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

November 9-15, 1990 - Honolulu, Hawaii 

Aqendg 

8:30 - 9:00 Introduction of participants formation of work teams, review of text, 
and overview of workshop goals 

9:OO - 9:30 
9:30 - 10:15 
lot15 - 10:30 
10:30 - 10:45 
10:45 - 11:15 
11:15 - 12:OO 
12:oo - l:oo 
1:OO - 1~30 
1~30 - 2:30 
2:30 - 2:45 
2:45 - 3:15 

Waste minimization overview: terms, policies, and strategies &s 
Examples of waste minimization techniques and technologies 

Break 

Excerpts from Pol 1 uti on Prevent ion 

Waste mi n i mi zat i on assessments 

Classroom Exercise - Advice to Pristine-Enviro 
Lunch 

Haste M inimizat ion Case Stu dies 

Measuring waste minimization (John Warren, RTI) 

Break 

Economics of waste minimization 

3:15 - 4:OO Classroom exercises 

4:QO - 4:30 POD Waste Minimizat ion Efforts in Hawaii (Mr. Leighton Wong, ‘US Navy) 

M Y 2  
8:30 - 9:30 
9:30 - 1O:OO 

Establishing a waste minimization program at your facility 

Film, Haste Not  

1O:OO - 10:15 Break 

10:15 - 12:OO 
12:OO - 1:00 Lunch 

Amazing Blitzfn Exercise 

1:00 - 1:30 Review of Blitzfn Exercise 

1 ~ 3 0  - 2:30 1 on Prevention : The Biaaer Pictu re ’ 2:30 - 2:45 
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WASTE MINIMIZATION OVERVIEW 

- USEPA Pollution Prevention Policy Statement : January 20, 
1907 

Current Waste Minimization Requirements in RCRA. 

California Hazardous Waste Source Reduction and 
Manageaent Review Act. 

- 
- "Hazardous Waste Minimization: A Strategy for 

Environmental Improvement: JAPCA January, 1988. 

- Lucture Overheads. 
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TABLE 4-1 

a" 
e reduction, to the extent feasible, of hazardous waste 

b#t' $+.generated or subsequently treated, stored, or 
o?ed,nf, It includes any source reduction or 

Fc4ing activity undertaken by a generator that results 
either CI) the reduction of total volume or quantity of 

hazardous waste or (2) the reduction of toxicity of 
@+tag$oys w4ste. or both, so long as such reduction is 

threats to human health and the environrhant. 
ftc~r: with,,the goal o f  minimizing present and future 

Reduction of total The reduction in the total mount of hazardous waste 
v o l w  or qUupt%yg 

-I ,-* - I  .-a ~ -_I".. ......".." - ,__"__ generateT l%HW&; "VtlSYcTd, or dirrpused of ,-ss defined by 

Reduction in 
t d c  it7 I 

soarc0 ooottplr 

Recpled: 

U8ed or reu8.d: 

voiune, weight, mass or some other appropriate measure. 

The reduction or elimination of the toxicity of a 
ha:ardous waste by (1) altering the toxic constituent(8) 
of the waste to less toxic or non-toxic form(s1 or (2) 
lowering the concentration of toxic constituent(s) in the 
waste by m a n s  other than dilution. 

Any activity that reduces or e l U a t e s  the generation of 
a hazardous waste within a process. 

&I? activity CbS8iffable under source reduction with the 
notable exception of product substitution. 

1 

The replacement of any product intended for an 
intermrdiate or final use with another product intended 
and suitable for the same intennediate or final use. 

A saterial is *recycled* if it used, reused, or reclaimed 
(tr3 CFR 261.1 [b) ['I]). 

A material is .used or reusad* if it is either (1) 
employed as an ingredient (including its use as an 
intermediate) in an industrial process to nuke a product: 
hornver, a material will not satisfy this condition if 
distinct components of the material ore recovered as 
separate end products (as when metals are recovered Prom 
metal-containing secondary materials) or (2) employed in  a 
particular function or application as an effective 
substitute for a cormnetcia1 product (40 CFR 261.1 [c] 
[51)  

A material is nreclaimedn if it is processed to recover a 
usable product or if it is regenerated. 
recovery of lead values for spent batteries and 

Examples are 

regeneration of spent solvents (40 CPR 261.1 fcl [ 4 1 ) .  
i' 



~ Treatm8ntt ~ - ~ -  (as pert of waste minimizition) -- a 7  activit7 or a 
'.-* series ob activit ier  f'l;i~k;%W~ 01- andlor 

toxicity of hazardous waste without attendant recovery of 
valuable material tliat'"'1s: dubs@t@a&a&W k q ~ l e p & 4 n  the 
nuaufacture of a cdhrcdaZ product ( e .g . ,  an incinerator 
for disposal of spentWiPoc-kuted solvent with scrubbing T 

I. . and neutralizatiih 6ilLhyilicf)gen chloride from the flue 
,1 -3%*? l e :  1 ." 

, 6 , !$v ?2.222% 
gas) i 

" )* x', 

" C  ''c;rq 

-3 

. r. 
. ,  

L . .  
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compounds in lieu of chromate corrosion inhibitors in cooling towars. 
so1p.tbor, howover, a manufacturer may subrtitute a material not becauso 
the waste would be leas toxic but becaure the warte is simply not 

~~~ ~~~~~~~ regulated. ~ . .  

3 

(ii) Technology Alterations 

In certain inrtances, technology substitutions are also effective in 
minimizing waste. 
distinct processes. Certain processes, such as the chloride procers for 
producing titanium dioxide, generate conriderably lesa waste than 
alternative processes, such as the sulfate procers. 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 
paramears has-been sham to reduce signifjqypulyL&he 3.quanp&ty of waste 
generated. 
catalytic anxnoxidation of propylene, 
catalyst to a ferrobismuth phosphomol 
conversion of acrylonitrile by 3S per 
beon a significant decrease in tar fo 
derign impraved mixing for the manufacture of epichlorohydrin. 
zoro m a t e  goneration, however, is currently beyond the technical 
C8p8bilitieS of mort chemical processors. 

Modificatfon of equipment is another way tQ reduce warte genoration. 
invention of mochanical wipers to scrape the aider of paint tanks, for 
exlp8p10, reduces the expored volum, of warte p a h t  that would othorwire 
produco fugitive volatile organic compound (VOC) emiarionr. similatl7, 
procosr autonution, which helps optimize product yields by aut-tically 
adjurting procesr parameters, has in nuny casot na&kbLkbo4 pperator error, 
roduced the likelihood of spills, 
rpecif ioatioa matorials . 
mr.totialr can be highly toxic 

water conssritation can ai80 result 
Efficient &duet washing rerultp 
minippizing tho mount of product.1lo 
of matowater that is generatod. 

* 

A product can sometimas be manuf8ctured by two or mor0 

Ppr example, in the production of acrylonitrde by the 

Attaining 

The 

A8 not 

I 
. m. 

gnificant warte reduction. 
uEed sludge generation by 
,$he wash -tor urd the quntity 

Technology modification and development of law warto techonologies is 
currently a central focur of warte m b ~ 4 t , $ ~ ~  : ~ ~ ~ + . & + , @ R R ~  changes 
aro mort coat-effective when implomonted during a plant’r pl.rih”Ing or 
derign poriod or when a plant is retooling and replacing worn out 
equipmont. Retrofitting plants that -hawe&(MR& +@e&$@ 
conrtructed is often expenrive and difficu~t.----~o~soquently, whilo 
technology modification may be of limited effectiveners in reducing warte 
goneration and toxicity from exirting rourcer, it can be effectivo in 
limiting futuro wart. generation. 
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ijy Procedural *Chiher 

- - 1 ~ 1 

sting practices' or @good housekeeping praetices * involve the 

of wastr *ktrPbutable to human intervention (or the lack of 

* I  

% ,  alteration of existing procedural, organizational, or institutional 
aspects of a amnufactrrring process. The goal is to limit unnecessary . -  

agement initiatives, inventory control, waste 

revention, and preventive maintenance are 
nts in  materials handling, scheduling 

t-the frequency of equipment cleaning and, 
ating practices. Others include the scheduling 

: the segregation of hazardous wastes from 
zh' the volume of contaminated wastes; and 

-. " *  5 L ". .. 

the reduction of overspray and runoff from spraying by, the paint booth 
operator during paint application. 

(iv) . .. , I  

ct with a different product that is 
n be an effective method o f  source 

ated pest management, an'alternative to 
atiorrs, reduces pesticide production and, 
ring pesticide production and application. 
lings for creosote-treated timbers 

rlU,aatos wait08 from the Mnufacture of the creosote-treated pilings. 
Substitution of less toxic solventsr such as petroleum solvents for more 
toxic solvents such' '&* perchloroethylene or trichloroathyleno, generates a 

It is difficult to quantify the current status or effectiveness of these 
source reduction r#chniqurs. 
c.80 or application-specific basis. 
based om 

t 9 s t r  that is less toxic. 
' " .  . 

Each 8ubstitution needs to be eviluated on a 
The viability of a substitute can be 

a 

function adequately as a replaceiuont: 

8 substiiute jurtifiws its us@ as a 

o whether the mmufacturo and disposal of a substitute reduces 
enviroamental conreqwnce: - 

tal bonefit of the substitute i s  
d 

a v e r m m t  action (e.g., procurement 

Trado-offs haw et$%'&ds~ecl p r i k  go tho selection of substitutes. For 
examp10, water-b88ed inks, somotinus used for engraving and flexogr8phic 
printing, havo tho adv8ntage of being less toxic than solvent-based U s ,  
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but require more enerw t o  d q ,  possess a law gloaa, can cause paper t o  
Curl, md occasionally require brief process stoppages. Petroleum 
solvents C.LL be used in d q  cleaning, but they a re  much more flrmPYble 

the more comaonly used but more t o t i c  perchloroethylqnr. 

Available data a re  insuff ic ient  t o  qukk i fy  the curren 
source reduction practices in reducing vo3um or  toxici ty .  
terns ,  data indicate tha t  indust- in develQped countriqs have already 
considerably reduced the volume o 8 .  Most of thebe source 
control methods hawever have be 1) to  reduce coats or  
improve product qual i ty ,  and, in turn, 
t o  exis t ing environmental regulations 
used solely for  the purpose of  waste i o n ,  Furrent infornution 
suggests tha t  fur ther  significant,  
and practicable.  

ffectiveness of 
In qua l i ta t ive  

eascr=i)rofits and (2 )  to  respond 
e l y  hake these practices been 

4.2 . 3 Recycling 

3 

4. 
3 

Viewed generically, "recycl i  
a c t i v i t i e s  'The discassion i 
pertaias  co,hazardous wast9 r e  
fo r  energy racovet]r. A recycl 
pr incipal ly  determined by the character 
mixtures. Where treatment should taka 

' hawwer, is a function o f  a generato,r*g, 
include I 

o proximity te  o f f s i t e  recycling fae 

o ecoaamic costs  re la ted t o  the transp 

o costs  re la ted t o  stor8ge of m i t e  onsite comp8red t o  offsite. 

R8cjtlfng is characterized thkhe,ma&~ ec t  use o r  re- 
use o f  a waste in a procars, (2) reco+$ 
separate m d  use such as  the ,racG)Ve 
remval o f  impurities from a waste 
substance. 



Genetition md Recwlinn Voluaw8 during 1981 
Volume of Total Volume Volume 
Waste Volumc! 

SIC Indurtry Generated Recycled - M gala* gaLs*Percent* 
28 Chemicals and '>. 

Products 28,000 340 1.2 
Allied 

35 U c h i n e q ,  , 

Elec t r ica l  

17 TraQ8,pqrta 
p "  Equipment 

r Except 

- . ?  

: B  

5 1 9 390 36 2.8 
* *  

,S Primary  et?^ 
* . Iqdvatrbr L o  170 17.0 

34 Fabricated 
Uetai Products 820 24 2.9 

7.0 

Recyc led Recycled 
Onsite Off 8 i t O  
M gals*Percentn H gals*Percent* 

300 

18 

880 

MR 

32 

18 

0.1 

14 

0.4 

( includoa 
0.1 

Tot8fr 40.000 1543 2 1262. S 
- 3.3 - 0 ;7 - 470 POW8 1 - 

1.1 

0.4 

38.0 

2.5 

1.8 

eo.1 

1.7 

C0.1 

e= 

32 

7.9 

22 

NR 

4.2 

1so 

0.1 

9.6 

46 

3 e 2  
271.8 

0.1 

0.2 

0.9 

0.3 

15.0 

eo.1 

1.2 

6.9 

0.7 - 
d a t  the end of tho production ptocoaa. 

fo r  CNk8ftr and Off8itO v o l n a  net OqUa&lbg 

neratad (by SIC) .  
,.reported in RIA Generator 

Rmrtulatrd Under RCLU in 1981. Waf~hingtOn, D.C.: Offico of Solid Waate. 
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P.cyc1.d wasto8 8ro usod 88 foodstocks in production procossos o r  as 
rub r t i t u t e r  fo r  camorcia1 c h d c a l  products. Examplo@ includo: 

o tho ro-uso of solvonts fo r  oquippnmr cleaning: 

o tho recycling of c o l l o ~ t o d  posticido dusts a t  posticido formulatorr; 
and 

~ 3- 
o tho re-use of f e r r i c  chloride w%ste8 from titanium dioxido 

manufacturing a s  a wastewater conditioner in water treatnunr. 

Th0.proportion of wasto tha t  f r  recyclod is both i n d u s t 7  and wasto 
specific.  In genoral, cer ta in  WaStOS, such 8s solvents, tend t o  be 
recycled more often thm othors, such as pesticides.  Factors t h a t  
influence whether an industry recycles i t s  waste include (1) the type of 
wasto generation process used: (2 )  the volume, composition; and uniformity 
of wastes: (3) whether uses and te-uses of the wastes have.been 
ident i f ied,  and (4) ava i l ab i l i t y  and price of virgin 8 t s  re la t ive  t o  
tho costs  of recycling and s tar ing the wastes, the waste does 
not appear t o  be a d i rec t  factor  in the recyclabi l i ty  o f - a  generated 
wasto, although, as noted previously, high volme wawtai, Jtiich a re  often 
l e s s  toxic,  a re  more commonly recyclad. Basad on.limited data, SOIP. 
i ndus t rpspoc i f i c  observations can be nude. 

Goaerslly, the streams that aro recycled in tho g r e r t r r t  v o l u h s  a re  
d i l u t e  wasto stroams containing a consti tuont that can bo ro-usod ixr 
largo-rc810 applications by 8 gonorator. Fo th0'ch.raical and 
r l l i o d  product8 roetor,  spent acids and alka 8te rocjcled in 
the transportation oquip~unt  industry: wastowater traatmont sludges from 
electroplat ing and chromium plat ing procos~os  aro recyclod: and fn the 
prirP.w motals i n d u r t v ,  spont picklo l iquor  is rocyclrd. Chtonfimn 
rofutions can be rousod and recowred in t .nnorios. 
v8wing toxici ty ,  and data arm h h l C l U 8 i v e  as t o  trhothor tox ic i ty  play8 a 
to10 in a s t t e m * s  being rocycled. 

Toxic 

Seo Tablo 4-2. 

Thoro s t r o w  aro of 
3 

Solvclrrts tond t o  bo rocwored in largor proportion t+an othor wastes. 
This i s  boc8uso thoro is both an exis t ing technology' 
bocurre 8 market exists for the r o ~ l o d  so lvgt .  
t o c h n o l o ~  (e. g. d i s t i l l a t i o n )  is relatively ,' hespons i  
can a t t a i n  hi@ puri ty  lovols (9s porcoat o r  highor). 
howvet, production p r o o r s e s  gonorato vastor that * ~ d  nqt pdatitic.1 fo r  
r o c m q  sinco the r o c m r o d  wa8tes themselws would"cue*td.u 
production. 

Tho 

In o+er caqos. 

ia  

c, dbd i x . " 4  

b the 1981 U.S. SIX-, d.ta ind 
rrewarp urd ro-usa appoars t o  bo 
tecovory. mere aro two rdasms 
could bo recyclod f o r  onerm t ic  
owr and 0 ~ 0 ~ .  

ganoratorr considor onorm roc 

W a r m  recwory in 
wh.rr tlpe orOSt0 is too 'dirty" (cone 

. * .  



e howevero provide a completely accurate picture o f  current practices 
because of recent developments in energy recovery technology. Hury 

~ ~ us uere dot av8ilable in 1981, and others are only beginning to 1 
-idly available today. Solvents tend to be U8ed for energy 
recovery because they can possess high energy values. 
quantities of high calorific wastes are being used by cement plants and 
lime kilns. 

(iii) Other recycling technologies 

Wastes that have higher constituent concentrations are usually selected 
.for recovery and$ reclamtion. 
levels that must be reached before wastes can be considered eligible for 

Increasing 

Data suggest that there are threshold 

cycling procers.., Bilogenated solvent and nonsolvent wastes must be, 
rage, ,in the range of 35 to 40 percent before recovery or re-use 

r other wastes, such as nonhalogenated 
reshold levels are lower for recovery or 

In any case, the average concentration level for the 

, - tocbologies are practical 
solvenp and casrosives, t 

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 discharpe, land disposal, and 
treatment of orgaaics). 

“re-use practices. 

A number of otheq,typical characteristics are coppllon to waste streams that 
are recycled. TO be 6conomieallp and technically viable for recycling, a 
stream u8&ly muit be uniform (i.e., it must not contain more than one 
caataminant). Other factors that must be met in order for recycling to be 
succe8rful include: ,̂ 

_ I  “ 

o ‘A market for the recycled material Art exist within an economically 
vi8ble distance: and 

o The recycled waste must meet purity reauirements for manufacturing 

must be economically competitive with the virgin 
materials th 
re-uae. Recl es include chemical, physical, and 

g, the wastes must often be processed prior to 

of the major technologies include the 
@U??YWk 3, P D b  Lsj.3x.&:, 

.h8lOgenated, nonsolvent wastes: and 

zgq b’3.tFl,Eo~cept58_t~~~.~&achniquecl such as leaching. solvents extraction, 
ion exchhge, precipitation, crystallization, and evaporation to treat 
dilute metal-bearing waste streams. 

While not as copIDon as oisite recycling, comercia1 offrite recycling is 
b e c a g  increasingly popular. It i s ,  in fact, favored by some 
hduatrier, most notably primary metals and small quantity generators of 
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l ~ a d - a c i d  bat tery WAStOS.  OffSitO rOC7Cling U r d 1 7  OCCUr8 A t  m b i l ~  
plaats ,  contral i tod t o c w o v  f a c i l i t i o r ,  o r  oe8.r c ~ r c i a l - ' r o c ~ c l i n n g  
plants. An increasingly popular colrwrciol tocycling sorvico callod batch 

~ ~~ t o l U a g ~ c q c & ~  hazardous wastes from a genorator only f o r  t r o a t m n t  and 
roturns tho rocovorod product t o  tho same gonorator f o r  ro-uso. 
rocyclor charges a feo t o  the genorator f o r  r o c w o v  of tho reclainud 
m t o r i a l .  
resources and now operate centralized f a c i l i t i e s ,  thoroby roducing t h e i r  

Cortain m s t o s  tha t  aro not useful t o  a genorator m y  bo desired by 
another industry as a raw material. Wadte exchanges a re  often helpful in 
f a c i l i t a t i n g  the t ransfer  and recycling of those ma tes .  
infomution clearinghouses ( l i s t i n g  wastes that  are  available- o r  desired) ,  
and can also ac t  as brokers: occasionilly the; actual ly  transport  wastes 
from ono plant t o  another. 
approximately 20 t o  30 percent o f  
eventually recycled. So,me of the 
include acids, a lka l i s  , solvents, pleta'l waster, and- corrosives. 

Tho 

So- small volume generators have actual ly  poolod tho i r  

CApitAl a d  OpOrAtLXlg Costs. 

They serve as 

Available infoti t i t ion suggestst chat e 

1 wastes- Listed by exchanges are  
s t e s  that '  are' moat' often recycled 

402.4 

This topic is  t reated i n  considerable depth h C h a p t e r  6. 

3 

3 

W i t h  very l imited gwornmont enforcement of a i r  urd ontor  pollution 
control regulations ( i f  those havo even beon promulgated) and w i t h  no 
effoctivo regulations t o  control haZAtdOU8 wartoe, tho cos ts  associated 
w i t h  tho disposal of hazardous wasto kr dovoloping countrios tend t o  be 

simply amount t o  tho laonst b id  recoivod from tho loca l  m s t o  hauler who 
dump8 it  on uacontrollod waste s i t o s  o r  in to  " p 8 ,  s t r e a m  o r  pond8 as 
close a8 porriblo t o  warto generators. 
o r  no economic incmt ivo  for  tho wasto gonorator t o  engago in warto 

n ~ g l i g i b l ~ .  I f  tho Y.8t.S are  tranrportod Off S i t 0  tho dfSpO8.1 cost  m y  

Thoroforo, thoro is usual17 l i t t l e  

Tho lpost important requir i to  for  wrrto " i i & t f o n d % *  raetivo anforcement 
o f  air  urd -tar pollution control and h ~ a r d o u r  warte "ag*hknt 
roll\rl8tioas. Eva  without specif ic  rogulationr re 
" h a t i o n  m d  u t i l i za t ion  of low wisi 

practicor e l f  provido soma incanriver f o r  warteki,&iik:.tioaa 
O f  -StO dfrpO8d urd l imitations on c O t t + h  uaacceptablo diSpO8.1 

'* 

Othor bar r iors  t o  an offectivo warte 
p l u r t  may includo (Tu"): 

o lack of m r o n o s r  of tho benefits  

0 lack Of technical Staff ;  

a t  a pdrt icular  
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0 a 'bds-off-the-process' attitude caused by fear of upsetting a 
product's qualityi 

o orgax~irational inertia, for example, an "if-it-isn't-broken-don't-fh-- 
it' attitude: 

-~ ~~ ~ 

o internal politics of the organization, for example, an innovator m y  
feel inhibited by a fear of lack o f  management's support; and 

o UI 'it-can't-be-don6' attitude--people may reject an innovative 
approach merely because it is outside their range of experience. 

mato HiniPPimtion Audita 

One procedure which can help overcome some of the above barriers to 
identification and implementation of waste reduction plans is a Waste 
Minimization Audit (Fro" and Callahan 1986). 
are : 

The objectives of the audit 

o to generate a coldpreRensive list of waste minimizat'm 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 wasteb mixiimization audit map involve some or all of the 
following steps: 

o selection of the audit team, 

o compilation by the audit team of a waste stream list for the facility 
with the associated flowratas, 

o generation by tRe 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 pnparat4on by the audit team of documentation in support of selected 

'disCusrion and joint review with plant personnel of . 
of revised rankings, and 

o final report preparation. 
. .  

f 'lr "* re istapplicable to all three categories of waste 
mfnuzation (recycling, 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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4.s 

t r e a m n t  options are  given pr ior i ty ,  becaure reducing the quur t i t i e r  of 
m a t o  at are  recycled or  tre8t.d Often mom8 .EL increare in revcnruor 
(@.I., duo t o  aa increase of product yie ld  and lowrt coat of t r e s t m n t ) .  
Tablor 4-3,  4-4,  4-5 and 4-6 contain chocklistr  of wrter  reduction 
moarures compiled basad on m8ay procerr 8n8lYS.8 and on erporiencer gained 
w i t h  m a t e  miaiPliz8tion audits in a ~umbet of indurtr ier .  
SOPI. examples of cosdbenef i t  analyaes of waste minimization projects.  

hraluatina Waste Minimization Project. Costa md benefita 

Ideal ly ,  the relat-ive worth of any prOp08ed-C8pit81 project is developed 
by identifying and quantifying a l l  project-related costs  and savings. 
Howover* not a l l  savings need be quantified in practice t o  dearoaatr8te 
economic prac t icabi l i ty .  

In pract ice ,  the potent ia l  value of most capi ta l  projects  has been 
established on the basis of savings i p  the following areas: 

o raw materials costs 

~~ 

Aaner 4A gives 

o u t i l i t i e s ,  labor, and maintenance costs ,  and 

o enhanced revenues through creation of mrketable  by-products 

Wasto reduction projects can create  58VingS in the same 8re.r. 
tho goal of reducing 
which w r o  previously affected but not t&en in to  consideration: 

However, 
focuses a t ten t ion  on mrte genor8tion corta 

o disporal  fees 

o f e o r / t u e s  on generators per unit of waste(some s t a t e s )  

o t rursportat ion coats 

o 

o predisporal treatmont coats 

o permitting, reporting, and recardkee9ing cost8 ' 

o pol lut ion md rafety l i a b i l i t i e r  ~ 

For tho purpore of evslruting a project t i t i e r ,  s o M  
t7p.r of coats are  larger  agd more easi 
feom, t t .nrpostat ion coats,  predisposal 
co r t r ,  md operation and Mintenurce corts.  It is suggorted that 88vings 
in thero cor t s  bo taken in to  conrider8tion f i r s t  becauro they will have a 
grea ter  e f f ec t  on project economics and.'wiU involoo l esr  e f f o r t  t o  
estimate re l iably.  

Disporal faor v8r7 8ccording t o  wh 
tho t7pe of container i n  which the 

on-site waste storage 8nd hurdling coats 



TABU 4-3 

Wart. Reduction Methodolo~~ Checklirtr All Ptocerrea 
~~~ 

