCA)
~ Mississippi S.B. 2588 1990 Dspartment of Environmental Quality
. Comprehensive Muitimedia Waste (DEQ)

- Minimization Act
New York S.5278-8 1990 | Oepartment of Enviranmentat
An Act to amend the environmental Conservation (DEC)

consarvation law, in relation to the
management of hazardous waste

North Carolina $.8. 324 1989 | Department of Natural Resources and
Hazardous Waste Management Community Development (ONRCD)
Commission Act

Oregon HB8. 35158 1989 | Department of Environmental Quality
Toxics Use Reduction and Hazardous (ODEQ)

Waste Reduction Act

Tennessee H.B. 2217 1990 Department of Heaith anad Environment
Hazardous Waste Reduction Act (DHE)
Vermont H. 733 1990 Agency of Natural Resources (ANR)

An Act Relating to the Management
of Hazardous Waste

Washington H.B. 2390 (sub.) 1990 Cepartment of Ecology (DE)



SPECIFICITY

o L
MAINE MASSACHUSETTS MINNESOTA
Lasge quaniity haxasdous Lvge quenilly hazardoss Initlally facily ownen or Faclity owners or apersiors
e wasle genstalors opesaiors requited to repont required 10 report under
: undes SARA, Thie W, SARA, Tidle W, Section 313
Out-of-state large quaniity Small quaniity hazasdows Section 313, then
haterdous waste genersiors | wesie geneisions expanding by 1065 to
inchude cther SIC groups
hazwdows wasie Wesiment, Facility owners or opersions and facilties which e
sequised 10 teport under chemicals on the CERCLA
SARA, Thie N, Seciion 313 st farge quaniity toxics
foudics raloasers)
Persons required (o report
the prasence of extiemely -
hazardous subitances
unde: SARA, Titte B,
Section 312 forics wsens)
81) Clarity of Statulory Yo reduce the generation of | To provide for the To reduce the voiume of To reduce toudc waste To pratect public health, To reducs or minimize the
Cbjectives wasle; o red prepasstion of hazardous toxc subsiances used, genessied by 50% by 1907 wellare and the gensration and 1oxMcity of
chemical contaminant wasts reducsion plane and toxics seleased and using toxics use redudiion environment; 10 SNCOWage waste by & minimum of
releases blennisl progiess repons hazardous waste as the means for mesling todc poliution prevention 25% by January 1, 1886
: generstion: 10% by 1963, this goal
20% by 1905, 30% by 1967
82) Wasie Mansgement 1) Sowrce reduciion ‘Not mentioned in this 1) Toxics use treduction, 1) Toxics use reduction 1) Source reduction and 1) Sowrce reduction
Hieorarchy 2) Recycling amendment, but specified toxics relsase seduction processes that minimize 2) Recycling
3) Trestment in the original act: and hazardous weste coss-media poliutant 3) Trestment
reduciion transters 4) Disposal
1) Sowrce reduction
2) Recydiing
3J) Treatment
4) Disposal




SPECIFICITY (continued)

C

VARIABLES NEW YORK NORTH CAROUNA OREGON TENNESSEE VERMONT WASHINGTON
Persons Requived 1o Genssators of squal lo or Hazardous waste genecsion Lasge quartity hazerdous Large quantity hazerdous Persons who roulinely Persons who genesste more
Pepase a Plan grealer than 25 tons of ond opersiars of hazardous wasle generalon wasie genecalors genetate, Hrough ongoing than 2640 pounds of

hazardous waste pes yoos waste reaimant lacilities process and opesation, hezardous waste per yess
which trest waste on-sile Small quaniity hazasdous Small quantity hazardous more than 1200 kg of
Gensrston requiied 1o haold who are required 10 pay an waste generaion waste generaton haraidous wesie per year of Faclity ownsrs or opersiars
& hazardous wasie annual fes under North mote then 12 g acutely raquived $o reporl under
Wediment, slorage of Casoling law Facilly owners or operaiors hazardous waste per year SARA, Title W, Seclion 313
disposal facity permit required (o repart undet the excepl those fackities that
Persons requited to hold a SARA, Tiile M, Section 313 ofe peimarily penmitied
weter quality permit fage users) Wwesiment, stotage and
' disposal taciities o
Persons required to hold an recycling lacilitles
alr qually permit hazardous substance
users)
81) Ciadly of Statut To seduce hazsdous wesle To encowrege valuntary To sncowage tosc To reduce the sggregale To safeguard public health, Yo reduce hazamdous waste
Objectives genetation and islease by wasle and poliustion substance 1se and lsvel of hazardous wesle promote workes safely and generation by 50% by 1965
S0% over the nat 10 years seduction efforls h wasle g i genersied by 25% by Juns praiect the srnisonement by through harerdous
seduction withous shifing 30, 1668 i establishing toxics use substance use feduction
risks om one snvironmertal teduction as ithe top priarity and waste reduction
maedium to anclher for haxmdous waste and lechniques
loxics mansgement
S2) Wasle Manag }s dudi Nat mensioned in this 1) Toxics use feduction 1) Reducs or pravent 1) Source seduction 1) Harardous substance
Hiorarchy 2) Recydling stalute, bul specified in sn 2) Hazardous waste h wasie g ¢l 2) Recydiing use reduction
3) Testmart sasllef lavr. redudlion 2) Storege, trestment and 3) Trestment 2) Huzaudous waste
4) Disposel disposal seduction
1) Source redudtion 3) Recydling
2) Recydling 4) Trestment

3) Trestment
4) Disposal
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SPECKFICITY (conlinued)

VARIABLES - GALIFORNIA GEORGIA MAINE MASSACHUSETTS MINNESOTA MISSISSIPPY
S4) Perdormance Gosls Speciic umernc Specific performance gosis Faciibiss rmunt achieve ¥ a majority of iovdcs users Wherewes technically and Performance goals for
of Faclity Plans porformance goals are not for hezsdous weste tosics seloase and in & priority user segment sconomically practicable, waste minimization must

soquired, howswer, plan reduction must be hazasdous weste reduciion falt significantly below objecthws for elimineting of be set In numeric terms to
must include a imelsble for oxpressed In numeric tenms goals of 10% by 1963; 20% standard achisvements of seducing the generation or the exdent practicel
maeking ressonable and wherevet technically and by 1805; 30% by 1007 byproduct genssated per selease of each toxc
measwsable progress loward economically practicable. i unit of product, DEP may pollutant must be expressed
implemanting selecied numernc tesms we nat toquice piority user in aumeric terms. Otherwise
ducti thods [ i, plan must include segments to achieve a cbjectives must Indude &
& sislement of objeciives specilled leve! of byproduct clearty staled lst of actions
designed (o lead to the gensrated per unit of designed to lead to the
establishment of numesic product, within a specified establishment of numeric
gosis as so0n as time kame goals as s00n as practicable
practicable. Rationale for
each perfarmance goal
must be explained,
ding any impediment
to hazardous wasle
eduction.




SPECFICITY (continued)

VARIABLES NORTH CAROLINA OREGON TENNESSEE VERMONT WASHINGTON
84) Perk Goals™ | E Not specified Establisls spaciic numerdc Speciic periormancs goals Spedific perdormance goals Spedciiic parformance goals
of Fachity Plans feduction, in 1ons or ather pedormance goels for the shall be quartitative y are not requived, however, must be exprassed in

appiopiisie messutement, in following categories of loxic expressed In numeric terms, plon must include & numeric terms for each of
the amount of harssdous substances and hazardous sstablished fux the source timetable for making the following categories:
wasies pioduced 88 a resull wasies: teduction of sach waste ble and b
of the implementation of shiearn. When possible, progeess toward - harerdous substance use
sach of the technically Any toxdc substance used in units of messwement should | Implementing selected teduction of slimination
fsasible and scanomically quaniities in sxcess of be in pounds jor lons) of souwrce seduction methods
10,000 pounds & year; wasie genataled pes - wasle elimination o
options dard unl of production, reduction
Any lowc subsiance used in a3 defined by the generator.
Quantities In excess of 1,000 ¥ numeric performance goals - fecycied materisis o
pourds a yeus that ae not practical, wasies
constitutes 10% or more of pesiamance goals shall
the tolal 10xdce used; and indude & clewtiy staled list of - Uoated wasles
actions designed lo lead to
For Inge quaniity the estublishment of numeric i the establishment of
generslons, any waste goals as soon as pradiical numeric perfomance goais
tepresenting 10% of more by Is not practical, goals shall
weight of the cumulaiive include a clearly sisted kst
waste stream generated pes of objectives designed 1o
yoar. fead to numeric goals as

soon as practical




SPECKFICITY (continued)

VARIABLES CALIFORNIA GEORGIA MAINE MASSACHUSETTS MINNESOTA MISSISSIPP1
§5) Requikements of Name, location, SIC code of Analyze and quantify Toxics use and toxce Quantities of 10dc of S y of each object A J plan updstes are
Faciity Progiess Repont site piogress made, # any, in reloase repons mus state hazerdous subsiances which |  established in the plan, required in heu of progress

h waste reduct plog toward ting we manulaciused, including schedule for reports, and must include:

Estimate of quaniity of lative to each pert toxcs use and toxca processed, otherwise used, meeting cbjectives
hazardous waste g d goul established in the plan reloase goals, respeciively geneialed as byprodudt, or Analysis and quantifcation
and menaged, onslie and shipped in product Summaury of progress made of progress made, ¥ any, in
offsite, during the cunent Set forth d tothe H wasle g during past year, ¥ any, waste minimization, relstive
reporting yes and baseline plan and explain the need are not required to complets indication of whether the foward meeting sach plan 10 sach performance goal
feporiing yeor for the amendments & piogiess fepon substence was used in the objeciive, including quartity

production unll in nt of each toxc poliudant A dments, ¥ any, to the
Assessment of 1he sifed, eliminsted or reduced plan and an explanation of
dudng the cunent yeas, of - fess than or equal 1o 5000 the need for amendments
sach hazaidous waste pounds; Statement of methods
management measwe through which slimination or
implemented since the - greates than 5000 pounds feduction has been
baseline yeas, upon onsile but less than or squal 10 achlewed
and olfsite hazardous waste 10,000 pounds; and
geneisilon, including sowrce Explanation of reasons
redudtion, recydling and - grestes than 10,000 ibs. ocbjectives were nat achieved
Uesiment measires §# appiicable), including

Reporiing base ysas identification of any
Descriplion of ladars duing fechnical, sconomic or athes
the cutent year that have Byprodud reduction index impediments
affecled orsite and offsits .
h waste genesath Emissions reduciion index Coerlification by tacility
since ihe baseline year manages and & company

Matsix form of methods by officer attesting the repont’s
Ceitification by a which byprod ducth Y
prolessional engineser; Index was achisved for each
piocess of operations production aperation
perscnnel onsite;
emnvironmental assessor with
axpeniise in hazardows
wasls management

)




SPECIFICITY (continued)

VARIABLES NEW YORK NORTH CAROLINA OREGON TENNESSEE VERMONT WASHINGTON
S§5) Requisements of Frogiess in achieving time Frogress reports are nat Anaslyze progress made, # Analyze and quaniify Name, localion, SIC code of Descripiion of progress
Facility Progiass schedule for implementing coquited any, intoxics uss reduciion peogiess made, ¥ any, in she made towsd achieving the
Reports wasle reduciion allernalives and hazerdous waste hazerdous waste seduction, specific performance goals

seduction, selstive 10 sach selative 10 each pedarmance Quantity of hezardous waate established in the plan
Ressom fos nat gosl goal established in the plan gonarated and managed,
implementing any waste sstablished In the plan onslie and ofisite, during the
seduction technology, Set forth amendmerts, i cuent rporiing yesr and
process or operational Set forlh o tothe ded, 10 the plan and baseline feposting yeur
change iderstified in the plan plan and explainthe need ° | explain the need for
for smendments amendments Assessmant of the sifect,
Explanation of why sny during the current yeas, of
waste reduction method Submit repart to DEQ on The following summary sach hazadous materials
chosen and implemerted quantities of toxics used and information must be management measise
did not achieve antkipaied wasies generated ihat meet submitied to DHE as an implemented since the
waste feduction pertormance goal crlerda, slement of the snnual baseline yew, upon onsile
and a b plalning ' - g teport; and olfsite hazasdous wasie
the dala generation
- For sach hazaudous waste
sitsam, one of the fallowing Description of lactors during
as appropdate: the cutent yeus that have
affected hazadous wesle
a) a stalement of specific generation, hazxesdous
perioimance gosis and & malesials releases and onsile
feport on progtess made in and offslits hazardous waste
achieving these goals. management since lhe
Resulis should be In numeric baseline year
lesms.
Cantification by a
b) a report on the aclions peofessional englnees;, of &
taken foward establishing process of opeiations
numeric goals personnel onsite

- A naralive explaining the
teporied data

- A desciption of any
impediments ta reducing
dous waste g ati




SPECKFICITY (continued)

VARIABLES CALIFORNIA GEORGIA MAINE MASSACHUSETTS MINNESOTA
S$8) Conditions Where Selecied messuie is not For valid reasons of priority, Practicable hazardous waste Nat specified Not specified Not specified
Paliution Preventl hnicaily fessible o a company chooses to reduction methods do not
May Not Be Praciicable sconomically practicable address other more serlous odst

Attempis to implement the
measuie reveal that i would
tesult in: 1) increased
harardous wasie generation;
2} incrensed hazardous
chemical releases 10 ather
emironmental medis; 3)
- o on produdt
quality; or 4) significant
incresse In fisks of an
adverse impad 10 human
health or snvironment

hazasrdous waste fedudiion
concsins

All practicable reductions or

acilons have been
N y slaps (o red previousty imph dor
hazardous waste will likely wre cuently being
have significant ads impi d
impacts on pioduct quaiity

B acdicahl

Lagal or existing .
obligations interfere with the
necesswry sieps that would
lead 10 hazardous waste
teduction

impact on produd quality

Lagal or contractual
cbligations prohibit steps
necessary 10 reduce
hazardous waste g




SPECFICITY (continued)

VARIABLES NEW YORK NORTH CAROLINA OREGON TENNESSEE VERMONT WASHINGTON
80) Conditions Whese Not specified Nol speciied Impediments may inchude For vaild reasone of priority, Nal specified Not specified
Polusion Prewention the avallablity of ically & compeny ciy 1o fest
May Not Be Fracticable practicable lowdcs ise i cther mare sedl

duction and h h waste k

weate reduction methods, conostns

snd the sconomic

w cth L.’d lab N '“.P‘.od

tosca use caduction end hazwrdous waste wikt Nxely

hazsrdous wasle reduction have significant adverse

methods, Including any impacts on product quality

antidipated changes in the

Rwe. Examples of Legal of contraciual

Nustions where red bligations interfore with the

may nct be ically Yy sieps that would

practicable may include: lead to hazardous wasle
seduction

For vaild reasons of priority,

a company chooses 10 frst

address ather more sefious

taxcs use reduction or

hazardous wasie reduciion

conceins *

Necessary steps (o (educe
toxics use and hazwdous
waste will likely have
significanl adverse impacis
on produd quality

Legal o contraciual
abligations interfers with the
necessary steps that would
lead to loxics use reduction
or hazardous waste
rediuction




SPECKFICITY (continued)

VARIABLES CALFORNIA GEORGIA MAINE MASSACHUSETTS MINNESOTA MISSISSIPPY
87) Exemptions From DOHS shal adopt regulations Waste resulling kom Hazardous weste reduction Piot plants and plict Toxic poliutants resulting Commission of
Completing Faclity Plan | 10 establish procedures for distion or deanup Sxempions: production units solely kom ressarch and Environmental Quality is
pling generstors where prog development activities authorized to make
the depastment deleamines . - Commeicial hazasdous Sian-up produciion units for excepiions o and grant
no source reduction Commetdal hazardous wasle Lesiment or starage a specified Yime perod exsmptions and variances
opportunities exist wasie resiment, siofage facilities om fules and regulslions
and disposal fackities upon - Pliot planis or piiat implementing the stalute
centification to DNR thet production units
because of the nalure of s - Hazavdous wasle
business operation of tansporiers
piocess, the faciiity cannal - Hazerdous waste
meat the waste redudt! g d a5 a senul of
tequirements temedial or conecthe
adlions or facility closures
- Households -
- Agricultusel opesations

Joxics release teduction
Smmptions:

- Water supply Weatment
taciiities

- Municipal wastewsler
Uesimert lacliities

« Retall and wholesale motor
fuel and heating ol
distiibutars

- Agricultural aperations
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ENFORCEABILITY

VARIABLES CALIFORNIA GEORGIA MAINE MASSACHUSETTS MINNESOTA MISSISSIPPY
E1) Agency Revewol | Ewvery two years, beginning Al plana must be completed Afer 1103, DEP may Flans are kept af the faciiity Flans must be kept o the A generator or faciiity
Faciity Plans /1501, DHS shall sslect &t and submitied 10 DNA on or fequire atoxics and must be made avallable fachity operalor shall permit any

least 2 calegories of belore ¥1/82 teleasec/hazardous wasle 1o DEP upon requast designee of DEQ to review
genersion by SIC code with genscator to submit & FCA shall be given access lo the weste minimization plan
potential for sowrce Plans shall be updated and y of the todcs & facity plan if the progress
duction and must submiited 10 DNR on a teloase/hazardous waste seport doss nat meet
those source reduction biennial basis reduction pian when: statutory requisements
evalustion reviews and plans
10 assure compliance with - & lachity falis to meel
stalutory requirements reduction gosls
Beginning W1581, DHS - an exempted faciiity falls 1o
may requesi a copy of & meel allecnale reduction
duct Justh gosls established by DEP
tevisw and plan or plan
y om any g - torics relsase rales or
and may eveluale any hazardous waste g :
document 1o delermine in a new Iacliity s
whether & satishes siatutory significantly gresies per
sequisements production unll than in
similer facliities of the same
Genesators musl ielain & SIC code
copy of the current review
and plan and plan summary
a8 sach site {of a certral
location) and upon tequest
shall make § avallable duing
any DHS inspsdiion
€2) Agency Revew of | Beglnning W1581, DHB Progress shall be isported Toscs users and tovics Annuel toxdc or hezesdous PCA shall review all progress From the waste
Faciity Progiess may tequest & copy of & on a bisnnlal basls releasers must report thels substance reports must be feparta (0 determine ¥ they minimization plan and each
Reports hazardous waste progress toward meeting submitied to DEP most slatutory requi nts sal update, the
management perfarmance First updated blennial teports tordics use/rslense teduction .9 or faciity op
tepont of repon summary must be submitted to DNR In goais as part of the reporiing DEP must annuaily compile, shall submit & certified
fom any gensralos and may 1004 requitements to the State analyze and summarize repoit of the types and
svaluste any of these Emeigency Response ports and plan L quaniiies of wesles
documents to determine Commission aget- - and minkmized

rather 8 satistes siatid
u v

fequicemants




VARIABLES NEW YORK NORTH CARDLINA OREGON TENNESSEE VERMONT WASHINGTON
E1) Agency Review of DEC must teview sach plan AR weitien descsiplions of Upon compieling & plan, the Upon completing a plan, the Every 2 yoars, beginning Upon campleting & plen,
Facilty Plane accoiding (0 8 schedule current and projecied plans user must natily DEQ In generstor shall mainteln a 7/1/82, ANA shall select emcutive summaries ol the

established by stetule 10 raduce hazerdous westes, witing on a form supplied by cuntend copy of the plan o teast 2 calegories of plan shall be submitied $0
waste waler and poliutant DEQ the facility gensiators by SIC code with DE
dischages and alv potential for sowrce reduct
contaminant emissions shalt flans shall be istained al the G shall permit the and must exemine thek DE may ieview a plan or
be ransmilied to the Solid faciity loner’s designes to duction seview and omcuthe summasy lo
Waste Management Diision insped the plan. G plams to & | & h the
ot taview and analysle Toxcs users shall permit any shall perenll any officer, [ slors have plied o s adequat
DEQ smployes 10 nepedt the ployss of DHE with statutory requl ol P il 10 rules
plan tepieseniative 10 have access deweloped under statute
ta the plan On o ahes 7/1/82, ANRmay | and wiih stetudory
fequest & copy of (he sousce provisions
Generaiars shall furnish & tedudtion review and plan
copy of the plan upon from any generator and may Plans shall be retained &t
fequest to DHE evaluste any document to _ the tadiiity
ine wheihe? § satish 2
stalutory requivements Generators shall permnit a
DE representative to review
the plan to determine its -
adequacy
£€2) Agency Review of Annual stsius teports, Progress reports are not DEQ may 1eview any Frogress reports shall be Hazsdous matertals Progress reports shall be
Facliity Progiess describing a g ‘s quited, h , plans ase progiess repon rstained at the fackity, excepl management pert: pispaied and submitted to
Reports progress in achieving s quired ity for the information speciied feparts, documanting DE in accordance with
waste reduction Proge porte shall i by sistuls 10 be reparted to h d ! tules developed under
Implemenisiion scheduls, are a8 the faciiity except for the DHS management approaches stalute
tequired e pavt of hazwdows inlormation specified in 83 . Implermantad by the
wasie generator reports sbove Generators shall permit any g . must be prepared DE may review an annual
offices, employse or DHS by generators and submitted peogiess repart o
(epresontative ot sl as pat of the g alor's d ! vhether it is
reasonable times 10 have hazedous waate annual adequale pursuant to sules
access 1o the progiass report tapont dewlopad unde! sistule
and with stafutory

provsions




ENFORCEABALITY (continued)

VARIABLES CALIFORNIA GEORGIA MAINE MASSACHUSETTS MINNESOTA MISSISSIPPY
£3) Frequency ot Every 4 years, beginning G must blennlally Toxics usens and toxics Tore or hazsrdous Annual progiess reporis Annual plan updaies must
Facilily Progress W181, gensidon must complele & hazardous waste relessans must annusily substance reporis must be must be submitted to PCA be prepared and must
Report Submission to prepase & h dous waste reduction progress repart 1spait progress towerd submitted to DEP annually include quantification of
Agency management perlarmance meeling reduction goals . progress in achieving

seport and summary performance goals
Hazardous waste g
are nol tequired to report
progress
€4) Administathe Civil penallies In an amount No penaitles Fess for noncompliance with Any indhMidual or toxics user if a modiied piogress report No penalties
Penaities for not greater than $1000 may teduction requirements: who vicisies the doss not mest stautory
Noncompllance be imposed i & generator ~ requisements of toxics use requisements, a public
falis 10 submilt & revised H d waste ransporied | feduction planning ar annusl mesting will be heid in the
source iedudtion evaluation offsite for disposal: $0.18/b. toxics and hazwdous county where the faciity ls
teview and plan, plan substance reporting shall be focsied

summary, hazardous waste
management performance
tepart of fepod summary

Hezairdous waste transported punished by a fine in an
offsite lor isatmert, sicrage amourt betweon $2500 and
or ather handiing, including $25,000, or by impiisonment
beneficlal reuse, reclamati for nat more than ons year,
of recyciing: $0.135/b or by both




VARIABLES NEW YORK NORTH CAROLINA OREGON TENNESSEE VERMONT WASHINGTON
E3) Frequency of Annual sialus reports must be Frogress reports afe not All toxics users shelt annusily Based on thels annual Hazardous materisls Annual progress reports
Facilty Progiess submilied t0 DEC required, howevet, plans are complels & 0¥cs \ne progress sepont, genscalors managemert performance must be submited to DE
Report Submission to taquired annuasily seduciion and hazerdoun shall annuaslly subemlt to DHE 1eports must be submitied
Agency waate reduciion progress summary information on snnuelly

report waste teduction activities
£4) Adminisutative Any peneratcs whose plan Fine or permil revocation, i & tordcs uses falls to Civii penaities of up to No pensities A penalty fee of ether
" Penalties for has been rejecied by DEC s depending on whether alr, develop an adeq! plan or $10,000 shall be impased on $1000 or 3 times the
Noncomplisnce not sllowed to make \he waler of hazardous wasle prograss report according 10 any genecelor or person who: amount of the generator’s
hazardous wasle manifest DEQ's required modiications, proviows yeur's fee of
certification DEQ may issus an - falis 10 Mo any sequised cutent yeur's lee,

. ' ive order requicing reporis, iecords of whicheves is greater, shall
the user lo submit a plan or documents be chaiged it a generstor
piogress ieport. ¥ihe user falls o complets plan,
falls 10 submit an adequale - lalls, neglects of ishses to exscutive summary of
plan or progress tepodds comply with any slaludory progiess (sport
within the time apecified, provisions or orders issusd modifications requised by

DEQ shall condudt a public
hearing on the plan of
progress separt. In any
hewing, the ielevant plan o
progress report shall be
comsidered public record,
except for rade secret
information

pursuant (o the sislute

- knowingly gives false
informuion in any fequised
iepon, recard or document

DE




ENFORCEABILITY (continued)

VARIABLES CALIFORNIA GEORGIA MAINE MASSACHUSETTS MINNESOTA MISSISSIPP
E5) Public Access lo Any peison may request DNR shall maintain a copy of Not specified Any 10 residents #iving within Plans are nonpublic deta A waste minimization plan
Facity Plars DHS to centily that a oach hazsrdous waste 10 miles of a facility required and any updaies shail be

generalar is In compliance teduction plan and blennial 10 prepare a toxics use 25 or mote persons Iving relained ut the faciity and
with statutory req ris prog repont ved reduction plan may pelition within 10 miles of the faclity shall nct be subject to
by having DHS cerlify that This Information shell be DEP 10 examine the plan, may submit a pelitionthat | inspection, exemination,
the g has peoperty dable (o the public st the plan summary and any Identifies specific copying of reproduction
completad the sous diredior’s oifice. required back up defa and deficlencies in the prog
reduction svalustion revew determine thelr adequacy. report and requests FCA 1o
and plan, plan summary, DEP shall report is review the faciiity plan.
hazardous wesle deteimination to the Within 30 days after receipt
management performance pelitionsrs and the toxics of the petition, PCA shall
feport and summary. DHS usel within & bl pond in witing. ¥ihe
shall requesi a copy of such time. commissioner agrees that
documenis kom the the progress separt does not
generaior and shall torwerd & DEP shall make avallable for meet stedutory requicements,
copy 10 the person tesident review all toxdcs use PCA shall be ghwn access to
requesting cesification. redudion plan summaries, the facliity plan.
piaovided that irade secret
Any psrson may diredly information ks protected
jequest rom & gensiator &
copy of the review and plan,
plan summary, report of
feport sunmary
£8) Public Accsss to Same as provisions for Same s piovisions ko Nat specified DEP shall make svallable for Progress reports are public Same &s plan updaies
Faciilty Progress Public Access to Faclity Public Access to Faciilly resident review all annual data undes provisions for Public
Reports Plams Plans touc or hazesdous Access (o Faciity Plans
substance reports provided
that tade seciel information

is protected




SUNig KNPV O) 005y
3ang 10) suoppord oeg
UOIRUINON] MIIIePYUOD
Buppewid ‘poder
ss9160/d mnuue papuqns ’ spodey
Aue voppsdsu) opagnd 1091 Sfand porepiwod Wiwig KWip 3 Of s5335 pemnbe sseiborg Awnoeg
101 SpqeIRAe oRU Y 3G peypeds N oq 1ou yeys spodes sserBory 3Wng 1o suoppox seg 10U o spode; ssesBory peypeds PN ©) st300Y MY (93
“US) 3| UORON SAPOLOD
YR 104 30 ‘epmbepeuy
oq 0} SaupIeep
‘smene; § podes sse1Boxd
10 Amwums enproexs ‘ved
14296 JO proow » “agagnd
) O) siqeNeAT exwil prose) apgnd v peiepisuos
mm wus3g | - g JRys ‘vogsutogu)
o008 epes Bupdseone ‘pode;
Aownbepe stexBord 10 ueid e o)
) sUpIIeep O} Uuyd ¥ *pode: s30:80:d 10 umyd Auw
supexe of 30 Bupsenbss uo prey ¢ Bupeey opgnd v
uopped ¢ o Avw
ueid ¥ smdesd o} peanbes D30 W ongnd eyj oy
Ampow) 10 sogus 01 U G [PYS UOPRUUORY
Gumtsor suossed o) Auy UL U suowe -
PeLOd Jo wondiosep pue MOpe) INGNd 10y SiaEEY
UOIBULOpN @LSPRIod opnbepeyl 8q 01 punog useq o pue ‘sey souwndwod
Bupeosd ‘Amuruns ey myy spodes sselod | pue yused Ampoey
ued eyroee pepwans 10 sURid 1% JO 185 ® ‘eveper i g1 jo 1ed euwnoeq swed
Aue voppedsuy ongnd peooes aggnd 1odes ssesBosd 10 verd yoee uenesd vopngod * ] weng Amoey
10) SR e geys 30 Poypeds N | Perepmuc oq Jou By wey 10 801 » uppEw weys IO ‘SN Ul pegpeds PN Poypeds ON 01 83800y ANy (3
NOLONHSYM INOPREA PTISSANNAL NOO3O YNTIOHYD HIHON MHOA MIN STGVVA

(ponuRuoo) ALFREYVIOHO NG



opregs oyl L Buipsoore
rduy pue p
onms Aq ‘merdwoo 5 peunsop
suuid eiqeidecoe 0y speRD poyspqeise seupepind puw oY) JIeum SuLLIeD
suiswex suswyedep ey Bupeew sw 0B oy} yw souepIOoe Ao yeys g ‘Amusny
Aoyvms qeews pode) souuTid UOIPNPe) eSN IO} uj pomdexd pue sydwos podes 10 yode: ‘Amwwns
ss0:802d oy} sejiem Buppm ® Aq pegiieo oq pnw sURly o Amwans verd sy uwid ‘ueid pus mopes
Uf OJ9I8 JRYS JUOISRULIOS JIeUm UO UOEUNIISIP ® U| PeUEIOS SeMTEeW
Y} POIHUIGTS SUOIIIPPOW sweusnbes Loppis 0) ¥ 95 RS JSUOHIHUAIOD pesodoxd 10 vorspep
Aue \ypn vodes sserSord Bup sueyd opqe)d: oy} "‘Amwums uwyd fure Aure go sssueppdordde wonD
pogpeds PN pue usid ey Buprepes seyy 1) spepo Kpeds meus 430 |  j0 Aoenbepe ey Bupsene: uy pegpeds PN w1 o8pni v weus sHO mrorddy unid {23
ISHASSISSIN VI1OSINNN SLIASMHIVSSYN INIVIN VISHO39 VINHOA VO STIEVRIVA




woEpod Aonms ypm

L1
penbes sueuvodwos
SURPIOIIe VY perdesd 8 upm] of spep -
PUe 819cwod % weunsop Supnrerd Y soveprosow
) seeym uo Aeps snpe Aq pegpeds v} pesederd puw sepduioy E
UomeupUIeIep s) eseq ey » P Yo Mmpdn muueq jo weyd Aus
30 ‘voder ssesBoxd mruve | spewembe: Aoy Asms fiqevosese: pseumsop uo-Ajeps uogmupersp peofes fow 03 “sprepuen
10 Aeusuns ergroexe Ao sopeum supserep 04 I IuM SURILISOP + &) e%eq Jye 030 Bumonoy ey 0f pelgns
‘veyd Aue o Asenbepe ©) PONRIGNE SRISUMION o1 bode; ssmBosd pruve wodes ssesBosd 30 verd Auw oG ys suwd vonpes
apBuppwesp wy 1 ot jo Auw emnmrs Asws uny o verd v mopw Avws g 10 Aenbepe eyi Bupwenes vy poypeds oy OBIM IOPAZIY JO Mepeyy mnoxddy weyy (3
NO19NHSYM . VNIIOUYD HIHON .




pe Amuonenspuoy v
unoped o} ey} 10 PPYO
weuwmdep ¥ 10 “Jen ©OpO)

¥ jsupBe spepises opss

ot Aue Aq nBnoiq voe
uw vy spswennbes Lonme
©505ue o} vorpPsPn|

oY U ojredng sy |

. vommuewsduy
s.onps sy} o) Bupupped
SISPRUL VO UORISGHEP

PUP VOBWONP 10§ NS0} ®
sppoxd geys uomNPeY e
©mre] vo prog Aosppy

!NEIs ey} o voRRIewe duy

) pue UOIONPe) SN PO} onm eyj o Buplumes
BupnBes jouienol ey o) U SH( 10 sousuuopsed oy
1Ode! ¥ U] SUCHIPUSURUDOS) Bugssesse emmsie; oy 03
Aopod expws Ayenuwe wodes ¥ uqne yeus mieued
WRYS JOUNCD BNSUMIPY oupne s ‘ce/t/Z) Ag
onms e
vompnpes 10 ses0dind pue seppod ey onEE ey
SUOISIU® PUS UORONPS! o Bulines v) 43O senpe o Bupled w somvDw pue
80 ot vy ssebord WRYS DU SIS eyl O - uoimedo .81 J0 Wodw
pepedie pus pnpe vo vopRIewedwy W) sseiloxd » empBe pus sousenol
ompmBe; o pue UNOD oy} sseese 0} Apog menes 4 0 UGS pUe ssderd oy
SABISIRUPY B OF POder ¥ 59 GUNS JEYE SONUIOD WYS JODORP O ‘ON/A/L SR RIURIPY VO
poypede ON poppeds oN | @ wugns eys Aenuue 430 Asoenpy oo ©pog syj pogpede N BupnnBeq ‘mek seye Aren3 opey) puey (93
IISSISSIN VIOS3INNIN SLIISTHOVSSYN INIVIY VISHO3O YINHOSWO STEVRIVA

{ponunucd) ALFREBVIOUOIND



PR UORINPes ewn ©poy of

‘somunico Aosppe vy bodet wus weundep wyy




FUNDING

CALFORNIA GEORGIA MAINE MASSACHUSETTS MINNESOTA MISSISSIPP
8y 17181, DHS must adopt, by No funding established The following fees will be A loxics use fee is inktlaity PCA is sppropristed $45,000 and An annual weaste minimization tex
gulation, a falr and equitabi charged ity and deposited biished as foll suthorized 1 siaff position vili be chasged to ali iarge and
system of chasging and in a separate account within the small quantity generdlors and TR
colledling a lee kom hazardous Hazasdous Weste Fund to cover [ Base Max Office of Wasie Management i faciiity operators.
waste gonsrators. The fee must implementation of the toxics and | Employses Fee Fes sppropriated $87,000 snd
be in an amouni suflicient o hazerdous waste reduction 10-49 500 authorized 3 stalf positions. Tors
produce revenuss (o siiclently program: 50 - 99 750 1500 Generated/
and sifectively implement the 100-480 1250 4000 Depaiment of Public Salety ls Peleased Jax 8}
Huzwdous Waste Reduction and [, waste g slors: $50 >500 2500 8500 appiopristed $48,000 and D1 -990 250
Management Review Adt asthorized 1 stalf poshion to 10 - 50.98 500
Todcs users: $25 The base fes s increased by emsure tmely and accurale 100-960 99 1500
$300 for each taxdc or hazardous submittel of TRI forms and 1000-8869.60 2500
Toxics releasers: $25 substance provided that the fee annual progress reports 10,000-48,600 .90 10,000
does nat exceed the maximum 50,000 and abowe 50,000
4 staff positions and $142,238 foo TH facilities must pay a pallution
witl be authorized om the prevention fee of $150 kor sach The g or tackity op s
hazardous waste fund to the The administiative councll will toxdc poll poried Nable for & penalty equal to 3 limes
toxdcs and hazasdous weste adjust the 1oxics use fees by phus a Jos based on the tatel the amount of the tax dus and
reduction program regulation, based on a suney of pounds of loxdc pollutants paysbls (or faliuse 10 pay the tax on
all toxics users, 10 enawre that relsased per faciiity. Facliities of before the due date, plus the
Al monies receivad in less will the projected sggregste fee b feporting annual relesses of toxc y to feimb the
be deposiied In & separal bet $4 millon and $5.5 poliutants less than 25,000 coat of collection.
accourt in the hazssdous waste miliion. The councll may adjus! pounds will be assessed & $500
fund 10 cover costs of base fees, amount per chemicel fos. Faclities reporting more
administering the todca and reporied and maxdimum fees. than 25,000 pounds will be
hazardous waste reduciion assessed a gradusted fee of

$0.02/pound of tosc pollutants
teporied, not 10 exceed a totel of
$30,000 per faciilty.
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bill would require the State Director of Health Servicos to

E
:
i
E

July 1, 1803, and once every other thes A the
of the act and requise the Auditor General to
mbmltnuponbyboeombetl.l“‘;‘. the ent’s
performance in the implementation of the act. The bill would slso
establish procedures for the of tsade secrets.
'l‘hebllr‘wouldtoqulutbo ‘od

from generators

produce revenues to implement the sct and would authorize the -

5
P
E
3
5
B
|
5

department to set the fees at a level lo sopay the Hazardous Waste

Control Account for the initial
fees would be required to be ‘Juld
deposited in the Hazardous Waste . noral
Fund, for expenditure by the department, upon appropriationbythe
Legislature, to carry out the act. . oot
(2) The California Constitution séquires the state to reimburse ;
local agencies and school districts for certain costs mandated by the - -
state. Statutory provisions' establish procedures for making that .
reimbursement. ' ' ) o

Mbmwou!danpmennitMtodbcdp grambycréa!ing . ‘._V:

new crimes concerning the gesieration of hazardous waste.

The bill would pro ethntuotel.ganuemequlauq",‘,eqyw\i '_:'.T.,.' S

act for a specified reason.

The people of the State of Calilbtnh do énnci as léllqm.- . "

MR |
H

SECTIONL. Article 119 (commencing with Sectiori 85244.18) s~ « . |- .
added to Chapter 6.5 of Division 30 of the Health and St.tfgty Code, .- |

to read: A v o '

Article 119. 'Hazaidous Wasto Source Reduction . -

and Management llevle\vActo“m S I

9524412 This asticle shall be known and may be ciled as'the . -

Huzurdous Waste Source Reduction and Munagement Review Act of '
925244.13. The Legislature finds and declares as follows: :
(a) Existing law requires the depariment and the State Water

Resources Control Board to promote the reduction of gencrated

_ hazardous waste. This policy, in combination with hazardous waste

land disposal bans, requires the rapid development of new programs

and incentives for achieving the goal of optimal minimization of the
generation of hazardous wastes. Substantial improvements and
additions to the state’s hazardous waste reduction program are -

T T

T

LAY

T

R 11" {e) “Hazardous wu!e"inimg?:‘wnt

summary
" subdivision (c)

—_—3 : Ch. 1218

" req .acob.u;.d.km.;. are 1o be achieved.
)y It goal uu';b ‘

is the to do all of the following:
1) m&olewnﬁondhuldomw'ano.:

environmental oifoch. o : ]
(3) Document hazardous waste management information and

" make that information available to state and local government. '

" {c) It is the intent of this article to promote reduction of
- hazardous waste at its souzce, and wherever source reduction s not

feasible or practicable, to encourage recy . Where it is not
- - feasible to reduce or recycle hazardous waste, the waste should be
treated in an en

vironmenlally safe manner to minimize the present

and future threat to health and the environment. . |
(d) It is the intent of the Legislature not to preclude the
- yogulation of environmentslly harmful ‘veleases to all media,
including air, lapd, surface water, and groundwater, and to

. surface water, and groundwater, : 1 -

- ¢ encourage and promote the reduction of these releases to air, land,
. ’ e (¢) It is the intent of the Leglslaturé to encdurage all state

"+ departments and agencies, especially the State Water Resources
. Control Board, the énllfomh re nlr water quality control boards,
. the State Air Résources Board, the air pollution control districts, und

.‘ ) . the air quality mandgement districts, to promote the reduction of

environmentally releases.to all media. )
: pﬁmu. ' For purposes of u:u article, the following definitions
. . o . .

o (a{ “Appropriate local agency™ means a county, city, or regional
. . I ch

tion which has adopted a hazardous waste mansgement plan
pursuant to Article 3.5 (commencing with Section 25135). .

" (b) ‘“Hazerdous = waste ‘management approaches” mesns

- approdches, méthods, and techniques of managing the generation .

i > and handling of hazardous waste, including source reduction,

- yecycling, and the treatment of hazardous waste.
: tepost” or

by subdivision (b) of Section ’

.+ breport” means the report T ‘
=5 -.‘-.._mmmamtm-ﬂﬁe"m:mahwmwm ‘

management practices. . : ~n4 (¢

(d). “Hazar waste management - performance t:(ron :
* or “report summary™ means the summary required by
Section 02490 .. joac .
(o) (l)“,‘Soureoroducﬁon”munlpmofaufollowhg:
- (A) Any action which causes a net:redpetion in the generation of
_hazardous waste. ' :

(B) Any action taken before the hazardous waste is generated -
that results in a lessening of the properties which cause it to be

" classified as & hazardous waste.

v (8) “Source reduction” Includes, it ls'nét limited to all of the

—



& m. " . . “- .; | v.‘ . . .

(A) - ?‘Mwa”hmn:«hbu
foedstocks weed in & opesstion 30 as 0 reduce,
.v:gn.gmﬂ on of waste, - -
ptagni 1 e, o, et e g o

“(C) “Production process * which meens & change .,h.a

] which fs used to ‘
ftmmo???u&m&? _ ‘MI.F:‘&IQOI’
ponents, for reuse within the existing processes or operstions,

:ao:%;e‘t‘hwb.wold,otm%&o' oflnm:dunwut.o.o

(B) Actions that merely
hazardous waste to reduce its volume or that dilute the

waste to reduce its hazardous characteristics. " * ¢

e EIHY T

(C) Actions that merely shit hazardous w ":ﬁom.'lt_nie R
environmental medium to anothes environmental medium. * .
(D) Treatment. ~ ~ * /- 7T e T
(f) “Source reduction evaluation review and plan” or “reviewand -

plan” means a review condutted by the genesator of the processes,

operations, and procedures in use st s generator’s site, according to .- R

thcformntmblldndbyw{ ant to subdivision
(a) of Section £5244.16, and which does c
(1) Determines any alternatives to, or modifications of, the -

’ and procedures that be .. i}
ng:mejtoudm Mo&'hwdoin:mg‘u:‘i:ted. N |
(2) Includesa| to document and implement source reduction /- -

- technically feasible econamically i o
;te:wntor. a reasonable tinplementation schédule. '+ i -

(g) “Source reductiod evaluation review and plan s

. ‘,

1g as dofined in Section 85501, < - |
" and “treatment ‘

Section $5244.19. T

(h) “SlCCode"hnth:mc' L

‘ “llllll'd"" m “Pﬂ'.on.. * h - v )
baxtheume’ as defihed in Article 8 (commencing with:
seg:&guo‘).) The depurtmont hall sstablish .‘mmfa |

. (e : . ras o

hazardous waste source reduction t to this article. *

(b) The departinent shall te the activities of all state
sgencies with responsibilities and duties relating to hazardous wasts .
and shall promote coordinated efforts to encourage the reductioii of

Y e
30N T
v P

FERCEAET I
R Y I
e,

" methods of

\

’

—5—>

state agencies and programs shall, to the fullest extent

-(d)'su'm.'md..ppuu' caly to generstors rators ¥ho, by e

than 12,000 kilograms of s waste in a calondar »

than 18 am:? hwddu:mm.ma"::
: e enera
; lrﬂdowhore_thodewm:otdetamhuthn:qlbureouducuon

. . §5244.16. On or bef , 1, 1001, the de; '
.M“mm,ﬂ. ore January the depastmient shall do

(). Adopt & format to be used by generstors for completing the

. teview and plan and plan summary required by Section 25244.19, and
' 'thotepo,ttmdtheuportnlmmﬁf%
- . The format shall include at least all of
. required to include in the review and plan, the plan
’ .mt.mdtheupoﬂ ‘The de

by Section 25244.20.
factors the generator l:
summary, ¢

(3
i o ey e

~ out this akticle. The adoption of a format pursuant to this subdivision

ls not subject to Chapter 38 (commencing with Section 11340) of
PlrtlbelvMonao?’ntle.l‘oﬂﬁeqummthode. , )
(b) -Establish a data and information system to be used by the

~ department for developing the categories of generators specified |
ASecﬂonM.lB.fOtPtooeadng'md'enhnun: e n

and other hazardous waste management inforniation submitted by
generators pursuant to Section £5244.18, and for developing the

- .:' . program evaluation required by Section 25844.93.In quhlhhl:’ tm
: t

data and information system, the depastment shall do all

* . (1) Establish methods ' and " procedures “for :'xptoprutely

P g ardous ¢ d"’
procednctztm%hlw ardo m source reduction an

. (8) Use the data management expertise, resources, and forms of

already established environmental protection progr to the
extent practicable. . = |, . - : ams
_(3) Establish computerized data retrieval and dats processin
luding safeguards to protect trade secrets cﬂdmﬂej
pursuant to Section 25244.23. -
‘(4) Identify additional d.q and information needs of the

25244.17. The department shall establish a technical and research

assistance program (o assist generators in

and
source reduction end . othar prlying

azardarz cxxci-



pu : , ‘ _
where hazardous waste s .ounud. to ald those. generators

tequmngmnacolndov and implementing the rsview and
plan, the plan summary, mt. -nd tlu report summayy

(c) The ::rutmeut ostablish a‘“ l lo'moml;lﬁ..'i;ff |

catalogue, information hazardous waste

source reduction molhixll. wdhlilo ‘cofisultant services, and 3
LR i M Toee ’. LS S S Y ‘v ¢ . : -

regulatory requirements.
(d) The department -ihall

§ "
25244.18. (a) On or before September 18, 1991, and every two o
Mnleetltleuttwoca:::oda TR

S eoratons by S1 Coble v for source reduction,

of generators by § source

o gy, i e ol lowiag 7 2
equest enerators in categ

department, on s tmely l:l‘l. e

gﬁ{olﬂwgemuoneomplolodupm o:topoxtmmry.

(2 Eumlnotluuvlowundphnotphpmmrymdwotmn
or report summary of selected generators in the category. i« *

(3) Enm.wmuwgmuwmmm
with Sections 25244.19 and 23844.20.

(4) ldentify successful sousce uducuou ‘and otl\et hazardous

waste ement approaches omployod generators in-the -
pprouchu

cnlego:y disseminate information tlton' [
(?)n::‘alonwuhlu t:nouto (o), the d t shall
carrying oul mbdMllou () plmuon not
disseminate information determined to be 8 trade secret pursuant to.
Section £5244.23. '

(c) Onandafter Septembet 18, lﬂl.thodoputmontmy roquest
from any generator, and the generator shall pr
of the request, a copy of the generator's tovhw and plan, plan -
summary, report, or report summary. The may evajuate

any of these documents submitted to tho deputmant to determine ) C

witlncoowofthogonauton
completed review and plan, or plan summary, orbotl\.lndwlthl .

ovide withit 30 days -

'.eompleteddwuvhwnu!phaorphn

.' summary, report, of report summaery.
* requirements of this article within the tequlr period, or if the

« o review sn plan summary,
-~ subdivision (b) of ‘Section £5244.10; the generator

_ the selected measure if the genetator

. —T S _Ch. 1218,

' ﬁwluthotltuﬂnﬁuthteqﬂrmho‘dnhuﬁch.

(d) I the department determines that a generator has not
summary in the manner
toqnlredbySocuonmm or tha report or report summary in the

manner required by Section 25244.20, tlwdmnlm provide

the generator a notice of noncom specifying the
deficiencies in the review and plan, plan summary, report, or report
summary identified by the department. If the department finds that
the review and plan does not comply with Section 25244.19, the
department shall consider the review and plan to be incomplete. A

. generator shall file a revised roview and , plan summiary, upon

or report summary correcting the clencles identifiod by th

+ department .within 60 days of the receipt of the notice. 'l‘he

department may grant, in response tq a written request from the
enerator, an extension of the 60-day , for cause, except that
department shall not grant this extendon for more than an

; nddltlmul 60 days.

- If a generator fails t6 submit & tevhod tevisw and plan, plan
complying with the

department determines that a generator has filled to im nt the

. measures included. in the generator's review and or plan

summary for reducing the generator’s hazardous waste, in
accordance with Secuon 25244.19, except as provided in subdivision
(e), the department may impose cl Wt to Section
£5189.3, in an amount not to exceed one dollars ($1,000) for
each duy the violation of this article continues, notwithstanding

- Section 25189.2, seck an order directing oomplhnco pursuant to
- Section 2518}, or.enter into a eomont l(teemcnt ora compllnnce

schedule with the generator. - B
(e) Ifa eneutor fallu té lmplement & measure tpoclﬂod in the
tf pursuant to par (5) ::
deemed to be in violation of Section Dfotnotlmplancnun
both of the following:
(1) The generator finds that, upon further analysls oF as e result
of unexpected consequences, the selected measure is not technically

- feasible or economically pr uuble.oﬂf tho uloctod approach has
' temltodlnunyofthefo wing: -

- '(A). An increase in the generation of luurdom wute

(B) An - incredie in the teleue ‘of luwdous chemical
oontlmlmnu to other media. ket

(©) Advcne impacts on product qu.llty

(D) A cant increase in the risk of an adverse lmpnct to
human lh or the environment. - .

(2) The generator revises the review and plan and plan summary

. to comply with the requirements of Séction 25244.19.

()" When taking enforcement action pursuant to this asticle. the



.m’ ".-. .l' . % . ’
Mlﬂ. (a) Onorbdou&pbmlntl Ml,nndoveryfwt.
years thereafter, each generator shall conduct & source reduction
¢évaluation review and oview

and plan summary M&;ﬁo quUms(b&:nd (). >

b) Except ovldodh-lubtlvﬂog | odudtion -
ev‘l\!udon uv.l:: and plan required ‘w c(‘l)‘ shall be :

include, at a minimom, all of the é :

(1) The name and locstion of the site. L

(2) The SIC Code of the sits. - - -

(3) ‘Identification; of .all routinely generated hazsrdous 'waste
streams which result from prooesses or that have

wute.&pereentofﬂnétohlydrlyvohumgmnednthemo.
) mehhurdmummumﬂepuﬁodlnp.:ﬂqph (3).

- the review and plan shall include sll of the following

(A) AnmudthmmydhwdomMath

“(B) An ovaluation 6f source retluction approaches a to the .
generator which aze viable. The evalustion shall consider
‘tleuullo“ho source -reduction approaches; " ...

O e i ' '
| RIHEIAN ) 3.4 Nt

i) Production oeeuelun'o. B I ) '

g'V)AP:podﬂe‘u:"ol and & rationale fo, the technically feasible

5 | a i . [ . N

o practicable source. measures which will* - - - ..
beukenbytlumwlﬂlmtomhhwmm
stream identified in paragraph (3). The review and plasi shall fully . .
document any statement. j the generatos’s ratlonale foi -

~rejocﬂn¢anynvnlhbl¢mir¢ct appto-chldenuaodln
p.:;)":\n vJuntlon nnd,tothooxtentpucuc.bh ' uunﬁﬁuuon.
-] .
ofﬂweﬂecboflh‘cbuenm mot‘wg amlnlom
end discharges t6. air,;avater; orlmd.

' (7) A timetabls for making ressonabie nml mmmnm. nenmrase

—— . Ch. 1838
wh (:)".'.' ' 4
; : pursuant §o subdividon (e).

c) The source review and plan
required by subdivision (a) shall be completed in m
the format d pursuant to subdivision () of Section 35844.19
and shall de the information hmlg:d-(l). ®).
(3), and (8) of subdivision (b) a summary of

pursuant to paragraphs (4) and (8) of subdivision (b)

d) ¥ a generator owns or iple sites similar

‘ and waste stre the generator mpay propere
_ad_nde rovh\vundpl-nmdplumy
’oﬂhendta.

() 'nuphn y meols the réq of subdivision (c)
' o voN c).
(5) mmwdmmmy&ummdym
aste from ome en ’ ’ another



1) An increass in the genération of wasts, i
(lghhumhlhul‘mdhmdmnwhhm

vlc d and tummary proper
:send‘}’yln.: thoprho.m mu 4

25244.90. (a)Onotbdou“ptuantl.lﬂli cvﬂvfour

. years thereafter, ewhgmmMpupuoa

management performance veport and luzqtdons wuto_v'

ed by the ator.”
T i (3 b wite

management perforinance report summary
waste managemont &

(b) Except as
management EIKI’W report reqult by subdivision (n
be prepared for each site in .oeotdmeo the format

pursuant to subdivision (.)amnumumdm all L

of the following: _ RN
(l)'l‘hemmemdlocauonoltlwdte T

(2) The SIC Code for the site.  *
(3) All of the following information

g;l‘\‘mllad pursuant. topunsnph () ofwbdlvlllon M) oiSocuou

A Anuumaudﬂwq\uumydhwdﬂnwm.emmudmdf St
) ed, both ousite and offaite, .~ -

the quantity of hazardous waste mans

during the current uporﬂn. your qud

Imdlno year, as 4
in subdivision (d).

(B) Anmemntoﬂhaoﬁoet.d\uinﬂhmmtywd.n:auh_'

hazirdous waste uumgemnt measure
baseline years, upon

(1) Source reduction.

(i) Recycling. . . 1

(iit) Treatment.

(C) Adesc
have affected hazardous waste generation and onsite and offsite

hazardous waste management since the baseline yw. lncludlng. but s

not limited to, any ‘of the followlng

l?ot owh waste . ltrum '

generation and the onsite and - offsite - - B
management of hazardous waste. The report shall consider, but shall- .~ . ,‘
notbelhnltedto.mmuwhlcbundldthofollom-pprm B

offnctondutlnﬂhocunentupo:ﬂngymtbut-

.
~ onsite and offsite management of hazardous wastes and summarizes

' illnglem

...u_. ... Che

{ Mﬂhmuﬂvﬂy
3)) Muhmom

i) Natural phenomens.
(W)memthvowd&ath of
wm.lew‘todammm waste
mmuommtt
- (4 mummumam.upmmmmmmm
(c) The hazardous waste WMW re
 summary required by subdivison (s) | be oomplole:ol'::
mdaneewlthtl\eiom:t p\m\nnttonhdlvldbu(o)of
Section 25244.16, shall the specified in

agraphs (1) and (8) mbdivldon(b) and a summary of the

tion required b 3 ol'lubdlvhlon b), and shall
lne‘nlﬂedpuuulnt Xmm‘ ®

(d) For purposes of mbdivldou (b). tho hllowlng definitions

LA

(1) The current repor hk:ywhthocalendn year immediately
eceding the yesr in w the veport la to be prepared.
~ {8) The bmllne year is elll\et ol tbo Followlng. whlchevet Is

applicable:

(A) For the initial teport, the buollno year Is tlw uloudu year
nelected by the generator for which substantial hazardous waste
' generation, or onsite or offsite management data is available, prigr
to 1991, except the generator may select 1900 as the bazeline year. lf
tll:geneutonelech 1990 as the baseline yedr for the initial repo

information required pursuant to ptrm:ﬂs (3) of ubdlvhlon
‘()I:J for the initial report shall be provided for woo calendar yoar

(B) For all mbuqmm the buellue yur is the current
seporting year of the g report.
‘(o) If a goneutot owns of oponteb multiple sites with similar
“ processes, 0 and waite streams, the generator ma preﬁue
3 le l’epott and teport lummuy ndd:eulng
Res.© - . :
"(f) Every report and report summasy eomplotod pursuant to this
aecuon shall submitted by the geuoutol' for review and -
oetﬁﬁcaﬂonbymeuglneetwhohuwu o8 a professional
mrumttomﬂ&dthamandhdwom
T b i e Bl
mmgement an is r processes
tudopenuomolthodte.orbymenvlronmhlmwhoh
registered pursuant to Section 255703 and who has demonstrated -

. expertise in hazardous waste management. The engineer, individual,

" or environmental assessor shall certify the report and report

iumuury only if the report and repon summary meet all of the' -
Tg:equltemenu 1] .'f)n:l

(1)) report identifies factors tlut nﬂ'ect the generation and

S
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the effect of those fechers om the gencration ..ndudun.deﬁut_
ofhapardodis wastes. - © i

‘ m(aim)huchi the
munnu. Seeuonlﬂﬂyl‘ N

con TR
(b) If » generator fails to respond to a roquest for a copy of its
view and plan, j mas .tepo:t.on:oﬂmmryuuddby S

:;éd:wmm(c) Section £5244.18,0¢ by

local agency pursuant to subdivision ( ) of Section £5844.18, within :
;oday:'ﬁomtlpduuofthnque:.thdowmnt [
appropriate, assess a civil penalty to Section £5180.3, in an

| An-rnon roquest c‘l:rnmou to cortlfy that s .
s:ffe,utwy in (::);H'nmwm: article by having th: ST
5 mdmm&miomm';ﬁ“m

respond within 60 dayy to & request for cestification.
recdvh;nmumhmuon,ﬂ“

generator's veview and |
summary, pursuant to
department does not have these

plan summayry, report,
. The department shall

forward a copy of the review and plan, plan summary, report, and -

" report ry o the persoi requesting cestification, within 10

summary, whichever is latet. depuhmnthllptouettwlo’.:_‘

sectets in accardance with Section $5844.23 in a review and

~ plan » Toport, or report summnary; requested to be re

subdivision' does nqt prohlut'my.pet'tdn f'l'om‘rdlte‘et'ly .

foquesting from a goncrator a copy of the review and plan, plan

departmen Mt?mt
ftomtheq .wluchbthoaﬁau‘oﬂheugm:,nxy the -
report

(c) of soéionmip,_u the | -
documents.

h - tompound an article of trade or a sesvice having c
-and which gives fts ‘user an

~ seview and plan, the plan summary, the report, or the r.
summary required by article.are utilized by the director, the
department, or local agency only in connection with the

responsibilities 6f the department pursuant to this article, and that

' llu::n trade secrets are not otherwise disseminited by the director,

dopartment,. or any authorized tepresentative of the
departinent, or the local agency, without the consent of the

- generator. However, any information shall bs made availsble to
goverhmental agencies for use in making studies and for use in

the person

o review or enforcement pmceedlnr in
- furnishing the information. As provided by Section £5150.5, the

“shall conform with the

) trade secret
regulations adopted by the. Entironments

N L W% N ° . 1y ,I I n “emn ‘“ﬂw’
‘ mmnttoﬂwnuoureoc“uqv.ﬂoqmdnmvuyActdlﬂﬂ.u,

.. amended (42 US.C. Sec. 8001 et i z.‘meptthttlnucuhuom
. \ y l

the depdrtment may ‘
the federal trade secret regulations. ade seciets,”
ume’dlnum.u“m-.myhcludo.wn_onotw Nﬁl

information s
MMMWMBWW&OWMM a
commercial concern who are using it to fabricate, pi , OF

‘. Mnh,-"ﬂ;::dmﬂem& (Proceas, tool, o

commericgl value,
tywobmnabtﬂney’

advantage over competitors who do not know or use it.
===k-:2 £ | T : B =
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WASTE MANAGEMENT

action in favor of waste minimization is clearly needed, but a
majoe new regulatory program—at least {or the present—
doss Bot seem desirabie or feasible.

“Incentives for waste minimizsation are siready strong, so

EPA must capitalize on them. Most lacking is sccess by

- generators to the information that will demoastrata the eco-

pomic benefits of waste minimization to industry, overcome
logistical problems, and help develop crestive pew ap-
proaches. This can be provided by a strong techaical assis-
tance and information transfer effort, which can achieve
through voluntary means what would be ineéficient and pos-
sibly countarproductive to attempt through reguiation. Un-
fortunately, non-regulatory programs heve often failed at
EPA for lack of statutory or reguistory deadlines and insti-
tutional advocacy. For such & program to work. it must be
given strong organizational support withis the Ageacy. EPA
is willing to make this commitment. and sseks support from
Congress to ensure its success.”

The Agency has recently convened ap internal working
group to develop implementation plans to convert ita recom-
mendations in the report into sctual opersting programs.
There has been s wide consensus of organizations active in
encouraging waste minimization programs that & nonregulas-

tory {ederal program is the most appropriats approach for
sncouraging waste minimization.

There bave been at lesst six pew bills introduced in the
U.S. Congress to expand the federal presence in encouraging
waste minimization. While the bills differ in particuiars,
they generally authorize funds for the EPA’s waste minimi-
zation programs, establish an Office of Wasts Reduction
within the EPA, and establish clearinghouses for data and
technical information. Some of the bills provide for state
grants programs. They also support the ides that a non-
regulstory program is the beat approech.

Several states have initisted and continue to support pro-
grams to encourage the adoption of techniques and technol-
ogies that resuit in less waste being generated. The ievel of
sssistance, which includes such things as direct technical
swistancs, information dissemination, research and demon-
stration grants, and various types of outreach programs,
varies. Several states including California, New Jersey, and
Michigan have had legisiation introduced to expand their
stata programs to encoursge waste minimization.

Interest and support for waste minimizaton has not been
confined to the public agencies. Representatives of such
large organizations as Dupont, Dow and 3M bave on many

WASTE MINIMIZATION TECHNIQUES

Mg & Wasts mininization chniguas. Sewon: U.S. EPA Repart 1 Congress an e Minkmitzaiion of Huzardows Wasts, 1908, Trastment ls included for reparting
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occasions told of the successes of their respective waste mini-
mization programs, and endorsed the usefuiness of besing
environmental improvement programs on waste minimiza-
tion concepts.® In a June, 1987 mesting sponsored by Tufts
University Centsr for Environmental Management, the U.S.
EPA, and the League of Women Voters of Massachusetts, 24
major U.S. corporations reported on their wasts minimiza-
tion sctivitiss. All of the companies had sctive waste minimi-
zation programs, and most of the compenies reportad up-
grading their programs during the past 12 months.

Exampies of Waste Minimization

Reducing the generation of hazardous wastss can be
achieved in many ways. Process chemistry can be changed;
potantial wasta streams can be recycled within a manufsc-
turing process or back into the process; procsss tachnology
and/or equipment can be modified to produce products
more efficiently, resulting in less wasts; improved operating
procedures can result in producing fewer and smalier waste
streams or less wasts in genersl; changes in raw materials
(feedstocks) can lead to fewer wasts streams or less hazard-
ous waste streams; finally, changes in the end products from
manufacturing operations can, in some instances, be made
80 as 0 affect the types and quantitiss of wastes emitted. A
hmns of the various approaches is shown graphically in

Of coursemwasts minimization means entirely different
things to different industries depending upon the particuiar
wasts streams being generated, the physical form in which
they are genersted, and the amount of the wasts being gener-

JAPCA Waste Minimization Series
During the next 10 months in this journal, APCA, in coop-
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Table L Exampies of waste minimization techniques.
Industry Tochniques
Iaventory Textiles Review all chomical pur-
management , chases ‘
Parziture Purchase only exact

emounts of coating re-
qQuired

Sereen afl producta par-
chased

Ink manufacture Ramove eadmium pigment
from producta

Chemical reaction Optimise reaction varsi-

process ables/rvector design

nonbaezardous
_ cant factoe in the worid's pollution problema.

Seme Purther Readings on Waste Minbnization

1. te Congress: Minimization of Hazardeus Waste, EPA/

Dcswmoa-«w Waste, US. EPA Washington,
2. Serieus Reduction of Heserdous Weste, of the United
mAho'n-'
duction, of the United States of T
Assemment, Weshington, DC 20610.
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Underground Storage Tanks

Management's Latest Challenge

A. D. Yoaung, J.

Fred C. Hart Associstes, Inc.
Now York, New York

The advent of stringent regulation of the storage of liquids in underground
containers presests 8 new dimension (o an operating practice long taken for
granted. Previously, tanks went uaderground to provide s safe and
comvenient ssethod for handling liquids. Unfortunately, the environmenral
upad‘lahphn those containers was not anticipated, sor were tank
properly coafigured to minimive the threst. As jocal officiale
became alert to the potential for damage, public pressure forced tank
owners to rethink this casual ice. Masufacrurers and suppliers of tanks
aod associsted hardware have moved rapidly to the sew state of the art
called for t0 meet the new scandards far storage techniques, and to provide
effective leak prevention sod detection. This paper presents a chronology of
the progress made to date in storage equipment and operating practices to
provide the environmental protection demanded of uvderground tank
owners and operators. Tank design, secondary containment, monitoring,

Underground Storage Tanks (UST)is-  reguiated substances which must in-

sues have lataly emerged ss a most seri- clude, among other things:

ous management concern for tank own-

::-unhdeuclpd-ﬂ.m«b- o Ragistration and notification
""hl o New tank performancs standards

mml"hm o Leak detection, preveation, and clo-

Amendments to the Resourcs Conser- sure

vation and Recovery Act (RCRA) ¢ Corrective action, reporting, and

passed t;Nmb« 1984 cleanups _

On Ap‘:h 17, 1987, ﬂAb’@m pro- Each state, under these RCRA re-

quirements, designated a stats agency

and revisions, final rules will be issued  TDhe statss are being encouraged by
in 1988, %ﬁn take tho.l:::l in enforcing
f{ederal law requires regulations provisions, many sgencies
for the of will, no doubt, issus local regulations.
or the storage of petroleurn and other st be 50 Toss i
Copyrait 1880—-APCA .

foderal, and must meet the federal re-

quirements {or new tank performance
standards, financial responsibility, cor-
rective action, and notification. 34
states esither already have reguiations
in place or are actively drafting their
own, while most of the others are wait.
ing to see the final form of the federal
rules (Table I). The agencies involved
vary from state to stats, including fire
marshals, environmental, public
bealth, or labor departments.

As sn example of state activity,
Michigan has had tank regulations in
place since July 1983, issued by the
State Fire Safety Board and enforced
by the State Fire Marshal. These regu-
lations will need to be modified under
RCRA since they do not include notifi-
cation or financial responsibility re-
quirements, and the stats may have to
update tank performance standards
and corrective action stipuiations,
based on the federal rules soon to be

While no one now has an accurats
count of how many tanks are in place
(estimates vary from 2,000,000 to
4,000,000), registration should provide
s much improved data base. Hopefully,
as better information is developed
about tank ages end soil conditions,
there will also be a better estimate of
tial risk of leakage and envi-
hazards from those existing
erground tanks not requiring im-

inent npheumm.-BPA has been

this sspect of the problem,
and recently released an opinion that
35 percent of unh lylumn are either

Egg

§§



| Chemical Manufacturing Expansion in Developing

Countries and Eastern Europe in the 1990s

e 46 new projects planned
e Projected investments total $13 billion

e Annual increase of 9.4 billion pounds
in production capacity

Chemical Production in the Racific

-~ o Demand growing at an annual rate of 7-10%

e Dupont to spend $2 billion in the 1990s



~ Of the 46 proposed projects, 80% are

targeted for 12 Asian nations.

China
Hong Kong
India
Indonesia
Malaysia
Pakistan

Philippines
Singapore
South Korea
Taiwan
Thailand
Vietnam

N’
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| - Waste, Pollution
Prevention; avoidance; minimization; reduction:

Waste prevention
Waste avoidance
Waste minimization
Waste reduction
Pollution prevention
Pollution reduction
Recycling |



; O

Technology

Technology; technologies:

New technologies

Environmental technology

Prevention aimed environmental technology
Process integrated environmental technology
Appropriate technology

Clean technologies

Cleaner technologies

Non-waste technology

Low- and Non-waste technologies
Low-waste technology |
Low-polluting technology

Pollution control technology

Add-on technologies

End-of-pipe technologies

Recycling technologies

Waste treatment technologies

Purification treatment

Cleaning up technology
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SECTION 2:
WASTE MINIMIZATION TECHNIQUES

AND TECHNOLOGIES

"Waste Reduction Techniques & Technoloqies“ Gary E. Hunt
Pollution Prevention Program.

"Waste Reduction Methods" Waste Reduction Assessment and
Technology Transfer Training Manual TVA Waste Technology

Program.

"A Generator's Checklist" Hazardous Waste Reduction
Program of Oregon. Oregon Department of Environmental
Quality.

"Approaches to Waste Minimization" from the ngg;gggs

Center for Hazardouszuaterials Research Pittsburgh, PA.
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Chapter

3

Waste Reduction Techniques
and Technologies

Gary E. Hunt

Pollution Prevention Program :
North Carolina Department of Natural Resources and
Community Development

Raleigh, North Carolina

31. introduction to Waste Reduction Techniques

3.2. inventory Mansgement
3.2.1. Inventory Control
3.2.2. Material Control

-33. Production Process Modification
3.3.1, Operational snd Maintenance Procedures
3.3.2. Material Changs
3.3.3. Process Equipment Modification

34. Volume Reduction
3.4.1. Source Segregation
3.42, Concentration

33. Recovery
3.5.1. On-site Recovery
3.8.2. Oft-site Recovery

36 Summary
3.7. Refet-nces

3.1 Introduction to Waste Reduction
Techniques

Waste reduction techniques can be applied to any manufacturing pro-
cess, from something as simple as making a paper clip to something as
complex as assembling the space shuttle. Available techniques range
from easy operauonal changes to state-of-the-art recovery equipment.

This chapter is from the book, Hazardous Waste Minimization , edited by Harry
Freeman. huGrav Hill Book Company. New York. 1989
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26 Waste Minimization Overview

The common factor in these techniques is that they reduce bottom-line

" operational costs.

Waste reduction is not a new concept—it has been around as long as
humans have been producing products. While it has been known over
the years by a number of names, it is merely optimization of the pro-
duction process. For example, a late-eighteenth-century electroplating
manual states that “nothing whatever should be allowed to go to
waste in well-conducted works."* The manual includes many waste re-
duction methods that are applicable and are discussed in the litera-
ture even today. This points up the fact that many waste reduction
techniques are relatively “low-tech.” In fact, many industries find that
simple operational changes, increased training, and improved inven-
tory management can significantly reduce waste generation rates.

Waste reduction techniques can be broken down into four major cat-
egories, as shown in Table 3.1. Because the classifications are broad
there will be some overlap. In actual application, waste reduction
techniques generally are used in combination so as to achieve maxi-
mum effect at the lowest cost.

The selection of specific reduction techniques by an individual busi-
ness must be based on accurate and current information on waste-
stream generation and waste management costs. This is accomplished
by developing and implementing a waste reduction program as a key
part of a comprehensive waste management plan. Components of the
reduction program include procedures for collecting information, eval-
uating options, and identifying cost-effective waste reduction tech-
niques. Once identified, the techniques can be implemented and be-
come an established part of the facilities management and operation.
Approaches to developing such a program are discussed in Chap. 4.

TABLE 3.1 Categories of Waste Reduction
Techniques

Inventory management
Inventory control
Material control
Production process modification
Operation and maintenance procedures -
Mataerial change
Process equipment modification
Volume reduction
Sourcs segregation
Concentration
Recovery
On-sits recovery
Off-site recovery

e .
Ll Sy S’

\?’
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One point of caution: An evaluation should be made of a reduction
technique’s impact on all wastestreams, not just the targeted one. This
thorough evaluation must be done before the technique is imple-
mented. For example, while changing from a solvent to a water-based
cleaner will eliminate the generation of hazardous waste, it may also
increase the wastewater's organic load, possibly to such an extent that
the facility cannot meet its discharge limits without incurring signif-
icantly increased wastewater treatment costs.

3.2 Inventory Management

Proper control over raw materials, intermediate products, final prod-
ucts, and the associated wastestreams is now being recognized by in-
dustry as an important waste reduction technique.? In many cases
waste is just out-of-date, off-specification, contaminated, or unneces-
sary raw materials, spill residues, or damaged final products. The cost
of disposing of these materials not only includes the actual disposal
costs but also the cost of the lost raw materials or product. This can
represent a very large economic burden on any company. For example,
one furniture company had to spend thousands of dollars, at $5/gal, to
properly dispose of two-years’ worth of unused coating materials. This
expeglse was in addition to the $7/gal the material originally had
cost.

There are two basic aspects to inventory management: controlling
the types and quantities of materials in the plant inventory; and con-
trolling the handling of raw materials, along with the finished prod-
ucts and wastestreams in the production facility. The former aspect,
referred to as inventory control, includes techniques to reduce inven-
tory size and hazardous chemical use while increasing inventory turn-
over. The latter aspect, referred to as material controls, includes meth-
ods to reduce raw material and finished product loss and damage
during handling, production, and storage. ,

Any effective inventory management program must include process
waste. Handling waste as if it were a product will help reduce waste
and increase the potential for recovery. Many of the techniques dis-
cussed in this section can be applied to waste material as well as to
raw materials and finished products.

3.2.1 Inventory control

Methods for controlling inventory range from a simple change in or-
dering procedures to the implementation of just-in-time (JIT) manu-
facturing techniques. Most of these techniques are well known in the
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business community; however, their use as very effective waste reduc-
tion techniques has not been widely recognized. Many companies can

“help reduce their waste generation by tightening up and expanding

current inventory-control programs. This approach will significantly
impact the three major sources of waste resulting from improper in-
ventory control: excess, out-of-date, and no-longer-used raw materials.
For example, a manufacturer of polyvinyl chloride products reduced
the quantity of out-of-date and off-specification raw materials gener-
ated by over 50 percent through inventory control. Techniques used
included purchase of containerized rather than bulk materials, reduc-
tion in purchase quantities, and separation and reuse of excess mate-
rials where possible, The program took six months to implement at a

- negligible cost and saved $50,000 per year in raw matena.l and waste

management costs.*

Purchasing only the amount of raw materials needed for a produc-
tion run or a set period of time is one of the keys to proper inventory
control. Excess inventory often results from a purchasing department
getting a “good deal” on a chemical and buying a tank-car load when
only a drum is needed. The excess must be disposed of because it goes
out of date before it can be used. Better application of existing inven-
tory management procedures should help to reduce this problem and
should be coupled with education programs for purchasing personnel
on the problems and costs of disposing of excess materials. Addition-
ally, the set expiration dates on materials should be evaluated, espe-
cially for stable compounds, to see if they are too short. A furniture
manufacturer reduced excess inventories by having one person as-
signed to the job of purchasing all solvents and finishes for all divi-
sions. Purchases were based on long-term production schedules, which *
in turn had been developed to fully utilize finishing materials.® An-
other company, a large paint formulator, reduced the quantity of dis-
continued finished product by developing a computerized procedure to
search inventory at 2 plants and 27 warehouses for available stock be-
fore formulating another batch. Transportation costs for moving the
finished products are small compared to the high hazardous waste dis-
posal costs.®

Another approach to inventory control is to purchase the matenal
in the proper amount and the proper size container. If large quantities
of a material are used, then purchasing it in bulk will produce less
waste, both in product loss and empty packaging, than if it were pur-
chased in drums or bags. On the other hand, small containers may be
better than bulk purchases if the material has a short shelf life or is
not used in large amounts. Some companies are purchasing material
in returnable, reusable containers, thus eliminating the generation of
empty bagz or containers. In some cases, raw materials such as pig-
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___ments and biocides can be packaged in small soluble bags which allow

the material and container to be put right into the processed

- product.”™®

If surplus inventories do accumulate, steps should first be taken to
use the excess material within the plant or company. If this is not suc-
cessful, then the supplier should be approached to see if it will take
the material back. If the supplier won't, the next step is to identify
possible users or markets outside the company. Only if this fails
should other management options be examined. The subject of market
development is covered more fully in Sec. 3.5.

The ultimate in inventory control procedures is JIT manufacturing,
since this system eliminates the existence of any inventory by directly
moving raw materials from the receiving dock to the manufacturing
area for immediate use. The final product is then shipped out without
any intermediate storage. JIT manufacturing is a complex program to
implement and cannot be used by all facilities; however, when appli-
cable, it can reduce waste significantly. For example, using JIT tech-
niques, the 3M Company reduced waste generation by 25 to 65 per-
cent in its individual plants.?

Developing review procedures for all material purchased is another
step in establishing an inventory control program. Standard proce-
dures should require that all materials be approved prior to purchase
and checked before acceptance at the facility. In the approval process
all production materials should be evaluated to determine if they con- -
tain hazardous constituents, and if so, what alternative nonhazardous
substitute materials are available (see Sec. 3.3.2). Also, brief evalua-
tion procedures should be established for all incoming raw materials
to avoid the acceptance of wrong, off-specification, or defective mate-
rials. This will reduce the potential for generation of off-specification
products, damaged process equipment, and disposal of unusable raw
materials.