All Wart. S t n r u  1. Use higher purity materials 
2. Use less toxic raw materials 
3. Use non-corrosive materials 
4. Convert from batch to continuous process 
5. 
6. Better operator training 
7. Closer supervision 
8. Practice good housekeeping 
9. 
10. 
11. Use improved monitoring systems 
12. 

Tighter equipment inspection and maintenance 

Eliminate or reduce water use for spill cleanup 
Implement proper equipment cleaning techniques 

Use pumps with double mechanical seals 

Cmditier Produced 
Continuously Exmplesr Acrylonitrile, Epichlorophydrin, Petroleum Refining, 

l,l,l-arichloroethane, 
TrichloroethylenelPerchloroethylene, Vinyl Chloride 
Monome t 

Eeav and Light mdr 1. Develop more selective catalyst 
2. 
3. Use alternate process routes 
4. Combust with heat (and HCI) recovery 

Optimize the reaction variableslreactor design 

’Spent and Loot Catalyst 1. Develop tougher catalyst support 
%. 
3 .  

Use filter inside reactor freeboard 
Regenerate and recycle spent catalyst 

Equipm8nt Cleaning 1. Increase equipment drainage time 
W8.t. 2. Use corrosion resistant materials 

3 .  
4. 
5,  
6 .  

Agitate andlor insulate storage tanks 
Re-examine need for chemical cleaning 
Use nitrogen blanket to reduce oxidation 
Usre in-process IiX cleaning devices 

rad Spi l l8  -11. Use bellow-sealed valves 
2. Use canned (seal-less) pumps 
3. Maxh.ixe use of welded vs. flanged pipe joints 
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. Wart. Reduction klethodolonr Checklirtr CaaroditI.8 Produced in htcher 
-~ ~~ 

-lea i Dyes Inorganic Pigments, Paint Agricultural Chemical 
formulation, Phenolic Resins, Wood Preseming 

Material Haadling 

B.actioa/Procerring 
stop 

liltration rad 
Uarhing 

4 h o u r e  l iner  

Off-Spec Product 

+pant Cleaning 

k8kr md S p i l l r  

1. 
2. 
3. 
4. 
5.  

1. 
2. 
3. 

1. 
2. 
3 .  
4. 
5 .  

1. 
2. 
3 .  

1. 
2. 

1. 
2. 
3 .  
4. 
5.  
6. 
7. 

9. 

1. 
2. 
3. 
4. 

a. 

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

Optimize the reaction variableslreactor design 
Optimize the reaction addition method 
Eliminate the use of toxic catalysts 

Employ efficient washiaglrinsing methods 
Eliminate 
Use countercurrent washing 
Recycle spent washwater 
Maximize sludge dewatering 

the’ use of filter aids 

Idcrease use of dust supprerrion methods 
Use wet instead of dry grinding 
Schedule baghouso emptying 

Tighter control of reaction twnperaeura 
Refonnulotion of off-spec product 

Install high pressure spray wash system 
Alter production schedule 
Uro mechanical wipers on mix tanks 
Clean mix tanks inmediately after use 
Use countercurrent rinse sequence 
Recycle spent riase water 
Increase spent rinse settling time 
Re-examine need for chemical cleaning 
Dewater spent rinse sludge 

Use bellm-sealed valves 
Install spill basins 
Use canned (seal-Less) pumps 
Maximize use of welded VI. flanged pipe jolntr. 
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Wart. -tion ldbthodolom Checklirtt Manufacturing t8tim8 

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

Haterial Haadling 1. Segregate containers by prior contents 
2. Use rinseable/recyclable drum 
3. 
4. 

Purchase materials in bulk or in larger containers 
Purchase materials in pre-weighed packages 

Sobeat Cleaners 1. Install/operate cleaning tanks properly 
2. Avoid cross-contamination of solvent 
3. Avoid water contamination of solvent 
4. Remove sludge continuously 
5. Monitor solvent composition 
6. Consolidate cold cleaning operatior- 
7. Recycle spent solvent 
8. Use plastic bead blasting for pain- .tripping 

Alk8lbe/Acid chanets 1. Installloperate cleaning tanks properly 
2. Avoid cross-contamination of solvent 
3. Remove sludge frequently 

Plating/BtchAq/ 1. Increase plating solution bath life 
Sutfac. Pfnisbinq 2. Use lower concentration plating bath 
Solutioll 3. Use trivalent Cr in place of hexavalent: Cr 

4. Use non-cyanide plating solutions 
5. use in-line recovery techniques 
6. Regenerate spent bath solutions 
7. Segregate all waste streams 
8. Inspect all parts for proper cleanliness 

ILIPIe Water 1. 
2, 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Installloperate all rinse tanks properly 
Use multiple rinse tanks 
Install drain boards and drip tanks 
Use fog nozzles and spray units 
Agitate rinse bath 
Use deionized water for rinsing 
Recycle and reuse rinse water 
Segregate all waste streams 
Reclaim metal from rinse water 

Paint Application 1. Use equipment with low overspray 
2. Inspect all parts before painting 

kaka .pd S p i l l s  1. Install splash guards and drip boards 
2. Prevent tank overflow 

ii 
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1 ReDlace Electrmlating Chemicals 
d 

Electroplating is a common process used throughout the metals industq. 
electroplating process typically use chemicals containing high levels of 
cyanide, and hexavalent chromium which are highly toxic and pose disposal 
problems. 
containing chromium or cyanide. 

Traditional Substitute - 
Chemical Chemic a 1 Comments 

Many 

Eletroplating chemicals are available which amy replace chemicals 

Fire Dip (NaCN Muriatic Acid Slower acting than fire dip. 
+ H92) with additives 

Heavy copper Copper Sulphate 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. 

3 

Chrolnfc Acid Sulphuric Acid Non-chromium substitution. 
Cleaners and Hydrogen Non-fuming. 

Chrome-bared Benzotriazole Non-chromium substitution. 
Anti- tarnish (0.1-1.02 Extremely reactive, requires ventilation. 

Peroxide 

solution in 
Methanol 1 

Cyanide Cleaner Trisodium Good degreasing when hot and in an 
Phosphate or ultrasonic bath. Highly basic. May 
APIPronia complex with soluble metals if used AS an - intermediate rinse between plating baths 

where metal ion may be dragged into the 
cleaner. 