Development of review procedures determination can be made ei-
ther by one person with the necessary chemistry background or a com-
mittee made up of people with a variety of backgrounds. Needed in-
formation can be obtained from the Material Safety Data Sheets -
(MSDS) provided by the chemical supplier. If these data sheets do not
contain enough information, the supplier should be contacted and
asked to provide the necessary information in confidence. If the chem-
ical supplier is unable or unwilling to provide the information, either
a new supplier should be found or the materials should be chemically
analyzed. Any material which has been approved can be ordered; new
material must first go through the approval process. This approach
fits very well with health and environmental regulations, which re-
quire chemical inventcries and col’- ction of MSDSs. Evaluation of
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this information can lead to fewer chemicals being stored, used, and

_ released, thus reducing regulatory burdens and potential liabilities.

Many kinds of companies, hailing from the electronics industry to the
textile industry, have established successful material review
programs.>1%1! Material review procedures should also be applied
during new-product development. Before a new product is produced, a
thorough evaluation of the materials and processes used to make the
product should be made. The use of hazardous materials can then be
reduced as much as possible prior to beginning productions.!?!3

3.2.2 Material control |

An important area commonly overlooked or not given proper attention
in many manufacturing facilities is material control procedures,
which includes storage of raw materials, products, and process waste
and the transfer of these items within the process and around the fa-
cility. Proper material control procedures will ensure that raw mate-
rials will reach the production process without loss through spills,
leaks, or contamination. It also will ensure that the material is effi-
ciently handled and used in the production: process and does not be-
come waste. Examples of potential sources of material loss are shown

TABLE 3.2 Potential Sources of Process Material Loss

Area Source
Loading Lesking fill hose or fill line connections
Draining of fill lines between filling

Punctured, leaking, or rusting containers
Leaking valves, piping, and pumps

Storage Overfilling of tanks
Improper or malfunctioning overflow alarms
Punctured, lesking, or rusted containers
Lesaking transfer pumps, valves, and pipes
Inadequate diking or open drain valve
Improper material transfer procedures
Lack of regular inspection
Lack of training program

Process Leaking process tanks
Improperly operated and maintained process cquipment
Leaking valves, pipes, and pumps -
QOverflow of process tanks; improper overflow controls
Leaks and spills during material transfer
Inadequate diking
Open drains
Equipment and tank cleaning
Off-specification raw materials
Off-specification products
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in Table 3.2. A resin manufacturer provides an example of how proper

—raw-material-transfer procedures can reduce waste generation. With

this manufacturer it was common practice to let the residual material
in the hose from the phenol delivery trucks drain into the plant’s
wastewater collection system after the storage tanks were filled. The
unloading procedures were then changed to require the hoses to be
flushed with water and the phenol-water mixture be stored in a tank
for use in the production process.**

Material loss can be greatly reduced through improved process op-
eration, increased maintenance, and additional employee training.
Many sources of material loss, such as leaks and spills, can be easily
identified and corrected. For example, a dairy plant reduced its prod-
uct loss by 65 percent through an improved maintenance program.!®
Many of the techniques which can be used to reduce material loss are
discussed in Sec. 3.3.1.

Another problem area which is frequently overlooked is waste han-
dling procedures. Waste should be handled and managed like a prod-
uct. Allowing a recyclable or clean waste material to be contaminated
may reduce or eliminate any recovery potential. One way to improve the
material control procedures is to have at least one person responsible for
handling and tracking waste materials within the plant. This approach
can be very cost-effective when the waste material is recoverable or
has some market value. This area is discussed further in Sec. 3.5.

3.3 Production Process Modification

Improving the efficiency of a production process can significantly re-
duce waste generation. Use of this approach can help reduce waste at
the source of generation, thus decreasing waste management liability
and costs. Some of the most cost-effective reduction techniques are in-
cluded in this category; many are simple and relatively inexpensive
changes to production procedures. Available techniques range from
eliminating leaks from process equipment to installing state-
of-the-art production equipment. The waste reduction techniques in
this category can be divided into improved operation' and mainte-
nance, material change, and equipment modifications. Each topic is
discussed in more detail in the following sections.

3.3.1 Operational and maintenance
procedures

Significant amounts of waste can be reduced through improvements
in the way a production process is operated and maintained. This ap-
proach is one of the most overlooked of all waste reduction are:: be-
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cause many wasteful operational practices have gone on 30 long they
——have become standard operating procedures. Also, in many cases,
maintenance is so busy correcting current problems that preventive
maintenance is overlooked until it is too late. Improvements in oper-
ation and maintenance usually are relatively simple and cost-
effective. Most of the techniques are not new or unknown. However, a
good deal of information on the source and cause of the waste gener-
ation must be known before effective measures can be developed.

A certain dairy processing facility provides a good example of sig-
nificant waste reduction through improved operation and mainte-
nance procedures. A milk loss prevention program was instituted
which included employee training on proper operations, causes of
product loss, and impact of waste generation; increased maintenance,
including correction of current leaking equipment; better tracking of
product losses; and development of improved operational techniques.
This program saved the company $288,000 per year and has resulted
in a significant reduction in the organic content of the wastewater. All
this was obtained without any capital costs. 15,16

Operational procedures A wide range of methods are available to ap-
erate a production process at peak efficiency. These methods are nei-
ther new nor unknown and are usually inexpensive to institute, as lit-
tle or no capital cost is necessary. For example, a manufacturer of
plumbing fixtures changed the concentration of chrome in its electro-
plating baths to the low end of the recommended operating range. By
reducing the chrome concentration from 3700 mgliter to 3350
mg/liter the amount of chrome which had to be treated was reduced by
9 percent without affecting product quality. This not only saved raw
material and treatment chexmcals, but it also reduced wastewater
treatment sludge generation.!”

Improved operation procedures are quite sunply methods which
make optimum use of the raw materials used in the production pro-
cess. Some examples are shown in Table 3.3. Most production pro-
cesses, no matter how long they have been in operation or how well
they are run, can be operated more efficiently. Many sources of waste
generation become overlooked because “that is just the way the pro-
cess works.” Additionally, some process steps may in fact be unneces-
sary, and eliminating them will reduce waste generation. For exam-
ple, a paint manufacturer found that instead of using a series of coarse
to fine filters for grit removal, only the fine filter was necessary. As a
result of this change to using only one ﬁlt.er, the generation of spent
filter cartridges was reduced by 50 percent.® Another company discov-
ered that standard operating procedure was to degrease all parts com-
ing into the facility and then re-oil those that did nct require fur:ir
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TASLE 3:3 Examples of Operational Changes to Reduce Waste Generation

Reddce raw material and product loss due to leaks, spills, drag-out, and off-specifica-
tion process solution. -

Schedule production to reduce cquipment cleaning. For example, formulate light to
dark paint so the vats do not have to be cleaned out between batches.

Inspect parts before they are processed to reduce number of rejects,
Consolidate types of equipment or chemicals to reduce quantity and variety of waste.

Improve cleaning procedures to reduce generation of dilute mixed waste with methods
such as using dry cleanup techniques, using mechanical wall wipers or squeegees,
and using “pigs" or compressed gas to clean pipes and increasing drain time.

Segregate wastes to increase recoverability.

Optimize operational parameters (such as temperature, pressure, reaction time,
concentration, and chemicals) to reduce by-product or waste generation.

Develop employee training procedures on waste reduction.
Evaluate the nced {or each operational step and eliminate steps that are unnecessary.

Collect spilled or leaked material for reuse.

sounce: From Refs. 4, 6, 7, 19, and 20.

coating and that cleaning only those parts which needed further pro-
cessing would reduce waste solvent generation.'® Thus, asking why a
process step has to be done will help identify reduction possibilities.

These approaches can be used by all sizes and types of facilities,
even by well-designed and well-operated complex operations. For ex-
ample, an organic chemical company, during a comprehensive process
evaluation, found three significant sources of isobutylene emissions to
the atmosphere. Laboratory scale tests found that changes in the re-
action conditions (temperature, residence time, and concentration)
would almost eliminate isobutylene emission while also increasing
product generation. For example, for one reaction step emissions were
reduced 99 percent, primary product yield was increased from 94.5 to
99.7 percent, and batch cycle time was reduced by half. The total sav-
ing from the operational changes at all these reaction steps was
$500,000 per year, with a total capital cost of $80,000. Additionally,
the need for air pollution control equipment was eliminated.?

Once proper operating procedures have been established they must
be fully documented and made part of the employee training program.
A comprehensive training program is a key element of any effective
waste reduction program. For example, a dairy reduced waste by 14
percent and a semiconductor manufacturer reduced waste by 40 per-
cent through use of such training programs.'®?? For a program to be
effective, all levels of personnel should be included, from the line op-
erator t¢ the corporatc -xecutive officer. The goal of any program is to

N
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make the employee aware of waste generation, its impact on the com-

__pany and the environment, and ways it can be reduced. Top level man-

agers have to be made aware of the costs, problems, and liabilities of
waste management, and the economic benefits of waste reduction.
Line managers must understand the effect of their process line on
waste generation in order to focus on how waste can be reduced, how
to educate and motivate their employees. The majority of the training
program should be directed at the line operators. Some possible pro-
gram elements are shown in Table 3.4. The training program should
emphasize management's commitment to waste reduction, the benefi-
cial impact of reduction on job security, and the improvements reduc-
tion will make to the local environment. All employees should attend
refresher sessions on a regular basis. All new workers should undergo
the training, which could be done as part of an established worker
right-to-know training program for new employees.

Companies have taken a number of different approaches to waste
reduction training. One facility has developed a training video to in-
troduce waste reduction to the line operator with simple written waste
reduction procedures for each line operation. Also at this facility,
training and written material were developed for line supervisors and
all levels of management.'® A furniture manufacturer took a rather
unique approach. Working closely with the line operator, video equip-
ment was used to record the operator’s spray technique. The tape was
later reviewed by the operator and training personnel to identify prob-
lem areas and provide corrective procedures. The operator was video-
taped again later so that the operator could see the improvements.
The company estimates that coating use and the associated waste gen-

TABLE 3.4 Elements in a Waste Reduction Training Program

1. Explain the need for waste reduction and emphasize benefits to employee and
community.

2. Explain the direct effect that an employee can have on improved work and living
environment. .

. Express management's commitment to waste reduction.
. Explain waste management terminology in simple terms.
. Present general overview of environmental regulations which impact the facility.

. Examine improved operational practices for reducing waste generation. lllustrate
good and poor operating practices utilizing slides or video. Use positive language,
e.g., "this is a better way of doing things,” instead of “this is what you have to do.”

7. Solicit ideas for wasts reduction methods and explore possible solutions to

identified problems.

D O W

source: From Jom 23,
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~--—eration costs were reduced by about 10 percent. This represented a
savings of about $60,000 per year in coating material costs alone. Sav-
ings were also realized through reduced waste from spray booth
cleanout and reduced air emissions.” .

Maintenance programs One company stated that one-fourth to one-
half of its excess waste load was due to poor maintenance.?* A strict
maintenance program which stresses corrective and preventive main-
tenance can reduce waste generation caused by equipment failure.
Such a program can help spot potential sources of release and correct
a problem before any material is lost. A good maintenance program is
so important because the benefits resulting from the best waste reduc-
tion program can be wiped out by just one process leak or equipment
malfunction.

A maintenance program can include maintenance cost tracking and
preventive maintenance scheduling and monitoring. To be effective, a
maintenance program should be developed and followed for each op-
erational step in a production process, with special attention to poten-
tial problem points. A strict schedule and accurate records on all
maintenance activities should be maintained. The type of information
which should be collected and updated regularly in order to establish
a preventive maintenance program is listed below:?% ,

= A list of all plant equipment and location
= Qperating time for each item or area

» Which items are critical to the process(es)
= Problem equipment

S

» Previous maintenance history
» Vendor maintenance manuals
» A data base of equipment repair histories

- Computer-based maintenance scheduling and tracking programs are
available from a variety of vendors. A comprehensive program can
also include predictive maintenance. This approach provides the
means to schedule repairs or replacement of equipment based on ac-
tual condition of the machinery. A number of nondestructive testing
technologies are available for making the necessary evaluations for
this approach.?®

Maintenance procedures themselves produce waste, such as process
materials, rags, scrap parts, oils, and cleanup residue. These wastes,
too, can be reduced by using standard waste reduction techniques such
as revised operational procedures, squipment m:dlification, source

3-12
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segregation, and recovery. For example, before a filter is replaced, all
process material should be drained from the housing, either under
gravity or pressure, and collected for reuse.?’

3.3.2 Material change

Hazardous material used in either a product formulation or in a pro-
duction process may be replaced with a less hazardous or nonhaz-
ardous material. Reformulating a product to contain less hazardous
material should reduce the amount of hazardous waste generated dur-
ing both the product's formulation and its end use. Using a less haz-
ardous material in a production process will generally reduce the
amount of hazardous waste produced. Some examples of material
change to reduce waste generation are given in Table 3.5.

Product reformulation is one of the more difficult waste reduction
techniques, yet it can be very effective. As more manufacturers imple-
ment inventory management programs, pressure will increase on
chemical supply companies to produce products with lower quantities
of hazardous materials. Due to the proprietary nature of product for-
mulations, specific examples of product reformulation are scarce. Gen-
eral examples include eliminating pigments containing heavy metals
from ink, dyes, and paint formulations; replacing chlorinated solvents

TABLE3.5 Examples of Waste Reduction Through Material Change

Industry Technique

Household appliances Eliminate cleaning step by selecting lubricant
compatible with next process step.®*

Printing Substitute water-based ink for solvent-based ink.?®

Textiles Reduce phosphorus in wastewater by reducing use of
phosphate-containing chemicals. ®

Use ultraviolet instead of biocides in cooling towers.3%

Air conditioners Replace solvent-containing adhesives with water-based
products.3*

Electronic components Replace :nter-bued Jdlm-developing system with a dry
system.

Aerospace Replace cyanide cadmium-plating bath with a
noncyanide bath.3?

Ink manufacture Remove cadmium from product.®®

Plumbing fixtures "~ Replace hexavalent chrome-plating bath with a
low-concentration trivalent chrome-plating bath.*

Pharmaceuticals Replace solvent-based tablet-coating process with a
water-based process,®®

*Superior numbers refer to sources in Refe.znce list at end 0. - apter.
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with nonchlorinated solvents or water in cleaning products; replacing
phenolic biocides with other less toxic compounds in metalworking
fluids; and developing new paint, ink, and adhesive formulations
based on water rather than organic solvents. The applicability of this
technique will be very product-specific, but with the ever-increasing
cost and liability associated with waste management, it is a very im-
portant waste reduction and business strategy.

Hazardous chemicals used in the production process can also be re-
placed with less hazardous or nonhazardous materials. Changes can
range from using purer raw materials to replacing solvents with
water-based products, which is a very widely used waste reduction
technique that is applicable to many industries. Many of these
changes involved switching from a solvent to a water-based process so-
lution. For example a diesel engine remanufacturing facility switched
from cleaning solvents and oil-based metalworking fluids to water-
based products. This change reduced their coolant and cleaning costs
by about 40 percent. Additionally, the company was able to eliminate
a cleaning step, and machine filters lasted twice as long, thus reduc-
ing material and labor costs.?” A material change may also allow the
elimination of a process step. A manufacturer of home appliances used
this approach to replace an alkaline degreasing step used in a stamp-
ing process. A water-based degreaser had replaced a solvent degreaser
using 1,1,1-trichloroethane. However, the alkaline degreaser residue

~ on the parts caused deterioration of the stamping dies. The cleaning

step was then eliminated by selecting a new lubricant which was
noncorrosive to the stamping dies. Additionally, this lubricant did not
have to be removed before the next process step, annealing, because it
would be burned off in the annealing ovens.?®

This last example points out one major source of possible problems
with material changes, i.e., an adverse effect on the production pro-
cess, product quality, or waste generation. This possibility can be
overcome by carefully evaluating possible impacts of the proposed
change on worker health, product quality, process operation, inven-
tory, production costs, and waste management. Conducting pilot-scale
tests, trial runs, and phasing in the change over time will help elim-
inate some potential problems.

One important area which is sometimes overlooked in making a ma-
terial change is its impact on the total wastestream. Switching from a
solvent-based to a water-based product can increase wastewater vol-
umes and concentrations, which could adversely affect the current
wastewater treatment system, cause effluent limits to be exceeded,
and possibly increase wastewater treatment sludge production. Thus,
before any change is made, its impact on all emissions must be eval-
uated. F..: example, a small metal fabricator switching from a solvent-
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based to a water-based produét can significantly increase the organic
and oil concentration in the wastewater. This increase may require

“the plant to install new or additional wastewater treatment capacity

and/or pay significantly increased sewer use fees.

Reducing or eliminating hazardous materials from the production
process can decrease not only hazardous waste generation, but also
the quantity of hazardous materials in air emissions and wastewater
effluents. This can, if properly evaluated, reduce the capital invest-
ment in treatment systems needed to meet pollution discharge limits.
For example, a producer of gift-wrapping paper switched from solvent-
based to water-based inks. This change saved the company $35,000
per year on hazardous waste management costs. Furthermore, it
saved the company from having to install an air pollution control sys-
tem, to control volatile organic carbon emissions, which would have
cost several million dollars.®! ’

3.3.3 Process equipment modification

Waste generation may be reduced by installing more efficient process
equipment or modifying existing equipment to take advantage of bet-
ter production techniques. New or updated equipment can use process
materials more efficiently, producing less waste. Additionally, higher-
efficiency systéms may reduce the number of rejected or off-spec-
ification products, thereby reducing the amount of material which has
to be reworked or disposed of. The use of more efficient equipment or
processes can pay for itself through higher productivity, reduced raw
material costs, and reduced waste management costs. The necessary
capital investment can usually be justified by the increased produc-
tion rates, and reduced waste management costs provide an added
bonus.3*® Some examples of process modifications are given in Table
3.6.

Modifying existing process equipment can be a very cost-effective
method for reducing waste generation. In many cases the modifica-
tions can just be relatively simple and inexpensive changes in the way
the materials are handled within the process to ensure that they are
not wasted or lost. This can be as easy as redesigning parts racks to
reduce drag-out in electroplating operations, installing better seals on
process equipment to eliminate leakage, or installing drip pans under
equipment to collect leaking process material for reuse.’®!® In many
cases, process modifications and improved operational procedures are
used together to reduce waste. One chemical company reduced the
waste from a sump in a production area from 31,750 kg/year to 1360
kg/year by installing a sight glass, using better pump scales, and pur-
chasing = broom.3® Modifying equipment to improve operational effi-
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TABLE 3.6 Examples of Production Process Modifications for Waste Reduction

Process step

Technique

Chemical reaction

Filtration and washing

Parts cleaning

Surface finishing

Surface coating

Equipment cleaning

Spills and leaks

Optimize reaction variables and improve process controls.
Optimize reactant-addition method.

Eliminate use of toxic catalysts.

Improve reactor design.

Eliminate or reduce use of filter aids and disposable
filters.

Drain filter before opening.

Use countercurrent washing.

Recycle spent washwater.

Maximize sludge dewatering.

Enclose all solvent cleaning units.

Use refrigerated freeboard on vapor degreaser units.
Improve parts draining before and after cleaning.
Use mechanical cleaning devices.

Use plastic-bead blasting.

Prolong process bath life by removing contaminants.
Redesign part racks to reduce drag-out.

Reuse rinse water.

Install spray or fog nozzle rinse systems.

Properly design and operate all rinse tanks.

Install drag-out recovery tanks.

Install rinse water flow control valves.

Install drip racks and drainboards.

Use airless air-assisted spray guns.

Use electrostatic spray-coating system.
Control coating viscosity with heat units.
Use high-solids coatings.

Use powder coating systems.

Use high-pressure rinse system.
Use mechanical wipers.

Use countercurrent rinse sequence.
Reuse spent rinse water.

Use “pigs” to clean lines.

Use compressed gas to blow out lines.
Use bellow-sealed valves.

Install spill basins or dikes.

Use sealless pumps. ’

Maximize use of welded pipe joints.
Install splash guards and drip boards.
Install overflow control devices.

source: From Refs. 18, 21, and 40-44.
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ciency requires a thorough understanding of both the production pro-
cess and wastestream generation. In many cases it is best to phase in
the required process modifications over a period of time to reduce any
‘potential effects on the whole production process and to evaluate its
impact on the wastestream. As discussed before, the impact on all
wastestreams must be evaluated.

Installing new, more efficient equipment and, in some cases, modi-
fving current equipment will require capital investment in equip-
ment, facility modifications, and employee training. The extent of the
investment will vary over a large range depending on the type of
equipment used. Replacing a solvent vapor degreaser with a house-
hold dishwasher to clean circuit boards may cost only several hundred
dollars, while replacing a spray coating operation with a powder coat-
ing system may cost hundreds of thousands of dollars and require new
facilities and extensive employee training. What they have in com-
mon is that they both will pay back the investment costs.’®

Examples of new, more efficient process equipment are numerous in
the literature, but little is usually said about reduced waste genera-
tion and management costs. The following example shows wwat one
company saved when new process equipment was installed. When an
automated metal electroplating system was installed to replace the
manual operation, annual productivity increased and system down-
time decreased from 8 percent to 4 percent. Chemical consumption de-
creased 25 percent, resulting in an annual reduction of $8000 per year
in raw material costs. Water costs were reduced by $1100 per year,
and plating wastes, including acids, caustic, and oils, decreased from
204 kg/day to 163 kg/day. Treatment costs for the process water used
in the plating operation were reduced by 25 percent. Annual person-
nel and maintenance cost savings attributable to the new system are
$35,000 per year. The automated system has also eliminated worker
exposure to acids and caustics, which had been required with the pre-
vious manual operation.’

As discussed earlier in this section, the use of more efficient process
equipment can also mean changing to less hazardous process materi-
als. For example, one furniture company switched from a manual
staining operation using solvent-based materials to an automatic
staining system using water-based stains. The new process reduced
the time required to stain a pallet of parts by 95 percent and reduced
raw material usage by 20 percent. The savings in labor alone paid for
the new staining system in just three months.?

One important factor which is sometimes overlooked in evaluating
the cost-effectiveness of equipment modifications is the cost associated
with reworking or disposing of off-specification products. This can be
very expensive, not only 11 terms of lazzr and materials, but also in
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waste management costs. In many manufacturing operations which
involve coating a product, such as electroplating or painting, chemi-
cals are used to strip off the coating from rejected products so that
they can be recoated. These chemicals, which can include acids, caus-
tics, cyanides, and chlorinated solvents; often are hazardous wastes
which must be properly managed. By reducing the quantity of parts
which must be reworked, the quantity of waste can be reduced.

3.4 Volume Reduction

Volume reduction includes techniques to separate hazardous wastes
and recoverable wastes from the total wastestream. These techniques
are usually used to increase recoverability, reduce the volume and
thus the disposal costs, or increase management options. The avail-
able techniques used range from simple segregation of wastes at the
source to complex concentration technology, as shown in Table 3.7.
They are applicable to all types of wastestreams. These techniques can
be divided into two general areas: source segregation and waste con-
centration. Only those methods which are actual waste reduction
techniques will be discussed in this section.

3.4.1 Source segregation

Segregation of wastes is in many cases a simple and economical tech-
nique for waste reduction. For example, by segregating wastes at the

TABLE 3.7 Examples of Waste Reduction Through Volume Reduction

Industry . Technique
X-ray film Segregate polyester film scrap from other production waste
and recycle.>*
Resins Collect waste resin and reuse in next batch.®

Printed circuit boards Use filter press to dewater sludge to 60% solids and sell
sludge for metal recovery.'”

Pesticide formulation Use separate bag houses at each process line and recycle

collected dust into product.*®

Research laboratory Segregate chlorinated and nonchlorinated solvents to allow
off-site recovery.*’

Aircraft components Use ultrafiltration to remove recoverable oil from spent
coolants.}?

Paint formulation Segregate and reuse tank-cleaning solvents in paint
formuiations.®®

Furniture Segregate and reuse solvents used to {lush spray-coating

lines and pumps as coating thinner.®?

~Juperior numbers refer to sources in Reference list at end of chapter.
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source of generation and handling the hazardous and nonhazardous
wastes separately, waste volume and thus management costs can be

‘reduced. Additionally, the uncontaminated or undiluted wastes may

be reusable in the production process or may be sent off site for recov-
ery. .

The segregation technique is applicable to a wide variety of
wastestreams and industries and usually involves simple changes in
operational procedures. For example, in metal-finishing facilities,
wastes containing different types of metals can be treated separately
so that the metal values in the sludge can be recovered. Keeping spent
solvents or waste oils segregated from other solid or liquid waste may
allow them to be recycled. Wastewater containing toxic material
should be kept separate from uncontaminated process water to reduce
the overall volume of water which must be treated.

A commonly used waste segregation technique is to collect and store
washwater or solvents used to clean process equipment (such as tanks,
pipes, pumps, or printing presses) for reuse in the production process.
This technique is used by paint, ink, and chemical formulators, as
well as by printers and metal fabricators. For example, a printing firm
segregates and collects toluene used for press and roller cleanup oper-
ations. By segregating the used toluene by color and type of ink con-
taminant, it can be reused later for thinning the same type and color
of ink. The firm now recovers 100 percent of the waste toluene, totally
eliminating a hazardous wastestream.!’

Another way to apply the segregation technique is to collect and re-
use back in the product dust and excess materials generated during
the manufacturing process. This technique is used by one pesticide
formulator to reduce the volume of hazardous waste it generates. The
firm collects the dust generated during the formulation process in a
separate bag house for each process line. The collected dust is then re-
used in the product as an inert filler. This has eliminated the gener-
ation of 20,412 kg/year of waste, saving the company $9000 in dis-
posal costs and $2000 in raw material costs. These savings paid for the
necessary equipment in less than a year.!’

3.4.2 Concentration

Various techniques are available to reduce the volume of a waste
through physical treatment. Such techniques usually remove a por-
tion of a waste, such as water. For example, concentration techniques
are commonly used to dewater wastewater treatment sludges and re-
duce the volume by as much as 90 percent. Available concentration
methods include gravity and vacuum filtration, evaporation, ultra-
filtrz:-on, reverse osmosis, freeze vaporization, filter press, heat dry-
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ing, and compaction. Many of these actually are recovery techniques
and will be discussed further in the next section. Concentration tech-
niques are available for all types of wastestreams and are used by a
wide range of industries. ‘

Unless a material can be recycled, just concentrating a waste so
more waste can fit into a drum is not waste reduction. In some cases
concentration of a wastestream may also increase the likelihood that
the material can be reused or recycled. For example, filter presses or
sludge driers can increase the concentration of metals in electroplat-
ing wastewater treatment sludge to such a level that they become
valuable raw material for metal smelters. A printed circuit board
manufacturer dewaters its sludge using a filter press to 60 percent sol-
ids. The company receives $7200 per year through the sale of the
dewatered sludge for copper reclamation.?

3.5 Recovery

Recovering wastes can provide a very cost-effective waste manage-
ment alternative. This technique can help eliminate waste disposal
costs, reduce raw material costs, and possibly provide income from a
salable waste. Recovery of wastes is a widely used practice in many
manufacturing processes and can be done on site or at an off-site fa-
cility. It has been used for centuries to increase productivity and prof-
itability. In fact, the organic chemical industry in the mid-1800s pro-
duced aniline dyes which were made from coal gasification plant
waste.*® Current production facilities have the potential to increase
greatly the recycling of waste materials based on present regulatory
impacts, increased waste management costs, and new waste recovery
technologies and approaches.

Waste recovery should only be considered after all other waste re-
duction options have been instituted. Actually reducing the amount of
waste generated at the source will usually be more cost-effective than
recycling. In many cases this is because a waste is lost raw material or

- product which requires time and money to manage and recover. Also,
simply generating and handling a waste produces a range of regula-
tory, health, and environmental liabilities.

All of the previously discussed waste reduction techniques can be
used in conjunction with recovery to produce a cost-effective waste
management program. One company, a producer of breaded foods,
used a variety of waste reduction techniques to significantly reduce
waste generation. A management and employee training program on
waste reduction techniques and their impact on company profits was
instituted. Improved operation and maintenance procedures were in-
stituted, including using dry clean:c for spills and equipment, install-

3-20.
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ing or modifying drip trays under process equipment to better collect
lost process material, and developing better systems for collecting and

handling waste materials so they could be sold to a recovery firm.

These, plus a number of reduction techniques, decreased water usage
hy about 30 percent, 2liminated the landfilling of waste solids, re-
duced the organic load of the wastewater by almost 80 percent, and
allowed the company to sell 2,359,000 kg/year of solids to recovery
firms.*’

The effective use of recovery will depend on the segregation of the
recoverable waste from other process wastes or extraneous material.
This segregation ensures that the waste is uncontaminated and the
concentration of recoverable material is maximized. The waste, then,
must be handled like a product. Many of the inventory control tech-
niques discussed in Sec. 3.1 can be applied to waste materials. Some
companies have assigned responsibility for the handling, collection,
and scheduling of recovery of waste material to one individual, 34748
This helps ensure that the maximum value of the waste can be recov-
ered.

3.5.1 On-site recovery

In most cases the best place to recover process wastes is within the
production facility. Wastes which are simply contaminated versions of
the process raw materials are good candidates for in-plant recycling.
Such recovery can significantly reduce raw material purchases and
waste disposal costs. Waste can be most efficiently recovered at the
point of generation, because the possibility of contamination with
other waste materials is reduced, as is the risk involved with handling
and transporting waste materials. See Sec. 3.4 for information on seg-
regation techniques. Some examples of on-site waste recovery are
shown in Table 3.8.

Some wastestreams can be reused directly in the original produc-
tion process as raw material. This easy reuse is usually accomplished
when the waste material is lightly contaminated or is excess raw ma-
terial. Examples include the cleaning waste from printers, coaters,
and chemical or product formulators; electroplating drag-out solu-
tions; process solutions from filter changes; and dust collector residue
from pesticide formulators.?-27:384690 Liohtly contaminated waste
can sometimes be reused in operations not requiring high-purity ma-
terials. For example, spent high-purity solvents generated during the
production of microelectronics can be reused in less critical metal-
degreasing operations, or a caustic waste material can be reused to
treat an acid wastestream.

Some waste may have to u::dergo some ‘e of purification before it
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TABLE 3.8 Examples of Waste Reductlion Through Recovery and Reuse

Industry Technique

Printing Use a vapor-recovery system to recover solvents.'™
Photographic processing Recover silver, fixer, and bleach solutions.!”

Recover synthem: cutting fluid using a centrifuge
system.

Metal fabrication

Recover spenr, Xylene using a batch-dxstulatxon
system

Use electrolytic recovery system to recover copper
and tin/lead from process wastewater.*?

Printed circuit boards

Recover nickel-plating solution using an

Tape measures
ion-exchange unit.*°

Use reverse-osmosis system to recover nickel-plating
solution.*®

Medical instruments

Power tools Recover alkaline degreasing baths using an
ultrafiltration system.?

Textiles Use ultrafiltration system to recover dye stuffs from
wastewater.*

Hosiery Reconstitute and reuse spent dye baths.’°
Send all solids off site for by-product recovery.*”

Reuse waste caustic solids to treat acid
wastestream.>!

Food processing

Wastewater treatment

Pickles : Transfer waste brine pickle solution to a textile
plant as a replacement for virgin acetic acid.’®
Chemicals Use spent electrolyte from one division as raw

material in another.%?
Purify hydrochloric in wastestream and sell as a

product.®
Industrial and consumer Segregate and sell office paper, corrugated
products cardboard, paper trimming, and rejected paper
products.?
Aluminum die-caster Sell waste fumed amorphous silica for use in
concrete.®®

*Superior numbers refer to sources in Reference list at end of chapter.

can be reused. A number of physical and chemical techniques avail-

able on the market can be used to reclaim a waste material, as shown
in Table 3.8. These techniques range from simple filtration to state-
of-the-art techniques such as freeze crystallization.5*” The method of
choice will depend on the physical and chemical characteristics of the
wastestream recovery economics, as well as on operational require-

ments. For a number of wastestreams thers are econom:ical small.

{
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modular recovery units available. Some of the materials commonly re-
cycled by these modular units are spent solvents, electroplating pro-
cess waste, and spent metalworking fluids.

A certain manufacturer of shopping carts provides a good example
of on-site recovery methods and cost savings. The company installed
three atmospheric evaporators on the nickel- and chrome-plating
lines. These units evaporate water from the plating bath, allowing all
rinse water to be returned and thus recovering all dragged-out nickel
and chrome plating solutions. With the start-up of the evaporators,
raw chemical use declined dramatically: purchases of 1800 kg of
nickel sulfate per month have declined to zero; chromic acid purchases
have declined by 75 percent, from 900 kg/month to 200 kg/month; and
sodium bisulfite used in the waste treatment process for chromic acid
has declined from 1800 kg/month to 200 kg/month. Annual savings
are projected to be $112,500. The cost of the three atmospheric evap-
orators was $60,500, with a payback period of only seven months and
an annual savings of $145,000.° ‘

Most on-site recovery systems will generate some type of residie
(i.e., contaminants removed from the recovered material). This resi-
due can either be processed for further recovery or properly disposed
of. For example, a solvent distillation system will usually recover only
90 percent of the input spent solvent for reuse. The residues or distil-
lation bottoms-are a hazardous waste and as such must be managed in
an approved manner. The economic evaluations of any recovery tech-
nique must include the management of these residues.

3.5.2 Off-site recovery

Wastes may be recovered at an off-site facility when (1) the equipment
is not available to recover on site, (2) not enough waste is generated to
make an in-plant system cost-effective, or (3) the recovered material
cannot be reused in the production process. Off-site recovery usually
entails recovering a valuable portion of the waste through chemical or
physical processes or directly using the waste as a substitute for vir-
gin material. Some materials which are commonly reprocessed oif site
are oils, solvents, electroplating sludges and process baths, lead-acid
batteries, scrap metal, food-processing waste, plastic scrap, and card-
board. Wastes directly used are usually chemically or physically spe-
cific for a select purpose (i.e., have the same physical or chemical prop-
erties as the raw materials they replace) and can range from
concentrated acids to chemical by-product streams. This alternative is
described further in Sec. 3.2.1. Some examples of materials which
have been recovered off site are shown on Table 3.8,

For wastes regulated under the Resource Conservation and Recov-



JUDINAUWLILL AULIIUVIW LI ALl L a3 i mo svammemss = = — — -

/mghd/disk3/prd/tech - comp/freeman/chapoz?:

3-24

Waste Reduction Techn_lques and Technologles a7

ery Act (RCRA) there are regulatory barriers to some forms of off-site
recoverv. Additionally, for hazardous waste the generator is liable for
the waste material handled at a recovery facility and for any residue
produced. This responsibility may pose possible long-term liability
problems. Check with state and federal regulatory agencies for the im-
pact of the regulation on any off-site recovery activity.

The cost of off-site recycling will depend on the purity of the waste
and the market for the waste or recovered material. Some materials
may be salable, while others may require a fee to be paid for disposal.
The markets for some wastes, such as scrap metals and waste oils, are
very volatile, and a waste material which has a value one day may
have none the next.

For some process materials, such as solvents, the supplier may pro-
vide services to pick up the material, recover it, and return it for re-
use. Known as tolling, this vendor service provides a good way to re-
duce disposal and raw material costs because the reclaimed material
is usually cheaper than virgin material. This arrangement is widely
used for metal-cleaning operations, such as machine shops or automo-
tive repair stations, that use cold cleaners. In these operations, a sol-
vent cleaner is provided for use in a leased parts-washing sink. On a
regular schedule the supplier brings in fresh solvent and removes the
spent solvent for recovery. This procedure is much cheaper for a small
company than if it were to dispose of the solvent itself, however, the
generator is still liable for proper recovery of the solvent and manage-
ment of the distillation residues.

In some situations a waste may be transferred to another company
for use as a raw material in the other company's manufacturing pro-
cess. This exchange can be economically advantageous to both firms
as it will reduce the waste disposal costs of the generator and reduce
the raw material costs of the user. This upgrade of a waste into a prod-
uct requires a strong commitment from the generator to find markets
for the waste material. In some cases the production process or the
waste may have to undergo some modification in order to make a more
salable prnduct.

A product-development approach can be used to 1dent1fy and de-
velop markets for a waste material. An example of the ordered steps
in such an approach follows:%3:88

® Determine waste composition and generation rate.

» Evaluate on-site and in-company uses.

» Evaluate off-site uses and locate potential customers and markets.
= Identify any processing required to meet product specifications.

» Evaluate poter.::-l customers.
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s Negotiate recycle agreément.

The marketing effort is usually undertaken by individuals in a
company's sales or purchasing department, with support from engi-

neering and technical staff. Some larger companies have dedicated

groups for just marketing waste materials and surplus materials.
Markets for the waste can be identified through advertising, contacts
with trade associations, waste exchanges, industrial contacts, brokers,
and a number of literature sources.5®°

Regional waste exchanges have been set up by a number of states to
act as information clearinghouses of wastes that are available and
wastes that are sought. A waste exchange can help identify possible
markets for a material. The service usually offered is a listing in a cat-
alog or computer data base form of wastes available from generators
and sought by users. This information is distributed throughout a spe-
cific geographic area. A company interested in a waste contacts the
waste exchange, which forwards the inquiry to the listing company.
Usually, actual negotiations and material transfers are handled di-
rectly by the companies. A current listing of waste exchanges is given
in Table 3.9.

Before a company looks outside itself for markets, internal uses
should be evaluated. Probably some of the most cost-effective recy-
cling efforts are made within a company because the waste replaces
material that otherwise would have to be purchased or produced. It
may be possible to use the material directly, or the material may have
to undergo some further processing, as discussed below. One chemical
manufacturer had the distillation bottoms from a production process
refined at an outside custom processor for use as raw material at an-
other facility, saving the company over $1 million per year in raw ma-
terial and disposal costs.>® One approach for excess off-specification
material is to set up a corporate waste exchange using a newsletter or
even a computer data base system to help identify users for waste ma-
terial. This approach has been taken by a number of companies, }%27:5?
For example, one large corporation purchasing department lists sur-
plus materials at all plant locations in a computer data system. Before
any materials are purchased for a given plant, the purchasing depart-
ment checks to determine if they are available at another location.?”

Some wastes may have to be upgraded before a market can be found
for them. This upgrading can be in the form of purification, concen-
tration, particle sizing, or other processes. The material itself can un-
dergo processing, or else the production process can be modified to pro-
duce a higher-quality wastestream. For example, a circuit board
manufacturer found that in order to market its copper-containing

_ wastewater treatment sludge, the sludge must have a low iron concen-
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TABLE3.9 North American Waste Exchanges

Alberta Waste Materials Exchange
4th Floor Terrace Plaza

4445 Calgary Trail South
Edmonton, Alberta

Canada T6H 5R7

California Waste Exchange
Department of Health Services
Toxic Substances Control Division
714 P Street

Sacramento, CA 95814

Canadian Waste Materials Exchange
Ontario Research Foundation
Sheridan Park Research Community
Mississauga, Ontario

Canada L5K 1B3

Great Lakes Regional Waste Exchange
470 Market St., S.W,, Suite 100A
Grand Rapids, MI 49503

Indiana Waste Exchange
Environmental Quality Control
1220 Waterway Boulevard
P.O. Box 1220 .
Indianapolis, IN 46206

Industrial Material Exchange Service
P.O. Box 19276
Springfield, IL 62794-9276

Industrial Waste Information Exchange
New Jersey Chamber of Commerce

5 Commerce Street ’

Newark, NJ 07102

Manitoba Waste Exchange
¢/o Biomass Energy Institute
1329 Niakwa Road
Winnipeg, Manitoba
Canada R2J 3T4

Montana Industrial Waste Exchange
Montana Chamber of Commerce
P.O. Box 1730

Helena, MT 59624

Northeast Industrial Waste Exchange
90 Presidential Plaza, Suite 122
Syracuse, NY 13202

Southeast Waste Exchange
Urban Institute

UNCC Station

Charlotte, NC 28223

Southern Waste Information Exchange
Institute of Science and Public Affairs
Florida State University

P.O. Box 8487

Tallahassee, FL 32313

source: From Ref. 60.

tration and be high in solids and copper concentration. An effort was

undertaken to modify the wastewater treatment process so that iron-

containing treatment chemicals were not used. Additionally, the
sludge was dewatered using a filter press to 50 percent solids. This
dewatering increased the copper concentration to 25 to 35 percent by
weight, and a market for the material with a copper smelter was
found. This effort, along with finding uses for several other waste-
streams, now allows the company to market over 90 percent of the
hazardous waste it generates.®!

3.6 Summary

As has been shown, a wide range of waste reduction techniques cur-
rently exist and are available for most manufacturing steps. However,

technology alone will not reduce waste gzneration. Orly a comprehen-
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sive waste reduction program will be successful. Such a program
should include management commitment, data collection, cost-

~ effective technology selection and implementation, employee training

and involvement, and program moniioring. The foundation of any suc-
cessful program is the evaluation of what wastes are generated and
why they are produced. Based on this information, a range of reduc-
tion techniques can then be identified and evaluated, and the cost-
effective ones implemented. A more detailed discussion of how to de-
velop a waste reduction program is covered in Chap. 4.

Sources of specific information on waste reduction techniques are
available from a number of places. The best source, however, is dis-
cussion with the process operators, who in most cases can identify op-
erations and equipment problems which generate waste. Additional
information may be obtained from trade associations and trade jour-
nals, as well as government research reports, regulatory agencies, and
technical assistance groups.

Industrial trade associations can provide the most detailed and cur-
rent technical information. Many associations have staff experts with
extensive knowledge and experience in waste management. A list of
trade associations can be found in Ref. 63. Trade publications are an-
other very good source of information. Many journals contain articles
on case studies, current research, vendor information, and suggestions
from industrial experts.

Other sources of technical information are federal and state regula-
tory agencies and technical assistance programs. The U.S. Environ-
mental Protection Agency (U.S. EPA) has established an Office of Pol-
lution Prevention to help promote waste reduction efforts by the
regulated community. These efforts include research, education, and
technical information. A number of states have established waste re-
duction technical assistance programs. The level of assistance offered
by these programs varies, and the programs may include on-site tech-
nical assistance, access to information data base and documents,
workshops, referral services, research, and matching grant programs.
Current programs are discussed in Chap. 12. Check with your respec-
tive state environmental agencies to find out if such a program is
available in your locality.

In the final analysis, waste reduction depends on looking at waste
in a different way, not as something that inevitably must be treated
and disposed of, but for what it really is—a loss of valuable process
materials, the reduction of which can have significant economic ben-
efits. One corporate executive summarized it all when he stated that
waste 1s a specialty product for which a market has not yet. been
found.®
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WASTE REDUCTION METHODS

The waste reduction assessment is a systematic and periodic survey of a
business's operations designed to identify areas of potential waste reduction. The first
step in reducing or eliminating the amount of waste generated is to identify all waste
"streams” (types of waste), and determine which processes create these wastes. The
assessment process will be discussed in detail in Chapter 7. When the waste streams
have been identified, they can be evaluate how each stream might be reduced or
eliminated by making one or more of the followings changes. '

Improved Operational Procedures and Housekeeping

Improved housekeeping and good operating practices are the simplest waste
reduction practices. Improved housekeeping relies on using good common sense and
is often the most effective first step toward waste reduction. Sloppy housekeeping can
result in more waste being generated than is necessary. To reduce excess waste
production:

o Buy only the amount of raw material needed. Buying in quantity may initially
save money but often leaves a company with excess material which may
exceed shelf life, requiring expensive disposal;

8 Use raw materials sparingly so that excess waste is not génerated;

8 Use raw materials in correct proportions so that excess waste is not
generated by making defective products or formulations;

o Make sure equipment (e.g. parts cleaning tanks and painting equipment) is
working properly. Be sure to check for faulty valves or pipes to make
certain that the product is not being lost from the system or unintentionally
contaminated; and

a Ensure that all products and waste is inventoried, clearly labeled and
properly stored. Inadequate labsling may make ii hard to identify wastes
later, and necessitate expensive testing prior to disposal. Improper storage
can result in accidental contamination of a nonhazardous waste, which
must then be disposed of through more expensive hazardous waste
methods.

Material handling and inventory practices include ways to reduce loss of input
materials due to mishandling, expired shelf life of time-sensitive materials, and proper
sto. -3¢ conditions. Loss prevention reduces wastes by 2voiding leaks from equipment
and spills. For example:

g A large consumer product company in California adopted a corporate policy
to reduce the generation of hazardous waste. In order to implement the



policy, the company mobilized quality circles made up of employees
representing areas within the plant that generated hazardous wastes. The
Company experienced a 75% reduction in the amount of wastes generated
by instituting proper maintenance procedures suggested by the quality circle
teams. Since the team’'s members were also line supervisors and
operators, they made sure the procedures were followed.

W regation

Many wastes are actually mixtures of hazardous and nonhazardous waste. Much:

of their content may even be water. By segregating key toxic constituents, isolating liquid
fractions, or keeping hazardous streams from nonhazardous waste, businesses can
sometimes save substantial amounts of money on disposal or find new opportunities for
recycling and reuse. In many cases, segregation of wastes allows for certain wastes to
be recycled or reused. For example:

] A paper manufacturer produced waste oil contaminated with solvents, water
and other materials. This had resulted in disposal of what would have been
a recyclable waste. The manufacturer now keeps the waste oil containers
closed and locked, requiring the supervisor to personally dispose of the
wastes to ensure proper segregation.

8 A large machine shop had been disposing of 4,000 gallons of cutting oil
contaminated with trichlorethane. The company was given information on
the recycling of these wastes and instituted segregation procedures to
eliminate cross contamination.

Labels

By properly labeling its chemical substances and wastes, a business can reduce
the waste and risk associated with mistaken usage or disposal of the wrong substance.
This type of operational procedure is a key element of a waste reduction program’s good
housekeeping practices. All hazardous substarices used in the workplace should be
properly labsled to comply with the Worker Right-to-Know law: In addition, all wastes,
once segregated, should be labeled as well. This procedure helps to ensure the safe
handling of the waste and proper storage of incompatible wastes. Once segregated, the
business can assess the potential for recycling, reuse, or even resale of the waste.

Product and Material Substitution

Product Substitution entails substituting nonhazardous products for hazardous
matsrials the business currently uses. This practice can eliminate some hazardous waste
streams. (For example, solvent-based, metal-containing paints have been replaced by
non-metallic, water-based paints for many applications). As the demand for
nonhazardous raw materials and products increases and a market develops, more
nonhazardous product alternatives will become available. For example:



"~ In a painting business, water-based coatings are finding increasing

applications where solvent-based paints were used before. These products
do not contain toxic or flammable solvents that make solvent-based paints
hazardous when they are disposed. Also, cleaning the applicators with
solvent is not necessary. The use of water-based paints instead of solvent-
based paints also greatly -reduces volatile organic compound (VOC)
emissions to the atmosphere. :

Upon completion of a waste assessment, a business may identify specific input
materials that are producing the hazardous wastes. If this is the case, it may be possible
to find a substitute material which is less hazardous. Although material substitution is
only applicable in certain situations, it can prove to be an efficient part of a hazardous
waste reduction program. For example:

An electronic manufacturing facility of a large diversified corporation
originally cleaned printed circuit boards with solvents. The company found
that by switching from a solvent-based cleaning system to an aqueous-
based system that the same operating conditions and workioads could be
maintained. The aqueous-based system was found to clean six times more
effectively. Results: lower product reject rate and elimination of a
hazardous waste.

Technology Changes

Technology changes are oriented toward process and equipment modifications to
reduce waste, primarily in a production setting. These can range from minor changes
that can be implemented in a matter of days at low cost, to the replacement of processes
involving large capital costs. A product can sometimes be manufactured by two or more
distinct processes, and one process may produce less hazardous waste than the other.

Technological changes include the following:

Changes in the production process;
Equipment, iayout, or piping changes;

Use of automation;

Changes in process ope_rating' conditions;
Waste concentration or volume reduction; and

Energy conservatizn,



Process Modifications

- Old or insfficient production processes can be sources of hazardous waste. By
changing to a newer, more efficient process, a business can decrease the amount of
hazardous waste it generates. - In addition, many businesses can experience improved
production capacity and product quality, and realize savings in expenditures for utilities
and raw materials. Remember, process changes often entail subsequent equipment
changes. For example:

- A manufacturer of fabricated metal products cleaned nickel and titanium

wire in an alkaline chemical bath prior to using the wire in their product. In
1986, the company began to expsriment with a mechanical abrasive system.
The wire was passed through the system which uses silk and carbide pads
and pressure to brighten the metal. The system worked, but required
passing the wire through the unit twice for complete cleaning. In 1987, the
company bought a second abrasive unit and installed it in series with the
first unit. This allowed the complete elimination of the chemical cleaning
bath. Waste reduction was therefore 100%.

o In 1985, an electroplating business was using an acid solution to remove
titanium oxide from the metal, resulting in the production of 15 tons per year
of acid solution containing- metals. In 1986, the business installed &
mechanical scraping process for the removal of oxides from the metal. This
resulted in the complete elimination of the acid cleaning process, reducing
acid waste production to zero.

Equipment, Layout, or Piping Changes

Replacing existing machines with more efficient equipment for the same operation
can significantly reduce waste generation. Equipment changes accomplish waste
reduction by reducing or eliminating equipment-related inefficiency. Equipment changes
can be made to enhance recovery or recycling options for a business. An equipment
modification. leaves the production process .intact and unchanged, because it modifies
only the equipment used in the process. For example: '

g in the coating industry, the replacement of conventional air-atomized spray
paint equipment (transfer efficiency 30-60%) with more efficient electrostatic
equipment (65-80% efficient) or powder coating equipment (30-99% efficient)
results in a substantial reduction of waste; and

8 An aircraft and truck aluminum parts manufacturer uses a forging process
witich dulls tt.= aluminum. Acid and alkaline cleaning and etching prccesses
are required to check aerospace parts and "shine” the truck hubs. The
aqueous solution with metals was routinely disposed of at a Class | landfill
at a cost of $10,000 per month. The aqueous solution with metals can be
treated using a typical neutralization - precipitation - filter press wastewater
treatment unit. The company is now planning to install an on-site treatment
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system for this waste stream. In 1986, the manufacturer installed an
ultrafiitration unit for its cutting oils and now has it recycled by a commercial
oil recycler, thereby eliminating land disposal costs.

Use of Automation

Process automation involves the use of automatic devices to assist or replace
human employees. Automation can inciude the monitoring and subsequent adjusting of
process parameters by computer, or mechanical handling of hazardous substances.
Waste reduction is accomplished by minimizing the probability of employee error (which
can lead to-spills or off-spec products) and by increasing product yields through the
optimum use of raw materials. It can also reduce the liability of exposing workers to
hazardous materials.-

Changes in Process Operating Conditions

Often the generation of hazardous waste may not be the fault of the equipment.
Instead, the fault may lie in the way the equipment is set to operate. Many pieces of
equipment have optimum settings at which they operate most efficiently. By determining
the optimum settings for certain parameters (such as optimum flow rates, residence
times, temperatures, and pressures), less waste is generated as a byproduct. These are
often the most easy and inexpensive of equipment changes to make for waste reduction.
For example: '

8 An electronics manufacturing firm using 1,1,1-trichlor cleaning baths found
that they could reduce the content of the bath by one third, thus eiiminating
losses by evaporation and savings in raw materials cost.

] A plumbing products manufacturer uses electroplating and cleaning
processes that produce hazardous waste. The company discovered it
could use their chrome and copper electroplating bath system at lower
cyanide levels thus saving raw materials and producing less hazardous
waste sludge.

W, n j r Volume R j : o

Some hazardous wastes contain such large volumes of water that transportation,
treatment, and disposal becomes overly expensive or impractical. Although not as
significant as other approaches, water conservation can have an effect on reducing
hazardous waste generation. For example: :

s Commercially available equipment such as sludge dryers or filter presses
remove the water content of a pretreatment sluZne, thus reducing the
weight and volume of the hazardous waste requiring disposal.

g By reducing the amount of water used for washin(, certain organic chemical

products, companies can lower the amount of wastewater which must be
pretreated before disposal.



Hazardous Waste Reduction Program of Oregon

A Generator's Checklist

Use this checklist to guide your company's waste reduction efforts. it
should help you come up with several good reduction options for each of
your operations.

Company name:

Today's date:
1. Your management stratey

have you considered:
developing a hazardous waste reduction plan for your facility?
training employees to be aware of hazardous waste reduction
opportunities?
accounting for hazardous waste treatment and disposal expenses as a
direct cost of producing a product?

2. Water use/reuse
have vou considered:
flow control valves?
identifying water Inflow and outflow from each unit process?
evaluating reuse of clean or contaminated water?
using timers or foot pedals to control water usage?
using conductivity cells in plating rinse systems?
reactive rinsing?

3. Material handling
have you considered:
segregating raw and waste material containers?
segrating different waste materials in separate containers?
purchasing materials in bulk or larger containers?
controlling Inventory to reduce waste?
labeling all containers property?
labeling process tanks?



. _ 4. Solvent cleamners

have vou considered:
avoiding cross-contamination of solvent?
avoiding water contamination of solvent?
removing sludge continuously?
utilizing tank cover or air knife to reduce surface evaporation?
monitoring solvent composition? _
consolidating cold cleaning operations? recycling spent solvent?
using plastic media basting for paint stripplng Instead of solvent
stripping?
using non-chlorinated solvents instead of chlorlinated solvents?
installing a vapor recovery system to capture vaporized solvents?
installing on-site distillation units?
evaluating work removal rate?

5. Alkaline/acid cleaners
have you considered: :
removing sludge more frequently?
avoiding cross-contamination of solvent?
reusing cleaners. by filtering and rejuvenating?
removing dropped pieces frequently?

6. Plating/etching/metal finishing

have you considered:
using low temperature baths to reduce surface evaporation?
prolonging plating solution bath life through filtration, reducing
dragout, avoiding contamination, etc.?
using lower concentration plating bath?
redesigning part racks to reduce dragout prior to rinsing, possibly
with air blow-off?
using trivalent Cr Instead of hexavalent Cr?
using non-cyanide plating solutions such as chloride or sulfate
solutions?
using In-line recovery techniques? regenerating spent bath solutions?
segregating all waste streams?
maintaining parts like racks, barrels, and tanks, for cleanliness?
using spray or fog nozzle rinses to reduce dragout?
using wetting agents to reduce surface tension, thus minimizing
dragout?
reusing rinse water? _
recovering chrome and ...ckel plating solutions by am evaporation unit?

——



‘ 7. Rinse water have you considered:
have you considered:
using multiple rinse tanks?
using countercurrent rinsing?
installing drainboards and drip tanks?
installing racks above plating tanks to reduce dragout?
using fog nozzles and spray units?
agitating rinse bath (air or solution agitation)?
recycling and reusing spent rinse water through such metal recovery
techniques as ion exchange, reverse osmosis, and electrochemical
recovery?
segregating all waste streams?
using an evaporator for material recovery from rinse tanks and reuse
in plating bath?

8. Paint application

have you considered:
using equipment with high transfer efficiency such as electrostatlc
applicators?
using high-solids coatings such as powder coatings?
seqregatlng all waste streams?
using cheesecloth over filters to reduce spent filter generat10n°
recycling overspray from, for instance, powder coatings?
evaluating the use of different types of paint arrestors such as water
wash and filters?
arranging for formal training for spray operators?
optimlzing spray conditions in terms of speed, distance, angle,
pressure, etc.?
using booth coatings for easy booth cleaning? inspecting all parts,
such as racks, for cleanliness? using gun washer equipment for
equipment cleanout?
reducing the use of solvent-based and metals-based paints, where
possible; and utilizing water-based coatings?
using a charged screen with electrostatic system to reduce edge
buildup and to capture and reuse overspray paint?

9. Leaks and spills
have you considered:
using seal-less pumps?
installing spill basins on dikes?
installing splasn guards and drip boards?
installing overflow control devices?
maximizing use of welded pipe joints?
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10. Sludge dewatering
have you considered:
using mechanical dewatering devices such as filter presses,
centrifuges, vacuum filters, or compression filters?
keeping different metals sludges segregated?
.using filter bags?
using sludge dryers?

‘ 11. Parts washing
have you considered:
covering all solvent cleaning units?
using refrigerated freeboard on-vapor degreaser units?
improving parts draining before and after washing?

12. Printing
have you considered:
segregating and reusing waste wash solvents In Ink formulat10n°
using a vapor recovery system to recover.solvents?
using a distillation unit to recover waste alcohol solutions for
reuse?
recovering silver from fixer and developer solutions?

13, Oillwater separation
have you considered:
using a centrifuge system to recover cutting fluids?
" chemical treatment?
filtration?
coolant regeneration?

After you complete this checklist, you 'll want to consider developing a
strategy for implementing options you did not check into your plants
maintenance or capital improvement procedures. For more information on
hazardous waste reduction options, contact the Oregon Department of
Environmental Quality (DEQ), 811 SW 6th , Portland, Oregon 97204; or
call (503) 229-5913.
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5.1

APPROACHES TO WASTE MINIMIZATION

Up to this point, you have been introduced to the importance of
waste minimization to the small quantity generator, the advantages
of waste minimization, and how complying with various environ-
mental regulatory requirements can be an important first step in
minimizing your hazardous waste.

Forthe next four chapters, you willbe shown the actual approaches
and techniques of waste minimization, illustrated in a format easily
used in the workplace.

Introduction

Approaches to waste minimization are primarily low-cost, low-risk
alternatives to hazardous waste disposal. Most of the approaches
do not require a great deal of sophisticated technology and can be
relatively inexpensive. In short, waste minimization approaches
are: '

» technically feasible,
* economically viable, and
» ecologically beneficial.

In general, any waste minimization program should include or
consider:

management initiatives,
waste audits,

improved housekeeping,
materials substitution,
redesigning equipment,
recycling and reuse, and
waste exchange.

The following sections will introduce you to these various ap-
proaches to waste minimization. By becoming familiar with these
general approaches, you will be better prepared to understand the
next three chapters, which describe how to actually implement a
waste minimization program.

IR CHMR
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Develo'ping Management Initiatives

The commitment to waste minimization must come from the top—
the management of a business or organization. Management
initiatives are vital to the success of any waste minimization efforts,
and like the waste audit, should be considered as a preliminary step
in your waste minimization program.

Overview

Two management actions are crucial to a successful waste mini-
mization program:

+ Communication: Management must make all employees
aware of the waste minimization effort. :

. incentives: Just as incentives are used to boost employee
productivity, management should provide incentives for the
development of useful waste minimization ideas. -

Although a waste minimization commitment should begin with
management, the employees are often able to suggest improve-
ments in the day-to-day operations of the business. To utilize this
important resource, many businesses give their employees incen-
tives such as: : ‘

¢ recognition awards for outstanding waste minimization
projects, as well as for resource and energy conservation
projects; and

o financial awards for innovative approaches to waste
minimization.

These incentives can take any form suitable to the company and
the employees. Indeed, the incentives offered by a company with
approximately 200 employees may differ greatly from a company
with § employees. Regardless of the form of the incentives,
employees should realize part of the benefits of their waste
minimization ideas. '

I CHMR
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The new management initiatives should foster the following ele-
ments of waste minimization success:

increased awareness and attention to hazardous

chemicals,

motivation to change old work patterns,

knowledge of options for change,

willingness to innovate and change,

willingne.ss to provide resources to implement changes, and

willingness to learn from changes.

Another important management tool in the waste minimization
process is employee training. Although training can be presented
in many ways, training programs should include:

occupational and plant safety;
company regulatory compliance requirements;

a statement of the company’s waste minimization plan
(including incentives for waste minimization ideas and an in-
troduction to why waste minimization is important), and

Material Safety Data Sheets (MSDSs) and other information
that comply with the requirements of worker and community
right-to-know laws.

Problem-Solving Through Employee Participétion

This section outlines a problem-solving process that can be used
to gain employee commitment to and active responsibility for the
goals of your company. Itis a method that can be directly applied
to developing a hazardous waste minimization program.

N CHMR
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This method:

applies some of the most effective approaches in business
and industry,

has been used extensively world wide,

has been shown to increase productivity as well as decrease
operational costs,

utilizes employee participation realizing that their involve-
ment will directly affect the ultimate operation of your
company, and

can be used as an innovative training technique which gains
and holds your employees’ attention.

This process is known as Problem Solving Through Employee
Participation and consists of five steps. They are:

state purpose or goal,

identify problems in the work area,

list ways to solve the problems identified,
develop an action plan, and

follow up.

The key to the success of this problem-solving method is the
willingness of management to allow employee participation in the
process. This is normally done through group meetings. in order
to properly prepare for this, a manager or trainer must:

state the purpose for conducting the meeting,

clarify in advance what problems must be solved (waste
audit information can be used when applying this method
to waste minimization),

plan the meeting so that time is well used and employee time
away from work stations is minimized, and

R CHMR
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* organize employees into groups of no more than 2to 15
individuals.

Following is an outline showing the key ingredients for conducting
an employee problem-solving meeting.

A. State the purpose of the meeting.
1. Example—To minimize waste generated in the work area.”
B. Briefly outline what will habpen in the meeting.
1. Review the order of the meeting.
2. Participant roles. -
a. Leader (generally manager, supervisor, or trainer):
D : « conducts meeting, -
« encourages participation,
- allows individual choice,
- gives equal opportunity, and
« sets example, listens.

b. Scribe/Reporter:

+ notes statements as spoken, and
+ does not editorialize until team critiques list.

¢. Members in attendance take responsibility to participate
and to encourage others.

3. Use audio/visual aids if possible.
C. Method

1. Brainstorming (give each group member an opportunity to
contribute to solving the problem).

© 1989

BN CHMR



© 1989

Proceed around the group until each memberis satisfied
that the list includes all of their concerns/ideas.

If a group member has no concerns or ideas, they
indicate this by saying “pass.”

2. Critique/review your list (combine items on list, clarify, gain
consensus).

a.

b.

Incorporate statements that are much the same.

Get agreement on wording.

3. Develop an action plan.

a.

State a goal (this could be the same as one stated at
the beginning of the meeting).

Define action to be taken (example: provide
individual containers for different waste types).

Determine a time frame for action to be taken.

Assign responsibilities (who, what to do, when,
where, how often).

Write down action plan and bost or distribute to
employees (this can be done by the leader after the
meeting).

4. Close meeting.

a.

b.

C.

Recognize member contributions.

Reinforce the purpose of the meeting (e.g., remind
employees to be conscientious about minimizing
waste in their work areas).

Review action plan and follow-up procedures.

I CHMR
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D. Conduct follow-up to the meeting.

1.

2.

This can be done in the work area or in another meeting.

Review goals with people responsible for carrying out
assignments.

Have responsible people give a progress report on their
assignments.

a. Determine progress made toward achieving goals.

b. Define any problems encountered by employees in
pursuing goals.

Reinforce the posiiive aspeéts of performance toward
achieving goals.

Make any changes or adjustments necessary to further
pursue goals.

Determine what additional training or instruction is needed
to achieve goals. :

Record additional assignments and changes that have
been made to the action plan, and post or distribute to
employees. '

5.3 Performing a Waste Audit

The waste audit is the most basic of all of the approaches to waste
minimization. However, it is important to keep in mind that the
waste audit is a preliminary step—it is an essential precursorto the
other waste minimization approaches. A waste audit alone will not
minimize your waste, but it will get you started.

I CHMR
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The waste audit tracks your hazardous waste by monitoring all of
the waste which is produced at your place of business to learn
where it was generated. You can determine where hazardous
materials are used and where raw materials are being wasted. As
a result, you may discover that you are purchasing much more of
a raw material than your business can use in a given time, or you
may discover areas of waste production that you did not recognize
before the audit.

The waste audit can be divided into six steps:

Identify hazardous substances in waste or emissions.

——h
-

n

Identify the sources of these substances.

3. Set priorities for various waste reduction actions to be
taken.

4. Analyze some technically and economically feasible ap-
proaches to waste minimization.

5. Make an economic comparison of waste minimization
and waste management options.

6. Evaluate the resuits.

The waste reduction audit is a systematic and periodic survey of a
company's operations and is designed to identify areas of poten-
tial waste reduction. More detailed guidance on conducting a
waste audit is provided in Chapter 6.

Improving Housekeeping

Improved housekeeping, or “good operating practice,” is the sim-
plest waste minimization practice. Improved housekeeping relies
on using common sense and is often the most effective first step
toward waste reduction.

L CHMR
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Good housekeeping practices involve the procedural or organiza-
tional aspects of a manufacturing process and include elements
such as:

inventory control,

waste stream segregation,
material handling improvements,
scheduling improvements,

spill and leak prevention, and
preventive maintenance.

Good housekeeping is good operating practice which can be
applied industry-wide. A detailed discussion of good operating
practices is provided in Section 7.1.

Waste Segregation

One relatively simple housekeeping method is waste segregation.
In many cases, segregation of wastes allows for certain wastes to
be recycled or reused, as illustrated in the following examples.

In a business using both chlorinated and non-chlorinated
solvents, these waste types should be kept separate. This
enables you to identify precisely which wastes can be
recycled.

In a business which plates metal parts and generates
plating wastes, such as cyanide and heavy metais, the parts
can be pre-screened for defects. In this way, the company
plates only those parts fit for sale, uses less plating solution,
and generates less waste.

At a printing company, waste toluene from printing press
cleanup can be eliminated by segregating this soivent ac-
cording to the color and type of ink cleaned from the press.
Each segregated batch of toluene can be reused for thin-
ning the same color ink.

R CHMR
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Improved Labeling

improved labeling allows employees to know precisely what a
container or pipeline holds, and guards against accidental spills
and unnecessary usage—both a waste of materials. All sub-
stances used in the workplace should be properly labeled. In
addition, all wastes, once segregated, should be labeled as well.
This procedure helps to ensure safe handling of wastes, and can
point out containers of waste which have the potential for recycle,
reuse, or even resale.

Substituting Materials

Upon completion of a waste audit, you may identify specific
materials within your business which are producing hazardous
waste. If this is the case, it may be possible to find a substitute
material which is less hazardous. Although material substitution is
only applicable in certain situations, it can prove to be an efficient
hazardous waste minimization approach.

s A painting business uses a hydrocarbon soivent (toluene)
for daily cleanup of hydrocarbon-based paint. By switching
to water-based paint, water can be substituted for toluene
for cleanup.

s Water-soluble cleaning agents can often replace organic
solvents or degreasers. One company did this and suc-
cessfully reduced its 1,1,1-trichloroethane use by 30 percent,
resulting in a $12,000 annual savings.

Technology Modifications

In many instances, technological modifications or material substi-
tutions are also very effective in minimizing wastes. Some products
can be manutactured by two or more distinct processes, and one
process may produce less hazardous waste than the other.
Modifying equipment within a given process is another way to
reduce waste generation.

EEEE CHMR
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Technological modifications can be generally categorized as:

process modifications,
equipment modifications,
process automation,

changes in operation settings,
water conservation, or

energy conservation.

“Process Modifications

Production processes may be responsible for the production of
hazardous waste. Old orinefficient processes could be sources of
hazardous waste. By changing to a newer, more efficient process,
a company could decrease the amount of waste it generates. In
addition, many companies can experience improved production
capacity and product quality and realize savings in expenditures for
utilities and raw materials.

's In printed circuit board manufacturing, the use of screen
printing for image transfer instead of photolithography elim-
inates the use of developers.

s By replacing a solvent-based painting system with a water-
based electrostatic immersion painting system, the Emer-
son Electric Company has reduced waste solvent and paint
solids generation by over 95 percent.

Process modifications often entail subsequent equipment modifi-
cations.

Equipment Modifications

Equipment modifications accomplish waste reduction by reducing
or eliminating equipment-related inefficiency. An equipment
modification leaves the production process intact and unchanged,
because it modifies only the equipment which comprises the
process. '

N CHMR
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s A simple dragout recovery system was installed by the
Stanadyne Company on a nicke! plating machine. Less
than $1,000 was invested for a dragout recovery tank, which
saved the firm $4,200 worth of nickel per year and reduced
nickel sludge generation by 9,500 pounds per year.

Process Automation

Process automationinvolives the use of automatic devices to assist
or replace employees. Automation can include monitoring and
subsequently adjusting process parameters by computer or me-
chanically handling hazardous substances. Waste minimization is
accomplished by reducing the probability of employee error (which
can lead to spills or off-spec products) and by increasing product
yields through the optimum use of raw materials.

Changes in Operation Settings

Often the generation of hazardous waste may not be the fault ofthe
equipment. Instead, the fault may lie in the way the equipment is
set to operate. These are often the most easy and inexpensive
equipment changes.

+ Many spraying processes operating at decreased pres-
sures have less overspray and subsequently less waste.

¢ In formulating their cyanide copper plating baths, the
Stanadyne Company determined that lower chemical con-
centrations can be used. By running the potassium cyanide
concentration at 2.5 ounces per gallon, instead of 3.5
ounces, the cyanide dragout concentration was reduced by
28 percent—without any adverse effect on plating quality.

Most equipment has optimum settings at which it operates most
efficiently. By determining the optimum settings for certain para-
meters (such as optimum temperature and pressure), less waste
is generated as a by-product.

M CHMR
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Water Conservation

Aithough not as significant as other approaches, water conserva-
tion can have an effect on minimizing hazardous waste generation.

s By reducing the amount of water used for washing some

organic chemical products, companies can lower the amount .

of waste water which must be pretreated before disposal.

Energy Conservation

Energy conservation minimizes the waste associated with the
treatment of raw water, cooling water blowdown, and boiler blow-
down. In addition, lower energy usage means a reduction in the
generation of ash and other wastes associated with combustion.
Energy conservation can be accomplished through a series of heat
exchangers within the production process.

Recycling and Reuse

Recycling and reuse of hazardous wastes can be a very economi-
calundertaking. Many companies have discovered that the cost of
installing on-site recycling equipment can be quickly recovered
and future profits gained by savings in waste management and raw
material costs.

¢ A pesticide manufacturer generated pesticide dust from two

major production systems. The firm replaced the single
baghouse with two separate vacuum-air-baghouse sys-
tems specific to the two production lines for $9,600. The
collected material was recycled to the process where it was
generated. The firm has eliminated over $9,000 in annual
disposal costs, and estimates that the recovered material is
worth more than $2,000 per year.

o The Rexham Corporation facility in Greensboro, North
Carolina installed a distillation unit to reclaim n-propyl
alcohol from their waste solvent for a total installed cost of
$16,000. Thedistillation unit recovers 85 percent ofthe solvent

S CHMR



5.8

© 1989

5-14

e
in the waste stream, resulting in a savings of $15,000 per year

in virgin solvent costs—and in a $22,800 savings in hazard-
ous waste disposal costs.

In addition, there are many off-site recyclers who will take a
company's waste, recycle it, and sellthe refined product back to the
company at a price significantly less than the cost of virgin material.
Additionally, that company will not have to incur waste disposal
costs.

« The Hamilton Beach Division of Scovill, Inc. operation
requires 1,1,1-trichloroethane solvent to degrease metal
stampings. Ashiand Chemical Company was contracted to
recycle the waste by distilling 1,1,1-trichloroethane. Substi-
tuting the recycled solvent for the virgin product has reduced
Hamilton Beach's overall raw material costs by $5,320 per
year. Scovill also eliminated all of their previous waste
disposal costs, estimated to be about $3,000 per year.

The array of reuse options is too extensive for detailed discussion
here. Numerous recovery technologies are presented in Chapters
7,8,and 9.

Participating in Waste Exchanges

Waste exchanges are networks of businesses which attemptto find
markets for the wastes they generate. Remember that hazardous
waste to one business can be a valuable resource to another. The
exchange attempts to match the waste from one business with the
raw material requirements of another business. Small businesses
canalso find excellent recycling opportunities through such organi-
zations. Often a “buyer” company is able to purchase, recycle, and
subsequently reuse another's waste. In this way, the buyer is able
to save on raw material costs, and the hazardous waste generator
is able to market a new product as opposed to disposing a
hazardous by-product.

For more information on waste exchanges, see Section 11.5.

N CHMR
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LEGAL NOTICE

This manual is intended to be an information document that generally
outlines the broad elements of the legal, regulatory, and technical framework
of a waste minimization ;E‘rogram. It is not within the scope of this manual to
analyze specific legal, policy, or technical issues that may arise in establishing
such a program. Rather, it is the purpose of the guide to identify significant
issues that may be faced in this area. Each company should consult with
EPA or its own legal counsel as to compliance issues. CMA does not make
any warranty or representation, either express or implied, with respect to the
accuracy, completeness, or utility of the information comtained in this
manual; nor does CMA assume any liability of any kind whatsoever resulting
from the use of or reliance upon any information, procedure, conclusion. or
opinion contained in this manual.

COPYRIGHT NOTICE
This document may be copied and distributed freely as provided below.
This work is protected by copyright. The Chemical Manufacturers
Association (CMA) which is the owner of the copyright, hereby grants a
nonexclusive royalty-free license to reproduce and distribute this workbook,
subject to the following limitations:
1. The work must be reproduced in its entirety without alterations.
2. All copies of the work must include a cover page bearing CMA's notice

of copyright and this notice. Copies of the work made under the
authority of this license may not be sold.

Copyright 1989 Chemical Manufacturers Association

This document is printed on 100% recycled paper.



Notice

This report has been reviewed by the Hazardous Waste Engineering Research
Laboratory, U.S. Environmental Protection Agency, and approved for publication.
Approval does not signify that the contents necessarily reflect the views and policies of

 the U.S. Environmental Protection Agency, nor does mention of trade names or
commercial products constitute endorsement or recommendation for use. -

Users are encouraged to duplicate those portions of the manual as needed to implement
a waste minimization program. Organizations interested in publishing and distributing the
entire manual should contact the Alternative Technologies Division, Hazardous Waste
Engineering Research Laboratory. U.S. Environmental Protection Agency, Cincinnati,
Ohio 45268, to obtain a reproducible master. ‘
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Project Summary

The EPA Manual for Waste
Minimization Opportunity

Assessments

Gregory A. Lortan, Carl H. Fromm, and Harry Freeman

Waste minimization (WM) is fast
gaining recognition as a2 means of
contending with the nation's

hazardous waste problem and other

tforms of environmental poilution,
Opportunities exist tor waste
minimization throughout industry and
government. The wasts minimization
assassment procedure described in
the full report ofters a means ot
determining a facility’'s waste
situation and identitying and
evaluating potential viable options
for reducing waste. (In addition to its
availability through the National
Technical Information Servics, this
report Is being issued as a
technology transfer manual, EPA-
625/7-88/003.)

This Project Summary was
developed by EPA's Hazardous Waste
Engineering Research Laboratory,
Clncinnati, OH, to announce key
findings of the resesrch project that
is fully documented in a separste
report of the same Utle (see Project
Repaort ordering intormation at back).,

What is Waste Minimization?

Waste minimization is comprised of
source reduction and racycling. Source
reduction is defined as any activity that
reduces or aliminates the generation of

waste at the source, usually within a—~-

process. Recycling is defined as the
recavery and/or reuse of what would
otherwise be 3 waste material. Figure 1
illustrates the various categories of waste
minimization techniques.

The emphasis in this paper 1S on
“hazardous waste.” However, ail waste
streams must be considered when
conducting an assassment. This includes
air emissions, wastewater, and non-
hazardous solid waste. The transfer of
poliutants trom one medium 10 another is
not waste minimization.

Incentives

There are a variety of incentives for
minimizing wastes. These include the
following:

e Attractive economics (including
reducing waste treatment and
disposal costs, and savings in raw
material costs)

® Increasing reculations (including
landtill disposal reguiations,
reporting requirements, and
permitting requirements for wasts
treatment)

¢ Reduced liability (inciuding liability
for environmental problems and
workplace safety)

® improved public image and
enviconmentatl concarn

The economic performan.e of WM
projects has been enhanced in recent
years by (he dramatically increasing
costs ol waste disposal. Environmental
requiations. especially ACRA (Resource
Conservation and Recovery Act)., have
had a major eifect on treatment and
disposal costs.
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Figure 1. Waste Minimization Techniques

aste Minimization
+wsusment Procedure

The waste minimization assessment
procedure presented here is a
systematic framework that can be used
by a facility's own employees (o identity
WM opportunities. As a structured
program, it provides intermadiate
milestones and a step-by-step
procadure to (1) understand the facility’s
wastes and procssses. (2) identify
options for reducing. wasts, and (J)
determine which of the options are
tachnically and economically leasible to
Jusuly impiementation. On the other
nand, the procedurs should be modilied
to meet the specific needs of the

ingividual company. As such, this manual -

shouid: be viewed as a source of ideas
and concepts. rather than 3 ngorous
prescription of how 10 do assessments.
Figura 2 illustrates the WM
assessmen! procedure. The WM
assessment procedure is one part of a
larger wasts minimization program. which
1S required of hazardous waste

‘generators. *Careful plannming and

arganization precedes the assessment
itseli. The assessment procedure can be
spiit into two major phases:

e Assessment phase (collect

‘information, and identily ang-

scraen potential WM oplions)

e Feasibility analysis step (lechmical
and economic evaluation of the
options)

Implementation of the recommended
options follows the assessment The WM
program shouid be viewed as a
continuing program. rather than a one-
time effort.