Tkr cyanide Acid tin Workr faster and better 
chloride 
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the quantity of waste disposed of. Table 4-7 gives some disposal fee 

~~~ ranxes 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 tjmes as m c h  
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 waate 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. 
quite substantial. 

Maintenance cost may seem a minor item, but it may be 

The remaining elements are usually secondary in their direct impact and 
should be included on an as-needed basis in fine-tuning the analysis. 
example, calculating savings in waste storage and handling requires 
imputing a value for the waste inventory jz4a and esr2.ating the pre- and 
post-project costs of containerizing, late-ling, and oving the waste. 
Changes in the administrative costs of regulatory comFiiance 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. 
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. 

For 

One of the more popular measures among engineers is the 

One way of accounting for a reduction in an identified but not readily 
quantified risk is to ease tke financial performance requirements for the 
project. 
or the required internal rate of return may be lowered. Such adjustments 
reflect recognition of elements which affect the risk exposure of tte firm 
but which cannot be included in the analysis, such as lower potential 
liabilities. 
of the persons evaluating the project for capital funding.) 

The acceptable payback period may be lengthened to five years, 

(These adjustments necessarily reflect the individual bias 

4.6 p.qP. rtinr Amroval for Funding of Warte Management Project8 

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

As anyone involved in selling a product 

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

-3 

Typical Costs of Industrial Waste l¶anagemeat 

liquids 

Bulk waste 

solids 

liquids 

Lab p8ckr 

$50 - $ 7 5 / d m  

$75 - $ 1 6 0 / d ~  

$200 - $300 

$65 - $8S/hour e45 mph 

(round t r ip )  

Source: Jacobs Engineering. 1986. Private Sumey. Warlningeoa, D.C. 

. . ., 
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implementing their idea, they should be flexible enough to develop 
alternatives or modifications. 
of doing substantial background/support work and anticipating possible 
problems with the idea’s implementation. 
mind that an idea won’t sell if the sponsors aren’t sold on it themselves. 

They should also be committed to the point 

Above all, they should keep in 

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. 
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. 

likely the idea will be implemented. 

For example, a lack of efficient control at one 

Keep in mind that the greater the 
-organizational authority on the part of an idea’s main backerts), the more 

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). 
if the project meets performance requirements even though current dispos.1 
fee8 were used in calculations covering the entire life of the project, 
point out that these Pees can realistically be expected to rise in the 
future, resultin3 h even greater avoided costs than estimated. In 
sunmurizing your analysis, present all measures of performance to aid in 
the Puking of an informed decision. 
of intangible costs  or benefits occurring to the company and their effect 
on project desirability. 

For example, 

Also include a qualitative assessment 

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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'3 
' o the required resources (e.g., technical expertise and labor time) 

procurable in-houre verrus 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 supemision to 
verify safety and efficient use of manpower. 
change in production methods, be prepared to answer questions about the 

If your idea is for a 

'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 perfonnance 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 mO8t 
fersible for production downtime to occur. or suggest that the project be 
referred to .an evaluation team. 
context of:  

o past experience in this area of operations; 

A team can review the project in the 

o what the market and the competition are doing: 

o how the implementation program fits into the compan7's overall buriness 
strategy: and 

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

An evrluation team made up of financibl and technical personnel can ensure 
that a sponsor*s enthusiasm is balanced by objectivity. 
it can also s e m e  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 
orgurizatiorul structure. 

In like nunner. 

Waste reduction projects generally involve improvements in ~rocesr 
efficiency andlor reductions in operating costs of m s t e  nunaptement. Cost 
reduction it certain17 an objective of ut7 well-rua businerr. 
the firm's capital rerources may be prioritized towrrrdr enhancing future 
revenues ( a . g . ,  moving into new lines of business, expanding plant 
capacity, or acquiring other companies* rather than t-rds cutting 

However, 

3 .  . .  . i .  



current costs). 
could be postponed until the next capital budgeting period. 
to the project sponsor to ensure that the project is reconsidered at that 
time. 

If this is the case, then a sound waate reduction project 
It is then up 

4.8 Measurement of Waste Reduction 

Having implemented waste minimization alternatives, it is important to 
document how successful the alternatives are. 
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: 

You may be able to measure 

WR = ( [  E - E ]/E 1 x 1002 
P1 P2 P1 

where, 

WR= percentage of waste reduction 
W l =  waste generated in year "1" 
PI= 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 rilograms 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. 

W l -  50,000 kg 
W2= 60,000 kg 

P1= 500,000 kg 
P2- 800,000 kg 

W b  ( ( (50 /60)  - (500/800)) / (50/60)  X 1002 

UR= 2s percent waste reduction 
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-ingtm~ sxmples  i l l u s t r a t e  how waste generators t r e a t  the 
cost /benofi t  analysis of waste minimitations s t ra tegies .  In  each case, the 
treatamnt of the prospect were developed f i r s t ,  and the analymis focured on the 
resul t ing economic f eas ib i l i t y .  

-10 1. Secondav Solvent Recoveq 

A res in  compounding operation uses l , l , l - t r ich loroe thane  solvent fo r  equipment 
cleaning. 
solvent recovery. 
per day. 
sent t o  a f a c i l i t y  for  so l id i f ica t ion  p r i o r  t o  landfi l l ing.  

The present configuration uses a single stago atmosphere s t i l l  fo r  
The s t i l l  recovers 92 percent of 3,45f lbs .  of spent solvent 

The s t i l l  bottoms, which contain 20 percent solids by weight,  are  

The company i s  investigating the f eas ib i l i t y  of adding a secondary recovery 
system t o  produce a nearly solvent-free, "dry" cake consisting of f i l l e r  solids 
and polymerized resin.  

The current and planned solvent recycling scheme is depicted in the lock f l o w  
diagram in Figure 4A-1. For secondary recovery, a scraped-drum evaporator i s  
being investigated. 
information is presented in Tabla 4A-1. 
a r e  presented ia  Tablo 4A-2. 

The equipment list w i t h  pertinent twhn ica l  and comt 
Important operating cost  parrmaters 

A ffrod-comt discounted cash-flow analysis,  which aamua" no in f la t fan  and no 
churgo in tho r ea l  relationships among costs. remultr in an in te rna l  r a t e  of 
return of 28 percent and a payback period of 3.3 years f o r  t h i s  project.  The 
prosent Accoleratod Cost Recovery Schedule1 (ACRS) is asatmod t o  apply fo r  
equipmont dopreciation. The half  of the ins ta l led  cost  is asrumod t o  bo mot 
w i t h  retained earnings: the other half  is  financed over 5 yearn a t  a r e a l  comt 
of cap i t a l  of 6.67 porcent (12 percent nomfnal r a t e  of interest with 5 percent 
i n f l a t ion ) .  The uni t  has an assumed operating l i f e  of 10 years and no salvage 
value. Project cash flows under these assumptions a re  displayed in Table 4A-3. 

Table 4A-4 show project cash flows under the same set o f  assumptionr, but 
with no accouat taken o f  savings through avoided disposal costs.  The in te rna l  
r a t e  of re turn h8m fa l l en  t o  8.7 percent, urd the payback period har increased 
t o  nearly six years. On the bamis of recovered solvent alone, there i s  
apparently l i t t l e  j u r t i f i c a t i o n  fo r  recovering the 8 percent o f  solvent 
remaining a f t e r  d i s t i l h t i o n .  However, the presence of s ignif ic8nt  avoided 

1/ Undor ACRS, tho equipmant portion of a capi ta l  investment m y  be 
Compbt01y depreciated over S years beginning w i t h  the f i r s t  (whole o r  
p a r t i a l )  year of operation. The yearly allowable amounts are  15, 21. 21, 
21, and 22 porcent. 

1 



Block ?gar Diagram and Mar8 Balance for Solveat Recovery System 

I PROCESS EQUIPMENT 
CLEANING 

Q 

P 
TO LANORU 

1 2 

3.456 270 

30 a 
76 76 

3 S l  376 

- -  

t -- 

3 4 

27 243 

Jo 0 

76 0 

133 243 

- -  

5 

3.185 

0 

0 

3.185 

- 

3 
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Service 

Feed Pump 

Scraped Drum Evaporator 

Condenser 

Receiver Tank 

Mixer 

Discharge Pump 

Description 

10 gph, gear type 
1/4 HP, Hastellop C casing, 
Teflon gears 

10,000 BTU/hr, steam heated 
1 HP drive, double 6 " 0  1: 8. 
drums (titanium), Teflon coated 
housing 

10,000 BTU/hr, 3.5 ft2 
graphite block 

100 gal capacity 

1 1 4  HP 

10 gpm, 3 1 4  HP, Teflon-coated 
casing and impeller agnetic- 
coupled 

Piping and Instrumentation 

Engineering, Design and Procurement (in-house) 

Installation Labor and Materials 

DEPRECIABLE FIXED CAPITAL INVESTMENT 

Allowance for UnforseenlCash Requirements 

TOTAL CAPITAL COST 

Delivered C o s t  

$ 620 

$34,000 

s 3 , 0 0 0  

S 1,800 

$ 600 

s 950 . 

$40,970 

s 2,000 

8,600 

12 , 000 

$63,570 

6 , 0 0 0  

$69,570 

Source: Butler, D., C. Tf", and C. From. 1986. Justification of Waste 
Reduction Projects by Comrehsnsive Cost-Benefit Analysis. Washington, D . C . :  
Jacobs Engineering Group, Inc . 
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i 3 

Solvent Recovered 60,750 lblyr $ 0.3811b 

Inhibitor W e u p  1,814 tblyr $ 1.021lb 

Utilities (includes stem, 
cooLing water and 
electricity) 

Aaa-1 cost 

S23 * 085 

1,850 

240 

Operating Labor and 
Supervision 1.5 hrlday $16,00/hr (burdened) 6,000 

Maintenance and Spare Parts 6.02 o f  capital cost 4,250 

Waste Disposal 
without secondary recovery 94,000 lblpr $ O.l5/lb . $14 , 100 
with secondary recovery 33,2SO lblyr $ 0.04llb $ 1,330 

Source: Butler, D., C. T h ,  and C. F r m .  1986. Justification of Waste 
Reduction Projects by Camorehensive Cost-Benefit AnAlyais. W88hhgt0n, D.C.: 
Jacobs Engineering Group, Inc. 



Orooo oovingo: 
Solvent recovered 
Avoided diopo0.1 
lot01 oovingo 

Operating coot.: 
F..dotock/power 
FHd.tock/oku 
Inhl  b i t o r  
Labor 
Yointononco 

’ Total Colt 

Oprot ing incorn 

Lo..: 
Coot o? working copitol 
0opreciotion 
I n k r o o t  erpenoe 

Toxoble incorn 

. Loo.: 
for  I i o b i l l t y  

Poat tox incow 

A d d  bock daprociotion 
Add bock t o r  credit. 

Poot t o r  coot flow 

Cwulot ive cooh flow 

8 11638 8 23076 8 23076 8 23076 8 23016 8 23076 8 23076 8 23076 8 23076 82bo76 
8388 12776 12776 12776 12776 12776 12776 12776 12776 12776 

8 17926 8 86860 8 86860 8 86860 8 36860 8 36860 8 36860 8 36860 8 a6860 8 86060 

8 100 8 200 8 200 8 200 8 200 8 200 8 200 8 200 8 200 8 200 
20 40 40 40 40 4 0  40 40 40 40 

926 1860 1860 1860 1860 1860 1860 1860 1860 1860 
a m  eo00 do00 moo do00 do00 eo00 eo00 do00 do00 
2126 4260 4260 4260 4260 4260 4260 4260 4260 4260 

8 8170 8 12340 8 12840 8 12840 8 12340 8 12340 8 12340 8 12340 8 12a10 8 12810 I 

8 11766 8 28610 8 23610 8 2a610 8 23610 8 23610 8 23610 8 23610 8 23610 8 28610 

F 
\o 

I 

179 
9369 
2131 

8 B b  

43 

369 
13102 
1710 

ea40 

4170 

369 

1267 

8789 

13102 

4 a ~ i  

869 -r.l 369 369 369 369 869 
13102 13726 0 U ’  0 0 0 

789 28 1 0 0 0 0 0 

9261 8 9146 8 23162 8 23162 8 23162 8 23162 8 28162 

4830 4672 11676 11676 11676 11678 11678 

8 48 8 4170 8 4391 8 48m 8 4672 8 11676 8 11676 8 11678 8 11678 11678 

9369 18102 11102 18102 13726 0 0 0 0 0 
8687 0 0 0 0 0 0 0 0 0 

8 16989 8 17272 8 17493 8 17732 8 18298 8 11676 8 11676 8 11678 8 11678 8 11678 

8 16989 8 33241 8 60734 8 68488 8 86764 8 98340 8109916 8131492 8133067 8144843 



Not cooh tlolr 

For tho InkrnoI  r@k ot  
rotern (IRR) 

Oporoting Income 
Coot o t  vork 1 ng cop1 to I 
Ooproctotion 

Toroblo Income 

b o o  ton 1 Iob I I I ty  
A f t u  t o r  Income 

Add bock dmprociotlon 
Add bock tor c r d t o  
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AnolyoIo. Woohington, D.C.: Jocobo Enginowing Qroup, Inc. 

Butlor, D., C. TI-, .ad c. F r m .  1986. Juotiticotion o t  W m k  Reduction P r O h C t 8  by Coaprohono1ro Cost -bnot I t  . 
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disposal costs makes the dif ference between a marginal (probably unacceptable) 
project and a project that can compete with other projects for capital funding. 

-le 2. Retubing o f  Beat Fachanger 

A paper mill facility is using a 8200-ft2 tubular-exchanger as an evaporator 
for the forced circulation black liquor evaporator service. 
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 electropofished tubes in this service. 
indicate that while daily washings may still be necessary, the cleaning 
frequency can be reduced to once a year. 
the economic feasibility of retubing. 
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. 

Severe fouling 

The test data 

The company is now set to evaluate 
Initial analyses are based on cleaning 

As in Example 1, a fixed-cost discounted cash-flow analysis is conducted to 
determine the internal rate of return and payback perioa €or this project. 
Assumptions about project financing are the same: 
borrawed over 5 years at a real rate of interest of 6.672 and the other half is 
covered by the company's retained earnings. Again, the Accelerated Cost 
Recoveq 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. 

The cash fiowa generated by the proposed retubing project are found in Figure 
3. Under the stated assumptions, the project has an internal rate of return of 
9.942 and a payback period of 6.3 years. 
not become positive until the ninth year. These are indications of a marginal 
project. 
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 sach as reduced worker 
exposure have not been evaluated. 
alone, this project c o m a  close to being feasible. (See Table 4A-4,  Table 4A-S 
and Table 4 A - 6 ) .  

half of the money is 

Salvage value is assumed to be zero. 

The real cumulative cash flow does 

Based on this analysis the acceptability of retubing the he8t 

On the basis of avoided cleaning costs 

Source for Annex 4A: Butler, D., C. Tinm, and C. Fro". 1986. Justification 
of Waste Reduction Projects by Comprehensive Cost-Benefit Analysis. 
Washington, D.C.: Jacobs Engineering Group, Inc. 
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Retubing 'of b a t  Exchanger 
S u m u r ~  of technical and ~cononric Parameters 

Paramet e r 

Heat Exchanger 

Cost to Retube 

Cost of Cleaning 
(single occurrence) 

Description 

Long tube vertical evaporator, 8200 ft2, 
fixed tubeshaet, 800 tubes, 1.S. OD X O.0Sga 
wall, 26 ft-long bundle, 316 SS. 

sa0 , 000 
Includes cost of material (316 stainless 
electropolished tubes: Tubec tubes - Avesta 
Stainless Co.), shop and field labor, 
f reight . 
$ 4  , 200 
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 S t e m  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. 
must be included in a comprehensive project analysis. 

Energy cost savings can be substantial and 

Source: Butler, D., C. T M ,  and C. Promn. 1966. Justification of Waste 
Reduction Projects by ComDrehensive Cost-Benefit Anal~sis. 
Jacobs tngiueeriag Group, Iac. 

Warhiagton, D.C.: 
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For tho intunal r a k  of 
roturn- (fRII) 

Intarnal rate of return = 9.91% 
Payback poriod = 6.8 roar. 
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Source: 
Aaaly8io. kdirgtor, D.C.: hcok EnOinoorln0 Broup, Inc. 

Butlor, 0.. C. T i m ,  a d  c. Fro”. 1986. JU8tif k8 t lOn  of w8.k Roductton P r o l u t e  by Corprehonoivo Cost-Benof it 
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A N N X 4 B - -  les of Successful Waste Minimization ProgrrPPr 

mamp1.s of Successful Waste Ktnimitatioa Programs 

o Allied Chemical Corporation of Metropolis, Illinois, recycled its waste 
calcium fluoride into the production of anhydrous hydrofluoric acid at 
another facility. 
and resulted in the recycling of 1,000 cubic yards per month. 
savings came to $1.0 million, giving a project payback of about 4.5 years 
(Huisingh et al. 1985). 

The project required a capital outlay of $ 4 . 3  million 
Annual cost 

o 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). 

o 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 
$2 million and a payback in one year (Huisingh et al. 199: 

t savings of 

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

The company 

o Monsanto Corp. in Barley, 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 1985). 

o 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. 
of $1.5 million and paid back in less than 3 years on an annual savings of 
$905,000 (Huisingh et a1. 1985). 

The project involved an outlay 

o 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). 

i 

o 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. 
companies examined practiced a form of solvent recoverylreuse. 
Laboratories of Northridge, California, a pharmaceuticals division of 3H 
Corporation, was able to eliminate 24 tons of their organic-based solvent 
waste per year by modifying their process to accept water-based solvent 

In all, 22 of the 116 
Riker 



- 199 - 

0 

0 

0 

0 

for tablet coating (Garrison 1 9 8 5 ) .  Coorpanies such as Fisher Body of 
Lansing, Michigan, and Caterpillar Tractor Co. in Mossvilla, Illinois, 
have significantly reducdd solvent waste by switching to electtocoating 

-ana water-tTorne 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. 
sells alumina instead of disposing of it off site. 

The facility also recovers and 

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 a l s o  switched to the use of safer 
solvents. 

Other 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 a l m u m  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 urd 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 h~zardous constituents (organics and h e a q  metals). 
The company was spending 8pproxirp.tely $60,000 US per year to transport' 
urd 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, 
p r h r i l y  methylene chloride are shipped offsite for solvent reprocessing. 
An ultrafiltration unit and ion exchange unit were installed to remove 
metals urd other contaminants. 

Waste Reduction Costs - $30,000 US 
Payback period - 2 years 

. .  . 



\ 
Other benefits - Dominion h8s segregated its hazardous waste from other 
si&ficantly. lowered and the long t e m  liability to the company is all 
but . e1 imin8t ad. 

~ non-hazardous waste stre-. The threat of environmental contmination i s  

Source - Personal Communication Mr. Fred Valentich, Environmental kfanager, 
Dominion Automotive (Garrison 198s). 

o Type of Industry i Dye and Epoxy Resin 

Location - Toms River, New Jersey 
NW - CIBA-GEIGY 
Description - The Toms River CIBA-GEIGY Plant has the capacity to produce 
about 300 different products including dyes and epoxy resins. 
has the capacity to produce 220,000 and 105,000 pounds per day of dyes and 
resin respectively. 
solvents in its manufacturing process as evidenced by over 100 air pennits 
filed with the New Jersey Department of Environmental Protection. 
anthraquinone dyes manufacturing process the company used a standard 
process which relied on mercury as a catalyst. 
mercury catalyst ended up 
was 39,SOO lbs of contaminated material. 

The plant 

The plant used a significant number of organic 

In its 

About 2,280 pounds of 
in waste streams, the most significant of which 

Waste Reduction Mothods - The Toms River Plant has instituted many waste 
reduction projects but one stands out as superior. 
was instituted at the plant which eliminated the need for mercury as a 
catalyrt in the Mnufacturing process. 
corporation’s research staff in Switzerland. 

In 1983 a new process 

This process was developed by the 

Waste Reduction Costs - Not Reported 
Payback Period - Not Reported 
Annual Savings - Not Reported 
Other Benofits - Mercury is a particularly toxic and persistent chemical 
in the environnunt. 
boaofit to tho environment and public health. 

E~irnination of the use o f  the chemical is a major 

Sourcr - IN?ORX (Cmbell.and Glean 1982). 

o Type o f  Iaduatry - Power Tool Manufacturer 
NIIU - ICBP.rtoa Electric Company 
Location - Murph7, North Carolina 