Planning and Organiza'uon

Careful planming and organuzation is
necessary (0 bnng aboul a successiul
WM prograrn. To start the program and

maintain momentum and control, 1 s,

necessary 0 obtain management
commutment. The program should set
general goais by which lo measure its
eftectiveness. Selecting a good program
stalt is cntical to he ulimare success of
the program. Singe 'he program s a
project organization within the company,
a task force provides an efiective way of
carrying out the program.

Assessment Phase

The assessment serves 10 identily the

best options lor minmimizing waste

through a thorough understanding of the:
waste-generating processss, waste
streams. and operating procedures.
Therefore. the assessment lask force'ss
first major tasks ars to collect intormauom
about the lacility’s waste sireams.
processes, and operations.

Collecting and Compiling Facility
Information

Information about the lacilily’'s wast:
streams can come from a vanely ¢
sources. such as hazardous wast:
mamiests. bienmal reports, environmenta
augits, emussion nventornes, wast:
assays. and perrits Mass balance.
should be developed for each of the
MPOIant waste-generating operatons
o dently sources and gain a better
understanding of the wastes’ ongins.

Collecting waste stream data anc
constructing mass balances wili creato ¢
Dasis by whuch Ihe assessment task car
rack the flow and charactensucs of the
waste sireams over time. This will be
useful n dentitying trends 1 waste
qeneration and wil 3lso be crical in the
task of measunng the performance o
impiemented WM options laler The
resuit of the activity 1S 3 catalog of waste
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Figure 2. The Waste Minimization Assessment Procedure

straams that provides a description of
each .waste, including quantities,
frequency of discharge, composition,
cost of management, and other important
information. .

in addition to data about waste
streams, other information is needed to
fully understand the facility’s operations.
This includes the following items.

o Process. equipment, and facility
design information

e Environmental reports, assays.
manifests, documents, and permits

o Raw material
information

o Operating cost information

e Policy and organizational
information

production

Prioritizing and Selecting Waste
Streams to Assess

ideally, assessments shouid be
conducted on all of the waste-
generating operations in a plant.
However, in larger piants this often is not
practical. considering the limited
resources (money, ime, and expertise)
avsilable. in this. cass, the assessment
program task force should prioritize the
streams. Important criteria (0 consider in
prioritizing waste streams and/or facility
areas to assess include the following:

eCompliance with current and fulire
environmental reguiations :

oDisposal cost and/or quantity of the
waste

eMazardous nature of the waste, and
other safety considerations

ePotential for (and ease of)
minimization

pl -

oPotantial for removing production or
waste treatment bottienecks

eAvailable budget and expertises for
the waste minimization assessment
_ program
A practical consideration in selacting
waste streams for the first assessment is
to find those that can be reduced with a
good likelihoad of success. A
successfully implemented WM project
will ensure the acceptance of further
‘ waste mjnimizzﬁon eflorts ‘within the
organization. -

Select Assessment Team
Members :

The asssssment team must include
peopie who are lamiliar with the area of
the facility to be assessed. Including first
line operators and production supervisors
is recommended. Thess people may or



may not already be on the assessment
program task force. (in a large facility,
the task force should have a broad
" understanding of the lacility's operations,
while the assessment team should have
a specific understanding of the areas to
be asssssed.) t may be advisable to
include people from other parts of the
{acility that regularly intsract with the
areas 10 be assessed.

Site Inspection

Although collecting and reviewing data
is important in the- assessment, the
assesament team must be lamiliar with
the actusl operation at the site. To do
this requires that the asssssment team
visit the site during the various stages or
cycles of an operation. If all of the
assassment tsam members work at the
facihty {or are located relatively close by)
it is essy for the team members to visit
the site. -However, if one or more
members are rom outside of the facility,
lt is recommended that a formal site

be carried out.

The tormal inspection -serves to
resoive all questions raised during the
review and to complement that
information aiready obtained and
reviewed  eariier. The inspection aiso
confirms whether or not the facility
actually operates in the way it was
originglly intended to. This inspection
concentratss on understanding how the
wastes are

The assessmaent tum shouid “"walk
the line" from the beginning of the
process t0 the point where products and
wastes ieave the facility. Since waste can
be generated in receiving and storage
arsas as weil as the production areas, ail
areas within the site shouid be visitad.
The (lollowing - guidelines will help in
organizing an effective site inspection:

o Prepare an agenda in advancs.

e Schedule the inspection o coincide
with the particular operation of
interest. )

® Monitor operations at ditferent
times during the shilt. -+

. interview operators, foremen, and
supervisors. Assess the operating

's awareness of the waste

ganeration aspects of the.

operation. )

o Obssrve the housekeeping aspects
of the operation. Assess the overall
cleaniiness of the site.

o Review the organizational structure

© ‘and level of coordination of waste-

related activities between the

- assessed facility area and other
related areas.
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o Assess the administrative controls.

Generating WM Options

Following the coliection of data during
the assessment preparation stap and the
sile inspection, the members of the
assessment team will have bequn to
|danuty possible ways of reducing waste

in the assassed area. The generation of -
options is both a creative and analytical

procass. While the individual assessment
tsam members may be able to suggest
many potential WM options on their own,
the process can be enhanced by using
some of the common group decision
techniques, such as brainstorming.
These techniques allow the team to

* identily options that the individual

members might not have come up mth
on their own,

Identifying potential- options requires -.— — ¢~

the expertise of the assessment team
members. Much of this knowiedge
comes from their education and on-
the-job experience. Other sourcss of
background information on potential
options inciude the foliowing:

e Trade associations

o Published literature

e Environmental conferencss and

axhibits
o Equipment vendors

and can be implemented quickly. The

- screening procedure should account fou

the ease of implementation for an option
It such an option is clearly dasirable anc

~indicates a potential cost savings, il

should be considered for further study cu
outright implementation.

In .screening the options. the
;ssassment leam determines what the
important criteria are in terms of the WM
assessment .program goals and
constraints, and the overall corporate

. Qoals and constraints. Exampies off

criteria that can be used inciude the
following:

® Does the necessary technoiogy:
exist 10 deveiop the option?

—— .® How much will the option reducs:

-waste quantity, hazard.

- treatment/disposal costs?

How much will the option reduce

safety hazards?

"0 How much will the option reducs:
“*the use of input materiais?

and!

— .8, Wnat will the impact be on liability'

- and insurance costs?
". @ How much does it cost? Is it cost
- effective?
® Can the option be implemented
withih a reasonable amount of
time?
© Does the option have a good “track

e Plant personnel (espocmly the -- ~——record™? if not, is thers evidence

operators)

e Federal, state, and local
government environmental
agencies

e Consultants and/cr employees from
other facilities

Screening and Selecting the
Most Promising Options for
More Detailed Evaluation

A succassiul assessment will result in
many WM options being proposed. At
this point it is necessary 10 identily those
options which ofter a real potential to
minimize wasts and reducs costs. The
screening procedure serves 1o efiminate-
those suggested options that ara)
perceived as marginal, impractical, or
inferior, without the detailed and more
costly feasibiiity study. The procedures
for screening these options can range
from an informal decision made by the
assessment program manager or a vots
of the assessment team, 1o a2 weighted
sum method that combines relative
weights of such faclors as operating cost
reduction, capital cost requirement,
reduction in waste hazard etc.

Some options (such as procedural
changes) may invoive no capital costs

that the option can work in this
cass?
® What other benefits will occur?

Feasibilty Analysis Phase

The WM options that are successfully
screenad in the assessment step then
undergo a mare detailed (easibility
analysis. The feasibility analysis is not
uniike that carried out lor any new project
within most organizations. However, there
ae some important characteristics to
consider when avaivaling waste
minimization projects that are not
necessarily considered with other types
of projects. .

Technical Evaluation

- The purpose of the technical
evaluation is 10 be sure that the option
will really work as intended, and whether
it can be impleinsnted with specific
facilitly constraints and product
requirements. Typical criteria for the
lechmcu cvduauon mciude me ouomng

?
o How has it worked in similar

applications?



e |s space available? Are utilities
available? Or must new utility
systams be installed?

_ s the new equipment or procedure

" compalible with the (acility’s

operating procedures, work tlow,.

and production rates?

e How long wiil production be
stopped n order to install the
system?

e Wiil product quality be maintained
or improved?

e Is special expertise required to
operate or maintain the new
system? Ooces the vendor provide
acceptable sarvice?

o Does the system or procedure
create or remove safety hazards?

e Does the systsm or procedure
create other environmental
problems?

All attected groups wn the facility
should contribute t0 and review the
asuits of the technical evaiuvauon. Prior
-onsultation and review with the affected
Jroups is needed to ensure the viability
and acceptancs of the option. If the
Jption cails for a change in production
methods. the elfects on the quality of the
tinal product must be determined. If the
oroject appears infeasibie or impractcal
ifter the technical evaluation, it is
rroe 1.

. imic Evaluation

Tt.: economic evaluaton is carried
Jut using the stancarg measures of
profitability. such as payback penod or
discounted cash flow techniques (internal
rate of return and net present value).
Each company uses itls own economic
evaluation procedures and crieria lor
seiecting projects for implementation. In
performing the economic svaluation.
varioys costs and savings must be
considered. As in any project, the cost
elements can be broken down into
capital costs and operating costs.

Capitai costs lor WM projects are
similar 10 most other projects. These
costs inciude not only the lixed capital
costs tor designing, purchasing, and
installing equipment. but also costs for
working capitai, permitting, training.
start-up, and financing charges. As
mentioned sarlier, it is important to
realize that some WM options, such as
procedural or materials changes, will not
have any capital costs. Aiso. many
source reduction options have the
advantage of not requiring environmental
perrmiing in order 10 be implemented.

WM projects need to show a savings
n operatng costs 10 be economicaily
eftective. QOperating costs and savings

typically associated with WM projects
include the following:

e Reduced waste treatment, disposal.
ang reporting costs

e Raw material cost savings

e Insuyrance and liability savings

© Iincreased costs (or savings)
associated with product quality

e Decreased (or increased) ullilias,
operating and maintenance costs,
and overhead costs

o Increased (or decreased) revenues .

from changes in production
marketable by-products.

Onca the capital and operating cost
savings have been determined. the
project's profitability can be determined
using the profitability measures These
methods are discussed in virtually all
tinancial management. cost accounting,
and engineering economics textbooks.
Those options that require no capstal
costs should be mpiemented as soon as
savings in operaung costs can be shown,

An important consideration of WM
projects is their potential t0 reduce the
nsk of environmental and safety liabilities
for a company. Although these nsks can
be identified. it is difficuit to predict if and
when liability problems will occur and the
financial impact. it is important that the
managers within lhe company who
decide 1o fund the company’'s projects
be aware of the significance of these
risks and factor the risk reduction
benelits of waste minumization nto these
projects. Also, while the profitatslity ot a
WM assessment program is important in
deciding whether to implement a project.
compliancs with environmental
regulations may be more important,
since viglation may ulumately resuit in
shulting down the lacility, and possible
criminal penaities lor the company's
responsible people.

Final Report

The product of 3 WM assessment is a
report that presents the resuits of the

assessment and lechmical and economic

feasibilly analyses. it aiso contains
recommendations to implement the
leasible options. A good linal report can
be an important tool for geting an
attractive project imnplemented. The
report shouid include not only how much
the project will Cost and s expected
performance. but also how it wil be
done. important topics o discuss include
the lollowming: -

e whether the technology or
procedure 1S established, with a
mention of successtul apphicatons.

® the required resources {(money,
gxpemse. and manpower) avaiabie
in-house. and those resources (hat
must be brought in from Qutsice.

e the estmated construction’ period
and production downtime.

e the means Dy which performance
can be evaluated aiter the project
has been mpiemented.

@ the reductions 1n environmental and
salety habuity.

Belore the report 1s finahized. be sure

-l0 review the resuits with the affected

groups. It 1s important !0 solicit the
support of the affected groups. By having

-peopte from these groups assist in

pregaring and reviewing the repart the
chances are increased that the attractive
projects are successiuily implementes.

implementation

The implementation of the WM project
1S not unlike any other project that
invoilves new equipment or procedures !t
may be necessary {0 gvercome inertia or
resistance (o change within tne
organtzation. The commitment of
management 0 waste munimizaton 1S
important at this ime.

Once the project has been
‘!mplememed and operauing. 1t s
mportant to evaluate its performance. Is
it performing as axpected? It not. should
it be abandoned. or 1s its use stll
beneficial? What other potenual options
have been idenulied through ine
operation of this option?

Ongoing Program

The WM program should be vieweq
as a contunuing one. As WM oouons are
implemented. the task force should
continue to look for new opportunities.
assess other waste streams. and
consider attractive options that were not
pursued earher. The uitimate goat 1s (0
reduce wastes 10 the maxamum extent
prachcal.

Conclusion

The waste mnimization assessment
ofters opportumities 10 reduce operating
costs. reduce potential habiity. and
improve the environment. white
improving requlatory comphance The
WM assessment procedure results «v a
careful review of a plant's operauons
toward reducing wasies The WM
program task {orce should strive 10 duid
a waste miwmization philosophy ‘minin
(he company In doing sn. the entirs
company can help 10 minumnice ~asia.
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A step-by-step auditing
procedure produces

a comprehensive list

of waste-reduction
possibilities. Ang, its
ranking system provides
guidance for selecting
the optimum option.

SUCCEEDING
Al WASTE
MINIMIZATION

Carl H. Fromm ana Michaet $. Cgllahan, Jacobs Engineenng Group
Hany M. Freemon. U. S. Environmentat Protecﬂon Agency
Marvin Dratkin, Versar, Inc. .

aste disposal is getting increasingly dificult and cosdy. For
instance, landfilling, t:radidonally the favored disposal option for a

majority of hazardous wastes, is now subject to stiff controls in the

U. S.. Landfill regulatons mandate groundwater monitoring,
leachate collection-and-reatment systems, and double liners. Over the last
three years, the cost of land disposal has increased by a factor to two to six, de-
pending upon the type of waste and its location. And the threat of fumre legal
liabilities has further biunted the appeal of that option.

Alternative disposal techniques, such as incineration, pose their own sets of
difficuities and-escalating costs.

Facing this disposal dilemma, many piants are now lookmg at ways to
minimize the amount of wastes leaving their sites. There are other incentves,
too, for reducing waste generation: .

o [t is a desirable environmental goal.

o [t can reduce a firm's potential liability for problems associated with offsite
waste-handling and disposal.

¢ Generators must certify that wasts has been minimized to the maximum
extent deemed economically feasible (Item No. 16 on the Uniform Hazardous
Waste Manifest); Also, there is 2 biennial reporting requirement.

¢ There is a prospect of stronger waste-minimization directives when the
U. S. Eavironmental Protection Agency in 1990 reevaluates industry’s efforts,

There are three basie tachniques for waste minimization: source reduction,
recycling, and wasts treatment. Invariably, reducing or avoiding waste genera-
ton is the most-desirable goal, and should be explored first. Then comes
recycling, followed by treatment. Table I details elements of these approaches.

[dentifying all waste-minimization possibilities, and then selecting the best
ones, can pose a real challenge. An auditing procedure, as we wiil speil out, can
markedly heip 0 uncaver the most-workabie options. Unlike an environmental
audit, a waste-reduction one focuses on “how to” issues, rather than regulatory
compliance and “are we supposed to” concerns.

Using such auditing, 2 waste-minimization program involves six stages, as
detailed in Tabie I1.

Taking care of essential preliminaries

[nitiation of a sueceasful waste-minimization program demands top-manec~e-
rent commitment, allocation of adequate financial and technical resources, an
appropriate organization, and good definition of goals and planning.

From the onset. it is important to realiza that the program may have w©
overcome such barriers as: a lack of awareness of the benefits of waste
minimization; limitations of technical stafl; concern over tampering with an
adequately running process: and organizational inerta and politics. Thus,
constructive approaches may have to be used o cope with these factors.

The auditing procedure can be carried out by an internal taskforce with
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Tabie | ~ WaSI-TWUmMZaton aporoaches should be explored in order of thew envronmentsl
deswabdity: frSt. 30LCE reduciion; then. recyciing: and. last, waste treatment

SQURCE REDUCTION

or without an outside consuitanz. The
leader should have solid technical cre-
dentials as well as proven problem-solv-

%ng abilities. The team should include at

Product aterstion . . east one “outsider.” e.g. a person

C Procuct sudestston CProdct conserveson O Aberaton of roduct CAEOMON | from another plant or produc:ioieumt:

Source control - that person will help spot and avoid
Input-material siteration  Technology aiteration Procecurs or inbred plant biases.

a . O Process cranges \nstitirtional changes The audit team must be given

C Maeral suossumon O Equoment gong or Qrocecral measuses enough authority so that it can gain

Omm 8“"”‘""‘ access both to ail required fechnical

anm' . Clw| "'I 'l' ""'I gaton dgc‘umenrau.on {process ﬂpw diagrams.

Dcm""' cperatonal secings CMesra-hending piping ‘and instrumentation diagrams,

O Water conservetion Trorovemens inventory and operations logs, etc.) and

to technical personnel at the plant.
Now, the team can start the pre-audit
stage. Review of pertinent documenta-
tion and references should result in a
well-defined list of information needs.
or a plant-inspection agenda designed

to fill in the gaps.

A site visit, including a guided tour of
the facility, then should provide first-
hand informadon about the plant, par-
ticularly with an eye to filling informa-
tion needs and gaps in essendal data.

Legens Mot

ENP - Wasto-vestment st A = Raw mariel
(ond of pipe)
W= Wasm t = Primary,

= Waste 1 depossl ' 2 = Secondwy

At this time, the views of plant oper-
ating personnel on the focus and func-

D - P = Procuct W, < W, for both voume and/or sascty | U0B Of the audit should be sought. In-

deed, the visit should establish a good
working relatonship with the sita p.

sonnel. The initial point of contact {for
example, the piant manager, or envi-
ronmental coordinator) should be en-

Tabie Il — A successiul waste-MiNKMIZation program
generally shoulkd INClude Six SEDArate STaQES

Step flements

. ’ h : ) '

2Peead . vw-um ,
T okd pre-audit mesting and inepecton

“TRT . Complie date and select gt

4. Post-aucit Conduct chnical and economis
foasbifly studes

S. Aecommendation  Sugpest preferred oplons )
6. implementation Oesign, proasre and construct

92  CHEMICAL ENGINEERING. SEPTEMBIR L4, 197

listed to champion the program.

Information on all waste streams leaving the plant should
be compiled. Reviews of waste manifests, process flow dia-
grams, piping and instrumentation diagrams, and heat-and-
material balances are partcularly useful. Each diagram
should be analyzed for all points where waste generaton
could occur.

Equipment-cleaning wastes must also be considered. In-
deed, in batch processes, large quantities of wastes may be
associated with operatons such as cleaning a reactor or
mixing vessel. Yet these incidental wastes rarely appear on
process flow diagrams or are quandfied in process descrip-
dons; so, discussions with key operations personnel are
essential to define such wastes,

Waste streams shouid be quantified on a uniform basis. [f
a stream is intermittent, it should be represented as 2
pseudo-continuous one. Once all waste streams are quant
fied, each should be expressed as as percentage of the wota
quantity of waste leaving the plant.

Armed with this information, the team can select the
waste stream to be targeted for immediate attention. Sines
this establishes a focus of the entire audit activity, a grea
deal of thought must be given to this targeting. Usua
criteria include:

® Method and cost of disposal.

o Composition of the waste,



] runlll—Uumthuastim\gmlmconmmmmmmmmtuw.nm

i Pracesselement  QOplians ta investgate Pracess element  Optaons ta nvestiqate o=

Matenals Q0 Buy higher-punty raw matenals Fitration ang O Employ eficient washing
T Switen 10 less-100c raw Matenais washing rinang methoas s
JUse noncomrosve raw matenais 8Eimnundm.um
i SQUIOMeNt NSpecton Adopt cousmarcuTent washwg
m'::’ C’&‘Swm 4 U Recycie spent washwater
G imgrove operator trarsng Loaks andt spils [ Empioy bellows-sealed varves
- ] Provide cloesr supenmon of personnel 0 Specity pumps with doutie mechamcal
O Practice better housexeecng Omam(mam
O Empioy Detter process-mortonng Maximas use of weiced, nstead of
systems flanged, ppe jonts
O improve quaity corool O Curtad water use for sol Seanup
Materiais handiing (] Segregsts contamers by pnor contants Equipment-cieaning CJ Use corosionemstant matenais
C Use washabie/recyciabie arums T Convert from batch to contnuous ‘
gaumw::nwnaw-tm GM.’“”""" o . ‘
peckapes e ghed mmmm :
(] Empioy pipeiines for intermediate Tansier Qincreass squipment-cranage tme ,
) . O Agitase storage tanks
Reaction/ C Cptmaze the reactnr desgn and O Use mechenical wipers on mex tanks
proceesing reRCHOn conations O Cean m _
C Optmize the reactant-scxttion method O iretat ':‘h:‘:m‘""uwwm‘.m“
Q Siminate the'use of toac catatysts O Adopt & countercurent rnee sequence
O Re-aamine the need for chermcal
cleaning
O Uss in-orocess ciesning devicss
Q Recycis spent rineswater
G Blanket with rrogen o recuce caciation
¢ Quantity (present and future). interview more than one person on the subject. Assess their

o Degree of hazard (toxicity, lammability, etc.).

¢ Potential for minimization.
" o Compliance status (current and future).

Once this analysis is finished, the results should be sum-
marized in 2 written report, which shouid ¢ontain the follow-
ing: the facility location and size; a description of the procsss
or operations of concarn, with diagrams necessary to detail
pertinent aspects of waste generation; details about the

-waste streams — including generation ratss, compositions,
disposal and raw-material costs —= focusing on sources and
current methods of management; the rationale for selection
of that waste stream.

Conducting ihe cudit

With the aim of the audit now focused, the team should
carefully conduet an inspection to develop an undarstanding
of how the targetad waste is generated. This inspection
should also provide any additional information needed t
decide about minimization options.

The following suggestions may prove heipful:

1. Have an agenda ready.

2 Plan to observe the operation at different times during a
shift. Sometimes, monitoring of all shifts is essential —
especially when waste generation is highly dependent on
human involvement (as is typical of many discrete manual
operations, such as painting or parts cleaning).

3. Obtain permission to directy interview the operators
and supervisors. Listen attentively, and do not hesitute o

awareness of the waste-generation aspects of the operation.

4. Get approval to photograph the facility. Photographs
are particularly valuable in the absence of layout drawings.
and can capture many useful details that will help in the later
phases of the audit. .

5. Observe the housekeeping. Check for signs of leaks and
spills. Visit the maintenance department and inquire about
its problems in maintaining equipment leakfree.

6. Assess the organizational structure and the level of
coordination of environmental activities between various
departments.

In addition, it may prove beneficial during the preparation
and conduct of the audit inspection to menuily “walk the
line” from the suspectad source of waste generation to the
point of exit

Now, the taam should be in a positon to generate a
comprehensive set of waste-minimization optons. A brain-
storming session invoiving the entire audit team is one way
to do this, or each member can develop lists on an indepen-
dent basis. .

In exploring opto==. let us reemphasize that source reduc-
tion should be considered before recyciing or weatment.

[t is important to create as comprehensive a list of options
as possible. The checklist appearing in Table [II may be
helpful in thinking about alternatives. The waste-minimiza-
tion measures currently in place are also worth listing, since
they may lead to additional approaches. At this point, do not
worry to much about the viability of the suggestions. A
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written rationale, backed by literature references or record-
ed discussions with equipment- or material suppliers or
consultants. should suffice. )

Once a thorough list has been developed, the team's
attention can turn to assessing the various options. Alterna-
tives that do not menit further attention can be weeded out,
and the remaining choices ranked in the order of desirability.

Ranking can be performed by taking each option in turn
and looking at how it stacks up on key criteria such as:

o Effectiveness for reducing waste.

o Technical risk. -

» Extent of current use in the facility.

¢ [ndustrial precedent.

o Capital and operating costs incurred.

o Effect on the quality of product.

o Impact on plant operations.

¢ Required dme for implementation.

o Other aspects important in the particular situation.
Assign a numerical value (say, from 1 to 10, with 10 being
best) for the weight of each of these criteria. Then, rate each
option with respect to each criterion on the same scale, and
add the products of the weights and ratings.

Such evaluations should be conducted independently by
the audit team, and facility personnel. This provides a useful
framework for identifying, and resolving, differences of
opinion. The ratings should be compared and discussed at a
joint meeting, 30 as to evolve mutually acceptable ratings —
with the audit team leader in firm control of discussions.

(It is important how some options are introduced — the
audit team should be particularly sensitive to the way in
which the housekeeping measures are presented. For exam-
ple. a recommendation to keep covers on degressers may
seem trivial and even a little insulting. The operating staft
may be tempted to respond: “Don’t you think we know that
already.” However, if, in this case, a rough estimate of
avoided solvent-replacement cost is given, the suggestion
will likely be better understood and not dismissed as trivial.)

This reconciliation session should lead to a list of waste-
minimization options with revised ratings.

Selection of options for feasibility analysis should be based
on the revised weighted-sum values. The number of alterns-
tives considered further depends on the time, budget and

cncincennc Fenune [N

derive study-grade estimates of capital and operating coszs,
Capital and operating costs should then be subjected o4
standard profitability anaiysis, which must take into cons:d.
eration avoided costs for disposal and materials [].

Technical feasibility should also be assessed — based an
industrial precedent or additional benchscale or trial-produc.
tion-run testing. Close attention should be paid w effects on
product quality, especially in cases of material substtution,

Such an approach leads to a rational basis for selection.
The findings of the analysis should then be summanzed ir. 2
final report. This should give clear recommendations as w0 3
course of acton. [t also shouid document the basis anc
methodology used to derive the expected results.

This completes the audit pordon of a waste-minimization
project. If management decides to go ahead with the project.
the implementation stage then proceeds along a well-estab-
lished route of preliminary design, final design, procure
ment, construction and startup. Alternatively, this phase
may be preceded by additionai research and development.

However, many waste-minimization options uncovered
during the audit can be put into practice immediately, as they
do not cost money. These options usuaily fall into the areas
of good operating practices or housekeeping — for instance,
better operator training or waste segregation.

Some final thoughts o

How does one measure the success of 2 waste-minimization
program? The relative waste-generation rate. which is based
on pounds of waste constituents of concern per unit produc-
tion, appears suitable. Alternatively, one can use the ratio of
input-materials mass to unit production.

Although this systematic approach should prove useful in
identifying and evaluating waste-minimization options and in
conducting effective audits, its success requires cooperation
between the audit team and plant operating personnel, as
well a3 a good understanding of the process and its underiy-
ing principles — and creativity and hard work.

Mark D. Rosepzweig, Editor
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1. Introduction .
1.1 measure progress?
Meet regulatory requirements
_Provide feedback

Y
1
2
.3 Determine the effectiveness of corporate policies
4
5
6

5

Learn which technologies work and which don’t

Pinpoint problems

Document results ‘
.7 Demonstrate to government that voluntary efforts are successful
1.2 Overview of rest of presentation

i
p—s.-up...-n.—“.—o‘-o

1
.1
.1
1
1
1.
.1

2. What is progress?
2.1  Introduction - how you define define progress determines what data you
. keep track of and measure

2.2  Different definitions of progress
Net reduction in costs
Reduced toxic chemical inputs
Reduced waste generation
Reduced toxic chemical release generation
Reduced waste release
Reduced chemical release

2.3 With each of the above definitions of progress, do you consider any
reduction progress?
- Only reductions due to waste reduction activities are indicative of
successful waste reduction programs and effective waste reduction
activities -- in other words, provide the information needed to make
the assessments that were the reasons we wanted to measure

ss in the first place.
’) v 23 Dlﬂ'erent levels of detail for defining progress
for a project

for a process
for a product
for a chemical release
for a waste stream
for a plant
for the whole firm
for a region or country

3. Possible Measures of Waste Reduction Progress
3.1  Introduction - depends on how you defined progress and on firm’s
organizational structure, types of production processes and waste
generating activities -
3.2  Descriptive measures

3.2.1 Was a waste reduction program established for the
facility/waste/process/project?

3.2.2 Was a waste reduction activity implemented for the
facility/waste/process/project?

3.2.3 Was a successful waste reduction activity implemented for the
facility/waste/process/project? (“Success” could be assessed by
any of the methods described below.)

3.3  Measures of actual quantity change

3.3.1 Ingeneral, Q;- Q1= actual quantity change,

where Q = quantity of waste or chemical (see below)

10/5/90 A1 1



34

35.

t = time period for which progress is being measured
actual quantity changes < 0 indicate waste reduction, and the larger
the actual quantity change the more waste reduction progress
occurred. Can be calculated at any level of detail.
actual change in the quantity of toxic inputs (throughput)
actual change in the quantity of toxic chemical releases generated
actual change in the quantity of toxic chemicals released
actual change in the quantity of waste generated
actual change in the quantity of waste released
Measures that adjust for changes in production (Adjusted Quantity

Change)

34.1 Two methods:
34.1.1 QfA¢ = Qu1/Ar1
3.4.12 Qi1 x (AY/A¢r-1) = Qe-1¥, or the quantity that would have
been generated in time t-1 if the production level had
been the same as in time t.
Qi-1* - Q = adjusted quantity change, where >0 indicates
waste reduction progress.

33.
3.3.
3.3.
3.3.
3.3.

atrp i

where Q = quantity of waste or chemical (see below)
A = level of activity (see below)
t = time period for which progress is being
measured
The assumption is that waste generation changes in proportion to
production changes unless waste reduction is implemented. Here
the level of detail is critical because the definition of the level of
activity depends on this. In general, If waste generation is
associated with a production activity, the greater the level of detail,
the greater the correlation between waste generauon and activity.
3.4.2 Measures of the quantity of waste
toxic inputs (throughput)
toxic chemical releases generated
toxic chemicals released
waste generated
waste released
3.4.3 Measures of level of activity
toxic inputs (throughput)
toxic chemicals incorporated into the product
number of products produced (mass, volume, surface arca)
sales dollars
value added
dollars budgeted
number of employees (total, direct labor hours,etc.)
hours operational
Measures of cost savings
3.5.1 Net Present Value of waste reduction project
3.5.2 Return on Investment of waste reduction project
3.5.3 question: what interest rate do you use?
the lower the interest rate, the more projects will be considered
“profitable”
one option is to use a lower interest for evaluating waste reduction
projects than other projects to provide an incentive for managers to
implement waste reduction. Lower interest rates can be used to
acknowledge that there are additional benefits of waste reduction

10/5/90
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(such as improved public image, reductions in liability, reductions
in worker exposure) that are difficult to explicitly include in
profitability calculations

4. Advantages/Disadvantages

4.1

42

43

44

4.5

4.6

41

Generic problems

- delayed effects of waste reduction (for net present value measures this
isn’t a problem)

- product design and process development (can use engineering estimates,
if available)

- changes in level of hazard (or toxicity)

Descriptive measures

42.1 advantages

‘ - uses less resources
- requires less detailed data
- greater accuracy
- avoids many of the data problems described below

42.2 disadvantages

- - provides less information

- can’t evaluate the degree of progress achieved

Measures of changes in quantity released (versus generated)

43.1 advantages
- data often currently monitored and available

432 disadvantages

- changes in treatment and disposal affect quantity
Measures of changes in waste generated (versus chemical)
44.1 advantages
- data useful for waste management decision making
- combination of chemicals within a waste stream is often relevant
- often metered - more accurate
44.2 disadvantages
- difficult to assess changes in toxicity or effect of input
substitution
- (although can also collect concentration data)
Measures of changes in chemical generated (versus waste)
45.1 advantages
- can evaluate changes in toxicity or input substitution
45.2 disadvantages
- don’t know concentration
- don’t know the constituents with which it is released
Measures that do not control for production changes
4.6.1 advantages
- ease of calculating
- ease of data collection
- avoid definitional problems discussed below
4.6.2 disadvantages
- doesn’t distinguish between changes due to waste reduction and
changes due to other factors
- do you consider it progress if waste generation falls, regardless
~ of the cause?
Measures that do control for production changes
4.7.1 advantages
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- removes the effects of one factor that affects waste generation and
chemical usage _
47.2 disadvantages

- difficult and éxpensive to determine

- How do you define “product” '
change in product or product mix - sometimes constantly
new products
what if the discontinuation of the product line is the waste
reduction activity? quantity = 0, but denominator also = 0
multi-process, interrelated production lines

- how do you measure the level of waste generating activity?

- wastes not related to production
lab, clean up, cooling water, inventory, etc.

- factors affecting wastes other than production
raw material quality, operating conditions, worker
productivity, weather conditions, one-time events (e.g., fire)

48  Process-level measurement . )
4.8.1 advantages

- for production-related wastes, waste generation is correlated to
the level of waste generating activity only, which may not
be the same as the plant production level

- forces managers to take a look at their production processes and
how they generate waste

48.2 disadvantages

- very resource intensive

- how do you define process?
multi-process, interrelated production lines

‘ non-production related wastes - what’s the process?
49  Project-level measurement
49.1 Advantages :

- alternative for non-production related wastes or wastes from
multi-product, multi-process production lines for which
measures that adjust for changes in production are not
appropriate '

- focuses on changes due to a waste reduction progress --

: eliminates problem of changes due to other factors
49.2 Disadvantages

- often based on design or engineering estimates rather than
observed changes

- more appropriate for changes in materials or equipment than
behavioral changes such as better housekeeping or

operating practices.

5. Examples of Problems and Discussion of Potential Solutions
5.1  problem: wastes not related to production
solution: don’t index these wastes to a production processes. Look at
actual quantity change
5.2  problem: multi-product production line where product mix changes
constantly and waste generation varies based on the product mix
solution: calculate waste reduction achieved per project implemented
(problem with this approach is may depend on design
specifications rather than empirical results - may not achieve all the
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waste reduction expected due to, ¢.g., improper operating
ures. Also, techniques such as improved employee training
don’t lend themselves to this technique.)
———— 53 problem: waste generation varies due to factors other than production or
waste reduction
solution: project specific measurement, or gather data on those “other
factors”, if not quantitative at least qualitative so that you know
what is affecting your waste generation (and subsequent handling,
treatment, disposal, and liability costs!)
5.4  problem: waste generated from several production and non-production
processes, all with varying levels of production activity
solution: meter wastes at their source. Need this information anyway to
conduct a thorough waste audit
5.5 problem: changes in measurement/metering technique
solution: estimate a conversion factor that will allow you to compare
waste generation in both years

6. Conclusion

6.1  There is no single, feasible measure that can accurately measure waste
reduction for all situations

6.2  Measures chosen should be tailored to reflect your firms’ production and
waste reduction activities, with the goal of providing as much
information as feasible given resource and technical constraints.

6.3  we recommend a multi-indicator approach combining several descriptive
as well as quantitative measures of progress with additional data
that allows the firm to determine which measures are most
applicable for each sitvation. Flexibility in defining a measure and
evaluating progress will allow measures to be tailored to accurately
reflect each unique situation. While this approach will not allow
you to say definitely that, for example, a process had a 17.8%
waste reduction, it will allow a more back-of-the-envelope
determination of whether or not progress has been made and the

‘ degree of progress achieved in more general terms.

6.4  Typicaily, you'll measure change in quantity, either actual or adjusted for
changes in uction. Keep in mind that these are just proxies -
ways of estimating what we really want — change in waste
generation (or chemical waste generation or toxic use) due to waste
reduction activities

7. Sources of information
7.1  Introduction :
7.2  Chemical Manufacturers Association (CMA) Waste Minimization
. Resource Manual

7.3  EPA Waste Minimization Opportunity Assessment Manual.
EPA/625/1-88/003. Hazardous Waste Engineering Research Laboratory,
Cincinnati, Ohio. '

7.4  USEPA'’s Pollution Prevention Information Clearinghouse

7.5  UNEP’s Network to Promote Low- and Non-Waste Technologies
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Slide 1
Why measure progress?

« meet regulatory requirements
» provide feedback

. pinpoint problems

« document results
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- What is progress?

 implementing a project

o cost savings

o reduction in toxic chemical inputs

- reduction in waste generation

+ reduction in generation of toxic chemical releases
o reduction in release of waste |

« reduction in release of toxic chemicals

N /RT
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What level of detail?

Waste

Process 1

»| | Chemical1 |
| Chemical2 |

—— Product 1

—» Product 2 '

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

-------------
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Descriptive measures

« waste reduction program established
« waste reduction project implemented

« waste reduction activity successful
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Actual quantity change =
Qt — Q-1

r

« toxic inputs

« chemical release prior to treatment or recycling
« chemical release

+ waste generated prior to treatment or recycling
« waste released

\_ | - /RT1
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Quantity Activity Level
« toxic inputs (throughput) |  toxic chemical inputs
- toxic chemical releases « toxic chemicals in the product
generated

| )
Adjusted quantity change =

(1) Q/At — Qt-1/At1
(2) Qe1 X (AvAr1) - Qe

e amount of products produced
+ sales dollars / value added

- dollars budgeted |
« number of employees

 hours operational
(RT1

toxic chemicals released
waste generated
waste released
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Advantages

Net Present Value

o gives “credit” for future affects of waste reduction

Disadvantages |
+ difficult to estimate potential savings (e.g., liability)
« estimated, not observed

(RII
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| Slide 10 \

- Changes in quantity released

Advantages |
« data may be currently available

Disadvantages |
+ change in treatment or disposal affects measure

N (RT
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Waste-specific measures

Advantages
- often metered, more accurate

« data useful for waste management decision making

Disadvantages
« difficult to assess change in toxicity

(RTI_
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Chemical-specific measures

Advantages
 easier & less expensive

Disadvantages
« often estimated & inaccurate

™

(RTI_
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Measures that do control
for production change

Advantages

« removes the affect of one factor affecting waste
generation

Disadvantages
o not relevant for all wastes
» changes in product or product mix
« multi-process, interrelated production lines
+ other factors affect waste reduction

(RTI _
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Process-level measures

Advantages
« focuses attention on production processes

« change in process production generally more
correlated with waste generation

Disadvantages
e expensive
« how do you define process




[SIide 16 | ’ | 1 \
Project-level measures

Advantages

+ . useful for wastes for which defining production levels is
not feasible

« changes due to waste reduction only—not other factors

Disadvantages
« often estimated
« only appropriate for changes in materials or equipment

N RT
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Waste generation not
related to production

Example: scrubber water from an incinerator that operates constantly

Waste/product 16.67

1988 1989 P%ﬁ::tgaeg °
Waste generated (tons) 150,000 150,000 0
Production (units) ~ 9,000 12,000 +33
12.5 -25

(RT
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Waste generation and

production not linearly related

EXample: acid used to rinse steel pipes (minimum amount required)

1988 1989 Peéﬁi'.‘.?é’" |
Waste generated (tons) 95,000 75,000 -21
Production (units) 10,000 6,500 -35
Waste/product 9.5 115 +21
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Measurement change

Example: wastewater effluent was estimated, now rerouted and metered

.1 988 - 1989 Pecrﬁggtgaf ©
Waste generated (tons) 430,000 570,000 +32.5
Production (units) 15,000 13,500 -1'0
Waste/product 28.67 - 422 +47

LR_'Ll_/
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Other Factors Affecting
- Waste Generation

Example: stormwater runoff contaminated with oil from roads

1988 1989 P%ﬁ:ﬂ;ag °
Waste generated (tons) 58,000 30,000 -48
- Production (units) 7,000 7,500 +7
Waste/product 8.3 . 4.0 -52
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Multi-Product Production Process

(Part I)

1988 1989
Waste Units of Waste/ Waste Unitsof  Waste/
Product Generated Product Product Generated Product Product
A 15 35 43 30 70 43
B 10 50 20 5 25 20
Cc 5 15 33 - 10 30 33
Total 30 100 .30 45 125 .36

(RTL
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Multi-Product Production Process
(Part ll—with waste minimization)

Product Generated Product Product Generated Product Product

1988 1989
Waste Units of Waste/ Waste Units of Waste/

A 35 15 43 22,5 70 .33
B 50 10 20 5 25 20
c 15 5 33 10 30 32

Total 30 100 .30 : 375 125 ~ 30

(RT
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Measurem_e‘nt Problems and
Possible Solutions

Problem Solution
 wastes not related to production  don't index the waste to production
levels; use actual quantity change
 multi-product production line  use waste reduction per project
- measures

« other factors affect waste generation | ¢ use waste reduction per project
or chemical use - | measures;

« gather data on the other factors that
affect waste generation

- waste stream generated from several | + meter wastes at their source
production processes

« change in measurement/metering * estimate conversion factor to allow
comparison between years

\_ RT
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Recommendations

 multi-indicator approach
+ tailor measure to facility or process
» provide flexibility







- WASTE
MINIMIZATION

SECTION 5:

EconoMICcs OF WASTE MINIMIZATION

Lecture Overheads.






Tier O cost protocol

Usual Costs

Tier 3 cost protocol

l

Less tangible costs

Financial protocol jmp

1

Key financial
measures

P

Tier 2 cost protocol

Future liabilities

costs

Tier 1 cost protocol

4—1

Hidden costs




Tier 3 cost protocol

Less tangible costs
Consumer responses
Employee relations
Corporate image
Etc.

|

Tier O cost protocol

Usual Costs

- Process equipment
- Process materials

- Direct labor
- Etc.

Financial protocol

Key financial measures
- Net present value

- Internal rate of return

- Annualized cost savings

Tier 1 cost protocol

—]

|

Hidden costs

Monitoring

Paperwork

Permit requirements
- Etc.

Tier 2 cost protocol

Future liabilities >costs

- Remedial action’

Personal injury
- Property damage
- Etc.




Financial protocol

. Key financial measures
- Net present value

- Internal rate of return

- Annualized cost savings




Tier O cost protocol

Usual Costs

- Process equipment

| = Process materials

- Direct labor
- Etc.




Tier 1 cost protocol

- Hidden costs

- Monitoring
- Paperwork
- Permit requirements

- Etc.




Tier .2 cost protocol

Future liabilities costs

- Remedial action
- Personal injury

- Property damage
- Etc. :




Tier 3 cost protocol

' Less tangible costs

- Consumer responses
- Employee relations
- Corporate image

- Etc.







WASTE
MINIMIZATION

SECTION 6:
CLASSROOM EXERCISES
The Amazing ;;;;;:for w§ste Minimization Exercise.

ABE's Electric Company.

ACE Manufacturing.



Problem #1

ABE’s Electric Company

Abe’s Electric Company produces ceramic filaments by mixing two powders into a slurry which
is then placed in molds. . A part of the process involves wet mixing of the two powders using a
vibaratory grinder. Powder A Consists of inert ceramic material and Powder B contains lead
oxide, a required ingrediant for ceramic fusion. The two powders are delivered in 50 Ib. sacks to
the weighing station. Six pounds of A and three pounds of B are weighed and manualy trans-
ferred to a wet grind process to adequately mix the powders. The slurry is then transferred to
shallow trays which are placed manually into a drying oven. The ceramic *“cake”which has been
oven dried is then manually put into a dry grinding mixer to delump the compund for the calci-
nation process. The ceramic powder goes dry into this process. '

Abe is facing a number of problems including:

1) OSHA has issued a citaton to the company for violating TTLV for lead. (worker expo
sure)

2) EPA’s land disposal restrictions will prevcht Abe from disposing of the hazardous waste
sludge. ,

Chemical substitution is not a viable Waste Minimization option, so Abe has hired you to modi-
fy the process in which the filament mixture is formulated in order to address the described prob-
lems.

Problem | | )

* Emission of Powders into workplace
- * Powders settle on floor
* Area is washed down daily
* Waste gces to settling pi: : +1d hazardous sludge is disposed of offsite

V

* Reduce hazardous sludge
* Reduce worker exposure to lead dust

SEE ATTACHED PROCESS FLOW DIAGRAM
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An accduntant for Ace Manufacturing, an employer of 2,000

PROBLEM 3

people, reported that the company spent $250,000 for off-site
treatment and disposal of hazardous wastes last year. Based
on the manifest information, the only source of available in-
formation on wastes, the company and its eight divisions gen-
erated the following waste streams: -

50 tons acidic waste

10 tons paint waste

5 tons used oil

10 tons various solvents; MEK,TCE, Naptha, Perc.
1 ton adhesives

15 tons contaminated soil

30 tons clarifier sludge

The General Manager, alarmed by the 200% increase in disposal
costs assigns you to develop a waste minimization program.
You have no budget to do this but can devote all of your time to

the project.

1.

Outline what steps you would take to begin to develop a
waste minimization program.

. How would you prioritize wastes for reduction?

What resources would you use?



Probiem 1

J ) Colorama Paint Factory

You are a production superintendent in a large paint formulating plant.A-customer
has ordered 5000 gallons of red paint and 2000 gallons of: green paint. Three tank
sizes are available for final mixing: S000 gallons, 2000 gallons and 1000 gallons. All

‘ tanks are clean and ready to use. At the end of the production campaign, all tanks
must be cleaned for the next order.

1. Which tank utilization strategy would result in

(a) least number of production batches
(b) least amount of cleaning waste generated_‘~

2. List considerations other than waste minimization that enter into strategy
development.

- °Hint: Assume that the amount of cleaning waste is proportional to the tank
internal surface area wetted by the paint at the time when the tank is ready for
cleaning. These areas are as follows:

350 ft2 for the 5000 gallon tank
190 ft2 for the 2000 gallon tank
120 £t? for the 1000 gallon tank






Problem 2
Mechanical Specialties Inc,
Mechanical Specialties Inc. produce mechanical components for use in the
automotive industry. Steel parts are manufactured by a milling process which uses
conventional oil-water emulsilon coolant. Grease is then applied to the parts to

protect them against oxidation during prolonged storage outdoors.

Prior to assembly, the steel parts are cleaned in cold naptha solvent to remove the

- protective grease. - After cleaning in solvent, the parts are alkaline cleaned and

painted. The wastes associated with this process include air emissions and grease-
rich solvent which is periodically removed and sent off site for recycling. Recovered
solvent is returned to the facility.

- You have been hired to provide the facility with viable waste minimization options

for their degreasing operation.

Hinst:
Make a list of operating sequences, or flow diagram, to assist you in determining
wastestreams, sources, and potential areas for waste minimization options.



COURSE EVALUATION FORM

Date:
Location:
Section:

Please help evaluate this workshop in order to improve its content.

1. Were the contents of this workshop beneficial to you?

2. Describe how this course did or did not meet your needs and expectations.

3.  Please evaluate the quality of the teaching, listing briefly both strengths and
weaknesses:
Strengths: Weaknesses:

4.  How could this workshop be improved to meet your needs better?

5. Would you like to see more workshops of this type made available to you?

6. COMMENTS:




WASTE
MINIMIZATION

| SECTION 7:
ESTABLISHING A WASTE MINIMIZATION

PROGRAM AT YOUR FACILITY

wpraft Guidance to Hazardous Waste Generators on the
Elements of a Waste Minimization Program"; USEPA, June
12, 1989.

Facility:; Harry Freeman and M.A. Curran; USEPA, Paper
presented at the Conference, Waste Minimization in the
Tri-state area, August 1989.

waste Reduction in the Chemical Industry: DuPont's
aApproach G.J. Hollod and R.F. McCartney; Article in APCA’
Journal, February 1989.

sWaste Reduction Case Histories: What's Worked, What
Hasn't and why." Daniel Krayhill, et al. Hazardous
Waste Research and Information Center.

- People Management: The fo;ggtten Element in Waste Reduction

Gary E. Hunt. North Carolina Pollution Prevention Program .
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ENVIRONMENTAL PROTECTION
AGENCY

[OSWER-FR-3421-1]}

Oraft Guidance to Hazardous Waste
Generators on the Elements of »
Waste Minimization Program

AGENCY: Environmental Protection
Agency (EPA).

acTion: Dralt guidance and request for
comment.

suMMARY: Comments are being solicited
on the following document. entitled
Dreft Guidance to Hazardous Waste
Generators on the Elements of a Waste
Minimization Program. This guidance
was developed to assist hazardous
waste generators in complying with the
certification requirements of sections
3002(b} and 3005(h) of the Solid Waste
Disposal Act, as amended by the
Resource Conservation and Recovery
Act (RCRA) and the Hazardous and
Solid Waste Amendments of 1984
(HSWA). which became effective on
September 1, 1985.

An effective waste minimization
program as viewed by the Agency
should have the following basic
elements: (1) Top Management Support:
{2) Characterization of Waste
Generation; (3) Periodic Waste
Minimization Assessments; (4) A Cost
Allocation System: (5) Encouragement of
Technology Transfer, and (6) Program
Evaluation. While these elements

provide guidance to generators on how a -

minimizstion program for hazardous
waste may be structured, the Agency
believes that they are equally valid for
the design of a multi-media source

_ reduction and recycling program. This

guidance is consistent with EPA's belief
that facilities should have broad
pollution prevention programs with the
goal of preventing or reducing wastes,
substances, discharges and/or
emissions to all environmental media—
air, land, surface water and ground
water.

Related Action: EPA published in the
Federal Register, on January 26, 1989 (34
FR 3845), a proposed policy statement
on source reduction and recycling. This
policy commits the Agency to a
preventive strategy to reduce or
eliminate the generation of
environmentally-harmful pollutants
which may be released to the air, land,
surface water or ground water. [t further
proposes to incorporate this preventive
strategy into EPA's overall mission to
protect human heailth and the
environment by making source
reduction a priority for every aspect of
Agency decision-making and planning,
with caviconmentally-sound recycling as

- reduce the volume and toxicity-of .

a second priority over treatment and
disposal. Today's draft guidance is an
exnmple of the application of this policy
in the RCRA program for huardous
waste.

DATES: EPA urges interested parties to
comment on this draft notice in writing.
The deadline for submitting written
comments is September 11, 1989.
ADDRESSES: All comments must be
submitted (original and two copies) to:
EPA RCRA Docket {room SE-201) (mail
code OS-305), 401 “M" Street, SW., .
Washington. DC 20460. Place the dockst
number, # F-88-WMPP-FFFFF, on your

‘comments.

FOR FURTHER INFORMATION, CONTAGT:
James Lounsbury, Office of Solid Waste,
(202) 382-4807, or the RCRA Hotline
(800—424-9346).

Draft Guidance to Hazardous Waste
Generators on the Elements of & Waste
Minimization Program - -

I Purpose

The purpose of today's notice is to
provide non-binding guidance to
generators of regulated hazardous
wastes on what constitutes a “program
in place” to comply with the
certification requirements of sections
3002(b) and 3005{h) of the Solid Waste
Disposal Act, as amended by the
Resource Conservation and Recovery
Act (RCRA) and the Hazardous and
Solid Waste Amendments of 1984
(HSWA). Such certifications require
generators to implement programs to R

hazardous wastes generated to the

‘extent economically practicable. This

guidance is intended to fulfill &'
commitment made by EPA in its 1986
report to Congress entitled,
Minimization of Hazardous Waste.!

II. Background G

With the passage of HSWA. Cbngress
established a national policy declanng
the importance of reducingor -~ - ..
eliminating the generatidn of hlnrdous
waste. Specifically, section mm(b] -
states:

The Congress hereby declares it to bo e
national policy of the United States that. -
wherever feasible, the generation of -~
hazardous waste is to be reduced 6¢°
eliminated as expeditiously as possible. -
Waste thz! is nevertheless yr1erated should

- be treated, stored. or disposed of somsto -

hazardous wastes (a concept referred to
as waste minimization) over managmg
wastes that were “nevertheless”
gencrated.

EPA believes that hazardous waste
minimization means the reduction. to
the extent feasible, of hazardous waste
that is generated prior to treatment,
storage or disposal of the waste. It is
defined as any source reduction or
recycling activity that results in either:
{1) Reduction of total volume of
hazardous waste: (2) reduction of
toxicity of hazardous waste: or (3) both.
as long as that reduction is consistent
with the general goal of minimizing
present and future threats to human
health and the environment.t

Waste minimization can result in
significant benefits for industry. EPA

- believes an effective waste

minimization program will contribute to:

(1) Minimizing quantities of regulated
hazardous waste generated, thereby
reducing waste management and
compliance costs;

{2) Improving product yields:

{3) Reducing or eliminating

" inventories and releases of “hazardous
" chemicals” reportable under Title Il of

the Superfund Amendments and
Reauthorization Act; and/or

(4) Lowering Superfund, corrective
action and toxic tort lisbilities.

Besides establishing the national
policy. Congresl also enacted several
-. provisions in HSWA for impiementing
hazardous waste minimization. These

" included a generator certification on

hazardous waste manifests and permits
for treatment, storage, or disposal of

hazardous waste. RCRA 3002(b). These

certifications (effective September 1,
1985) require generators.certify two
conditions: That (1) the generator of the
hazardous waste has a program in place
to reduce the volume or quanity and
toxicity of such waste to the degree

- determined by the generator to be
economically practicable; and (2) the

* -proposed method of treatment, storage
or disposal is that practicable method
currently availabie to the generator
which minimizes the present and future

S Hazardous waste minimization involves volume
. or toxicity reduction through either & source
reduction o¢ neydhuudniqunndmdutnthc
reduction of risks 10 human heaith and

minimize present and future threat to human” - environment. The transfer of hazardous mﬁncms

heaith and the environment.
In this declaration, Congress

established a clear priority for reducing *

or eliminating the generation of

t 51 FR 44683 (12/11/88). Notice of Avmhbihty of -

the report to Congress.

from one environmental medium 10 another does
ot constitute waste minimization. Neither would
concentration canducted solely for reducing volume
unless, for example. concentration of the waste
allowed for recovery of useful canstituents prior 10
treatment and dispossl. Likewise. dilution as ¢
means of loxicity reduction would not be
considered wasie minimization, uniess later
recycling steps were involved.

)
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, threat to human health and the

cnvironment.

In addition. Congress also added a
new provision in 1984 that requires
hazardous waste generators to identify
in their biennial reports to EPA (or the
State}: (1) The efforts undertaken during
the year to reduce the volume and
toxicity of waste generated: and (2) the
changes in volume and toxicity actually
achieved in comparison with previous
years, to the extent such information is
available prior to 1984 (RCRA 3002
(a)(6)). ) .

Today's notice provides non-binding
guidance to hazardous waste generators
in response to the certification
requirements in HSWA. Specifically, it
addresses the first of the certification
conditions that states that, “the
generator of the hazardous waste has a
program in place to reduce the volume
or quantity and toxicity of such waste to
the degree determined to be
economically gracticable."

EPA is not. however, providing
guidance on the determination of the
phrase "“economically practicable”. As
Congress indicated in its accompanying
report to HSWA 3 the term
“economically practicable” is to be
defined and determined by the generator
and is not subject to subsequent re-
evaluation by EPA. The generator of the
hazardous waste, for purposes of this
certification. has the flexibility to
determine what is economically
practicable for the generator's
circumstances. Whether this
determination is made for all of its
operations or on a site-specific basis is
for the generator to decide.

EPA has received numerous inquiries
on what constitutes a waste
minimization program. In today’s notice
EPA is providing draft guidance to
hazardous waste generators on what the
Agency believes are the basic elements
of a waste minimization program. -

EPA believes that today's guidance
may provide direction to large quantity
and small quantity generators in
fulfilling their manifest certification
requirement. Smalil quantity generators,
while not subject to the same “program
in place” certification requirement as
large quantity generators, have to certify
that they have “made a good faith effort
to minimize" their waste gereration.

T1.- :lements dis here reflect
the results of agency analyses
conducted over the last several years

3 S, Rep. No. 96-284. 98th Ccng., 15t Sess. (1983)

and extensive interaction with private
and public sectar waste minimization
program managers. EPA believes that an
effective waste minimization program
should include each of the general
elements discussed below, although
EPA rcalizes that some of these -
elements may be implemented in
different ways depending on the
preferences of individual firms.

A. Top Management Suppart. Tap
management should ensure that waste
minimization is a company-wide effort.
There are many ways to accomplish this
goal. Some of the methods described
below may be suitable for some firms
and not athers. However, some
combination of these techniques should
be used by every firm to demonstrase
top management support.

—Make waste minimization a
company policy. Put this policy in
writing and distribute it to all
departments. Make it each person's
responsibility to identify opportunities
for minimizing waste. Reinforce the
policy in day-to-day operations, at
meetings and other company functions.

—Set specific goals for reducing the
volume or toxicity of waste streams.

—Commit to implementing
recommendations identified through
assessments, evaluations or other
means.

" «=Designate a waste minimization
coordinator at each facility to ensure
effective implementation of the program.

~—Publicize success stories. It wi
trigger additional ideas.

—Reward employees that identify-
cost-effective waste minimization
oportunities.

—Train employees on aspects of

‘waste minimization that relate to their

job. Include all departments, such as
those in product design, capital
planning, production operations, and
maintenance.

B. Characterization of Wasts
Generation. Maintain a waste
accounting system to track the types,
amounts and hazardous constituents of
wastes and the dates they are
generated.

C. Periodic Waste Minimization
Assessments. Track materials that
eventually wind up as waste, from the
loading dock to the point at which they
become a waste.

—jdentify opportunities at all points
in a process where materials can be
prevented from becoming a waste (for
example, by using less material,
recycling materials in the process,

finding substitutes, or making equipment
changes). Individual processcs or
facilities should be reviewed

" periedically. Larger companies may {ind

it useful to establish a team of
independent experts,

—Determine the true costs of the
waste. Calculate the costs of the
materiais found in the waste stream
based on the purchase price of those
materials. Calculate the cost of
managing the wastes that are generated,
including costs for personnel,
recordkeeping. transportation, liability
insurance, pollution control equipment,
treatment and disposal and others.

D. A cost allocation system.
Departments and managers should be
charged “fully-loaded” waste
management costs for the wastes they
generate, factoring in liability,
compliance and oversight costs.

E. Encourage Technology Transfer.
Seek or exchange technical information
on waste minimization from other parts
of your company, from other firms, trade
associations, State and university
technical assistance programs or
professional consuitants. Many
techniques have been evaluated and
documented that may be useful in your
facility.

F. Program Evaluation. Conduct a
periodic review of program
effectiveness. Use these reviews to
provide feedback and identify potential
areas for improvement.

Although waste minimization
practices have demonstrated their
usefulness and benefits to those
generators that have implemented such
programs. many others still have not
practiced waste minimization. Today's
guidance on effective waste
minimization practices may help
encourage regulated entities to
investigate waste minimization
alternatives, implement new programs.
or upgrade existing programs. Although
the approaches described above are
directed toward minimizing hazardous
solid waste, they are equally valid for

" design of multi-media source reduction

and recycling programs.

EPA requests comments on all aspects
of this guidance.

Date: june 2. 1989.
Willig-- °. Reilly,
Administrator.
[FR Doc. 89-13845 Filed 8~9-89: 8:45 am|
ORLING CODE §560-50-M




TABLISHING A WASTE MINIM ON_PROGRAM
AT YOUR FACILITY

Harry M. Freeman, Chief

Waste Minimization Branch

Mary Ann Curran, WRAP Program Coordinator.

Waste Minimization Branch

Risk Reduction Engineering Laboraiory

Cincinnati, OH 45268

For presentation at the Conference, Eﬂggg_uinim_ ation in the Tri-State Area,
August 17, 1989, Cincinnati Ohio
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[ntroduction

~ There is underway today in manufacturing facilities in the United States

“and other industrial countries, a clear movement toward "waste minimization"

as a means for reducing environmental problems caused by the generation,
treatment, and disposal of hazardous wastes. In many respects this is only a
continuation of efforts by industry to increase product yields and profits by
reducing wastes. However, as it has become increasingly clear that there is a
limit as to what can be achieved through "end-of-the-pipe" approaches to
solving problems, waste minimization has become increasingly popular.

This paper offers several suggestions for implementing an effective
waste minimization program. Included is a review of the EPA’s recently issued
guidance for establishing a waste minimization program.

Background

With the passage of the Hazardous and Solid Waste Amendments (HSWA) of
1984, the U.S. Congress established a national policy declaring the importance
of reducing or eliminating the generation of hazardous waste. This policy
statement is:

The Congress hereby declares it to be a national policy of the United
States that wherever feasible, the generation of hazardous waste is to
be reduced or eliminated as expeditiously as possible. Waste that is
nevertheless generated should be treated, stored, or disposed of so as
to minimize present and future threat to human health and the
environment.

In this declaration, Congress established a clear priority for reducing
or eliminating the generation of hazardous wastes (a concept referred to as
waste minimization) over managing wastes that were "nevertheless® generated.

, EPA believes that hazardous waste minimization means the reduction, to
the extent feasible, of hazardous waste that is generated prior to treatment,
storage or disposal of the waste. [t is defined as any source reductton or
recycling activity that results in either: 1) reductio: of total volume of
hazardous waste; 2) reduction of toxicity of hazardous waste; or 3) both, as
long as that reduction is consistent with the general goal of minimizing
present and future threats to human health and the environment. (1)

The transfer of haiardous-constituents from one environmental medium to
another does not constitute waste minimization. Neither would concentration

conducted solely for reducing volume unless, for example, concentration of ther

waste allowed for recovery of useful constituents prior to treatment and
di-nosal. Likewise, dilution as a means of toxicity reducti~n would not be
considered waste minimization, unless later recycling steps were involved.(1)

In a related action, the EPA published in the Federal Register on
January 26, 1989, a proposed policy statement on source reduction and
recycling. This policy commits the Agency to a preventive strategy to reduce

or eliminate the generation of environmentally-harmful pollutants which may be

released to the air, land, surface water or ground water. It further proposed
to incorporate this preventive strategy into EPA’s overall mission to protect

2+



human health and the environment by making source reduction a priority for

“‘every aspect of Agency decision-making and planning, with environmentally-

sound recycling as a second priority over treatment and disposal.(2) The
Agency’s encouragement of waste minimization is an example of the pollution
prevention policy for RCRA hazardous wastes.

Current Federal Requlatory Requirements for Waste Minimization Programs

Besides establishing the national policy, Congress also enacted several
provisions in HSWA for implementing hazardous waste minimization. These
include a generator certification on hazardous waste manifests and permits for
treatment, storage, or disposal of hazardous waste. These certifications
(effective September 1, 1985) require generators to certify two conditions:
That (1) the generator of the hazardous waste has a program in place to reduce
the volume or quantity and toxicity of such waste to the degree determined by
the generator to be economically practicable; and (2) the proposed method of
treatment, storage or disposal is that practicable method currently available
to the generator which minimizes the present and future threat to human health
and the environment.(1) -

In addition, Congress also added a new provision in 1984 that requires
hazardous waste generators to identify in their biennial reports to EPA (or
the State): (1) The efforts undertaken during the year to reduce the volume
and toxicity of waste generated; and (2) the changes in volume and toxicity
actually achieved in comparison with previous years, to the extent such
information is available prior to 1984.(1)

Waste Minimization Approaches and Techniques

Waste minimization is inevitably site-and plant-specific, but a number
of generic approaches and techniques have been used successfully across the
country to reduce many kinds of industrial wastes.

Generally, waste minimization techniques can be grouped into four major
categories: inveniorvy manaqgement and improved operations, modification of
i r n i Such
techniques can have applications across a range of industries and
manufacturing processes, and can apply to hazardous as well as nonhazardous

.waste.

~ Many of these techniques involve source reduction -- the preferred
option on EPA’s hierarchy of waste management. Others deal with on- and off-
site recycling. In practice, waste minimization opportunities are limited
only by the ingenuity of the generator. In the end, a company looking
carefully at bottom-l1ine returns may conclude that the most feasible strategy
would be a combination of source reduction and recycling approaches.(6)

The approaches discussed and illustrated in Figure 1 provide waste
minimization examples for generic and specific processes.



Figure 1 °
Waste Minimization Approaches and Techniques

Inventory Management & Improved Production Process Changes
Operations ,

*Inventory and trace all raw materials. °Substitute nonhazardous for
*Purchase fewer toxic and more nontoxic hazardous raw materials.

production materials. ‘Segregate wastes by type for
*Implement employee training and man- recovery
agement feedback. ‘Eliminate sources of leaks and
*Improve material receiving, storage, spills.
and handling practices. *Separate hazardous from non-
. hazardous wastes.
Modification of Equipment ‘Redesign or reformulate end
products to less hazardous.
*Install equipment that produces ‘Optimize reactions and raw matrial
minimal or no waste. use.
‘Modify equipment to enhance recovery
or recycling options. Recycling and Reuse
*Redesign equipment or production
lines to produce less waste. *Install closed-loop systems
*Improve operating efficiency of *Recycle onsite for reuse.
equipment. *Recycle offsite for reuse.
*Maintain strict preventive mainten- *Exchange wastes.

ance program.
Source: EPA/530-SW-87-026
Elements of a Waste Minimization Program '
So, what is a "waste minimization program?" Understandably, the Agency

has been asked this many times since the September 1985 date, after which
generators were to have certified that they had one in place.

The generator has a wide latitude in structuring his or her program.
Also, since Congress indicated in its accompanying report to HSWA that
"economically practicable” is to be determined by the generator and is not
subject to subsequent evaluation by the EPA, the generator has even more
latitude in defining a program. The EPA has, in a June 12, 1989 Federal
Register Notice, issued some non-binding guidelines as to what the elements of
an effective waste minimizaticn program might include. These elements are:

Top management support
Characterization of waste generation
Periodic waste minimization assessments
A cost allocation system

Encourage technology transfer

Program evaluation(l)
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Top Management Support

The first step in developing a program is to establish a clear corporate
policy. The full commitment from management of time, personnel and financing
is extremely important. Lack of this commitment is often one of the most
formidable obstacles to waste minimization. The chances for obtaining this
commitment are often enhanced by outlining the potential incentives for waste
minimization as shown in Table I.

Table 1

Waste Minimi ion Incentives

Economics

* Landfill disposal cost increases
* Costly alternative treatment technologies.
* Savings in raw material and manufacturing costs.
Requlations
* Certification of a WM program on the hazardous waste manifest.
* Biennial WM program reporting.
* Land disposal restrictions and bans.
* Increasing permitting requ1rements for waste handliing and
treatment
i
* Potential reduction in generator liability for env1ronmenta1
problems at both onsite and offsite treatment, storage, and
disposal facilities.
* Potentia] reduction in liability for worker safety.
Publi
* Improved image 1n the community and from employees.
* Concern for improving the environment.

Source: Waste Minimization Qpportunity Assessment Manyal (EPA/625/7-88/003)

An appreciationgo? the necessity for top management support is summed up
very well by G. J. Hollod: "Lack of senior management support will doom a
waste minimization program from the start. Many managers in addition to the
standard business functions have become occupied with other priorities in the
environmental area like land bans, right-to-know and occupational health
considerations. Waste minimization is competing with other environmental
priorities but management must be convinced that waste minimization is a
program-that deserves priority and should be part of the "daily diet" for the
line organization and not just another environmental headache left to the
site’s environmental coordinator."(10)

- - Make waste minimization a company policy.

The objectives of a waste reduction program are best conveyed to a
business’s employees through a formal policy statement or management
directive. A business’s upper management is responsiblie for
establishing a formal commitment throughout all levels of the business.



An environmental policy statement or the business’s operating guidelines
might include the following points:
« Environmental protection is a production line respoﬁsibi]ity
and an important measure of employee performance. In addition,

every employee is responsible for environmental protection in the
same manner(s) he is for safety;

- Reducing or eliminating the generation of waste has been and
continues to be a prime consideration in research, process design,
and plant operations, and is viewed by management like safety,
yield, and loss prevention; and

- Reuse and recycling of materials has been and will continue to
be given first consideration prior to classification and disposal
as a hazardous waste.(11) :

As an example of such a policy the 3M Company of St. Paul,
Minnesota has a part of its official environmental policy that the
company will. "prevent pollution at the source wherever and whenever
possible.” It might be noted that this company also has as part of its

policy to "develop products that will have a minimum effect on the

environment.” While this is somewhat outside the goals of a typical
waste minimization program, it is clearly within the goals of an overall

_pollution prevention program, and should certainly be considered by any

company producing products that will ultimately end up in the

wastestream. ‘

- - Set specific goals for reducing the volume or toxicity of
waste streams.

Quantitation helps. Some examples of waste minimization goals
are:

The U.S. Department of Defense is committed to reducing its
hazardous waste disposal rates by 50 percent by 1992 (3). The Dupont
Company has stated that its wastes will be reduced by 35 percent by 1990
compared to 1982 values.(4)

As a benchmark for evaluation of waste minimization goals, a
report on waste reduction issued by the Congressional Office of
Technology assessment in 1986 states that "substantially more
waste reduction is feasible and more will become feasible.

Setting a national voluntary waste reduction goal of perhaps 10
percent annually for 5 years would be useful."(5)

- - Conmit to implementing recommendations identified through
assessments, evaluations or other means.

A sure way to undermine a program is to not follow up on
recommendations developed by a committed group of employees. Although
it may be unreasonable to expect facility management to make wholesale
commitments to accept recommendations, it is not unreasonable to expect
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management to commit to giving a high priority to considering such =~

recommendations and then doing it. N

- - Designate a waste minimization coordinator and select a team
at each facility to ensure effective implementation of the
program.

For a small facility with only a few waste streams, one person
such as a plant manager, plant engineer, or environmental engineer may
be responsible for the entire waste minimization program. For larger,
highly integrated facilities with many different processes and emission
sources, a team or task force might be established. As shown in Figure
2, team members should represent major departments that are involved in
waste generation and management and different areas of expertise. A .
team may include members from production, facilities/maintenance,
environmental engineering, process engineering, safety and health, and
quality assurance departments. Your appointed minimization "champion”
should lead the effort and coordinate all involved departmeats. OQutside
consultants and/or corporate staff should also be considered, depending
on the company’s nature, the facility’s complexity, and available in-

- house skills.(7)

Figure 2
Suggested Waste Minimization
Team Organization

on

Pubiic
Reiationg -

Carporate Maragemsnt
ara

Program

Leacer

Envirormema |l
Emgineering | -
Procass

Engineer ing

Safety
ang
Heaith

Source: National Association of Manufacturers, 1989.



- — A summary of functions that might be assigned to the waste minimization

'téam are shown in Table 2.

Table 2

Functions of a Waste Minimi;atibn Coordination Team

Define Qbjectives

Review with Site Management
Communicate to site

Buy-in from generators
Representation from areas
Ongoing awareness and training
Provide Resources

Catalyze

Coordinate

Accounting System

Upgrade projects

Schedule reviews

Conduct audits

Summarize site progress

® @& e & o & & & 5 o © o s o

Recognize
Source: Hazardous Waste Minimization (McGraw Hill, 1989)
- - Publicize success stories. - - Reward employees that identify

cost-effective waste minimization opportunities; train
employees on aspects of waste minimization that relate to their
Job. .

Employees often cause the generation of waste and they can contribute to
the overall success of the waste reduction program. Just as incentives are
used to boost employee productivity, management should provide incentives for
the development of useful waste reduction ideas. To utilize this important
resource, many businesses give their employees incentives such as:

- Recognition awards for outstanding waste reduction projects and
individuals, as well as for resource and energy conservation
projects; and

- Bonuses or financial awards for innovative approaches to waste
reduction.

Public recognition helps to inform the public of actions taken by the
business to reduce and control hazardous waste. Recognition programs can be
varied to accommodate each business, their level of involvement, and local
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attitudes. For instance, public recognition such as an award or certificate
may -be welcomed by many -businesses. Other businesses, however, maintain a
"Tow profile” as a matter of policy. In such cases, a letter from the 8oard
may be preferred. The effectiveness of this program could be increased by
combining it with other awards, such as an employee-of-the-month program, or a
percentage of the cash savings realized by the suggestion. Regardless of the
form of the incentives, employees should realize part of the benefits of their
waste reduction ideas and efforts. In some businesses, meeting the waste
reduction goals is used as a measure for evaluating the job performance of
managers and employees.(11)

The Dow Chemical Company incorporates these elements into its widely
recognized and very successful Waste Reduction Always Pays Program; through
utilizing company newsletters to publicize waste reduction success stories,
and through recognition for teams of employees that propose changes that lead
to decreased waste generation. The company also strives to incorporate the
principles of waste reduction into all of its training activities.

Characterization of Waste Generation

Maintain a waste accounting system to track the types, amounts and

‘hazardous constituents of wastes and the dates they are generated. It has

been our observation, and we might add the observation of many others active
in encouraging waste minimization, that most generators do not really know
what is in their wastestream, or what possibilities might exist for reducing
the volume or toxicity of the streams through relatively simple means. Infor-
mation about waste streams can come from a variety of sources. Some informa-
tion on waste quantities is readily available from the completed hazardous
waste manifests, which include the description and quantity of hazardous waste
shipped to a TSDF. The total amount of hazardous waste shipped during a one-
year period, for example, is a convenient means of measuring waste generation
and waste reduction efforts. However, manifests often lack such information
as chemical analysis of the waste, specific source of the waste, and the time
period during which the waste was generated. Also, manifests do not cover
wastewater effluent, air emissions, or nonhazardous solid wastes. Potential
sources of information on waste streams are shown in Table 3.

Table 3
W rator

hazardous waste manifests

biennial hazardous waste generator reports

SARA Title III Section 313 environmental release reports

environmental audit reports

permits (RCRA Part B, National Pollution Discharge
Elimination System (NPDES< etc.) :

T1ab reports/characterization data

chemical inventory and usage records

NPDES monitoring reports

Material Safety Data Sheets (MSOSs)

internal waste tracking system records

production records

Source: National Association of Manufacturers, 1989



A useful form for conducting waste stream characterization is shown in
Figure 3. This is from the EPA Waste Minimization Opportunity Assessment
Manual (EPA/625/7-88/003). :

In addition to providing a means for measuring the effectiveness of your
program, there are currently three reasons why it is very important to track
your progress in this area. -

* First, HSWA requires that generators report on the progress of their
waste minimization program with the biennial generator report.

* Also, EPA can make a minimization program and associated reporting a
condition of a RCRA permit.

* Finally, SARA Title III reporting allows for minimization to be
addressed, and although this is currently voluntary it may become
mandatory.(7)

The tracking function or recordkeeping at a minimum should record and
identify the generator or "owner" of the waste reduction method being used to
reduce that particular waste stream. Table 4 shows a typical printout from a
computer tracking program that has been used by the DuPont Company.(10)

One reporting function that would be of particular interest to any
program is the tracking of the most successful or most often used waste
minimization technique. Table 5§ lists the validation codes for the typical
waste minimization techniques that are used at DuPont. This information can
be used by business managers and technical managers to inform manufacturing
facilities in different locations of the country to what might be the most
successful waste minimization technique to apply.(10)

z—



FIGURE 3  Form for Conducting Waste Minimization Characterization.
e Wasts Minimization Assessment | prepared By
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WASTE STREAM SUMMARY

v Description’
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Source/Origin
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Cost of Dispossl
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Method of Managemen®
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Table 4

Typical Column Headers in Computer Printouts

- e e e 4 e e e m e e e e e ®m e e e o= omom e w e ® ® % ® ® @ W™ ® B w e ® w @@ ®® ® ® ® e = % ° & -

Quantity Management
" Production Waste Hazardous Generated Disposal Costs Minimization
Area Description Classification M 1b/yr M/yr Method
V1023 Organic Acid :Flammable 2 5.5 Recycle
NR126 Polymers Caustic 50 25 Sale
GA462 Spent Catalyst Acidic 10 42 Reuse
ME621 Lab Solvent Ignitable 0.5 ‘ 1 Fuel
BU21S Acid Catalyst Corrosive 40 16 Administrative
Control

® m e e e e e e m e e e e e e e e e m e e e m e e om e @ e e w e e ® e e e e e ® @& & 6 @ & ® =2 @ & 2« =

Source: Hazardous Waste Minimization (McGraw Hill, 1989)
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Table 5
VALIDATION CODES FOR TYPICAL WASTE MINIMIZATION TECHNIQUES

10 : Process Change

11 : Modify Operating Procedure

12 : Advanced Process Control

13 : Substituted Chemicals -
14 : Use Higher Quality Materials

20 . Recycle

21 : Direct Use in the Process

22 : Direct Use in Another Process
23: Regeneration for Reuse

24 : Use as a Fuel

25 : Sale

30 : Improve Waste Treatment
31 : Waste Filtration
32 : Waste Decantation
33 : On-Line Treatment

40 : Administrative Controls

41 : Minimizing Washdown .