Description - Tho Enurson Electric Company produces stationrry power 
tools. 
finishing. Manufacturing lines of interest include: an electrostatic 
paint line, zinc electroplating, a paint stripping line and parts washing. 

Key stepr in the finishing of the products are painting and metal 
I 
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Waste Reduction Methods - Emerson Electric installed a modern automated 
electroplating process and replaced their organic solvent-based paint 
07stem with an aqueous-based anodic electrostatic inauraion systm. 
~.cuur they installed the water-based system, Eamrson has been able to 
recover and reuse paint. 
per year. 
waste management practices. 

Cost for raw materials has decreased $600,000 US 
The company has also improved its house-keeping and general 

0 

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. 
financial benefits will continue to accrue thereafter. 

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

Invested costs are recovered in little over a year and the 

Type of Industry - U.S. Government-Owned Research and PrAduction Facility 
Name - Department of Energy/Oak Ridge Operations (DOEIORO) Location - Oak 
Ridge, Tennessee. 

Description - The Department of Energy Facilities at O a k  Ridge 
historically have produced large volumes of both radioactive md'mixed 
radioactive and hazardous wastes. Rather than continuing to ignore waste 
production as had always been the case in the past, the DOE site muugers 
recent17 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. 
implemented numerous waste reduction techniques but the results of only 
two are reported here. 
from used photographic chemicals. The process has been refined and scaled 
'up to production level. Second, at one of the machining facilities a non- 
has8rdous water-based coolant (propylene gl7col and borax) was substituted 
for + organic solvent-based coolant (tetrachloroethylene and mineral 
oil) e 

This fee increased to $3.00 in October 1986. The facility has 

In 1982'. process was developed to recover silver 

Waste Reduction Costs - unavailable 
P87b8ck Period - ua8v8ilable 
Annual Savings - $60,000 (for silver recovery onl7) 
Other Benefits - The recent emphasis b7 this US Government Department on 
wart8 reduction is an indication that the government i s  willing to set an 
example particularly for small and medium-sited industries which are still 
uxuware of the economic and environmental benefits. 
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0 

Source - Waste Management Technology Document (Draft) (Huisingh, et a1. 
1985) and personal communication with Dr. Bill Bibb, Director of Research 
arid Waste U m g e m e n t  Division DOElORO (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. 
efficiency of tanning even more. In summary, the tanning process 
involves : 

The application of new treatment technologies has improved the 

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. 
to recover the make-up materials in this bath. The s . - and sulphides 
pass through a membrane while the 
and oils do not. 
years. 

Waste Reduction Costs - S80,OOO (1979) ' 

Ultrafiltration is the technology selected 

contaminants such as solids, proteins 
The membrane has a projected useful Life of about three 

Payback 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. 
from foodstuffs to cosmetics. 

Use for these materials range 

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

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

Description - Vulcan Automotive remanufactures used auto engines. 
of the remanufacturing process, they clean the old block and parts prior 
to reconstruction. 
wet application of caustic soda followed by scrubbing and rinsing. 
caustic sludge was stored on-site in tanks prior to off-site disposal. 
Costs for disposal ranged from Sl5,OOO to $18,000 per year. 

As part 

The old cleaning process which they used involved the 
The 

Waste Reduction Methods - The company installed a new parts-cleaning 
system. 
the volatile organic o i l  and greases. 
a high velocity stream of aluminum shot. 
efficient and less costly than the alkaline-based process. 

The two step process involves heating the metal parts to remove 
Second, the parts are sprayed with 

The new process is more 
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Waste Reduction Costs - $7S,OOO US 
P87b8Ck Period - 2 years 
& m u d  Savings - $41,000 US 

~ ~ 

Other Benefits - The installation of the new dry w8shing process has 
eliPPin8ted the need for approximately 4 8 , 0 0 0  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). 
o Type of Industry - Electroplating 

Name of Process - Providence Method 
Location - Many 
Problem - The majority of contaminated waste from electro-plating 
facilifies 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. 
between SO per cent and 90 per cent of the chemical raw material use. 

Solution - Process modification designed to remove the majority of the 
dr8g-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 
8djustnunt and which could then be discharged to sewer. 
requiring batch treatment was reduced by up to 99 per cent. 

Typically in a batch system, drag-out can account for 

Volume of waste 

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 case9 cited here may now be taken for granted by experienced chemical 
engineers as copmon yield-improvement measures, but each one has 
contributed to significant waste reduction while improving profitability. 

Of the more than 113 cases of waste reduction which were examined, 29 
included data on p8yb8ck period. This information is sumurized in Table 
48-1. A# seen in the table, more than 80 percent of the 29 cases had 
p8yb8ck periods of less th8n 3 years, which indicates fairly rapid capital 
recovery and suggertr solid profitability. 
could be an unprofitable undertaking. One case was found where a process 
modific8tion resulted in a net annual cost to the company. 
bec8ure the modification helped the company achieve regulatory compliance 
m d  improve its community relations, management indicated that the cost 
m a  w8rr8nted. 

Of course, waste reduction 

However. 
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TABLS 41-1 

Uarte Reduction Project Payback Petiodr 

Payback Period 
JYears 1 

Under 1 

1-2 

2-3 

3-4 

Over 4 - 
To t a l  

Cases - 
16 

6 

2 

3 

2 - 

Percent 

55 

21 

7 

10 

7 - 
29 

Source: Jacobs Engineering. 1986. Washington, D.C.  
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4C - Brbgins About ChUiUe in Hazardous Waste Ei.nrigemeat 

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. 
North Carolina experience; however, some information is presented on 
California, Massachusetts, and New York practices. 

Most of the experience is 

The basic thesis is: 
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. 
the options, North Carolina educational mechanisms, and efforts at motivation 
and our recommendations. 

(1) We have developed a hierarchy covering waste 

This chapter describes 

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 i n  the Environmental Management Division of the Department of Natural 
Resources and Conununity Development (NRCD). NRCD enforces air and water 
pollution regulations. 

North Carolina ha8 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). h two-year-old "Waste 
Msnagement C~nauission~ 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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Bringing About Ch8nUe 

) Psychologic81 Factors Involved in Chmge 

The purpose of t h i s  Annex i s  t o  provide information on how we in North Carolina 
have helped people and organizations t o  FDlptOVe t h e i r  operations in regard t o  
production and disposal of t h e i r  hazardous wastes through b e t t e r  management and 
recycling. 
things d i f fe ren t ly .  
natural ly .  
things the way they are  used to  doing-them. 
necessary tha t  persons and groups be well-informed, be well-motivated, be 
cooperative and have a posit ive a t t i t ude  toward the new ideas. 

orders o r  by an appeal t o  the good intentions of people. 
of people in  work organizations i s  a d i f f i c u l t  task tha t  requires considerable 
thought and planning even though i t  seems perfectly c l ea r  t ha t  such changes 
w i l l  benefit  everyone. 
agent, that  is, a person who w i l l  see t o  it tha t  the conditions necessary f o r  
change are  established. 
she must do it through people. 

Improving here meant get t ing individuals and organizations t o  do 

People and organizations have a strong tendency t o  continue doing 
I f  changes a re  t o  be made, it is  

These are  all 

It  i s  w e l l  known tha t  such changes do not occur eas i ly  or 

' psychological factors.  Changes are  not l ike ly  to be brought about by giving 
Changing the behavior 

Creating change in an organization requires a change 

That person cannot bring about change d i rec t ly .  He or 

Here are  some suggestions tha t  should help in bringing about desired ch8nges. 

(1) 
keep i n  mind the following: 

In  influencing people t o  change t h e i r  a t t i t udes  and behavior, we 'should 

(a )  The way people perform o r  behave resu l t s  from two major factors  -- 
motivation and ab i l i t y .  
they must know how, i f  things a re  t o  h8ppen. 
a b i l i t y  by i t s e l f  i s  enough. 
form. it might look l i k e  this :  

They not only a s t  want t o  do something, 
Neither motivation nor 

I f  we wrote t h i s  idea in mathematical 

P = M X A .  

P i s  performance, M i s  motivation and A i s  a b i l i t y .  Note tha t  the 
relationship between M and A i s  multiplicative.  If e i t h e r  M o r  A i s  
zero, nothing w i l l  happen. Neither high a b i l i t y  with low motivation 
pot  low a b i l i t y  with high motivation i s  l i ke ly  t o  be very productive. 

( b )  People a re  goal oriented in t h e i r  behavior. 
it w i l l  make them be t te r  off i n  SOID. sense. The fac t  tha t  you may 
not understand o r  approve of tha t  reason does not matter except that 
i f  you do not understand t h e i r  goals, you w i l l  probably not be 
e f fec t ive  i n  influencing them. It i s  a lso worth remembering tha t  
personal goals a re  often d i f fe ren t  from organizational goals. 

They do things because 

( c )  While we tend t o  think of people as individuals, the soc ia l  forces in 
t h e i r  behavior are  extremely important. 
vhat other people think or do. Hence, w e  have t o  plan our operation8 

People do things because o f  
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so as  t o  a f fec t  people as groups and not j u s t  hd iv idua ls .  
organization is not merely.8 collection of individuals; it is 8 
social  system. 
parson nukes w i l l  a f fec t  m y  other persons and they w i l l  react t o  
tha t  change. 

A ororking 

That means tha t  any change h operation tha t  one 

(2)  
co"nts  on t h e i r  effectiveness: 

The following are  some ways of influencing or  changing behavior with brief 

(8) Giving orders fo r  desired behavior often causes resentment. This 
procedure overlooks levels of motivation and a b i l i t y  and usually 
deals with people as individuals and ignores social  factors. 

(b)  The use of incentives or  rewards i s  a necessary condition. 
we think of financial  incentives only, but other important incentives 
are  promotion, praise,  and social  approval. An incentive w i l l  be of 
no value i f  i t  is not desired by the person. Giving awards t o  a few 
only may resu l t  i n  animosity toward management and other workers. 

Usually 

( e )  Procedural changes based on social  and group factors  are usually more 
effect ive than those directed a t  individuals only. 

(d)  Involving the employee i n  the decision t o  make changes and i n  the 
process of making changes increases the chance tha t  he w i l l  be 
cooperative and w i l l  contribute effect ively t o  improving the process. 
People l i k e  t o  have control over t h e i r  own behavior even a t  work. 

Make f u l l  use of the employee's knowledge and h i s  a b i l i t y  t o  think: 
t rea t ing  employees l i ke  mental incompetents leads t o  resentment. 
Employees usually are  the source of the b e s t  ideas. 

(e)  

( f )  The cooperation and support of a l l  levels of management i s  important 
and necessaty, i f  changes are t o  be made. 
informed and supportive. 

Make sure management i s  

( 3 )  
in your organization tha t  are  for  the change and those l ike ly  t o  be opposed t o  
it. We c a l l  t h i s  'Force Field Analysis." Examine a l l  the forces in  your 
organization: t r y  t o  detererine whether they are for  o r  against the new 
procedure .ad the amount of t h e i r  support or opposition. 
forces &#it include -- Plant Manager, Safety Officer, Direct Supervisor, 
Workers, Enginoerhg, PUrChaSing. You m i g h t  diagram these forces as follows i n  
Figure 4C-1: 

1x3 phnning change i t  i s  a good idea t o  make some assessment of the forces 

As an example, these 
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, you can see from this balance of forces, pro and con, that you will h.9. SOQY 

problems in bringing about your change. While you seem to have p m r  a d  
reason on your ride, the forces against you mi@t defeat you in  the long 
A careful analysis of all forces will give you guidance on how to proceed and 
what tactics to use in achieving your change. 

One important factor motivrting change in the manner of handling wastes is the 
economic factor. In the case studies included in this paper, the motivation is 
often economic. 
will need to be made so a payout can be determined. 

Far each proposed change, an estimate of costs and savings 

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 
requirement s 

(ii) 

(iii) 

To avoid o r  mitigate economic harm to industries forced to comply with 
pollution clean-up requirements 

To help ensure that complying companies are not at a competitive 
disadvantage to non-complying companies 

The incentives offered by our goverrments include: 

(i) Rapid amortization of investments 

a 
(ii) Investnient tax credit 

(if11 Deduction against fr8nchise tax liability 

(iv) Tax-exempt Industrial Development and Pollution Control Bonds 

( V I  Penalties as incentives: 

(a) B C U  legislation and EPA policies prohibit the EPA from approving or 
recommding to private parties an7 facilities that have Categoq 1 
violations. 

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

(c) N o m 1  business expenses through compliance are tax deductible but 
penalty expenses are not tax deductible. For example, the coat o f  
buying new drums for a leaky drums penalty is not tax deductible. 
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(d)  The cost  of l o s t  goodwill is immeasurable i n  terms of l o s t  customers, 

etc.  

The North Carolina s t a t e  incentives currently i n  existence are: ) 

(i) Tax Exempt Industr ia l  Development and Pollution Control Bonds (N.C. 
General Statute  159c-2) must meet cer ta in  c r i t e r i a  and be approved by 
appropriate local  and s t a t e  authori t ies .  

(ii) Exclusion from local  property tax (N.C. General Statute  105-27s) of 
property used to'abate water pollution or to  recycle or provide resource 
recovery of sol id  waste. 

iii) Reduction o f  franchise tax (N.C .  General Statute  102-122) fo r  costs of 
property used as i n  (ii) above. 

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

Federal incentives are: 

( i)  Tax-exempt bonds fo r  water pollution control f a c i l i t i e s  acd so l id  waste 
disposal f a c i l i t i e s .  

Other economic incentives t o  change include: 

(i) The need t o  maintain and enhance the s ta tus  of the company in the eyes of 
the community and i t s  customers. 

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

aierarchy 

There a re  a var ie ty  of options fo r  managing any hazardous waste. As an example 
t h i s  chapter uses electroplating sludge. To reduce sludge production three a re  
options such as recycling, solidifying o r  o thewise  disposing of the sludge. 
The fac tors  determining the hierarchy include: 

(i) Liab i l i t y  

L iab i l i t y  may be the nost important consideration i n  a decision on how t o  
handle sludges. The RCRA 'cradle t o  grave" philosophy and the lawsuits boing 
car r ied  out under Superfund against 'e lectroplaters ,  who in the past  legal ly  
disposed of waste tha t  must now be pulled out of a l a n d f i l l  and reburied, a re  
strong fac tors  motivating minimizing the use of l andf i l l s  -- even hazardous 
wart, l and f i l l s .  
l i a b i l i t y ,  it must be considered i n  making decisions regarding disposi t ion of 
sludges. 

While it  is d i f f i c u l t  t o  assess a per day cost  of t h i r  future 

(ii) Regulations 

Any act ions a re  desirable tha t  can be taken t o  minimize applicable regulations, 
reduce the paperwork and record keeping. 
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(iii) 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 electroplaters to minimize their 
purchase of newly mined metals. 

In light of tke factors describeo 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 andlor housekeeping to reduce or eliminate 
sludge generation. We suggest that the poorest option with the greatest long- 
tam liability is the placement of solidified waste in.. landfill. Table 4C-2 
sunmarites the liability and economics of the various sludge handling methods. 

Education - Spreading the Word 
' Duo to its lack of treatment facilities and in8bility to ovetcome local 
opposition to siting new facilities, North C8rolina is trying to move its 
hazardous waste generators up the hierarchy shown in Figure 4C-2. 
lists the techniques used in North Carolina for informing generators of the 
options rv8ilable to them and the.pros and coni of each option. 
Cormnittee 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. 
program to review manifests. If the manifest indicates that sludge was buried 
th8t could h8ve been recycled, the generator is told of his error and 
instructed to Change his ways to a new technique for which he is given 
infornution. 

T8ble 4C-3 

A n  Advisory 

California uses the above ideas and has set up a 

Massachusetts offers a phone-in-for-help system. 

For eumplo, working with S.E. chapters of the EleCttOplbting and Surface 
Finishing Society, two one-day meetings were organized on 'Reducing Metal 
Losses and Sludge Production in the EleCtrOplbting Industry." 
theso motings a manual, "Managing and Minimizing H8zardour Waste Metal 
Sludges," (December 1986, J. Kohl. and B. Triplett) was developed. Funding for 
tho workshops and manual came from the N.C. Legislature (via the Governor's 
Waste Management Board). 
Tables 4G.15, and 4C-6, and 4C-7 are case studies taken from the manual. 
Exhibitors (vendors of equipment to electroplaters) were encouraged to 
participate fn the workshops. The manual includes 8 list of equipment 
suppliers and a list of companies accepting electtoplating sludges and spent or 

For and from 

The Table of Contents of this manual is shown in 
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?I- 4C-2 

SolW Wuste and Send to Secwe Landnil 

RecyCW?ecom Metal Values 
CutdPlant 
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TABLB 4C-2 

'3 

Improve housekeep- M8nagf"t must be Reduced 
h g  practices t o  
minimize waste dural changes 
generation 

amenable t o  proce- 
L i t t l e  o r  not capi- 
t a l  investment 

Change process t o  Process and manage- Greatly reduced Depends on 
minimize o r  elimi- ment must be amen- or eliminated par t icu lar  
nata waste genera- able t o  change s i tua t ion  

Recycle in-plant Capital f o r  equip- Greatly reduced Depends on 
ment, operating and or eliminated par t icular  
maintenance si tu8 t ion 
problems and 
expenses . 

Recycle out-of- Concentration levels  Gre8tlp reduced. Process modifica- 
plant of contaminants in but: transporta- tim expense, 

solutions and t ion,  fa i lure  of transportation, 
sludges, modifica- recycler. usu8lly cheaper 
t ion  of process may disposal of than landf i l l ing  
be necess8ry residue 

Solidify - place Expense fo r  sol idi-  Reduced. but: $25-$250 per ton 
fn secure l andf i l l  f ic8t ion process as transportation, fo r  sol idif icat ion,  

wall as  fo r  secure future s i t e  $85-$100 per barrel  
l a n d f i l l  problems fo r  secure land- 

f i l l i n g  

Secure l a n d f i l l  No f ree  l iquids Transport8tion: S85-$100 per 
future s i t e  barrel 
problems 

Sol idify - place 
in non-secure 
l a n d f i l l  

Delisting may be 
withdrawn: s i t e  
problem 

$25-$250 per ton 
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T A B U  4C-3 

\ 
1 

~~ 

Generator l4otivatian 

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: 
mode of waste disposal employed. 

New York taxes generators on a per ton basis according to the 
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New York 