42 : Reduce Cleaning Frequency

43 : Longer Turnaround Time

44 : Improved Spill Control

45 : Separate Hazardous from Nonhazardous
46 : Discontinue Manufacture

—

Source: Hazardous Wa Minimization (McGraw Hill 9)

Periodi. Waste Minimization Assessment

An important element in a waste minimization program is to perform
periodic waste minimization assessments, sometimes referred to as "waste
reduction audit." Conducted by an in-house assessment team or with an
independent outside expert, a waste minimization assessment is simply a
structured review of potential opportunities to reduce or recycle waste. Its
focus can be broad or narrow. Most find that it is usually more effective to
select a few waste streams or processes for intensive assessment rather than
to attempt to cover all waste streams and processes at once.

The USEPA has published a manual for conducting waste minimization -
assessments. This manual entitled Waste Minimization Opportunity Assessment
Manual (EPA/625/7-88/003) is available free from the Waste Minimization
Branch, USEPA, 26 W. Martin Luther King Dr., Cincinnati, OH 45268. The
procedure recommended by the EPA is outlined in Figure 4.(9)

Waste minimization opportunity assessments are an extremely good way to
focus attention on potential improvements. The reader is encouraged to obtain
a copy of the EPA manual.



A Cost Allocation System

Departments and managers should be charged "fully-loaded"” waste ,
management costs for the wastes they generate. In addition to the actual
disposal fee for a wastestream of interest, the generator should also consider
other cost elements such as:

* Generator Fees/Taxes
Transportation
Onsite Storage and Handling
Pre-disposal Treatment
Permitting, Reports and Recordkeeping
Emergency Preparedness and Site Cleanup Contingency
Pollution Liability Insurance
Raw Materials
Operating and Maintenance Costs

Encourage Technology Transfer

Seek or exchange technical information on waste minimization from other
parts of your company, from other firms, trade associations, State and
university technical assistance programs or professional consultants. Many
tech?iques have been evaluated and documented that may be useful in your
facility.

To facilitate the transfer of technical information EPA was mandated by
the Congress to establish a national clearinghouse to provide easily
accessible and reliable information on waste minimization/pollution
prevention. The clearinghouse is to contain both technical information on how
to identify and implement pollution prevention opportunities, and general
information conveying the message that, "We, as a society, must begin to
integrate pollution prevention into the way we design, build, buy and
consume."

EPA’s Pollution Prevention Information Clearinghouse (PPIC), which is
supported by the Agency’s Pollution Prevention Office as well as OR&D, has
been created to fulfill this mandate. PPIC (pronounced pea-pick) is being
pilot-tested by some 300-400 users this year and will be in full operation,
accessible to all, in 1990. PPIC collects and disseminates technical and
other information on pollution prevention through a telephone hotline and an
electronic information exchange network. Indexed bibliographies and abstracts
of reports, publications and case studies on pollution prevention will be
available. PPIC will also include a calendar of pertinent conferences and
seminars, information on federal and State activities and legislation,
information on pollution prevention abroad, a directory of waste exchanges and
lists of knowledgeable contacts wit::in State organizations, trade associations
and the EPA. Copies of various reports will be made available by the
clearinghouse either by electronic transfer or through the National Technical
Information Service (NTIS) or other sources.



The need to :lnimize waste

PLANNING AND ORGANIZATION
* Get management commionent
¢ Set assessment program goals
* Organize assessment program task force

organizazion and
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ASSESSMENT PREPARATION STEP

* Identify and track waste streams

* Compile process and facility data

¢ Prioritize and select assessment targets
* Select people for assessment teams
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The WM Assessrment ® Generate options

L2

® Screen and rank options
. Sehaopdmforfeasibihtyundy

Ammexpnt

FEASIBILITY ANALYSIS STEP
® Technical evaluation

¢ Economic evaluation

¢ Select options for implementation
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Repeat the process
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Program Evaluation-

] Conduct a periodic review of program effectiveness. Use these reviews
to provide feedback and identify potential areas for improvement.

Conclusion

We feel that waste minimization provides opportunities to deal more
efficiently and effectively with wastes that are hazardous to human health and
the environment. The program outlined in this paper is one way a company
might pursue establishing a waste minimization program. They reflect the
results of agency analyses conducted over the last several years and extensive
interaction with private and public sector waste minimization program
managers. However, it is recognized that programs must be tailored to fit
various companies. We would leave you with a request, that since nothing
happens until somebody does something, do something and incorporate a program
that fits your facility.
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WASTE REDUCTION IN THE CHEMICAL INDUSTRY: DU PONT’S APPROACH

G. J. Hollod and R. F. Mc Cartney

E. I. du Pont de Nemours & Co., Inc.
Wilmington, Delaware

”

ABSTRACT

Recognizing the need for minimizing the generation of hazardous
waste, the chemical industry is experiencing a surge in the
initiation of programs for reducing such wastes. The authors
discuss some of the problems the industry is encountering with
regard to waste reduction; then describe Du Pont’s approach to
waste reduction in terms of administrative and technical
activities. They emphasize that, in addition to meeting business
and regulatory needs, waste reduction makes good sense from a
financial point of view. :

An article for the Journal of the Air Pollution Control
Association, to be printed in February, 1988.



WASTE REDUCTION IN THE CHEMICAL INDUSTRY: DU PONT’S APPROACH
Dr. G. J. Hollod and R. F. McCartney

A better understanding of the dynamic interactions of chemicals
and chemical by-products in the environment, which began to
develop in earnest in the 1960’s, has since focused national
attention on the management of hazardous waste. This attention,
intensified by a continually growing concern for the environment
in which we live and work, has made the handling and disposal of
hazardous waste the number one concern of the American public. An
early response to such concern was to attack the problem at the
end of the pipe. Subsequently, attention has shifted toward
minimizing production of waste at its source. Today, it is
generally agreed that minimization at the source is the most
desirable, albeit most often a difficult, way to reduce waste.

INCENTIVES TO REDUCE WASTE

These developments, accompanied by the resultant regulatory and
economic consequences, have made hazardous waste a major issue
for industry as a whole, and for the chemical industry in
particular. The disparate properties of chemical waste and the
proliferation of regulations governing the handling of it have
made its disposal exceedingly complex and costly. The total cost
for managing waste is escalating at a rate of 30-50% lb/yr.

Today it can cost in the range of $300-1500 dollars to incinerate
one drum of hazardous waste.

These are indeed meaningful incentives to avoid producing waste.
They most certainly will increase as regulations continue to
define a larger universe of hazardous materials, and treatment
capacities remain limited. The company that has an econocmically
and environmentally acceptable plan for waste management may well
be the low=-cost producer; it could hold the key to the on-going
success of a business. Reducing the generation of waste and
improving the overall efficiency of the manufacturing process are
fundamental to all successful chemical businesses.

Since waste reduction is so closely tied in with the day-to-day

business functions and strategies, it is difficult to define it

as an isolated target; it is actually related in someway to all

business functions. Essentially anything that is not generating
revenue and must eventually be disposed of should be a candidate
for reduction.

The chemical industry, in concert with all industry, faces still
another problem and that is the increasing attempts on the part
of public interest groups and legislators to develop requlatory
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programs to manage and track waste. Such efforts require
definition of waste reduction. This in ipself is exceedingly

~difficult and fraught with hazard.

Several working groups have met, for instance at Keystone,
Colorado and Woods Hole, Massachusetts, in attempts to define
waste reduction. Similar conclusions were reached in all cases:
that waste reduction is a very comprehensive and difficult to
define subject. The risk of narrowly defining waste reduction
for regulatory and possibly for enforcement purposes, especially’
in the early years of program development, may actually hinder
industry’s progress.

For example, if a definition of waste reduction becomes accepted
for regulatory purposes, generators, in all probability, will
focus their attention only on the defined wastes. Existing
regulations and permiting processes for hazardous waste already
provide a comprehensive framework for all wastes to be candidates
for reduction. Industry should be encouraged to continue
defining for itself those wastes generated by its businesses that
are environmentally and economically important to reduce. The
performance and success of industry’s efforts should be
communicated to the public, but the flexibility of selecting
targets should be left to the generators.

Proposed regulation for tracking and reporting waste poses still

" another problem. It would be reasonable to report prograss on

waste reduction annually:; however, there are several factors that
make reporting complex. What wastes should be included? Wwhat
should be the reporting period? What measures should be
used--volume, weight? Should the data be normalized? On what
basis? Where, or to what group(s) should the reports be
submitted? How are they to be used? All these and other
questions need to be considered and answered.

Recognizing the complexities of reporting and the ever growing
demands of the environmental groups for reporting, Congress
requested that the National Academy of Sciences (NAS) submit by
1991 a thorough evaluation of the utility of data collection
systens. As part of the Superfund Amendments and Reauthorization
Act of 1986 (Sec 313 (1)), the NAS will assess the value of a
mass balance tracking program for general chemical vaste
management needs, wvaste reduction and for tracking releases.
However, even with this legislative mandate, several states
including Massachusetts ( HB 6118) and louisiania (HB 657, HR-
1574), and the U. S. Congress (HR 2800) have developed
legislation to require industry to submit mass balance-type
information per waste reduction. _

Any imposed reporting format will only satisfy the needs of those
in favor of regulatory control. Thers certainly is a need to
track and report progress to the external community: however
industry should be allowed to benefit from this effort as well by



being allowed to develop a tracking format best suited to its
particular situation with regard to improving its waste
management practices and to satisfying external reporting needs.

PROGRESS AND ENCOURAGEMENT

The chemical industry, well aware of the economic and regulatory
incentives that have evolved, has responded to them. Even baefore
regulations specific to waste reduction have been promulgated,
the industry has come forward with a clear position. Furthermore,
the chemical industry is perhaps the only segment of all U.sS.
industry to be in a position to report progress on waste
reduction. ‘ :

The industry’s progress is reflected in the results of the annual
surveys that the Chemical Manufacturers’ Association have been
conducting since 1981. These surveys cover the operations of 681
plants, which represent a major portion of the industry. Longer
ternm trends are based on a core group of 301 plants that have
participated in all of the five annual surveys. Analysis of the
data from the core group shows that there has been a 50%
reduction in solid hazardous waste since the first survey, and
approximately a 20% reduction in the generation of hazardous
vaste water, during the same period. :

In the keynote address at .the meeting of the CMA in New Orleans
in November, Dr. Robert C. Forney, Executive Vices President of
Du Pont lent a note of encouragement to the industry when he
said: "Rarely has the chemical industry been offered the
opportunity to realize economic and public relations gains
simultanecusly with making great strides in improving the
environment."® :

ONE HUNDRED EIGHTY FIVE YEARS OF CONCERN WITH WASTE REDUCTION

Du Pont has been cognizant of the importance of mininmizing
wvaste, and active in doing so, since it was founded in 1802. In
the early days, managers and cperators alike worked continually
at making the manufacture of black powder cheaper and safer. It
wvas readily recognized that the process vaste was hazardous in a
very immediate sense, and it was to everyocne’s advantage to keep
it to a minimum. The same management philosophy and committment
have continued throughout the history of the Company, and have
served it well in dealing with ever more difficult and
tschnically challenging problenms.

In 1980, Du Pont adopted a policy which stated that we intend
to--minimize the generation of wvaste to the extent that is
technically and economically feasible.®” As the waste reduction
effort matured through the ’‘80s, we focused our attention on the
three essential areas of the program. PFirst, the organizational
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and technical resources necessary to do the‘job: second, a
defined target of waste to reduce; and third, a means for
tracking performance. :

LEADERSHIP FROM THE TOP

In early 1984 a Corporate Committee was formed with a charter to
coordinate common concerns and solutions for reducing waste, and
for increasing the awareness of the potential opportunities and
economic benefits associated with reduction, throughout the '
Company. The Committee has representatives from the most vital
business areas in the Company, and reports to a senior level
managerent group called the Manufacturing Committee.

The responsibilities for the waste reduction committee were
established at the highest level of the Company’s management,
confirming their belief that the only way to get the job done is
with committment and leadership from the top. The effect is that
those immediately responsible for planning and implementing waste
reduction efforts know that they are expected to take action, and
that they will have support:; but it also makes them aware that
they have to sell their proposals to those at the top. They are
awvare, too, from their business experience that selling their
propesals of such a high level can be done most effectively by
basing them on both the environmental and financial benefits of
the plan at hand.

Positioning of the organization between senior management and
actual plant operations demonstrates the Company’s intention to

. maintain responsibility for waste reduction within the line

organization. Clearly, waste reduction cannot be a staff

‘function, but must be intergrated into the main line of the

manufacturing units to protect the business.

It is recognized that waste reduction must be institutionalized

to the point that it becomes a primary choice for action in any

business plan to insure that it gets the needed attention of the
entire c¢rganization. :

Py ING CKING AND REPORTING

To start the program at Du Pont, a uniform target of waste to
reduce was defined in 1984. Most of the waste in the "DuPont
Tabulated Waste" definition are in the RCRA category, but the
definition is much broader than RCRA-defined waste alone (Table -
1). Our definition targets those vastes most important for

Du Font to ruedace. "Du Pont Tabulated Waste" includes solid
wvaste treated or disposed of on and off-site, waste used as fuel,
some recycled materials, waste injected into deepwells and waste
water effluents.



This definition provides a consistency across the Company so that
all plants are working toward a common goal, and the performance
of all can be compared uniformly. As the business needs change
and our waste reduction program develops, we may need to include
ather materials. .

Once wastes have been targetted and a program has been
implemented, then it becomes important to track performance.
Tracking the progress of waste reduction is no different from
tracking any other production variable. It is important in
designing the tracking function, that one determine beforehand
whether the data are to be used exclusively for internal
corporate needs, or if they are to be shared with external
groups. Clearly, the needs for a business manager to make a
decision are different from the informational needs of a
regulatory or public interest group.

There are many positive reasons why a company, as part of its

overall waste management program, should implement a tracking

system. Reliable information on volume of waste generated and
the associated costs for managing it are essantial to business
and product managers’ strategic decision making process.

A tracking system can be used to identify waste reduction
opportunities which will ultimately lower operating cost and
improve earnings. Such considerations as volume of waste, cost
of handling, regulatory impact, product life cycle, marketing
opportunities and basic manufacturing processes can be factored
into an algorithmic function and coupled with a tracking system
to identify opportunities. The identification process would
allow any business team to maximize the technical and capital
resources available and direct them to the most needed part of
the business to improve its overall performance. While there are
definite advantages to a tracking system for internal uses,
caution must be used when providing tracking information to the
external community.

Designing a reporting format for external use is fraught with
potential interpretative errors, primarily because it is
impossible to provide the outside world with all the information
needed to make accurate evaluations. In view of the complexity
and diversity of businesses in the United States, it is difficult
to imagine that a meaningful uniform national data base could
ever be designed and used to effectuate regulatory prograns.

In Du Pont we have developed a dynamic computer data base which
tracks all solid waste within the definition of "Du Pont
Tabulated Waste” (Table 1). The data basea uses Datatrieve, a
Digital Equipment Corporation product. Datatrieve, which
requires use of a VAX/VMS mainframe operating system, is an
intsractive language that organizes information into collections
of interrelated data or data bases.
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, At present, the information is compiled at plant sites; then is
ii) sent, in written form, to a corporate office where it is entered

_into the system. This system is being upgraded to enable online
computer entry. The primary quality control mechanism in the
system is the "validated" tables which prevent data from being
entered incorrectly. For instance, the validation codes for the
waste minimization method being applied to reduce a particular
waste are shown in Table 2. 1In addition, all Plant names, waste
phase, EPA and State hazard codes, Chemical Manufacturers
Association (CMA) waste category, disposal method and disposal
location have all been assigned codes which are recognized by the
system when data are entered.

The information can be retrieved from the data base in two ways:
via standard report writing procedures and ad hoc procedures
written to extract information for specialized requests. Several
standard reports have already been written.

The most common standard report identifies the "owner™ or the
generator of the particular waste (Table 3). The volume as well
as the waste reduction method being applied are also reported. A
useful report to account for the cost of managing waste is called
the Management Printout (Table 4). A business manager can
utilize this information to identify which waste should be
reduced first; also to compare waste generation rates for similar
procssses that may be located at different sites within the

Company.
;:) Comparison Reports (Table 5) are perhaps the most revealing about
s the waste reduction program, and the most effective for moving

the waste reduction program into the line organizations. This
reporting format can be used for periodic comparisons of of any
or all recorded wastes generated in any or all areas of a
manufacturing site; in similar businesses, departments or across
the entire corporation. This reporting format is now being used
to measure progress towards the Du Pont annual goal of reducing
waste by 5% wet wt (1lb waste/lb product) in 1987, and the longer
term goal of 35% reduction by 1990, compared to the base year of
1982.

Two of the important parameters in the reporting format are
normalization and periodicity. 1It is paramount to normalize the
wvaste generation. For example, examination of the data for the
waste labeled BAY 002 in Table 5 shows that the actual amount
" generated over the comparison period increased by 69%; however,
it also shows that, when normalized for production, its rate of
generation decreased by 28%. Normalization allows year-by-year
comparisons without bias from production cycles. The reporting
frequency will be on an annual bases, which is a balance between
the need to develop meaningful trends, without over-burdening the
manufacturing units.
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. IMPLEMENTATION AT THE SITE

The administrative aspects of waste reduction discussed to.this
point provide the impetus and direction for waste reduction
within the Company, and they effect the actual reduction on the
short term; but longer term, the major reduction will be achieved
by application of technology. Those in the front line of the
technical effort are the pecple at the sites.

All sites have an envircnmental coordinator who serves as a focal
point for all environmental activity. He and the site environ-
mental group are awvare of what problems need to be addressed, and
what programs are in place, or are contemplated. It is their job
to "raise the flag” on what needs to be done, including the
economic flag that will insure prompt action. The planning and
implementation of the programs are the responsibility of the line
erganization.

The spectrum of the Company’s businesses is so broad that the
Company’s functioning with respect to waste reduction cannot be
described in terms of a "“typical" site. For simplicity then,
we’ll focus our comments on those activities associated with the
chemical segments of Du Pont’s businesses.

Reducing hazardous waste is one of the first environmental
initiatives to come along in the ‘70s - ’80s that doesn’t need to
be interpreted or explained to line organization by legal
counsel. Reducing waste and its associated economic benefits are
recognized by the line organization as matters on which it should
nove forward agressively. Many of our sites have established
site-wide waste reduction committees with representatives from
each operating and business unit, and the plant manager. -

SHORT TERM SOLUTIONS

There ars many short term solutions that can be implemented now.
Foremost among these is the establishment of training programs.
Within Du Pont, such programs stress the need for reducing waste,
understanding the differences between hazardous and non-hazardous
wvaste, and the importance of keeping them separate.

Training the first-line supervisors and operators has already
yielded large reductions in the generation of waste at a saveral
sites. Typically, in the past, the operators have been told to
"keep the area clean®. Accordingly, the operators washed down
the -veas on a shift to shift, or day to day basis, not knowing
that the the wash was generating a hazardous waste. Toaay,
things are different. There are fewer washdowns; and, better
yet, greater efforts are being made to aveid the need for
wvashdowns. Changes like these can be made quickly:; they require
little, if any, capital investment; and they begin to pay off
immediately. ' .



LONGER TERM SOLUTIONS

‘Longer term solutions are more difficult to achieve. They usually
require a better understanding of the process, more sophisticated
technology, and substantial capital investment.

Since this paper is focused on chemical businesses, we limit the
discussion that follows to the chemical engineering aspects of
waste reduction, realizing, of course, that waste reduction
overall is dependent on many technical disciplines.

The production of waste from a chemical process is basically a
function of the process design and the manner in which it is
operated. The design, of course, includes the selection of raw
materials, the manner in which they are reacted or processed, and
the manner in which the products are separated from the by-
products.

Chenmical engineers are uniquely qualified for waste reduction
because their training encompasses chemistry, physics, biology,
engineering and economics, all the disciplines essential for
solving the problems involved. Wastes are generally complex
mixtures of many materials present in one or more phases. The
problems of handling them are even more complex. While some
wastes lend themselves to easy separation and recovery via the
conventional unit operations of chemical engineering, others

‘require in-depth understanding of its more sophisticated
-areas--reaction kinetics, thermodynamics, fluid mechanics and

fine particle technology.

CORPORATE TECHNICAL RESOURCES

While site personnel at Du Pont primarily utilize the resources
immediately available to them, they also have ready access to
internal and external consulting and environmental services.
Among the internal services is the Chemical & Environmental
Consultant Section of the Engineering Department. This
organization consists of some 150 chemical and environmental
engineers whose expertise ranges from reaction engineering to
water, waste and geological engineering. 1In addition, the
Engineering Department has an Engineering Test Center which has
expertise and facilities for air quality testing, waste water
sampling and characterization, and testing of bioclogical and
chemical treatment methods.

CHEMICAL ENGINEERING APPROACHES

It would be advantageous at this point to describe how we go
about using waste reduction technology. It is well recognized
that waste from chemical processes can be minimized in at least
four general ways:



o by modifying the process to minimize its generation;

o by recyling it, preferably to the process in which it is.
generated;

o by converting it to useful, and in many cases valuabie,
by-products; and

o by changing its nature to make it less toxic and voluminous .
for ultimate disposal.

The following examples from Du Pont experience illustrate each of

these ways, and cite to some extent the role of chemical
engineering in solving the problemn.

PROCESS MODIFICATION

In 1950, Du Pont, which had been manufacturing nylon from "coal,
air and water" since 1939, shifted it source of hydrocarbon to
the petroleum based butadiene, and developed a process to convert
it to adiponitrile, an intermediate used in the manufacture of
nylon. This process, while environmentally "cleaner" in general,
had a disadvantage in that it produced the equivalent of ten tank
cars of a concentrated sodium chloride brine for every tank car .
of adiponitrile. The brine, contaminated with low concentrations
of metals and cyanides, today, would be a RCRA hazardous waste.
Years of research vere rewarded in the early 1970’s when Du Pont
discovered a new catalyst system that made it possible to produce
adiponitrile from butadiene without producing the by-product
brine. The resultant process gave a higher yield, thereby
reducing the organic waste substantially, and it reduced the
aqueous waste by 50%.

The task of designing the new process posed numerous problems for
the chemical engineers involved. It required much larger
reactors to accommodate the slower reaction rates with the new
catalyst; design of a totally nevw kind of extraction system to
recycle the catalyst; and a more extensive refining train to
recover the product. But it did reduce the waste.

RECYCLE

In the manufacture of a relatively new polyarymide fiber, a
substantial quantity of waste, called pump-out solution is
generated in the spinning orocess. From startup of the plant in
the early 1980’s until 19%»7, this waste, which consists of 20%
pelymer and 80% concentrated acid, was disposed of by burning, or
by sending it to a hazardous waste landfill. Though referred to
as "solution”, this waste is a relatively hard solid in the form
of large "chunks."” The initial approach to reducing it was to
grind the chunks to small particles and extract the acid for



recycle. Eventually, it was found that all of the ground
particles--polymer as well as acid--could be recycled to the
process. The grinding process, which is rather intricate because

—-of the unusual chemical and physical properties of the solid, was

developed in cooperation with OH Materials, an environmental-
services company. The result is that Du Pont has essentially
eliminated a noisesome problem and is realizing large savings in
raw materials and disposal costs.

CONVERSION TO USEFUL PRODUCTS

Adipic acid, another major nylon ingredient is manufactured by
air oxidation of cyclohexane. Like most oxidations, this one
produces a spectrum of by-products including succinic and
glutaric acids. Until recently, these materials were burned in
the plant powerhouse. While this resulted in fuel savings, it
was realized that the individual components of the waste had an
inherently higher value; but they were part of a complex mixture
which was difficult to separate, and evaluations showed that ’
separation wouldn’t be economical. .

As a result of a team effort on the part of chemists, chemical
engineers and marketing people, Du Pont is now converting these
materials to a carefully controlled mixture of esters which are
being sold as DBE, which is much in demand in the paint and
furniture industries. .

GING THE CHARACTER OF WASTE

Although the new process for producing adiponitrile mentioned
above made a substantial reduction in the organic and aqueous
waste loads, it generates a large volume of spent catalyst solids
that are being disposed of by containment in a hazardous waste
landfill. This waste was one of the largest volume solid wastes
enanating from the plant, until the simple expedient of
installing a large belt filter has now made it pcssible to
reduce the volume by 35%. This has resulted in a substantial
savings. in disposal costs, and will serve as an adequate means
for disposal, while work is in progress aimed at recovering the
bulk of the ingredients involved in an economically and
environmentally sound way.

TARGETING OPPORTUNITIES

Reducing waste is often looked on as an onorous task, and most
certainly additional cost. But experience has shown, in many
cases, that it can yield savings well in excess of its cost, and
often can generate substantial new income; hence it may be locked
on as an opportunity.’



When a site embarks on a waste minimization program the
" opportunities sometimes become readily apparent; but, more often,
there is a need to examine the overall waste situation in depth.
This is facilitated within Du Pant through use of the corporate
waste data base mentioned previously. Each site, having - »
contributed to it, has it’s own data base which it can use to
"target opportunities.” The best of such opportunities are those
which yield the dual benefit of improving the competitive
position of the site’s businesses and increasing the protection
of the environment at the same time. .

We are also looking for opportunities for reducing waste from
processes which are used in more than one department or at more
than one site, with the help of the waste data base. For
example, we recently targeted the "10 Most Wanted" wastes
generated within the Company--wanted in the sense that the FBI
uses to identify the most dangerous criminals. The search was
made on the basis of several criteria, primarily volume and cost.
The information generated is now being used to focus attention on
reducing these wastes and extracting values from them with the
help of direct corporate support. ’

UING THE OPPORTUNITY

From a chemical engineering point of view, waste minimization can
be handled in much the same way as process development. One
needs to define the problem: What are its dimensions? 1Its
implications? Analysis follows: What options are available?
What are the opportunities within each option? What obstacles?
What are the chances for success? What information needs to be
developed? 1Is needed technology available, or must it be
developed experimentally? What are the economics?

There’s no best way to obtain answers to these questions. Each
problem or situation dictates its own needs. Those engaged need
to be flexible in dealing with them.

SUMMARY

Reducing wasts to remain competitive has been an important
ingredient in all successful businesses in the past; in the
future, it will be absolutely essential. The chemical industry
has made substantial progress in responding to the economic and
regulatory incentives as they have evolved; and it recognizes
that much more intensive effort will be needed in the future.
Du Pont, cognizant of the importance of reduc.ing waste since its
beginning, has intensified its efforts to respond to the '
accelerating needs of the present, especially for reducing
hazardous waste. It has a functioning waste reduction organi-
zation in place, and able leadership at the top levels of



management. It also has the resources in its capable and
dedicated technical personnel to fulfill its committment "--to
minimize the. generation of waste to the extent technically and
economically feasible."



TABLE 1

DU_PONT TABULATED WASTE

Type of Waste

"Solids" treated or disposed
off-site (including wastewaters)

"Solids" treated or disposed on-site
(except for wastewaters, see below)

Barged to Sea
Deep Welled

Total influent to on-site wastewater
treatment facilities:

Toetal influent to POTW

Used for fuel

Recycled:
Used as an ingredient in an
industrial process to make a
product if not first reclainmed.

Used or reused as an effective
substitute for commercial products.

Spent material that is reclaimed
but not returned to the original
manufacturing process by pipe.

RCRA

Hazardous

Yes
Yes

Yes
Yes

Yes

Ycé

203

No

No

Yes

S

Non-RCRA

Yes
" Yeas

Yes
Yes

No

No
No

No >

No

No
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VALIDATION CODES FOR TYPICAL WASTE MINIMIZATION TECHNIQUES

% 98 20 00 00 o0

TABLE 2

. Process Change

Modify Operating Procedure
Advanced Process Control
Substituted Chemicals

Use Higher Quality Materials

Recycle

Direct Use in the Process
Direct Use in Another Process
Regeneration for Reuse

Use as a Fuel

Sale

Improve Waste Treatment

Waste Filtration
Waste Decantation
Oon-Line Treatnment

Administrative Controls

Minimizing washdown

Reduce Cleaning Frequency

Longer Turnaround Tinme

Improved Spill Control

Separate Hazardous from Nonhazardous
Discontinue Manufacture



Ir4

Production
Area
vVIO023
NR126
GA462

ME621

BU215

TABLE 3

TYPICAL COLUMN HEADERS IN COMPUTER PRINTOUTS

Waste
Description
organic Acid
Polymers
Spent Catalyst

Lab Solvent

Acid Catalyst

Hazardous

Class.

Flammable
Caustic
Acidic
Ignitable

Corrosive

Quantity Management
Generated Disposal Cost Minimization
M, lb/yr SM/yr Method
2 5.5 Recycle
50 25 Sale
10 42 Reuse
5 1 Fuel
40 16

Admin. Contr.



Production
Area

ME625

BX212

MAG631

Waste
Description
Polymer
Still Bottoms

Solvents

TABLE 4

MANAGEMENT PRINTOUT

Annual
Volume on-Site Off-Site 1In Storage
General . Cost Cost year-end
M, 1lb/yr Density SM/yr SM/yr M, 1b
7.5 2.3 2 4 3.1
85 5.3 ' 317 4 100
21 1 225 302 a5



Study

Waste Code

FAYO001

BAY002

PAY003

GBCO004

Base Yr
Quant.
M 1b/yr

- 72.20

51.20

4.70

23.00

Comp. Yr
Quant.

M 1b/yr
187.00
66.50

5.90

40.00

TABLE 5

COMPARISON REPORTS

Change
+ 159

Base Yr
Wat/Prod
Ratio
240.67
170.67

15.67

63.00

Comp. Yr
Wst/Prod
Ratio

267.14

123.57

Change



WASTE REDUCTION CASE HISTORIES:

WHAT'’S WORKED, WHAT HASN'’T, AND WHY

Daniel D. Kraybill, P.E.
Sam Mehta
David L. Thomas, Ph.D.

Hazardous Waste Research and Information Center
Savoy, Illinois 61874

INTRODUCTION

The Illinois Hazardous Waste Research and Information Center
(HWRIC) was formed within the state’s Department of Energy and
Natural Resources (ENR) in 1984. The Center’s mission was to
combine research and education; information collection, analysis,
and dissemination: and direct technical assistance to industry,
agriculture, and communities in a multidisciplinary effort to
help solve Illinois’ hazardous waste problems. Even in its
enabling legislation, the Center was directed to support waste
reduction research and to conduct educational programs to further
the exchange of information to reduce the generation of hazardous
waste. Over the last several years, HWRIC has developed a strong
waste reduction program. Aspects of this program and the
progress of Illinois indgstgy %n reducing its waste is summarized
in a series of articles.*’ </ .

Briefly, the Center’s waste reduction activities include:

. 1) Providing technical assistance to industries to help
them elininate the producticn of hazardous waste and
irprove their waste management practices.

2) Developing an interactive computerized waste management
tool, the Multi-Option Model (MOM), to increase
generators’ knowlege of the wide range of options for
reducing, recycling, and treating industrial waste.

3) Sponsoring an annual matching fund program of $100,000
for recycling and reduction technologies (RRT).

4) Encouraging waste reduction/minimization through
presentation of an annual Governor’s Innovative Waste
Reduction Award (here after referred to as the
"Governor’s Awards").

. In addition, HWRIC and the Illinois EPA have received one"
of USEPA’s RCRA Integrated Training and Technical Assistance
(RITT2.) grants, which will expzand these activitics. 1In
pariiculaz, KEVYRIU wiil ba decloping a werte reiuction trairirg
progran and will be providing technical support to I1EPA’s intern
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pregram to place engineering students in industrial facilities to
help these facilities develop waste reduction techniques and test
new technologies. '

In response to the Governor’s Awards discussed above, we
have received waste reduction plans and descriptions of progress
frem a number of industries and other groups. We have also
worked with a number of industries on their waste reduction
projects through our Industrial and Technical Assistance Progran.
This paper first discusses incentives and disincentives for waste
reduction and then discusses how one college and five industrial
facilities developed their waste reduction plans and examines
their successes and failures. Ve have also exanmined varicus
approacres that these and other ccmpanies have taken te waste
reduectizn and the pres and cons of each. Wa hope these c-se
studies will help others initiate and develop effective waste
reduction programs.

INCENTIVES AND DISINCENTIVES FOR WASTE REDUCTION

Several factors affect decisions regarding waste management
and waste reduction at the plant level. The standards set by
regulatory bodies usually dominate and they provide the
motivation for most companies to install equipment needed to meet
the standards. Companies recognize, however, that the most
economical way to reduce pollutiocn is to mininize the release of
rav materials, by-products, and other valuable materials into the
waste stream. Less waste means less treatment of waste, as well
as less replacement of process materials. Housekeeping and
attention to details that can result in minimal discharges are
often overlocked. For example, reduction of drag-out rates in
electroplating is an excellent way to reduce waste at the source,
ard1 to reduce the cost of wastewater treatment. However, a
p.ater who is doing a high-volume bhusiness ray feel that the line
cannot ke slowed down to allow for mere drigping time. Also many
platers depend on high drag-out rates to keep their plating tanks
free of contaminants. Less drag-out may result in contaminated
plating solution and/or more rigorous cleaning requirements.

Despite potential drawbacks, the incentives and
disincentives for waste reduction are many. A few of these
incentives are listed below.

Waste reduction practices are usually undertaken
beacause of scononic need. Reducing the amount of waste
generated, or switching from generating a hazardous to
a nonhazardous waste will mean lover disposal costs.
Reuse of materials within the plant will reduce the
cost of new raw materials.

v .
Waste reduction will often result ii.. improved process

§E5ichgasya.tn, nany, caies, these, dnpIovanents will pay



Replacing hazardous raw materials with less- or
nonhazardous materials will improve safety conditions.
and provide other benefits such as better worker
morale, lower insurance rates, reduced absenteeism, and
easier compliance with OSHA regulations.

Regulations

Many generators initiate waste reduction programs to
avoid the time and trouble of complying with regulatery
requirements for hazardous waste management. Waste
reduction can remove small quantity generators fron
most or all RCRA reqQuirements.

Long-term liability is one of the best reasons to avoid
hazardous waste generation. This benefit is often
difficult to quantify, and, therefore, may not be
considered when making decisions about whether to
generate waste and how to dispose of it. Long-term
liability is a much-feared problem but often it is not
adequately factored into corporate cost accounting.

Despite the above incentives, there are some

disincentives to waste reduction that should be considered.

Any significant change in an industrial process will
usually involve investment in capital eguipment, which
requires paying additional overhead (the monthly
payment for whatever you buy) for an extéended period of
time. Many firms, partzcularly small ones, do not want
to pay additional overhead if it is not necessary. The
fezr of capital comzitnent often cutweichs the
F=3ssibility of greazter future profit. kiso, capxtal is
simply not available in many cases.

Generators are in the business of producing and selling
a product, and prov1d1ng the best guality product at
the cheapest cost is often their greatest concern. If
it is suggested that a new raw material or a different
type of process be used in their operation to reduce
waste, they will be very reluctant to change,
particularly if they already make a good product usxng
existing methods.

Customers will also be skeptical about changes in
product quality. For this reason it is very helpful, if
possible, to involve customers when evaluating waste
reducticn options that r2y affest product gaiality.



Inmadiate Prcduction Needs
Because plant operators are concerned most with making
a product, they are reluctant to spend tire evaluating
new projects, even if it might provide them with a
payoff. Unless they see an advantage in committing
time to a waste reduction program, they will not give
it a high priority.

Regulation .
Environmental regulation can be both an incentive and a

disincentive to waste reduction. Many firms reduce
wastes to avoid regulation. Some regulations, however,
may discourage waste reduction. For example, some
wazte raducticn practices ray be considersd hazarcous
wiste treatzens azstivities and cauld guiizic. the
gunerater to extensive regulation. Additicnzlly,
regqulations that apply to media other than solid waste
may come into play with some waste reduction practices.
In Illinois for instance, solvent stills, no mattei hgw
small, are required te have air pollution permits.

Inertia
In general, many people take the attitude "if it ain‘t
broke, don‘t fix it." 1If a process or operation is
running well, people tend to leave it alcne.

Many of the above disincentives can be grouped into a
genaral fear of unknown cutcomes, which are of legitimate
ccncern. A poorly concaived or melemented waste reduction
program could have serious repercussions for the person or
company who undertook it.

DEVILCPUENT OF A WASTE REDUCTION PROGRAH

The most essential element for undertaking a wasta reduction
progranm is an organized approach to evaluation and selection of
alcernatxves. _The USEPA has recently publxshed The EPA Manual

W , which outlines a
format tor evaluating xndustrxal pracesses for their waste
minimization potential. It is a generic manual, intended to apply
to many types of industries®. A number of industry-specific
waste minimization manuals are also available (see Table 1).

The USEPA manual gives a method for identifying problems in
a facility. It indicates the personnel needed to carry out such
ar operation and the necessary resources. In some cases,
part;cularly at smaller plants, the full audit procedure
ocutlined in this manual may not be practical. In these cases a
sinple problcm-solving format can be employed, and these basic
elenents are in fact included in the USEPA manual and most other
manuals in one form or another (Figure 1).

1) Problem —«finition-~-This is the most important phase in
developing a waste reduction plan. In the case of a large
plant, there may be a nebulus definition such as "waste



disposal costs are much too high" or "we are opening

" ourselves up to too much future liability." In a small
plant or in a specific section of a larger plant, it may be
a specific problem such as “we are generating too much
cleanup waste on line B" or "the line personnel complain
about working with solvents." It is important to set
initial goals. It is also important to realize that the
goals and even the problem definition may change as the
project progresses.

2) Fact Finding--This part of the process will vary in
complexity, dependlng upon plant size. For a large plant, a
comprehensive audit is necessary. For small plants with few
waste streams it may be a more simple process. It is
important to realize that the first and second phases of the
process will interact. As facts are gathered, the original
problen may need to be redefined.

3) Evaluatjon of Alternatives--Once the problem has been
defined and facts about its causes collected, alternatives
for solving the problem must be evaluated. In the beginning
of this phase, as many solutions as possible should be
included. Solutions that may not seem practical or that
appear too simple initially, may in fact be the best
solutions when all factors are considered. Some of these
factors are (1) achievement of stated goals, (2) overall
economics, (3) availability of capital, (4) environmental
protection, (5) safety, for workers and the surrounding
community, (6) product quality, (7) how changes affect other
plant operations, and (8) regulatory impacts.