Environmental Facilities Cotp.  - 
Information Semices 

Waste Exchange (particularly underwrites costs) 

Assistance with understanding regulations . 

a regulatory agency 

Waste Strew Evaluation and Analysis - identification of most 
economical options, evaluation of alternatives 

Referral to outside consultants 

Assistance with tax free financing options for industrial 
pollution control project 
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TABLS 4C-3 
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company : 

Location: 

Contact: 

Phone : 

Purpose : 

Motivation: 

Equipment 
Supplier : 

Payback : 

CoPlmnnts : 

Reported: 

Eastern Plating 

Newport, Tennessee 

Roger Woods 

(615) 623-0062 

Recover Ni, Cr+3, Cr+6 

(1) 
than any other system 

Economic - less expensive to operator 
(2) 
in tank 

The evaporator can put every thing back 

(3) Eliminates necessi for landfilling or 
sewering waste 

Techmatic, Inc . 
6 weeks - 6 months 
Almort maintenance free: inexpensive to 
operator 

Personal communications, August 1984 

Source: Kohl, J., and 8 .  Triplett. 1981. Managing and Minimizing Hazardous 
Waste Metal Sludges Manual. 
Losses and Sludge Production in the Electroplating Industry," December, 
Raleigh, North Carolina. 

Prepared for workshop on 'Reducing Metal 
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Locat ion : .. 

#Contact: 

Phone i 

Purpose: 

Motivation: 

Equipment 
Supplier t 

Payback : 

Camoats t 

Report ed : 

Rmr8e O8mori8 Case Study 

Stanley Tools 

100 Stanley Road 
Cheraw, South Carolina 29520 

Mike Vannest 

(803) 537-9311 

Nickel s a l t s  recovery 

Cost reduction 

0 smonic s 

1.3 years 

Low auintewce, very posi t ive experience 

Personal conmuaication. August 1984 t o  B. 
Trip l e t  t 

Source: Eohl, J., urd B. Trip le t t .  1984. M8naginrt and Minimizinn Hazardous 
Waste Metal Sludges Manual. 
and Sludge Production in the Electroplating Indurtry, '  December, Raleigh, North 
Carolina. 

Prep8red for workshop on 'Reducing Metal Losses 
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surplus solutions. 
complementary table. 

Tables 4C-8 and 4C-9 show a section of such a list and a 

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. 
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. - 

For these 

We lack an objective, quantitative evaluation of the results of applying the 
techniques described in this Annex. Based on experience, small workshops 
( 3 0 - 4 0  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 *localn 
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 infornution. 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. 
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. 

Our feedback says that bibliographies are not much 

Conclusion 

We strongly believe that education of generators on available options is not 
enough. 
such as sludge drying with a pay off under two years still will not lead to the 
purchase of a sludge dryer. 
economic advantage or good pay off. 

Indeed some of our experiences, indicate that knowledge of an option 

An additional boost is often needed beyond 

From our discussions with generators and with suppliers we h8ve 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. 
enforcement, we experience a reluctance to change. 

With faltering uncertain 
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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 BrotherlSystems 
Post Office Box 707 
Raeford, North Carolina 28376 
Phone: (919) 875-4169 
Contact: David Gibson, Manager 
Equipment: Electrodialysis 

Barnett-Honnberg, Inc. 
1709 EbSt Boulev8rd 
Charlotte, North Carolina 28203 
Phone: (704) 332-1S97 
Contact: 8. C. Martin 
Equipment : Corrosion control 1 inings , 

air pollution controi systems, 
fiber glass t a r ,  portable 
and fired agitators, FRP grating, 
structural members, heat ex- 
changers ( s t e m  and electric) 

Corning Class Work8 
Corning Process Systems 
BP. Plant 
Big Flats, New York 14814 
Phone: (607) 974-0280 
Contact: Raymond Baker 
Equipment: Corning Evaporator 

ECO-TEC 
92s Brock Road South 
Toronto, Ontario, Canada LlW 2x9 
Phone: (416) 831-3400 
Contact: Mike Dejak 
Equipment: Ion exchanger 

Pfltratfoa Tecbnolog~. Iac. 
Po8t Office Box 31442 
Raleigh, North Carolha 27622 
Phone: (919) 787-3988 
Contact: Jim Wantham 
Equipment: Fluid filtration 

Frederick C u m  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 

HarshawlFfltrol 
3915 0 Valley Court 
Winston-Salem, North Carolina 27106 
Phone: (1-800) 321-4802 
Contact: Louis Cianelos 
Equipment: EV8pOt8tOr8 

Innova Technology, Inc. 
S170 126th Avenue, 
Noth Cleamter, Florida 33S20 
Phone: (813) 577-3888 
Contact: Ted Nohren 
Equipment: Chrome Napper 

JUI, Inc. 
2155 112th Avenue 
Holland, MI 49423 
Phone: (616) 772-9011 
Equipment: Sludge Dryers 

L m c y  International, Iac. 
Post Office Box 490 
Zelienople, Penns~lvania 16063 
Phone: (412) 452-9360 

Equipment: Electrolytic metal, 
Conf8Ct: J a S  fiight 

electrodialysis, ultrafilterr, 
evaporatorr, etc. 
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TABU 4C-10 

? o d a  for a Succesrful Workshop 09 Minimitha Blectroplating S l u b  

Work with a 10-20 member advisory committee, comprised 
of suppliers and prospective attendee8 or speaker8 

Include exhibitors: give each 5 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. 

Empha8ize case studies - preferably local 
Include infonuation on motivating factors and pay back 
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suppliers, transporters, recylers, incinerators, 
buyers , landfil ls  services 

- 227 - 
= 4c-11 

Work with an Advisory Conrmittee o f  generators, 
treaters, e tc .  

- 
Emph8rize Case Studies, preferably local 

Include accurate, up-to-date infomation on: 

Provide contacts for information on regulations 

Provide 1 complete, clear Table o f  Contents 
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' References Auaerc 4C 

N.C. General Statute 159C-2. 

N.C. General StatUte 105-275. 

N.C. ~ener.1 Statute 102-122. 

'3 

t -3 

N.C. General Statute 105-122(b). 

For reference material on tax and other incentives for pollution abgtemmt 
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 cormnunities to find Ways to reduce, recycle, and prevent 
wastes before they become pollutants. 
publications: 1) Pollution Prevention Bibliography Sy Industrial 
Classification: 2) Directory of N.C. Resource Recovery Firms; 3) Environmental 
Auditing Information Package: 4) Accomplishments of N.C. Industries: and 5) 
United nations Compendium of Low and Non-Waste Techaologies. 
PPP program contact: 

The program offers the following 

For access to the 

Mr. Roger Schector, Director - PPP Program 
Department of nitural Resources md Conmunit7 Development 
Post Office Bor 27687 
Raleigh, North Carolina 27611 

D f V i 8 i m  Of Envirorrpp.nt81 -8-t 

(919) 733-5083 
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5 - Infrastructure of 88r8tdOUS Waste kfmmgement S y s t e u  

15.1' Introduction 

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 
management system consists of three units: - 

o storage upon generation: 

o collectionltransportation; and 

o final treatmentidisposal. 

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

5.2 Storage upon Generation 

The first stage in this infrastructure is storing waste after it is 
generated. 
waste until it can be transferred for further storage, treatment, or 
disposal. 
Methods like surface impoundments are discussed in Chapter 7.3.1 on 
disposal technologies. 
waste is generated and the physical state of the waste. 

The waste generator needs to have a system to safely store 

Typically, this storage is done in containers or bulk tanks. 

Which is used depends largely on how and where the 

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. 
container is important so that the container's integrity is not impaired. 
For example, a plastic 
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. 

Compatibility with the 

container should not be used to store solvent 

i 

Disadvantages of containers are: 

(1) they are easily daauged and toppled: 
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'PA Note to Correspondents 3 -  

T H U R S D A Y ,  J A N U A R Y  2 6 ,  1 9 8 9  

The  U.S. Environmental Protection Agency t o d a y  . .  
issued "a policy statement,. on i ts  pol lut ion prevention 

program ( s e e  :at tachment).  

c l i n g  to  reduce the amount and tox ic i ty  of contaminants 
and t h u s  t h e  need fo r  pol lut ion cont ro ls  -- is  now a 
major agency p r i o r i t y .  
i n s t i t u t i n g  pollution prevention throughout all of its 

a Pol lu t ion  Prevention Office t h a t  will oversee the 
*agency's e f f o r t s ;  the o f f i c e  has  begun t o  develop a 
comprehensive agency-wide pollution prevention s t r a t e g y .  

Reporters can c a l l  Robin Woods a t  202-382-4377 
for f u r t h e t  information. 

Po l lu t ion  prevention 0- f e e . ,  reduction and recy- 

The policy commits EPA t o  

p t g t B m m  ( a i r ,  w a t . t r  khndt * * @ * ) e  EPA ham @mt8blLlhed 

Dave Cohen, Director 
Press  Services  Division 
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ENVIRONMENTAL PROTECTION AGENCY 

(OSWER-FRL-XXXX-X) 

Pollution Prevention Policy Statement 

Agency: Environmental Protection Agency ( E P A )  

Action: Proposed Policy Statement 
- 

Summary: 

18 years in improving environmental quality through its 
media-specific pollution control programs has been substantial. 
However, €PA 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. 

The Environmental Protection Agency's progress over the last 

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 recognize;; the 
value of environmentally sound recycling, and is committed to 
promoting recycling as a second priority, above treatment, control 
and disposal. 

Sinca not a l l  pollution can be reduced or recycled, safe 
treatment, control and disposal will continue to be important 
components of an environmental protection strategy. 
reduction and recycling will not totally obviate the need for or 
the  impor2ance of *he58 processes. Individuals as well ac 
industrial facilities or orqanizations can Dractice source 

Source 

reduction and recycling through changing t h k r  consumption or 
disposal habits, their driving patterns and their on-the-job 
practices. 



3 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 progrzm 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. 
managers will help direct EPA's pollution prevention program and 
will assure the participation of the entire Agency in this 
important mission. EPA a l so  believes that State and l oca l  
government must play a primary role in encouraging this shift in 
the environmental priorities of all sectors of industry and the 
public. 

An Advisory Committee of senior Agency 

Today's notice a l so  C0n"its 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 zeduction (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 (90 
days after publication in the Federal Reuister. 

Addresseest 
(original and two copies) to: EPA RCRA Docket (room SE-201) 
(mail code OS-305), 401 M Street, S.W., Washington, D.C. 20460 
Place the docket number, It F-88-SRRP-FFFFF, on your comments. 
For further information, contact: 

A l l  comments must be submitted in triplicate 

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 



James Lounsbury, Office Of Solid Waste (OS-302), 4 0 1  M Street, 
S.W., Washington D.C. 20460, (202) 382-4807. 

Supplementary Information: 

POLLUTION PREVENTION POLICY STATEMENT 

Outline: 

This policy statement is organized as follows: 

I. Background 
11. EPA's Pollution Prevention Policy 
111. Development of EPA's Multi-Media Pollution Prevention 

Program 

I. Background 

EPA has made substantial progress over the last 18 years in 

Notwithstanding past 
improving the quality of the environment through implementation of 
media-specific pollution control programs. 
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 sour e 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, stokage, 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. 

'i 
I 

See 41 35050, August 18, 1976. This notice provides a 
discussion of EPA's preferred hierarchy of environmentally sound 
hazardous waste management practices. 
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mother attempt to reduce pollution at the source. 
much of the past focus in these programs has been on pollution 
control rather than pollution prevention. 
time to reassess EPA's programs in light of today's policy 
statement and redirect them accordingly. 

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 RCRi-,  
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. 

Nevertheless, 

It is necessary at this 

The term "waste minimization", which EPA has previously used 

11. 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. 
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 ?atterns and their on-the-job 
practices. 
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. 

Source 

EPA believes that developing and implementing a new 



Section 1030(b) of the Solid Waste Disposal Act, as amended 
bv both the Resource Conservation Recovery Act ( R C R A )  of 1970 and 
tke Hazardous and Solid Waste Amendments of 1984, established c 
national policy, initially rzferred to as the “Waste Minimization 
?olicy”, that expressed a clecr priority for reducing or 
eliminating the generation of hazardous waste over managinq wastes 
that were nevertheless generated. Specifically, it stated thet: 

“The Congress hereby declares it to be a national policy of 
the United States that, wherever feasible, the generaticn 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 the present and future threat to human health and 
the environment. ‘I 

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 

, media-specific programs have some inherent limitations. Effort6 
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. In addition, once these pollutants have been 
produced or generated, some proportion of those releases will heve 
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. 

pollution, 

EPA believes that all sectors of our society must work 
together to ensure continued environmental protection. 
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 
proniote sour=o reduction and recycling. For exmpls, the Ofzlce 
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 

EPA is 

i 



I I ~ .  Development of EPA's Multi-Media Pollution Prevention 
Program 

3 
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's 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 consusters, 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 f o r  t h e  
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. 
efficiency in the use of materials and processing of products, its 
implementation could additionally result in significant economic 
benefits. 

Because the focus Of pollution prevention is on greater 

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. 
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. 
necessary to implement 

The Agency also believes that out-of-loop and 

1 
Other comments on this policy, .and on the steps 

it effectively are invited. 

Lee M. Thomas 
[insert date] 

0 



7) 
CURRENT WASTE MINIMIZATION REQUIREMENTS 

At present, there are three format statutory requirements relating to v;zjt? 
minimization. Those sections enacted as pat of the 1984 HSWA amendments include: 

D Section 3002(a)(6) of HSWA requires, as part of any generator’s biennial 
report to EPA, that the generator describe ’the efforts undertaken during the 
year to reduce the volume and toxiciry of waste generated“ as u;ell as 
“changes in volume and taxic@ of waste actually achieved during the year 
in question in comparison with Previous years, to the Went such information 
is available for years prior to enactment of (HSWA).’ This report applies to 
EPA classed large quantity generators; 

0 Section 3002(b) of HSWA requires generators to certify on their waste 
manifests (mandated under Section 3002(a)) that they have in place a 
program ‘to reduce the volume Or  quantify and toxicity of such waste to the 
degree determined by the generator to be economically practicable”; and 

o 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 HSWA, must be signed by all 
hazardous waste generators who ship hazardous wastes off-site for treatment, storage, 
or disposal: 

‘If / am a /age quantity gen-, I certiry that I have a program in place 
to reduce the volume end toxicity of waste generated to the degree I have 
determined to be economically practicable 8nd that I 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 I am a small quantity generator, I havemade a good 

to minimize my waste generation and select the best waste 
managen;=:lt method #ai is available to me and that I can affotf?.’ 

These requirements should increase the awareness of generators and facility 
owners and operators of the importance of minimizing hazardous wastes, and might 
sewe 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 economically 
practicable. And although the biennial reports should provide useful insight into what 
generators are-zSually doing to reduce wastes, they are not likely to provide dc.:izi?ive 
information. J> 
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DEFINITION OF WASTE MINIMIZATION 

Before proceeding, you should become familiar with some important terms. The 
following definitions set early parameters for waste minimization programs. They include: 

Waste minimization means the reduction, to the extent feasible, of hazardous 
waste that is generated or subsequently treated, storkd, or dispose6 of. I: 
includes any Source reduction or recyding activity underiakai; 2~ 2 
generator that results in either (1) the reduction of total volume or quanq 
of hztardous waste, or (2) the reduction of toxic$ of hvardous wasis, 0: 
both, so long as the reduction is consistent with the goal of minimizina 
present and future threats to human health and the environment; 

Cource reduch 'on refers to the reduction or elimination of waste QeneratiJn 
at the source, usually within a process. Sourcs reduction measures inclurjz 
process modifications, feedstock substitutions or improvements in feedstock 
purity, various housekeeping and management practices, increases in the 

efficiency of machinery, and even recycling within a process. Source 

a 

" 

0 

reduction implies anv actinn that r d I t - -  *k- - - - - * -*  

-ding 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 aiso refers to the reclamation of useful constituent fractions 
within a waste material, or removal of contaminants from a waste to allovi 
it to be reused. Recycling implies m, reuse, or reciamatioq of a waste, 
either on-site or off-site, after it is generated by a patticular process. 

Hazardous waste minimization involves volume or t0Xic.W reduction through either 
a source reduction or recycling technique and results in the reduction of risks to human 
health and the environment. The transfer of hazardous constituents from one environmental medium to another does not constitute waste minimization. Neither would 

concentration conducted solely for reducing volume unless, for exmpls, 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, .€PA does not consider 
treatment, e.g., incineration solely for the purpose of management or land disposal, as a . 
valid waste minim'kation praCtiCB. 
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INTRODUCllON 

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 environmental policy analysis at The Ohio 
State University, School of Natural Raoutas. My thesis will assess the statutory structure of twelve mandatory 
facility pollution prevention plauaing statutes, and, based on models of the factors which contribute to successfiJ. 
poIicyimplementation, will evaluate the extent to which each statute structures the policy implementation procws. 

Statutory variables have been divided into two dimensions speciiicity and enforceability @e., How specific is 
each statute? and How stringent are enforcement provisions in each statute?). Seven spe&ci~ variables and 
eight enfor#ability variables have been developed. These variables comprise the matrix rows and the twelve 
states comprise matrix columns. Each cell contains the provisians of a state’s law corresponding to the respective 
variable. Fuading mechanisms for faciiity 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 planning progam in each 
state. RevisionS were then made from the comments received 

h y  comments or questions regarding the matrix may be addressed to me at (614) 604-3503. 

.a 
Robin M. Sullivan 



OUTLINE 

The matrix is organized as follows: 

FACILITY POUUTION PREVENTION PLANNING STATUTES ANALYZED IN ' 3 MATRIX 

SPEcIFIarY 

Persons Required to Prepare a Plan 

S1) Claxity of Statutory Objectives 

S2) Waste Management Hierarchy 

S3) Guidelinu for Facility Plans 

S4) 