4) Inplementation--Once a course of action has been chosen, it

is essential that immediate action be taken in an organizzi
ranrer. Irnplementation of ithe action should be coordiravz:
carefully with all individuals affected by it. It is also
essential that assistance with unfamiliar aspects be
obtained.

5) Follow up-~Any change in a production operation will almost
certainly affect other aspects of that operation, and there
will be unexpected outcomes from these changes. Plant
operation must be examined closely to identify these changes
and the adjustments in pzocedures that must be made to aveid
negative cutcomes. Followup is a continuous process because
new, but usually smaller, problems result.

CASE STUDIES

Following are examples of waste minirization activities
undertaken in Illinois. The information was gathered from
Grrernirs Avird epplicstions s from rarsonid) it arvicws withk
cory ALy ELrsshnes. 1ln sone casis, ninzs ¢f the firms inveolves
are \xthheld.
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" MPI Lakel Systems is a midwest firm that manufactures
pressure-sensitive labels using a flexographic printing process.
In 1985, it purchased Fagan Labels of Monee. The firm currently
employs ten people at its Monee plant, the company’s smallest.

At the time of its purchase, Fagan Labels had already done
some conversion of its operations from using solvent-based inks
to using water-based inks. Shortly afterward, MPI personnel
decided to convert completely to using water-based solvents for
three reasons:

1) Pegulatory burdan--There werz tco fev staff rambers to
handle the managarint rajuiresents and pager work
burden that regulations associated with solvent wastes
required.

2) Econonmics--¥hen the cost of waste management for
solvent-based inks was factored in, water-based inks
were less expensive to use.

3) Employee safety--Water-based inks inveolved- fewer
potential health problems and provided a safer and more:
pleasant working environment, because of their lack of
flampabilty and less offensive odor.

The organization and planning required to convert to water-
pased inks in a plant of this size were minimal. Two people, the
plant manager and one employee with a particular interest in the
ptocess, were involved in most of the problem assessaents and
decisions. The existing wastes that needed to be eliminated ware
easily defineable. The only hazardsus wastas they dispcosed of
“ara contaminated solvents from aquipment cleaning between runs.

The presence of a large water-based ink manufacturer ‘mearby
facilitated the conversion process as did improvements in
water-based inks. The conversion necessitated only one process
change: the substrate (the surface to be printed on, usually
polyestar film or laminated foil) had to be top-coated with an
acrylic resin. oObtaining such material was somewhat difficult at
first, but this type of product has now become quite common.

Plant employees walcomed the change bacause the water-based
inks provided a much more pleasant working environment. ' The
change was also acceptad by customers, who encountered few
problems with the new preoduct.

MPI changed from generating a hazardous waste that required
time-consuning management and expensive disposal to generating a
waste that can simply be severed.

thile all MPI facilities are in the process of changing over
to water-based inks, MPI-Monee, its sx:.lest plant, is the first
to make a complete changeover. Their small size was an
advantage, because they had an easily defineable waste to deal



with and they did not not have a large management hierarchy to
work through; the plant manager was able to make decisions and
carry them through. Because water-based inks are quickly
sacoming the standard for this particular industry this is a good

.exanple of the narket place respond19q to an industrious waste

=anagement needs with a new product.

Illinois Benedictine College--Lisle, Illinois

Illinois Benedictine College (IBC) is a private liberal arts
college in Lisle, a western suburb of Chicago. It enrolls 2500
students in undergraduate, graduate, and professional programs.
It’s chemistry department employs six professors, who teach about
55 students per senmester in its organic chemistry curriculun.

Four years ago, the professor and lab technician .in charge
of the organic chemistry laboratory cleaned out the lab storage

areas and collected a quantity of expired chemicals, experimental

residuals, and miscellaneous other wastes that required disposal
as hazardous waste. The bill for disposal of these materials cane
to $5000, about 1/4 of the entire operating budget for that
laboratory. Both the management and the academic staff wished to
aveid further unexpected costs of this type, and a program was
undertaken to reduce the amount of hazardous waste generated in
this laboratory. .

Dr. David Rausch, the professor in charge of organic
chemistry, was asked by the department head to study the
possibility of using microscale glassware procedures to reduce
the amount of experimental residuals produced. Dr. Rausch and
¥ichael 0‘Grady, Laboratory Supervisor, directed three students
in the development of microscale experiments and techniques,
wsing Pikz-Mayo Micrecscala Organic glass kits and other salectsz:
;j.assware. Results of initial experirentation indicated that the
glassware could be manipulated by students and that near
theoretical results could be obtained. Reductions in waste
generation of 90-99% were obtained,K (Table 3). .

Based on the results of this initial experimentation, IBC
decided to purchase 14 glassware kits for its organic chemistry
lab. They also acquired semiautomatic pipetting systems and new
electronic balances. Gas chromatographs were donated by a local
industrial firm that was replacing them with new instruments for
their own :abs. The total cost to IBC was approximately $30,000.
The savings from avoided disposal costs and reduced chemical
useage resulted in a payback of approximately five years for this
capital investment.

One unexpected problem arose. The traditional storage
drawers in the laboratory were not appropriate for storing the
rew glassware kits and a new system had to be designed. This
23ded an unexpected cost of $3,500.

Sone resistance was encountered from the academic staff at
first, but once the benefits of the new system were apparent,
this subsided. A higher level of skill was required from the



students in order to manipulate the smaller glassware, but

,ggpggimental'times ware actually decreased, allowing professors

to add to course curricula.

All organic chemistry curricula at IBC have now been
converted to microscale techniques. IBC is the first college in
Illinois to accomplish this.

In addition to the glassware techniques, IBC has also
implemented a formal centralized inventory system for the
chenistry department and modified its purchasing practices. This
is intended to eliminate large purchases of chemicals and to
preclude the possibility of chemicals deteriorating or becoming
unuseable while shelved. They also recycle in ths labecratory,
reusing the resiZucs frem scrme experiments frea year to vear.

IBC staff have presented several papers on microscale
glassware techniques at national conferences. They are putting on
rmicroscale technique workshops for high school chemistry’
instructors through the Teachers Inservice for DuPage Educators
(TIDE) program, and serve on a National Helpline Network for
teachers negding help in developing microscale chenristry
techniques. -

hoA -=0ttaw ineis

GE Plastics (until recently Borg-Warner Chemicals) of Ottawa
is a manufacturer of three component (or ABS) plastics formulated
from acrylonitrile, butacdiene, and styrene. It employs
approximataly 450 people at this location. A few years ago,
Borg-Warner personnel made the decision, based upon ‘increasing
disposal costs and the environmental staff’s observations of
ctate and federal regulatory trends, to conduct extensive waste
~.ninmization 2and redustion activities. Tha2se activitias consisted
c? two ccaponents: (1) the formation of a waste minirmizatien
program within the plant, and (2) extensive process modifications
that were intended to use raw materials more efficiently and thus
reduce waste generation.

A wvaste minimization team formed in late 1986 consisted of
16 plant employees. The team included at least one person fron
ranagement and one from the line employees from each area of the
plant. These employees possessed an average of over 20 year:
experience.

All team members ware required to go through training, not -
in waste minimization techniques, but in the concept of working
and functioning as a team. They were given training in
brainstorming, setting priorities, and teamwork in general.

After training, the team was assigned the task of
identifying all waste streams within the plant. Not only were
hazardous wvastes identified, but also nonhazardous solid wastes
of all t.pes, including sources of wastewater that could be
reduced or eliminated. Wastes were identified both by work area
and by job function (wastes generazted by each employee as they



performed their daily duties). An extremely 1arg¢ list (over 100
pages) was generated, and this led to the settznq of priorities
for which wastes would be dealt with.

The team then decided for individual plant areas which
wastes were the most likely candidates for minimization or
reduction. These decisions were made using the followzng
criteria:

1) combinability--Wastes with the potential to be bulked with
wastes from other plant areas were given priority.

2) Velume--Large-volume wastes were generally given priority
over small-volume wastes, although this was not always the
case.

3) Reuse/Recycle Potential--This was the ultimate waste

minimization method for most of the wastes identified. As
it turned out, there were many opportunities for saving raw
materials for reuse.

4) Econonics--Economics, although important, was not an
overriding factor. Reduction of potential liability from
environmental problems resultzng from waste disposal and
worker safety were more important. Since the potential
future cost was difficult to quantify, more leeway was given
in economic analysis of some of the proposed projects. The
largest capital expenditure to date, a building to house the
collection facilities for nonhazardous waste recycling
operations, has a computed return-on-investment (ROI) of
approximately five years, a period considerably longer than
dasired for most production projects.

Very little recistance was encevntered during the
irzlementetion of this progran. GE rersornnel atiributed this to
the fact that employees at all levels of the plant were involved
in developing the program and in the decision-making process it
involved. The problems encountered were attributed mostly to
employes "inertia," but this sooh passed.

The waste minimization prcject is ongoing at GE Plastics,
and ideas and suggestions from plant personnel are received and
evaluated on a2 regular basis. Ideas submitted by employees are
evaluated by the waste ninimization team using roughly the same
criteria mentioned previously. The suggest1on is tirst

investigated by members of the team using the fcrms in Figures 2
and 3. After an investigation to zdentlfy the waste, how it
resulted, and possible remedies to its generat;cn is made, a
wvaste sumnary is assembled. A decision is then made by the waste
minicization team members and personnel in the area generating
the waste whether or not to proceed with implementing the
sugsestcd waste n*n;rizat1Cﬁ preporal.

Lt
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ihe only exception to this rule is for projects exceeding
$50,000. Such projects require the approval of the plant
manager. GE personnel have estimated that cost savings from these
projects (listed as Rework Off-Spec Product and Segregate/Sell
Waste in Table 2) save the company $619,000 per year.

As stated earlier, Borg-Warner also changed their product
formulation to increase production efficiency and reduce waste
generation. The program took four years of research, pilot-scale
work, full-scale implementation, and a great deal of capital
expenditure. It was not without its problems, which included
customer resistance, scale-up problems, and unanticipated
wastewater treatment problems.

Customers showed some resistance to the rew product, because
s=2Te of its characteristics, syecificaliy its coler and cinme
structural characteristics, were cnhanged. Overcening this
problem required close work with the customers to further davelop
the product to suit their specifications and also reguired soze
good salesmanship.

The scale-up problenms largely resulted from attempting full
implemention based on experimental results obtained from a small
(bench-scale) pxlot system. No intermediate scale tests were
attempted. Seriocus prcblems were encountered with equipment
breakdowns, plugged lines, and resultant down time of an on-line
production system. Production loss and unanticipated capital

expenditures were high.

The procass modifications also induced unexpected problenms
in the wastewater treatment (WWT) plant, and evidence that
problems can come from unexpected sources. The process
modifications implemented recuced the chemical oxygen demand
(cet) lo*d to the GE wWWT plant to the extent that the bicrass was
mot recsiving a sufficient fecod supply to suppsrt itsell. It was
necassary to call in a consultant to assist in modification of
the plant and its operating parameters. This was another
significant unanticipated cost of implementing the process
modifications.

Despite the problems encountered, GE personnel still
considered this phase of their waste minimization activities to
be successful. Waste generation from these processes was recuced
from 581b/1000 1lb of production to 11 1b/1000 1b of production.
The changas resulted in savings of $196,000 per year in d&sposal
costs and $1.1 million per year in additional production.

- [«]

In recent years, electrolytic ion transfer units (EITUs)
have been introduced to the electroplating industry. These units
have sound sciantific and technical foundatjons, but management
and raintenance of them have had disappointing results, partly
because of ncabrane cl»a3ing.

a2
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This Chicago plating firm is a well-maintained
electroplating job shop that plates hard chrome on steel. Major
parts are plated rolls and shafts. The company decided to close
“the ‘loop en its plating line by installing counter-current |,

rinsing followed by an EITU. 1Installed equipment cost, including
the agitation unit and recirculation pump, was about $21 000.
The company saved about 6000 1lbs. of chromic acid ($7,000 value)
and water use charges were down from $1,200/month to $200/month.
Operation and maintenance costs, includlng electricity, were less
than $1,000 per year. However, after a year of operation the
membranes were so clogged that it wasn’t possible to recirculate
the chromic acid. New membranes would have cost about $10,000.
The EITU was eventually disconnected. The clogging was probably
due to excessive iron in the rinse waters from the steel parts
and plating tanks. It’s hard to tell how much longer the
menmbranes would have survived had the tanks been lined with a
chromic acid resistant liner or if a filtering device had been
connected prior to the recovery unit. 1In this case the compary
didn’t lose any money,but the owner says he won’t recommend this
technology unless memﬁranes were made less susceptible to

plugging.
-=-Cicero linoi

This plating firm, established Cicero in 1920, was a pioneer
in plating on plastics in the late 1960’s. Seven or eight years
ago an ion exchange system was installed to brxng the discharge
to the sewer in compliance and recirculate the rinse waters.
Water use was reduced by 80% and the discharge met the Chicago
Metropolitan Sanitary District’s discharge criteria. For the
first few years the exhausted ion exchange columns were picked ugp
and replaced with fresh ones by the company that designed and
installed the system. The installer regenerated the resins at
its own facilities. However, when the installer decided tc
abandon the regeneration business, the plating firm had to do
regeneration in-house. They regenerated the two cation columns
that removed the heavy metals from the effluent before discharge
‘to the sewer. Now the company was faced with disposal of 300
gallons of regenerant that was a hazardous waste because of heavy
metals and low pH. The designer had suggested to the conpany
that regenerant could be rendered nonhazardous by plating the
metals out. However this wasn’t attempted because of a number of
management and personnel problems.

When the company was sold in the summer of 1987, 2 number of
items were neglected or ignored that eventually lead to the
demise of the company in late 1987. Some typical problens were:

- The activated carbon filter, which should have been
located in front of the ion exchange columns, was
rissing.

- Spray nozles on stagnint rinse tarks were xziesing,
inoperable, or partially functioning.
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-- The system needed to adjust pH levels during the ion
-— - - axchange process was missing or inoperable.

- Resin in most columns was exhausted and contaminated
with foreign matter.

The recirculated rinse water evidently wasn’t rinsing
properly. 1In addition, operators ran hoses from the water
faucets to the rinse tanks causing them to overflow.

-

-an a i Q

Historically, Chicago industries have had little or no
concern about the cost of watar and its disposal. Luwever, in
recaat yaars costs have gona Ups With 1 434 surchavge rfor sewer
usage the cost of water has gone up from $0.70 to $1.17 per
thousand gallons in 1980. This medium-sized processor annually
used 7.5 million gallons of water. Because of this and advise
from an industrial hygienist, the processor decided to conserve

water and thereby reduce wastewater production.

Wastewater in the plant was being generated in three major
areas: X

1) Clean-up operations in the meat processing area,
2) from product cooling showers during summertime, and
3) in equipment-cleaning operations.

The wastewaters vere conveyed to a gravity settling tank,
which was originally used in the industry for collecting soluble
grease. The settling tank design was centered around the
skimming aspects of the tank, and little consideration was given
tc sludge resulting from the rimcval of sattlaed sslids. Suzh
graviry-séttling tanks typically rencva tatwaen 20-30% of the
biochemical oxygen demand (BOD) and 40-50% of the grease. .

Water conservation was implemented by using the following
nethods:

~- Water spray nozzles that give high velocity spray,
reduce water flow, and can be turned on and off at the
point of application were installed in the meat-
processing area for clean up,

- Dry cleanup in the plant was instituted before a wet
cleanup,

-=- Screens warae installed in the drains to catch neat
scraps and other materials, and

— Special detergents and cleaners were used to reduce
vater usage and produce a more hygienic area.

Thesa measures did cut down the vater usa by abcut 30%;
however, using less water can sometimes create other problems.
Generally, wastewater discharge standards require meeting



" limitations of contaminants in terms their concentration in the .
water expressed as milligrams per liter. 1If water conservation
'is practiced without a corresponding reduction in the quantity of
pollutants or modifications in the pretreatment system design,
the discharge water concentration limits set by the local POTW
will be exceeded. In this case the grease discharges from the
smokehouses remain unchanged and no design changes were made in
the gravity-settling unit. This resulted in plant effluent
discharge to the sewers exceeding the fats, oils and grease (FOG)
limit set by Chicago Metropolitan Sanitary District. The plant
manager now is considering the installation of a dissolved air
flotation unit to bring the effluent within compliance.

DISCUSSION

The several waste minimization projects described herein
illustrate some of the incentives and disincentives for
industries trying to reduce waste, some problems they encountered
in trying to implement waste reduction programs and the strengths
and weaknesses of some of their approaches.

Economics was a motivating factor in all six cases. While cost
savings were not always quantified, there was in all cases a
perceived potential for a positive payback. The two firms that
corputed return on investments, IBC and GE Plastics, showed
payback periods of around five years, which is not considered
acceptable by many businesses. However, economics was not the
only concern of these firms. Worker safety and potential future
environmental liability were also important factors. Both of
these factors have potential economic impacts. 'Although
difficult to quantify, they need to be considered if rational
decisions will be made.

Prcductivity was a concern from the standpoint of both
improved production efficiency and more efficient use of raw
naterials. Production efficiency was not always improved by waste
reduction techniques. The Chicage plating company bought a new
piece of process equipment which, as it turned out, caused
problems reguiring labor to maintain. The meat-packing company
initiated water-saving techniques that were more labor intensive
than sinply cleaning their process equipment with a hose. In both
cases, however, the gain was iuitially perceived to be worth the
additional trouble.

More efficient use of raw materials was an important
motivation in nearly all of the cases. Raw material savings,
either water savings or reuse of plating baths, was an easily-
accepted concept by most of these firms.

Worker safety was a concern in some cases. In particular,
171 labels and 1BC sited conzerns ) vl worker (oo stuler:)
copTuLYe Lo (rornic selvente. fer NPT Leizlig, tLis vas <L cf
the driving forces in their raw rate-:2zl changeover. The switch
to water-based solvents provided a safer 2nd more pleasant
working environment for their employees. ' "
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Environmental regulations were an important consideration in
all cases, but in different ways. GE Plastics has taken an

__active approach to potential regulatory burdens. They devoted

staff time to consider what was "coming down the road" in the
environmental regulatory area, and modified their operations as
they deemed appropriate. Most of the other firms lacked staff to
do regulatory planning and as a result, have dealt with ' '
regqulatory concerns in a reactive rather than proactive manner.

MPI Labels undertook its raw material changeover in part to
avoid filling out manifests and annual reports. With only ten
smployees in the plant, that job fell to the plant manager. The
burden of keeping up with the regulations may have had a great
role in moving the project along.

In the case of both plating firms, waste reduction measures
were driven by both sewer ordinances and the RCRA regulations.
Platers have long besen required to limit the concentration of
heavy metals in their cutfalls to sewage treatment works. This
has usually been accomplished by chemically precipitating the
metals into a metal hydroxige sludge disposed of by landfilling.
Under the RCRA regulations these sludges were considered
hazardous, which made their disposal much more expensive. More

tecegily, landfill ban regulations enacted under the authority of .

HSWA have saverly restricted disposal options for these sludges
and have forced platers to seek other methods of managing their
residuals. One of the methods pursued has been to not generate
the residuals to begin with. A

Potential environmental liability was a concern among all
firms. As previously stated, this can be viewed as an economic
factor not readily quantifiable. Although subjective, potential
liabkility is perceived as a threat by rost of thase firms a2nd has
castivataed then to undsrtaxze projects that rm2y nat have aZeguata
payback periods to justify them from a production point of view.

Disincentives such as those previously ocutlined also
existed. Lack of capital is an ongoing problem in any business,
but in thesa cases seemed to be less of a problem for larger
conpanies. GE Plastics was able to invest large amounts of
capital in fundamental changes to their production processes. Not
all of theses firms enjoyed such a luxury. The investment of
$30,000 in the case of IBC or of $21,000 in the case of the
Chicage plating company is a serious matter for a small corpany.
In many cases, small firms cannot cobtain capital at any price,
because they are considered too great of a risk. Of these firms,
MPI lLazbels was in Che best situation. They needed little or no
capital to charige thair process and saved money almost

immediately.

Product quality was Aot a problem with most of these firms.
GE Plastics had sonme initial quality problems, but solved them

with proper follow up. Customer fear, as it relates to product
* quality, was no® a serious problem. The proolems that did occur,

however, required careful coordination with customer needs.

X -
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Impacts on immediate production needs were a problem in
several cases. GE Plastics spent a great deal of time doing
developmental work at full scale that would have been better done
at the pilot scale. Their regqular.production schedule was

~impacted adversely. .

IBC had the luxury of developing its experimental techniques
during the summer semester. A commercial laboratory might find
such developmental time unavailable and unacceptable.

The Chicago plater’s chrome recovery system is no longer
operational, in part because they simply did not have time or did
not see the value of carrying out the required developmental
work.

Regulations have also had a negative impact on some waste
reduction processes. GE Plastics considered and rejected some
potentially beneficial waste minimization projects because they
feared becoming a RCRA treatment, storage, and disposal (TSD)
facility. The meat-packing facilities made the classic error of
putting themselves out of compliance with sanitary district
ordinances by reducing one part of their waste stream but not
another.

Inertia, here defined as a lack of w1111ngness to change the
way things are done in a plant, was not a serious factor in any
of these cases. All the firms perceived waste reduction or
minimization as a good option for handling their environmental
problems.

The success or failure of any waste minimization project is
heavily dependant not only on the merits of the technologies
involved, but also on the way in which the technology is chosen
and 1nplem¢nted The decision process can be divided into five
segnents: (1) problem definition, (2) fact finding, (3)
evaluation of alternatives, (4) implementation, and. (S)
follow-up. Most of the projects examined here, both the
successes and failures, had some problems that could have been
avoided by rigorously following a decision methodology. All of
those that experienced success did so because they took the time
to use a rational decision process to evaluate their actions.

IBC went through a very rational development process for
their exparimental techniques. The $3,500 cost of the new storage
system, about 10% of the total project cost, could have been a
serious matter in a commercial laboratory. GE Plastics had-the
most formalized and also the most effective decision process of
any of these firms. The approach of involving all areas of the
plant and all levels of employees in the decision-making process
has added not only to the success of most of these projects but
to general employee morale.

e Chicazo plater’s yiceject fuiled in two areas: t“f; -
nct leavr, that the chrore recovery sysiem was sensitive to irc:.
contamination, and they failed tc follow up and fix the probler:
once they knew about it. The system could probably still work if
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they took action to protect it from iron. It is common, hcwever,
for small companies to lack the resources to properly develop a
new system such as this or to install and operate such a system.

The Cicero plating shop was simply poorly run. They had many
problens aside from their inability to implement a waste
reduction system and eventually went out of business.

The meat packing company really hasn’t failed in its waste
reduction efforts yet. They failed to fully define what their
problem with wastewater really was, but they were quite effective
in their implementation of water reduction methods. If they can
follow up and reduce their grease emissions, they will still have
a successful waste reduction progran.

CONCLUSIONS

In conclusion, companies must look at individual processes
within a plant and anticipate the impacts of waste reduction
changes on the processes, products, and other sections of the
plant. The necessity of looking at the "big picture" bkecomes rore
important in larger facilities and in those with more complex
processes and waste streams.

Waste reduction projects should be viewed somewhat
differently from reqular production projects, in terms of
computed payback periods. While most waste reduction measures pay
for themselves, they do not always do so quickly enough to
satisfy many business managers. Many of the financial benafits of -
waste reduction, specifically reduced environmental lidbility and
liability for the safety of workers, are difficult to quantify in
a way that can be inserted into an economic equation. It would ke
foolish, howaver, to ignore thaese factors when making business
decisions.

-

When embarking on a project of this sort, owners and
operators must learn to expect unanticipated outcomes. Follow-up
is almost always required to inplerent changes successfully.

Facilities should involve as many of the plant personnel in
the process as possible. A systenm such as that used by GE
Plastics succeedead in identifying many more waste reduction

_opportunities than if they had decided in the front office that

waste needed to be reduced. Input is needed from both management
and line personnel. In the words of GE Plastics engineer, Bob
Miller, "Wasta reduction is initiated from the top down, and
inplemented from the bottom up."

- Finally, it is important to know when to get help and whers
to get it. Many wasta reduction publications covering a variety
of different industries are now available (Table 1), and many
szatas have initiated waste reduction progranms similiar to that
of HARIC. X good waste audit and the dcvelopnent ~<f a sound
waste reduction plan can go a long way to ensure that thoss waste
reduction programs implemented will succeed.
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PEOPLE MANAGEMENT: THE FORGOTTEN ELEMENT IN WASTE REDUCTION
Gary E. Hunt

North Carolina Pollution Prevention Program
Department of Environment, Health, and Natural Resources
Raleigh, North Carolina 27611-7687

Technology alone cannot reduce waste, only trained and motivated people can.
Over the years, the Pollution Prevention Program staff has observed this
time and again. We have seen drag-out tanks being dumped to drain, barrel
holes plugged and dragging out gallons of solution, racks being rested on
the floor to drain, recovery units sitting on shelves, two-inch hoses used
to rinse parts; and the list goes on. The technologies on how to reduce
waste have been written and rewritten in the literature since the late
1800's. In fact, Clarence Roy said it all when he wrote ''mever has so
little been done by so many who know so much."(1) No matter what the size
of the firm or preventive technologies used, a waste reduction program is
only effective when everyone from the CEQ down to the line operator is
enthusiastically involved.

The following sections overview some of the people-oriented methods which
have been successfully employed by companies to make waste, reduction
programs effective. These examples come from a variety of companies,

~ producing a wide range of products. This is because many of the best
examples are from industries outside of metal finishing. However, all of
the methods discussed are directly applicable to metal finishing firms.

Corporate Commitment
A written corporate policy on waste reduction is the first step a company

should make. It must show top management's commitment to waste reduction
and establish a framework for developing an effective program within the
company. The policy should state the company's commitment to waste
reduction, establish guidelines, and lay out the responsibilities for the
program. It must be made clear that it is evervone's responsibility to
reduce waste. Some policies have set specific goals, while others have let
the goals be set by individual plants or by program staff. Either way, the
goals must be reachable, and a method of tracking waste reduction should be
established in the policy statement. An example of one company's waste
reduction policy is shown in Figure 1. ,

Next, management must show its commitment by providing the resources needed
to get the job done. A written statement will mean very little if personnel
and funding is not made available. A senior level person should be given
the authority and resources needed to develop, implement, and monitor the
reduction program. In smaller companies this may be part of an existing.
job, while in larger firms whole waste reduction departments can be

created. Whatever the case, where a waste reduction program has been
successful, the person leading it has been a "champion" for the program.

L g
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FICURE 1

EASTMAN CHEMICALS DIVISION WASTE MINIMIZATION POLICY

VISION

ECD s recongnized by our employees, the community, the chemical mdustry and regulatory
agencies as a leader in waste minimization.

QBJECTIVE
To minimize waste through source reduction, sale/reuse/recycle, reclamation and treatment.

WASTE DEFINITION
Any matenal that must be recovered, treated, disposed of, or is discharged to the environment.

PRINCIPLES
Accountability and responsibility rest with the waste generator.

Performance is directed to meeting or exceeding current and anticipated reguiations and public
interests.

The current level of waste can always. be reduced.

All wastes are minimized; however, special emphasis is given to RCRA hazardous wastes and
SARA Section 313 chemicals.

The hierarchy of waste minimization is:
1. Source reduction

2. Sale/reuse/recycle

3. Reciamation

4. Treatment

Land disposal and/or off-site treatment is minimized.

ELEMENTS
Active managemem leadership and involvement are evident at all leve!s

Resources consistent with expectations are available and used to achieve waste minimization
goals. ,

All employees understand and ara involved in waste minimization.

Goals and action plans for waste minimization are included in every organization's annual pianning
process.

Waste Managemom decsston makmg is expanded to include all present and future costs and
benefits.

Successes and creative solutions are recognized and reinforced.
Waste is measured at the point of generation and the point of discharge.
g lmpro%:emem m one modla (land watee' or air} is not made at the expense of another.

o watmlg qu(mauon, systam among ECD plant sites audits waste production and discharge
; and.documents was{e minimization.

A common communication system shares capabilities within ECD and successes internally and
externally.

Waste minimization projects should have environmental and/or cost benefits.

SOURCE 10



The waste reduction concept must be integrated into all levels of a firm's
operating practices. The company must think waste reduction when making
product or operational decisions. For example, something as simple as
increasing drain time can have a significant impact on waste generation. On
an automatic line this will require reprogramming, which could reduce the
production rate. A careful analysis of the process may be able to squeeze
out the needed time. If production has to be reduced a bit, then an
analysis of the savings in waste generation vs. the cost of lost production
or additional equipment should be done. The use of additional equipment or
extra manpower could be, in the long run, very cost effective.

A company must show to its employees that waste reduction is important.

Poor operational practices such as excessive drag-out, routine dumps of
process tanks, continuous leaks and spills, and excessive water use will
show to employees that generating waste is "just fine". This will lead to
the continuation of excessive waste generation and the related costs. Also
one of the problems with end-of-pipe treatment or recovery systems is that
it gives the line operator the impression that it is alright to put waste to
the drain as a "technology" will take care of it. In-process reduction or
recovery will help to eliminate this notion. ’ :

Waste Survey ‘
The sources of the wastes and the reason they are generated must be known

before any corrective action can be taken. In many cases,’plant management
has little or no idea where the waste originates. Thus, before a reduction
program can be developed a waste survey must be undertaken to locate and
quantify all waste sources. The steps in conducting such an assessment have
been described in detail in a number of publications.(2,3,4) One thing to
keep in mind is that line operators are the best source of information on
causes and solutions to waste problems. However, in many cases they are not
asked. Engineering and chemical analyses cannot substitute for the
knowledge of the person who operates a production step.

One beneficial approach in conducting a waste survey is to videotape the
production operation. This may help focus-in on-a problem area which
otherwise would be overshadowed by a complex production operation. For a
smaller process area the camera can be set up to tape part of a shift. The
tape can be used both to help identify problems and as a training tape for
proper operational procedures. One company showed the tape to several
different work groups within the plant. One was made up of line operators,
one of maintenance personnel, and one of engineering personnel. Each viewed
the tape to identify short and long-term waste reduction methods in their
respective area of expertise. The tape then served as: a source of detailed
information which could be stopped or repeated to identify reduction
opportunities which otherwise may have been overlooked. It also can be used
for training purposes and as documentation of waste reduction .

One firm took a unique approach and set up a permanent waste sugvey program
called "Water Watcher" to conserve water and raw materials " People from
Quality Assurance were rotated through this job A petson ‘was’ assigned ‘the
duty of observing the manufacturing process and working with' Iine 6perhtors
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locating any leaks, spills, drips, etc. A person from maintenance was also
assigned to this team and responded to Water Watch requests first. This
ensured that any problem was rapidly identified and fixed. The quick
correction of a problem helps show the company's commitment to waste

reduction. (9)

The above discussion leads directly into using employee's to identify
reduction options. Quality circles, study groups, natural unit teams, and
the like all draw on one common factor--the line workers know their
operation best. However, management has to provide them with the training,
guidance, and resources to get the job done. Much has been written on this
subject in the last few years, and it has been successfully used by a number
of companies to reduce waste generation and improve product quality. The

' key to any of these groups is that the leader has to be trained in how to
conduct productive idea generation sessions. Also, management must fully
support the activities of the groups as well as seriously review and comment
on their recommendations.

Training
In many cases new operators are trained by old operators thus passing on

operational procedures. This "Susie teaches Billy" approach has to be
replaced with a comprehensive training program on waste reduction. For a
program to be effective, all levels of personnel should be, included, from
the line operator to the corporate executive officer. The goal of any
program is to make the employee aware of waste generation, its impact on the
company and the environment, and ways it can be reduced. Top level managers
have to be made aware of the costs, problems, and liabilities of waste
management and the economic benefits of waste reduction. Line managers have
to understand the effact of their process line on waste generation, how it
can be reduced, how the techmologies work, and ways to educate and motivate
their employees.

The majority of the training should be directed at the line operators. Some
possible program elements are shown in Table 1. The training program should
emphasize management's commitment tc waste reduction, the beneficial impact
of reduction on job security, and improvements to the local environment.
Along with some type of presentations (i.e. speakers, videos, slides, etc.),
simple written materials which state how waste can be reduced at each job
station should be developed. All employees should attend refresher sessions
on a regular basis. All new workers should undergo the training; which
could be done as part of an established worker right-to-know training
program for new enployees., N
As discu:add‘p:pvidusly, a,conpnn? must show its commitment to waste
reduction by putting it into practice on the process line. A training
program will quickly fail if the emplioyees see that the company is not
serious. For example, talking about extended drain time in a manual rack
line is of little use if drip bars are not installed.

To show how effective a training program can be, one company reduced their
sewer surcharge from $11,000 per month to $35 per month just through a



simple training effort. This was done by having one person conduct a series
of programs for all shifts over the course of several days. The program
presented an overview of what waste is; how it affects the employee, company
and environment; and how waste can be reduced at the job station. A more
formal program has been developed which includes an introduction video,
slide tape show, and written materials for each job station. Each training.
session stafﬁs with a short video which introduces the theme of the session
"BOD Buster . A slide tape show then overviews how reducing waste would
be good for the worker, the company, and the town's environment. It also
details waste reduction methods which must be used at each process area,
thus showing how workers can get their BOD in shape at each process area. A
speaker will then re-emphasize the importance of waste reduction and any
questions will be answered. Finally, simple yet specific fact sheets will
be handed out which detail the steps an operator at each work station must
take to reduce waste.(6) .

A furniture manufacturer took a rather unique approach. Working closely
with the line operator, video equipment was used to record their spray
technique. The tape was later reviewed by the operator and training :
personnel to identify problem areas and provide corrective procedures. The:
operator was videotaped again later so that the operator could see the "
improvements. The company estimates that coating use and the associated,
waste generation costs were reduced by about 10%. This represented a
savings of about $60,000 per year in coating costs alone. ‘' Savings were also
realized through reduced waste from spray booth clean- -out and reduced air
emissions.(7)

Motivation o
Even the best training program may not succeed unless there is some form of

- incentive or motivation program. This can take the form of slogans and

posters, a suggestion program, awards, or contests. All of the methods used
to keep safety or quality assurance programs going will work here. The
specific program will vary from company to company. However, if an awards
program or a contest is set up it must be feir and impartial

One successful incentive program set ?ﬂ by a North Carolina company is known
as the People Against Waste or P.A.W. ~ program. This 1is an employee )
suggestion program which has a number of compouents “The success of thisf’
program hinges on the prompt, detailed response sent to each employee
submitting a waste reduction suggestion. 'No suggestion is considered too
small for a respgnse. This personal response is coupled with a visible
award, a P.A.W. lollipop, and the employee being' recognized in a .
newsletter At the end of the month top ideas receive ‘additional
recognition and award, such as a percentage of cost savin*Mfrom waste
reduction, gift certificates for steak dinners, or P.A.W. caps. This’
program has been in effect approximate}ﬁ 18 months and hés only cost v
$3,000. Savings resulting from P.A.W. suggestions have more than paid ;
for the program.(8)
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- TABLE 1: Elements inva Weste Reduction Training Program

‘Explaln the need for waste reduction and emphasize benefits to employee
and community..

Explain the direct effect that an employee can have on improved work
‘and living environment :

Express management s commitment to waste reduction. ;
Explain waste menagement terminology in simple terms.

Present general overview of environmental regulations which impact the
faeility

Examine improved operational practices for reducing waste generation.

Illustrate good and poor operating practices utilizing slides or video.

Use positive lenguage, i.e. a better way of doing things, not this is

what you have to do.'

. .Solicit ideas for waste reduction methods and explore possible
solutions to 1denti£ied problems
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Information Exchange

Procedures for disseminating information on successful waste reduction
projects within a company should be established. Many times we have seen
one plant use an excellent waste reduction technique while its sister plant
knows nothing about it. A good information exchange program will keep
employees informed about waste reduction efforts and results. Publicizing
the waste reduction program, its results, and any outstanding achievements
or awards will help maintain the program's momentum and the employee
awareness needed for further success.

Companies have used a number of methods to get the word out. Small firms
have used a central bulletin board to post program results and upcoming
events. Plant or company-wide newsletters or fact sheets are another good
publicity tool. These also make excellent handouts to the public or press.
Companies such as Dow Chemical and 3M have developed one-page glossy
summaries of their successful reduction project. These outline, in simple
terms, the need for the project, the method used to reduce waste, and the
results in amount of waste reduced and cost savings. In larger companies,
the waste reduction program office can coordinate the dissemination of
technical information between plants, thus acting as a central clearinghouse.

Another area where the program results should be publlcized is .the public
and press. The public should be made aware of the steps cpmpanies have
taken to reduce waste generation and the results that have' been achieved.
This should be done both corporate-wide and at individual facilities. Good
public relations about waste reduction, with emphasis on the corporate
commitment, is important in the days of the public's "NIMBY" attitude.
Distributing newsletters, fact sheets, or press relsases abocut successful
projects is one way to inform the public. Other ways include applying for a
state's Governor's Award for Excellence in Waste Management; developing a
video presentation of a firm's waste reduction program; and presenting talks
to local organizations, colleges, or workshops.

Tracking Results ' :
Tracking waste generation is not a people management method" however, it

provides the basis for measuring progress. This information can.then be
presented to the employees to show the actual ‘effect they are having om
waste reduction. This will provide direct feedback to the employees. The
waste can be tracked on a production-based value, such as pounds of waste . -
per pound of product, pounds of waste per amphour or pounds of waste per
dollar sales. This will eliminate any production-related variation. The
values can be charted and posted for all to see.

The waste generation values can also be used to evaluate the reduction
program's effectiveness. Based on this evaluation, modifications can be
made in the program to increase its effectiveness. A waste reduction
program should be viewed as ever changing and growing.



Summary _ ) .
Waste reduction is a large area and only some of the highlights have been : >

discussed in an attempt to show that managing people is as important as
managing waste. No successful waste reduction program has used technology
alone. In fact the hest programs rely more on people than technology. A
waste management plan must be an integrated effort to use people and
techniques to first reduce waste, then treat what is left, and then finally
dispose of any treatment residue.
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