S5) 

Performance Goals of Facility Plans 

Requirements of Facility Progress Reports 

S6) 

S7) 

Conditions Where Pollution Prevention May Not Be Practicabie 

Exemptions From Completing Facility Plan 

ENFORCEABILITY 

Agency Review of Facility Plans 

Agency Revim of Facility Progress Reports 

Frequency of Facility Progress Report Submission to Agency 

Administraavc Penalciu for Noncompliance 

Public Access to Facility Plans 

PubIic Access to Facility Progress Reports 

Plan Approval Criteria 

External Checks on Administrative Actions 

I 



FACILITY POLLUTION PREVENTION PLANNING STATUTES 

ANALYZED IN THE MATRIX 

STATE STATUTORY ALcMoFIluTloFl 

S.B. 14 
Huudoua Waa& Source Reduction 
MM8gement Urd MOW Aet 

S.B. 519 
h d m m  to the Hazardous Waste 
M a n m . n t  Act 

Maine S.P. 1011 - LD. 2507 
An Act to clew the Environment by 
the Reduction of Toxb Uw, Waste 
and Fbleau 

H. 8161 
Toxia Use Reduction Act 

Toxio Poilution prowmion  et 

S.B. 2568 
Compr.kenaiva Multimedia W a m  

i Minimianon AH 

S.S278-B 
An Aot to amend the environmental 
con#(Mwon law, in relation to the 
muwgommt of huudoua w a m  

North Cuoiina S.B. 324 
Huudwr WUW M.nagment 
Co”is8ion k t  

Oregon 

Tennomoo 

Vermont 

H.B. 351s 
TO- USO Redudon and Hazardous 
WartrROduCtiOnkl 

H.B. 2217 
Hazudoua Waste Reduction Aet 

H. 733 
An Aot FklUing to the Management 
of HuUdour Waata 

Washington H.B. 2390 (wb.) 

DATE lwtmmmw AGENCY 

1989 h p u t m e t  of Health Secvtcos 

1990 I3epati”t of Natural Resources 
(DNR) 

1990 Department of Environmental 
plotwon (DEP) 

1989 Department of Environmental 
Protection (DEP) 

1990 Pollution Control Agency (PCA) 

1980 Department of Environmental Ouatity 
(DE01 

1980 Department of Enwronmenta 
Conmrvation (DEC) 

lse9 hputment of Natural Resources and 
Q”unity Development (ONRCO) 

1989 Dsputment of Environmental Quality 
W Q )  

1990 Deputmmt of Health and Environment 
@HE) 

1990 Agency of Natural Resources (ANR) 

1990 0 r P u ” o f ~  (DE) 
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I WASTE MINIMIZATJON TECHNIQUES b 
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WASE MANAG€MENT 

Underground Storage Tanks 

5 



Chemical Manufacturing Expansion in Developing 
Countries and Eastern Europe in the 1990s 

? 

46 new projects planned 

Projected investments total $13 billion 

Annual increase of 9.4 billion pounds 
in production capacity 

i 9 Chemical Production in the Pacific 

Demand growing at an annual rate of 7-10% 

Dupont to spend $2 billion in the 1990s 



Of the 46 proposed projects, 80% are 
targeted for 12 Asian nations. 

China Philippines 
Hong Kong Singapore 
India South Korea 
Indonesia Taiwan 
Malaysia Thailand 
Pakistan Vietnam 

4 
.r 



CJI 

Prevention of the generation of waste 



Waste, Pollution 
Prevention; avoidance; minimization; reduct ion: 

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



cl, 

Technology 
Technology; technologies: 

0 

0 

0 

0 .. 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

New technologies 
Environmental technology 
Prevention aimed environmental technology 
Process integrated environmental technology 
Appropriate technology 
Clean technologies 
Cleaner technologies 
Non-waste technology 
Low- and Non- was te tech no1 og ies 
Low-waste technology 
Low-polluting technology 
Pollution control technology 
Add-on technologies 
End-of -pipe technologies 
Recycling technologies 
Waste treat men t technologies 
Pur i f  ication treat men t 
Cleaning up technology 
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SECTION 2: 

WASTE MINIMIZATION TECHNIQUES 

AND TECHNOLOGIES 

- nWaste Reduction Techniques C Technologies" G a r y  E. Hunt 
Pollution Prevention Program. 

nWaste Reduction Methods" vaste Reduction Assessment and 
10- T u f e r  Traintncr Manua TVA Waste Technology 

Program. 

- . .  

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

0 nApproaches to Waste Minimization" from the Hazardous 
ation m a  for Small Quantitv Generators, 

Center for Hazardous Materials Research, Pittsburgh, PA. 
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Chapter 

3 
Waste Reduction Techniques 

and Technologies 

Gary E. Hunt 
Pollution Prevention Program 
Xorth Camha Department o f  Natural Resources and 
Community Development 
Raleigh, North Carolina 

ti. Introduction to Wrstr Reductton Technlquer 
3.1. Inventory Manqrment 

3Z1. lnvrntoy Con001 
3 a .  MNII~JI  Conad 

33.1. OpomUonrl m d  Maintonamr ProG.dura8 
3.32. Matrrlrl Chrngr 
3.3.3. Pmcrs  Equlprmnt Modlflutlon 

3.4.1. Sourer SrgngrUon 
3.4.2. ConcmtrMon 

3.S.1. OfbSlh R w r y  
33.2. Off-Slt~ RIcovrfy 

9.3. Production Proerrs ModMestIon 

u. Voluma Roductlon 

u. Rocwry 

3.6. swnrmy 
3.7. R l f W  - ne01 

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 m 
complex as assembling the space shuttle. Available techniques range 
from easy operuonal changes to state-of-the-art recovery equipment. 

This  chapter i s  from the book, aazardous Waste Minimization , edited by Harry 
Freeman. h&raw Hill Book Company. New York. 1989 

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

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- 

manual states that “nothing whatever should be allowed to go to 

o-nxtmsb. 
-3 

duction process. For example, a late-eighteenth-century electroplating 

waste in well-conducted works.”’ The manual includes many waste re- 
duction methods that are applicable and are discussed in the litera- 

- -. 
( i: LL .-:)&de Y 

. ... I 9.’ I 

J. P 

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, mal- 
uating options, and identifjhg cost-effective waste redudion tech- 
niques. Once identifled, the techniques can be implemented and be- 
come an established part of the facilities management and operation. 
Approaches to developing such a program b e  discussed in Chap. 4. 

’ 

3 
TABLE 3.1 Catrgorf08 Of W8M8 Reduction 
Twhnlqurr 

Inventory management 

Production process modification 

Inventory control 
M 8 t d . l  Control 

Operation and m.intm.nca procadunr 
Matarid change 
Rocear equipment modification 

volumr reduction 
sourasqpg8tim 
Concentration 

Rhcoyary 
On-dte r“y 
of?-mte “ly 

- 
I 
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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- 
ican tly 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.2 In many cases 
waste is just out-of-date, off-specification, contaminated, or unneces- 
sary raw materials, spill residues, or damaged final products. The cost 
of disposing of these materials not only includes the actual disposal 
costs but also the cost of the lost raw materials or product. This can 
represent a very large economic burden on any company. For example, 
one furniture company had to spend thousands of dollars, at $5/gal, to 
properly dispose of two-years’ worth of unused coating materials. This 
expense was in addition to the $7/gal the material originally had 
cost.3 

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

. 

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 

- 
I 
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business community; however, their use as very effective waste reduc- 
tion techniques has not been widely recognized. Many companies c8n 
i i d p r d u c e  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 material 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 furnitUte 
manufacturer reduced excess inventories by having one person as- 
signed to the job of purchasing all solvents and f d e a  for all divi- 
sions. Purchases were based on long-term production schedules, which 
in turn had been developed to fully utilize finishing materiak6 An- 
other company, a large paint formulator, reduced the Quantity of dis- 
continued frnished product by developing a computerized procedure to 
search inventory at 2 plants and 27 warehouses for available stock be- 
fore formulating another batch. Tramportation costs for moving the 
finished products are small compared to the high hazardous waste dis- 

bother  approach to inventmy control is to purchase the material 
in the proper amount and the proper size container. If large quantities 
of a material are used, then purchasing it in bulk wil l  produce less 
waste, both in product losa 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 baqr ?r containers. In some cases, raw matenah such aa pig- 

3 

. 

p o d  costs.6 
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E n t s  a_nd biocides can be packaged in small soluble bags which allow 
the material and container to be put right into the processed 
product.’us 

If surplus inventorics 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 plants2 

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 altemative 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-spedcation 
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 fmm 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 nscessary information in confidence. If the chem- 
i d  supplier is unable or unwilling to provide the information, either 
a new supplier should be found or the materials should be c h e m i d y  
analyzed. Any material which has been approved can be o r d d ,  new 
material must first go through the approval process. This approach 
fits very well with health and environmental regulations, which re 
quire chemical inventdes  and cot. ction of MSDSs. Evaluation of 

i 
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this information can lead to fewer chemicals being stored, used, and 
d e a d J h w  reducing regulatory burdens and potential liabilities. 
> b y  kinds of companies, hailing from the electronics industry to the 
testile industry, have established successful material review 

Material review procedures should also be applied 
during new-product development. Before a new product is produced, a 
thorough evaluation of the materials and processes used to make the 
product should be made. The use of hazardous materials can then be 
reduced as much as possible prior to beginning  production^.'**'^ 

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 

TASLE 3.2 Potential Sources of Procru Materfal Loss 
Area sou" 

Loding Luking t i l l  how or fill Iino conmctiona 
Draining of f i l l  linea betwoon aYing 
Puncturad, loalring, or rusting cont.inarr 
L e h g  valves, piping, and punpa 

Improper or malfunctioning overflow alarms 
Punctured, leaking, or nuhd containers 
Leaking transfer pumps, dvea. and pipes 
Inadequate diking or open drain vdve 
Improper material transfer procedures 
Lack of regular inspection 
Lack of training program 

Improperly operatad and maintained process cquipment 
Leaking valves, p i p ,  and pump 
Owrflow of pmcau tmkr; improper overflow controls 
Leaks and spill8 du&g matatid transfer 
Inadquatr diking 
0p.n dr8inJ 
Equipment .nd tanis darning 
Off-speciflation raw materiala 
Ofhpd5catioa producer 

storage ovellliling of t8nkr 

Process Leaking process tanks 

- 
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in Table 3.2. A resin manufacturer provides an esample of how proper 
r a w - w t k y i d  & d e r  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 ~r0gram.l~ 
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 veiy 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 ;eduction arc-: be- 
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cause many wasteful operational practices have gone on so long they 
have l"e 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 ~osts.'~~'' 

Opentlonal 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 furtures changed the concentration of chrome in its eleph-0- 
plating baths to the low end of the recommended operating range. By 
reducing the chrome concentration from 3700 m a t e r  to 3350 
me/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 chemicals, but it also reduced wastewater 
treatment sludge generation." 

Improved operation procedures are quite simply methods which 
make optimum use of the raw materials used in the production pro- 
cess. Some examples are shown in Table 3.3. Most production pro- 
cesbes, 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 wi l l  reduce waste generation. For exam- 
ple, a paint manufacturer found that instead of using a series of coarse 
to frne filters for grit mmovd, only the fine filter was necessary. As a 
result of this change to using only one fdter, the greneration of spent 
filter cartridges waa redud 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 nc; require fUr;;-x 
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TABLE 3 3  Examples of Operattonal Changes to Reduce Waste Generatlon 

Reduce raw material and product loss due to leaks, spills, drag-out, and off-spccifica- 

Schedule production to reduce equipment cleaning. For example, formulate light to 

Inspect parrs 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 waate with methods 
such as using dry cleanup techniques, using mechanical wall wipen or squeegees, 
ana using “pigs” or compressed gas to clean pipes and increasing drain time. 

tion process solution. - 
dark paint so the vats do not have to be cleaned out between batches. 

Segregate wastes to increase recoverability. 
Optimize operational parameters (such as temperature, pressure, reaction time, 

Develop employee training procedures on waste reduction. 
Evaluate the need for each operational step and eliminate steps that are unnecessary. 
Collect spined or leaked material for reuse. 

concentration, and chemicals) to reduce by-product or waste generation. 

SOLXI: 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 conenbation) 
would almost eliminate isobutyiene 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 tatal sav- 
ing from the operational changes at all these reaction steps was 
$500,000 per year, with a total capital cost of $80,000; Additionally, 
the need for air pollution control equipment was eliminated.20 

Once proper operating procedures have been established they must 
be fully documented and made part of the employee training program. 
A comprehensive training program is a key element of any effective 
waste reductiori program. For example, a dahy reduced waste by 14 
percent and a semiconductor manufacturer reduced waste by 40 per- 
cent through use of such training For a program to be 
effective, all Ievels of personnel should be included, f” the line op- 
erator tc the corporate. executive officer. The goal of any program. is to 
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make the employee aware of waste generation, its impact on the com- 
pnpdtandtheyirmment, 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 tegulat 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- 

3 

3 
TABU 3.4 Elemonts In a Waste Reductlon Training Program 

I. Explain the need for waste reduction and emphasize ben&ts to employee and 

1. Explain thtt direct effect that an employee can have on improved work and living 

3. Express management's commitment to wash reduction. 
4. Explain waste management knminology in simple terms. 
5. Present general overview of environmental regulations which impact the kility. 
6. Exunine improved op.lrtionrl practicea for raduang waste generation. illustrate 

good and poor operating practicea 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." 

idontifId problems. 

C0"Unity. 

environment. 

7. Soliat idem for wa& duction methods and uplore possible rolutions b 
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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 aIso reaIized through reduced waste from spray booth 
cleanout and reduced air emissions.3 . 
Maintenance programs One company stated that one-fourth to one  
half of its excess waste load was due to poor m a i n t e n a n ~ e . ~ ~  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 o g  
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 
8 Operating time for each item or area 
m Which items are critical to  the procesdes) . Problem equipment 
* Previous maintenance history 

Vendor maintenance manuals 
m A data base of equipment repair histories 

. Computer-based maintenance scheduling and tracking programs are 
available from a variety of vendors. A coniprehensive 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 r e d u d  by using standard waste reduction techniques such 
as revised operational procedures, equipment m:..!ification, s o n  
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segregation, and recovery. For example, before a filter is replack, all 
process material should be drained from the housing, either under 
gravity or pressure, and collected for reuse.27 

3.3.2 Material change 

Hazardous material used in either a product formulation or in a pro- 
duction process may be replaced with a less hazardous or nonhaz- 
ardous material. Reformulating a product to contain less hazardous 
material should reduce the amount of hazardous waste generated dur- 
ing both the product's formulation and its end use. Using a less haz- 
ardous material in a production process will generally reduce the 
amount of hazardous waste produced. Some examples of material 
change to reduce waste generation are given in Table 3.5. 

Product reformulation is one of the more difficult waste reduction 
techniques, yet it can be very effective. As more manufacturers imple- 
ment inventory management programs, pressure will increase on 
chemical supply companies to produce products with lower quantities 
of hazardous materials. Due to the proprietary nature of product for- 
mulations, specific examples of product reformulation are scarce. Gen- 
eral examples include eliminating pigments containing heavy metals 
from ink, dyes, and paint formulations; replacing chlorinated solvents 

TAbK 3.5 h8mole8 of Wade Recfuctlon Through Matertal Chrnae 
~ - 

Technique 
Household appliances Eliminate clodrig atap by mlacting l u b t  

compntiile with next pmeear rtcp." 

Printing Subrtituk --barad ink fm ink." 
T d e S  Reduce phosphorus in w"br by reducing un of 

Use ultraviolet inmad of biocides in cooling tawem.- 

R e p b  rrolvent.contrining a d h h  with water-bad 

R e p b  water-baaed Nmdeveloping aystem with a dry 

phosphataeontahing &emidam 

Air Conditioners 

Electronic components 

pmdUCtS.3' 

ryrtrm.' 

Replace cyanide cadmium-plating bath with a 
noncy.nide bath.= 

Ink manufacture h o w  d u m  from 
Plumbing fixtum 

Pharmaceuticala 

Replace hexavalent chrome-plating batb with a 
low-concantmtion trident chromeplating bath." 
Replace solvent-bad tablet-aating procast with a 
mta-b.wdproceS6." 

3 

*Superior numbom du to lourc~  in Refcnw lht at end o -8ptu. 
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with nonchlorinated solvents or water in cleaning products; replacing 
phenolic biocides with other less toxic compounds in metdworking 
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 & 
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 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 l,l,l-trichloroethane. However, the aLkaline degreaser residue 
on the parts caused deterioration of the stamping dies. The cleaning 
step was then eliminated by selecting a new lubricant which was 
noncorrosive to the stamping dies. Additionally, this lubricant did not 
have to be removed before the next process step, annealing, because it 
would be burned off in the annealing ovens.28 
This last example points out one major source of possible problems 

with material changes, ie., 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 t o  a water-based product can significantly increase the organic 
and oil concentration in the wastewater. This increase may require 
the plant to  install new or additional wastewater treatment capacity 
and/or pay significantly increased sewer use fees. 

Reducing or eliminating hazardous materials from the production 
process can decrease not only hazardous waste generation, but also 
the quantity of hazardous materials in air emissions and wastewater 
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 ~ O U U S . ~ ~  

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 syst6ms 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 necesmry 
capital investment can usually be justified by the increased produc- 
tion rates, and reduced waste management costs provide an added 
b o n u ~ . ~ ~ * ~  Some examples of process modifications are given in Table 
3.6. 

M o w n g  existing process equipment can be a very cost-eflktive 
method for reducing waste generation. In many caaes 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 
procass equipmeat to eliminate leakage, or installing drip pana under 
equipment to co- leaking process material for reuse.98J8 ~n many 
cases, process modifhtions 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;fyear to 1360 
ks;cyear by installing a sight glass, using better pump scales, and pur- 
chasing 4 broom.s9 Modifjring equipment to improve opeiational effi- 
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TABLE 3.6 Examples of Ptoductlon Process Modlficatlons for Waste Reductlon 

Parts cleaning 

Surface coating 

Process step Tcchniquc 

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 

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 &-assisted spray guns. 
Use electmeatic spray.coating system. 
Control coating viscosity with heat units. 
Use high-solids coatings. 
Use powder coating systems. 

Chcmicni reaction 

Filtration and washing 
filters. 

Surface finishing 

Equipment cleaning Use high-promure rinse system. 
Use mechanical wipers. 
Use countercurrant rinse sequence. 
Reuse spent rinse water. 
Use ''pip'' to clmn lines. 
Use CompraaMd gm to blow out lines. 
Use LdIow-dd valves. 
Install spill baaina or dikes. 
Use seailesa pump. 
Maximize uw of welded pipa joints. 
Install spllsh guards and drip boudk 
Instdl overflow control devi-. 

Spills and leaks 

souxce: 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- 
&ing current equipment will require capital investment in equip- 
ment, facility modifications, and employee training. The extent of the 
investment wil l  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.'s 

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 kglday. 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 month? 

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-specifcation products. This can be 
very expensive, not only u terms of laxr and materiala, 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 use used to strip off the coating from rejected products so that 
they can be recoated. These chemicals, which c a n  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 a t  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 Redudon 

Industry 
X-ray film 

Resins 
Printed circuit boards 

Pesticide formulation 

Research laboratory 

Aircraft components 

Paint formulation 

Furniture 

Technique 
Segregate polyeater Nm scrap from other production W M ~  

Collect waste resin and reuse in next batch..P 
Use filter press to dewater sludge to 60% solids and sell 

Use separate bag houses at each proems line and recycle 

Segregate chlorinated and nonchlorinatd solventd to allow 

Use ultrafiltration to remove recoverable oil f" spent 

S-te and reuse tank-cleaning solvontr in paint 

Segregate and reuse wlventr used to flu& qway-coating 

and recycle?* 

sludge for metal rrcovcry." 

collected dust into product.'* 

off-site nKovery.1' 

eoolantlJ.'~ 

fomuhtions.' 

linea and pump as coating thhner.= 

-*;upenor numbem refer to m u m  in Reference liat at end of duptor. 
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source of generation and handling t..e 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 fm 
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 fum 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 gemer- 
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 aa 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- 
filtmi:-~n, reverse osmosis, freeze vaporization, filter press, heat &ry- 
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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 tit 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 productivi@ 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.46 Current production facilities have the potential to increase 
greatly the recycling of waste materials based on present regulatory 
impacts, increased waste management costs, and new waste recovery 
technologies and approaches. 

Waste recovery should only be considered after all other waste re- 
duction options have been instituted. Actually reducing the amount of 
waste generated at the source will usually be more Cost-effective than 
recycling. In many cases this is because a waste is lost raw material or 
product which requires time and money to manage and recover. Also, 
simply generating and handling a waste produces a range of regula- 
tory, health, and environmental liabilities. 

All of the previously discussed waste reduction techniques can be 
used in conjunction with recovery to produce a cost-effective waste 
management program. One company, a producer of breaded foods, 
used a variety of waste reduction techniques to significantly reduce 
waste generation. A management and employee training program on 
waste reduction techniques and their impact on company profits was 
instituted. Improved operation and maintenance procedures were in- 
stituted, including using dry clear:= for spills and equipment, install- 

- - 
I 

3-20 



44 Warto Minimization Ovrrvirw 

--. -_ -  -I 

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 fum. 
These. plus a number of reduction techniques, decreased water usage 
by about 30 percent, diminated 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.17 

The effective use of recovery will depend on the segregation of the 
recoverable waste from other process wastes or estraneous 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 individ~al.'~*'~-'~ 
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, maters, 
and chemical or product formulators; electroplating drag-out solu- 
tions; process solutions from filter changes; and dust collector residue 
from pesticide for~nulators.~~*~'~~~*'~*~ Lightly 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 usdergo some '.:??e of purification before it 
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TABLE 3.8 Examples of Waste Reductlon Through Recovery and Reuse 

Industw Technique 

Printing 
Photogvnpliic proccssing 

Metal fabrication 

Mirror manufacturing 

Printed circuit boards 

Tape measures 

Medical instruments 

Power tools 

Textiles 

Hosiery 
Food processing 
Wastewater treatment 

Use a vapor-recovery system to recover solvents. 

Recover silver, fixer, and blench solutions." 
Recover synthetic cutting fluid using a centrifuge 
system.33 

Recover spent xylene using a batch-distillation 
system.33 

Use electrolytic recovery system to recover copper 
and t i d e a d  from process wastewater." 

Recover nickel-plating solution using an 
ion-exchange unit." 

Use reverse-osmosis system to recover nickel-plating 
solution." 

Recover alkaline degreasing baths using an 
ultrafiltration system." 

Use ultrafiltration system to recover dye stuffs from 
~as tewater .~ '  

Reconstitute and reuse spent dye baths.60 
Send all solids off site for by-product recovey?' 

Reuse waste caustic solids to treat add 
wastestream." 

Pickles 

Chemicals 

Industrial and consumer 
products 

Aluminum die-caster 

Transfer waste brine pickle solution to a textile 
plant aa a replacement for virgin acetic acid?' 

Us0 spent electrolyte ffom one division as raw 
materid in another." 

Pun@ hydrochloric in waa&&" and sall an a 
product." 
Segregate and sell ofice paper, cormgated 

products.= 

concrete.'* 

\ 

- --- cardboard, paper trimming. and rejected paper 

Sell W M ~  h m e d  amorphoua silica for use in 

'Superior numbers refer to sources in Reference list at end of chaptor. 

. 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 ~rystallization?~*~' The method of 
choice wi l l  depend on the physical and chemical characteristics of the 
wastestream recovery economics, as well as on operational require- 
ments. For a number of wastestreams there are economfcsl 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. 

4 ccrxin manufacturer of shopping carts provides a good example 
of on-site recovely methods and cost savings. The company installed 
three a:xnospheric evaporators on the nickel- and chrome-plating 
lines. These units evaporate water from the plating bath, allowing all 
rinse mater 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 dedined by 75 percent, from 900 kgfmonth to 200 kg/month; and 
sodium bisulfite used in the waste treatment process for chromic acid 
has declined from 1800 kgjmonth 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 $145,000.9 

Most on-site recovery systems wi l l  generate some type of residue 
(Le., 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 bottomvare 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. Same 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 ape- 
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 a m  ahown on Table 3.8. 

For wastes regulated under the Resource Conservation .and Recov- 

- 
I 

3 



Waste Reduction Technlques and Technologler 47 

ery Act (RCRA) there are regulatory barriers to some forms of off-site 
recovery. Additionally, for hazardous waste the generator is liable for 
the waste material handled at a recovery facility and for any residue 
produced. This responsibility may pose possible long-term liability 
problems. Check with state and federal regulatory agencies for the im- 
pact of the regulation on any off-site recovery activity. 

The cost of off-site recycling will depend on the purity of the waste 
and the market for the waste or recovered material. Some materials 
may be salable, while others may require a fee to be paid for disposal. 
The markets for some wastes, such as scrap metals and waste oils, are 
very volatile, and a waste material which has a value one day may 
have none the next. 

For some process materials, such as solvents, the supplier may pro- 
vide services to pick up the material, recover it, and return it for re- 
use. Known as tolling, this vendor service provides a good way to re- 
duce disposal and raw material costs because the reclaimed material 
is usually cheaper than virgin material. This arrangement is widely 
used for metal-cleaning operations, such as machine shops or automo- 
tive repair stations, that use cold cleaners. In these operations, a sol- 
vent cleaner is provided for use in a leased parts-washing sink. On a 
regular schedule the supplier brings in fresh solvent and removes the 
spent solvent for recovery. This procedure is much cheaper for a small 
company than if it were to dispose of the solvent itself; however, the 
generator is still liable for proper recovery of the solvent and manage- 
ment of the distillation residues. 

In some situations a waste may be transferred to another company 
for use as a raw material in the other company's manufacturing pro- 
cess. This exchange can be economically advantageous to both firms 
as it will reduce the waste disposal costs of the generator and reduce 
the raw material costs of the user. This upgrade of a waste into a prod- 
uct requires a strong commitment from the generator to find markets 
for the waste material. In some cases the production process or the 
waste may have to undergo some modification in order to make a more 
salable product. 

A product-development approach can be used to identify and de- 
velop markets for a waste material. An example of the ordered steps 
in such an approach 

Determine waste composition and generation rate. 
m Evaluate on-site and in-company uses. 
m Evaluate off-site uses and locate potential customers and marketa. 
m Identify any processing required to meet product specifications. . E;.aluate poter.. L.l customers. 
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m Negotiate recycle agreement. 

The marketing effort is usually undertaken by individuals in a 
company's sales or purchasing department, with support from  en^- 
neering and technical staff. Some larger Companies have dedicated 
p u p s  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.58i59 

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 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 c ~ m p a n i e s . ~ ~ * ~ ' * ~ ~  
For example, one large corporation purchasing department lists sur- 
plus materials at all p l a t  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 10cation.~' 

Some wastes may have to be upgraded before a market can be found 
for them. Thb upgrading can be in the form of purification, concen- 
tration, particle sizing, or other processes. The material itself can un- 
dergo procassing, or else the production process can be modifkd to pro- 
duce a higherqunli~ w a a h & " .  For example, a circuit board 
manufacturer found that in order to market its c o p p e ~ n t a i n i n g  
was~water treatment sludge, *,be sludge must have a low iron concern- 
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TABLE 3.9 North Amerlcan Waste Exchanges 

Alberta Wasto Materials Exchangc 
4th Floor Terrace Plaza 
44.15 Calgary Trail South 
Edmonton, Alberta 
Canada T6H 5R7 
Califomia Waste Exchange 
Department of Heaith Services 
Toxic Substances Control Division 
714 P Street 
Sacramento, CA 95814 
Canadian Waste Matcrials Exchange 
Ontario Research Foundation 
Sheridan Park Research Community 
Mississauga, Ontario 
Canada L5K 183 
Great Lakes Regional Waste Exchange 
470 Market St., S.W., Suite lOOA 
Grand Rapids, MI 49503 

Indiana Waste Exchange 
Environmental Quality Control 
1220 Waterway Boulevard 
P.O. Box 1220 
Indianapolis, IN 46206 

1nduatri.l M a w  Exchange Service 
P.O. Box 19276 
SpringfIeid, IL 62794-9276 

Industrial Waste Information Exchange 
New Jersey Chamber of Commerce 
5 Commerce Street 
Newark, NJ 07102 

Manitoba Waste Exchange 
do Biomass Energy Institute 
1329 Niakwa Road 
Winnipeg, Manitoba 
Canada R2J 3T4 
Montana Industrial Waste Exchange 
Montana Chamber of Commerce 
P.O. Box 1730 
Helena, MT 59624 

Northeast Industrial Waste Exchange 
90 Presidential Plaza, Suite 122 
Syracuse, NY 13202 

Southeast Waste Exchange 
Urban Institute 
UNCC Station 
Charlotte, NC 28223 

Southern Waste Information Exchange 
Institute of Science and Public Af'faira 
Florida State University 
P.O. BOX 6487 
Tallahwee, 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 efforfi, along with finding uses for several other waste- 
streams, now allows the company to market over 90 percent of the 
hazardous waste it generate$.'l 

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 wil l  not reduce waste Fneration. Ocly a comprehen- 

- 
I I- 

,) 



50 Waste Mlnlmiullon Overvlew 

sivc wastc reduction program will be successful. Such a p r o m  
should include management commitment, data collection, cost- 
efkt ive technology selection and implementation, employee training 

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 d e  
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 agendes and technical assistance programs. The US. 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 dates have established waste m 
duction technical assistance programs. The level of assistance offered 
by these programs varies, and the programs may include on-site tech- 
n i d  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 p u r  respec- 
tive state environmental agencies to find out if such a program is 
available in your locality. 
In the final anal-, waste reduction depends on looking at waste 

in a M e r e n t  way, not as something that inevitably must be treated 
and disposed of, but for what it d y  i+a loss of valuable process 
materials, the reduction of which can have significant economic ben- 
efits. One corporate executive summarized it all when he stated that 
waste is a special@ product for which a market has not yet been 
found.m 

* \ \  4w. ,Gi. cLu- k, \ 
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and involvement, and program monitoring. The foundation of any SUC- 
cessful program is the evaluation of what wastes are generated and ( t % y  ( 4  I 
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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. 

1 

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: 

,....._._........._...__........_............... .. ..................-... -.-".. ..... ... ....... -.- ...... ...- ........................... ".....I .................................... .... 

0 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; 

0 Use raw materials sparingly so that excess waste is not generated; 

0 Use raw materials in correct proportions so that excess waste is not 
generated by making defective products or formulations; 

0 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 

P Ensure that all products and waste is inventoried, clearly labeled and 
properly stored. Inadequate labeling 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. 

Materiai 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; 3ge conditions. Loss prevention reduces wastes by woiding leak from equipment 
and spills. For example: 

o 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. 

Waste w o n  

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: 

. 

0 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. 

o A large machine shop had been disposing of 4,000 gallons of cutting oil 
contaminated with trichlorethane. The company was given information on 
the redycling 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. AI1 hazardous substarices used in the workplace should be 
properly labeled to comply with the Worker Right-to-Know law; In addition, all wastes, 
once segregated, should be labeled as well. This procadure 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. 

Produd and M8tetial subswution ..-- --...-I-- ..... .......-.-- "---."--..."......" ........... "._I.._ ..... - ....... - ...... -- ........... - ............. 
Product SubstiMion entails substituting nonhazardous products for hazardous 

mat%%& the business Wnently 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: 
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0 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 identrfy 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 workloads 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. 

0 

Technology Changes .................................................................. ".........................................."..................------......U.--"--..- ............." ........... 

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 replaceme'nt 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. 1 

Technological changes include the following: 

0 

0 

0 Use of automation: 

Changes in the production process; 

Equipment, iayout, or piping changes; 

. o 

0 

0 Energy conservatizn. 

Changes in process operating conditions; 

Waste concentration or volume reduction; and 
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Old or inefficient 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: 

El 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 experiment with a mechanical abrasive system. 
The wire was passed through the system which uses silk and carbide. pads 
and pressure to brighten the me?al. 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%. 

0 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 a 
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. 

ut. or Pipina ChanggS 

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: 

in the coating industry, the replacement of conventional air-atomized spray 
paint equipment (transfer efficiency 3040%) with more efficient electrostatic 
equipment (6540% efficient) or powder coating equipment (90-99% efficient) 
results in a substantial reduction of waste; and 

0 

o An aircraft and truck aluminum parts manufacturer uses a forging process 
which dulls t k  aluminum. Acid and alkaline cleaning and etching prxesses 
are required to check aerospace parts and "shine" the truck hubs. The 
aqueous solution with metals was routinely disposed of a? a Class I landfill 
at a cost of $lO,OOO 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 
ultrafiltration unit for its cutting oils and now has it recycled by a commercial 
oil recycler, thereby eliminating land disposal costs. 

Process automation involves the use of automat& devices to assist or replace 
human employees. Automation can include 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 (whch 
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: 

Chanaes in Process OW I.atina Cond ition3 

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: 

0 An electronics manufacturing firm using 1,l ,l-trichlor cleaning baths found 
that they could reduce the content of the bath by one third, thus eliminating 
losses by evaporation and savings in raw materials cost. 

o A plumbing products manufacturer uses electroplating and cleaning 
processes that produce hazardous waste. The ajmpany 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. . 

Waste Co n c e w  'on or Volume Reduction I 

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: 

o Commercially available equipment such as sludge dryen or filter presses 
remove the water content of a pretreatment slu<2e, thus reducing the 
weight and volume of the hazardous waste requiring disposal. 

a By reducing the amount of water used for washinG certain organic chemical 
products, companies can lower the amount of wastewater which must be 
pretreated before disposal. 
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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: 

have you considered: 
1. Your management stratey ' 

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 you 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? 

have you considered: 
3. Material handling 

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 process tanks? 
' labeling all containers property? 



4 .  Solvent cleaners 
have you considered : 
avoiding cross-contamination of solvent? 
avoiding water contamination of solvent? 
removing sludge continuously? 
utilizing tank cover or air knife to reduce sur-xe 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 trivaIent 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 
dragou t ? 
reusing rinse water? 
recovering cnrome and ..xkel plating solutions by an evaporation unit? 
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7. 
have YOU considered : 

tnse water 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 osniosis, and electrochemical 
recovery? 
segregating all waste streams? 
using an evaporator for material recovery from rinse tanks and reuse 
in plating bath? 

8 .  Paint application 

using equipment with high transfer efficiency such as electrostatic 
applicators? 
using high-solids coatings such as powder coatings? 
segregating all waste streams? 
using cheesecloth over filters to reduce spent filter generation? 
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? 

have you considered: 

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? 

3 



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 sludge dryers? 
,using filter bags? 

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 formulation? 
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, Oil/water separation 
have you considered: 

using a centrifuge system to recover cutting fluids? 
chemical treatment? 
filtration? 
coolant regeneration? 

i 

After you complete this checklist, you ‘11 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), 83.1 SW 6th., Portland, Oregon 97204; or 
call (503) 229-5913. 

i 
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5.0 

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 fourchapters, you will be 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 
altematives 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. 



5.2 Developing 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. 

5.2.1 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-today 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 

financial awards for innovative approaches to waste 
minimization. 

fhese 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 5 employees. Regardless of the form of the incentives, 
employees should realize part of the benefits of their waste 
minimization ideas. 
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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, 

willingness 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. 

5.22 ProblemSolving Through Employee Participation 

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. It is a method that can be directly applied 
to developing a hazardous waste minimization program. 
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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 
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6 organize employees into groups of no more than 2 to 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 happen in the meeting. 

1. Review the order of the meeting. 

2. Participant roles. . 

3 
a. Leader (generally manager, supervisor, or trainer): 

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. 

c. Members in attendance take responsibility to participate 
and to encourage others. 

3. Use audiohisual aids if possible. 

C. Method 

1. Brainstorming (give each group member an opportunity to 
contribute to solving the problem). 

Q 1909 



5-6 

a. Proceed around the group until each member is satisfied 
that the list includes all of their concernslideas. 

b. If a group member has no concems or ideas, they 
indicate this by saying "pass." 

2. Critiqueheview your list (combine items on list, clarify, gain 
consensus). 

a. Incorporate statements that are much the same. 

b. 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). 

b. Define action to be taken (example: provide 
individual containers for different waste types). 

c. Determine a time frame for action to be taken. 

d. Assign responsibilities (who, what to do, when, 
where, how often). 

e. Write down action plan and post or distribute to 
employees (this can be done by the leader after the 
meeting). 

4. Close meeting. 

a. Recognize member contributions. 

b. Reinforce the purpose of the meeting (e.g., remind 
employees to be conscientious about minimizing 
waste in their work areas). 

c. Review action plan and follow-up procedures. 

Q 1989 
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0. Conduct follow-up to the meeting. 

1. This can be done in the work area or in another meeting. 

2. Review goals with people responsible for carrying out 
assignments. 

3. 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. 

4. Reinforce the positive aspects of performance toward 
achieving goals. . .  

5. Make any changes or adjustments necessary to further 
pursue goals. 

6. Determine what additional training or instruction is needed 
to achieve goals. 

7. Record additional assignments and changes that have 
been made to the action plan, and post or distribute to 
employees. 

5.3 Performing EI 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 s t e p i t  is an essential precursor to the 
other waste minimization approaches. A waste audit alone will not 
minimize your waste, but it will get you started. 
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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: 

1. Identify hazardous substances in waste or emissions. 

2. 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 results. 

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. 

5.4 Improving Housekeeping 

1989 

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. 

. 
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5.4.1 

3 
0 1989 

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 metals, 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 solvent 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. 

- CHMR 
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5.4.2 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. 

5.5 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. 

A painting business uses a hydrocarbon solvent (toluene) 
for daily cleanup of hydrocarbon-based paint. By switching 
to water-based paint, water can be substituted for toluene 
for cleanup. 

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 $1 2,000 annual savings. 

5.6 Technology Modifications 

In many instances, technological modifications or material substi- 
tutions are also vey effective in minimizing wastes. Some products 
can be manufactured 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. i 

Q 1989 
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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. 

5.6.1 Process Modifications 

Production processes may be responsible for the production of 
hazardous waste. Old or inefficient 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. 

In printed circuit board manufacturing, the use of screen 
printing for image transfer instead of photolithography elim- 
inates the use of developers. 

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. 

5.6.2 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. 

0 198s - CHMR 
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A simple dragout recovery system was installed by the 
Stanadyne Company on a nickel 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. 

5.6.3 Process Automation 

Process automation involves 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. 

5.6.4 Changes in Operatlon Settings 

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. 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. 



3 
5- 13 

-9 

5.6.5 

5.6.6 

5.7 

Water Conservation 

Although not as significant as other approaches, water consewa- 
tion can have an effect on minimizing hazardous waste generation. 

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- 
cal undertaking. 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. 

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 
$1 6,000. The distillation unit recovers 85 percent of the solvent 
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in the waste stream, resulting in a savings of $1 5,000 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 sell the refined product backto 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. Ashland 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 attempt to find 
markets for the wastes they generate. Remember that hazardous 
waste to one business &n 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 
can also 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. 



SECTION 3: 
CONDUCTING WASTE MINIMIZATION 

ASSESSMENTS 

- Title Pages form Selected Waste Minimization Assessment 
Manuals . 

- Project Stllnmazy - The 'EPA Manual for Waste Minimization 
Opportunity Assessments; EPA/600/52-025: August, 1988. 

0 WSucceeding at Waste Minimizationn; Eom@ e$ al. 
Vhemical Engineering, September 14, 1987. 

- Lecture overheads. 





' 1088 WSOS Conimunily Action Commission, Inc. 

- GREAT LAKES RURAL NETWORK 
A ( r n n t , ' t  i i i  1 .. ,, r , .I. .I, e ,  . 



Industrial Waste 
Audit and 
Reduction Manual 

- 
A practical guide to 

for waste reduction 
conducting an in-plant survey \ 

l”lbytheomM0 Waste M ~ n y f f n c m  
corporuian (OWMC) with the a s S I S W c C  of 
CANVIRO Cad”. OWMC is a povincul 
Cmwn a m  created by M acr of the Ontvlo 
leguhtum in 1981 to establish a provincial system 
for t ” g  and disposing of liquid indusmal and 
hurrdour wastes. OWMC also help industry w i h  
w- red”. mue. recycllng. recovery and 
exchange. 

_--- 

I’ 



.a 

CMA 
WASTE MINIMIZATION 
RESOURCE MANUAL 

Prepared by: 

Chemical Manufacturers Association 

2501 M Street N.W. 

Washington, DC 20037 

(202) 887-1100 

CHQMtCAl MANUPACTUFIQRS ASSOCUTION 



i saN ~1.7729-29~2.3 
Copyright GI987 
Ontario Waste kfwagement Corporation 
4II rights reserved 

'40 pan of this manual mdt be reproduced wirhout the 
written permibrion 01 the OntJriu Lk.Ne hndgement 
Comration 

September 1Y87 

Design: .Metatour I Toronto, 
Pnnted in Canada 

c 

U 2  



c 

Waste Min imirat ion 
Opportunity Assessment Manual 

3 

Hazardous Waste Engineering Research Laboratory 
Office of Research and Development 
U.S. Environmental Protection Agency 

Cincinnati, Ohio 45268 



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 rogram. It 1s not within the scope of this manual to 

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. CLMA does not make 
any warranty or representation, either express or implied, with respect to the 
accuracy, completeness, or utility of the information comained 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. 

analyze specific legal, PO E 'cy, or technical issues that may arise in establishing 

COPYRIGHT NOTICE 

This document may be copied and distributed freely as provided below. 

This work is rotected by copyright. The Chemical Manufacturers 
Association &MA) 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: 

e 

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. 

~ ~pproval 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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SEPA Project Summary 

The EPA Manual for Waste 
Minimization Opportunity 
Assessments 

Gregory A. Lorton. Carl H. Fromm. and Harry Freeman 

Waste minlmlzatlon (WM) Is fast 
gaining recognltion as a means of 
c o n t e n d i n g  w i t h  t he  nat ion 's  
hazardous waste problem and omer 
forms of environmental pollution. 
Oppor tun l t l es  ex i s t  for waste 
mlnlmizatton throughout Industry and 
govemmenL The waste mlnimitrtion 
assessment procedure described in 
the full report otters a means of 
de te rm ln lng  a fac l l l ty 's  waste 
s l t u a t l o n  a n d  l d e n t l t y l n g  8nd 
ev8luaHng potsntlal v l r b k  optlonr 
for reducing waste. (In addltlon to its 
~ v a l l o b l l l t y  through tho Natlonal 
Technical lnformatlon Service. this 
r e p o r t  Is  b o l n g  Issued as a 
tochnology transfer manual, €PA- 

This Pro/oct Summary was 
d0wlop .d  by P A ' S  Hurrdous W n t r  
Enginoerfng Rosearch Laboratoy. 

flndlnqt ot (ho rOSe8rch project mat 
Is fully doeumontod In a repar810 
report ol (he same UUa (sem P m / W  
Report oderlng Intormauon at b.drC, 

62!5i7*881003.) 

Clncinnatl. on. to announc. key 

what is Waste Minimization? 
Wasto minimization is comprised of 

source redudon and recycling. soucb 
reduction is defined as any mwty that 
reducw or eliminates the generanon 01 
waste at the Source. usually within!+- 
process. Recycling IS defined as the 
recovery andlor reuse of what would 
0m-l- be a waste material. Figure 1 
illustrates the various categories of waste 
minimization techniaues. 

The emphasis in this paper is on 
'huardous waste.' However. all waste 
streams must be considered when 
conduc8ng an assessment. This includes 
air emissions. wastewater, and non- 
hazardous solid waste. The transfer of 
pollutants from one medium IO another is 
not waste minimization. 

Incentives 
There are a variety of incentives for 

minimizing wastes. These include the 

0 Attractive economics (induding 

folbwing: 

reducing waste treatment and 
disposal costs. and savings in raw 

Increasing reg~lations (including 
landf ill disposal regulations, 
reporting requirements. and 
pmmitting requirements for waste 
Ireatment) 

R.ducsd liability (including liability 
for environmental problems and 
umrkplwcr safety) 

Improved public image and 
anwronmenrai ~ ~ n c a r n  

mueriJcosu) 

Tho economic performahe of WM 
pfoiects has been enhanced in recent 
years by the dramatically increartng 
costs d waste disposal. Environmental 
regulations. espeually RCRA (Resource 
CocucnvatIon urd R8CovUy Act). have 
had a major effect on treatment and 
ditOosJ costs. 
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Waste Minimitahon Tecnnigues T 

Proaucr Changes - Proeucr Suasntuaon . Proaucr Consemation - Change 10 Product 
Comootrrmn 

Source Conrrol T 
1 ~ e c ~ t l r n g  I (Oostre ad O h r e ,  

1 
I 

I 
Use anu Reuse ReCIUnaDM - Return 10 OrigmnN Process 

. R h r  Material Suosarure Recovey 
lor Anomer Process 

. . PmcessW tor Resource 

Prwessee as a By-product * 

Tecfinology 
Changes - Process Changes - Equrpment. Piping, or 

layout Changes - ~ ~ i m n d  Au10maaon - Changes in 0permon.l 
semncs 

aste Minimization 
.*, =;sment Procedure 
Tho wuu minimization assessment 

procedure presented here i s  a 
systematic framework mat can be usrd 
by a facility's own employees to identify 
WM opportunitras. As a structured 
program. it provides intermediate 
milestonos and a s tep-by-step 
proerdure to (1) undrstand the facdily's 
wastes and procrssor. (2) identify 
options for raducmg waste. and (3 )  
detormino which of the options are 
technsally and economically fouibb to 
JUSII!~ implementation. On the other 
n m .  the procedure should k modified 
to moot tho spocrfic needs of the 
indndwl company. As such. Lhis manual 
sfiouwtm view as a source 01 ideas 
and concepts. rathor than a rigorous 
prorurption of how to do asesmmts. 

figuro 2 i l lustrates the WM 
assossment procrduro. The WM 
assesm.crl pocrdure is one pu t  of a 
larger W.IU minimization program. which 
I S  requirod 01 hazardous waste 

* genrrrtors. *Careful planning and 
arqmit.liorr precedes the astessw~ent 
itself. The usossment procedure can bo 
split into lvro myor phases: 

0 Assessment phase (col lect 
information. and identify and 
screen potential WM options) 

a feasibility analysis step (Iechnlul 
and economic evaluation d the 
oguons) 

Implementation 01 (he recommended 
optmns lollows the assessment The WM 
program should be viewed as a 
conllnuing program. rather than a one- 
time eflon. 
PIanning and Organizaffon 

Careful planning and organiration IS 
necessary to bring aeoul a succcssfd 
WM program. To stan the program UIO 
inuntun momentum and conlrol. 11 i s ,  
necessary lo  obtain management 
commitment. the program should set 
general goals by which lo measure its 
effectiveness. Serectrng a good program 
staff is critical to the ull"e success ot 
the program. Sinqo !be program IS a 
protect organization within the company. 
a task force provides an eIlOCtive way of 
carrying out the program 

Assessment Phase 
Tho assessment Serves to identily the 

best options lor minimizing waste 

"ugh a thorough understanding of the 
waste-generating processss. waste 
Streams. and operating procedures 
Therefore. assossment task force s; 
first maw tasks are to collect informai~onr 
about the facility's waste streams 
PrOCesSes. and operations. 

Collecting and Compiling Facility 
Information 

Informam about the laaltty't wasv 
streams can come trom a variety c 
sources. such as hazardous wastc 
manilans. biennial reoorts. envtronmenta 
audits. cmrsscon inventories. wast. 
assays. and permits Mass balance 
should be developed lor each 0 1  Ihc 
important waste-generaring operatlonc- 
to identify sources and gain a better 
understanuing of the wastes' origins 

Collecmg waste stream data anc 
consVuctmg mass balances will cream P 
basis by wtuclr Ma assessment task car 
IraCk ma llovr and CharactCristiCS of l h ~  
waste streams over time. This wi l l  be 
useful tn ~jentilytnq trends 111 wasle 
gcneraaon and mll also be critical in tre 
task of measuring tne performance o 
implemented WM oplions laler The 
result of Ihe activity is a catalog ol waste 
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streams tht provides a description of 
each waste, including quantities. 
rrequency of discharge. compodtibn. 
cost of management. and othw impatant 
information. 

In addition to data about waste 
streams, other infomatian is needad to 
iuiiy ~ndsnund tho facility's opsrrtians. 
This includes th. tollowing items. 

Process, rquipmeni and taciiity 
d.rign m t i o l l  
~nvironmonta~ ieports. usrys. 
mmiiosts. doarmmls. and permits 

R 8 U  mater ia l  p r o d u c t i o n  
infonnrtkn 

Operating cost information 

Po l i cy  an& organ iza t iona l  
inlonnrtion 

Prioritizing and Selecting Waste 
Streams to Assess 

Ideally. assessments should be 
conducted on all of the wrrte- 
generating operations in a plant. 
Honmnr. in larger plants this OM is not 
practicrt, considering the limited 
r.bocwfos (money. Ime. and aperdise) 
avdkbk. In this.Cas0. tho rururrwm 
program task force should prioritize th;9 
streams. lmportrnt criteria to corrridsr in 
priorititin9 waste streams War frciiity 
areas 10 assess include the folkrrinq 

~Compiiurce wilh current and ILLur. 

*0isposrl cost and/or qwntity d tho 

o~azan~ous nature of me waste. ud 

.Potential for (and ease of) 

environmental regulations 

wute 

other safety Considerations 

minimization 

*Potential for r m o v h g  production or 
w u 1 .  ~ c w r t  boubmcb 

0Av;rilrMo budget and expertise for 
the waste minimization assessment 
PIOenm 

A pmctkd consideration in selecting 
n r f t s m s  t0fVwfirotass"ent is 
to tind Wmsa that un be reduceid with a 
good l ikel ihood of success. A 
s " W i y  implmontod WM project 
will en" tho acceplmce of lunher 
wasto minimization O i l o r l s  .within the 

Select Assessment Team 
Members 

Th. assesmmt toam mwt include 
pooplo who are familiar with the area of 
the Mkty  to b~ ~SSWS&. Including first 
line operators and p~aduction supervisors 
is nc~mmwded. Thsso people may or 



may not dr- be on the assessment 
program task fwu. (in a luge facility, 
thetask force should have a broad 
understanding d the facility's operations. 
while the a s a s s " t  team Should have 
a spdfe undartprnding of fhe areas to 
bo msess8d.) tl may be advisable to 
include p6Wo tr#n othw parts of the 
facility that rbgululy interact with the 
u w t o k w .  

3 

Site Jnspection 
AtUmgh cdkctlng md reviewmng data 

is important in the' assessment. the 
hm must be farmliar with 

tho mw at the lib. TO do 
this mqukm w th. assessmult team 
w3it mo $ita during the various stages of 
cyclos of an operation. If all of the 
am" tam members work at um 
f d t y  (Or u. bcrt.d rdobively cbse by) 
it b .UY for Uto t o m  members to visit 
tho sit.. .Howovor. i f  ono or more 
ma" am ban outside d the facility. 
it is "odd that a formal site 
i"karri.dout. 

Tho formal inrpoction . serves to 
~ 3 1 q u a m n s  ' niad during the 
roviow and to complemont that 
informrtlon rlroady obtr inod and 
nvkmd'oulkr. Tho inspoeth also 
continns rrho0nr or not the facility 
actually Oporatos in the way it was 
originJlv in- to. This inspection 
cmcmtm"- * howm 
"ar,ga"d. 
Th. "mt to8m should 'walk 

th. llm' tr#n th. beginning of tho 
PIOcrrr 0 ut8 Point * 0  products and 
wastma lrrn m facility. Since waste can 
k Q"td in mcoiving and stamgo 
8fns u mH a8 mo podwtion u e u ,  all 
M1I r * i M  m a i b  thou# k Visibd. 
Tho followinq.guidolines will holp in 
cq"ng 8n uktivu site inspodion: 

0 Repamulagondainodvatuo. 
* s c w u l o l h r m  * totoincid. 

. .  

with tho p8rUwkr operation of 
int8mL 
Monltor oporrtions at difhront 
tm8duhrgmoshirt 
mowioW o"h tar", and 
rupmbar.kurrmoPu.ting 
P."rraw8mnasotmrrut, 
ssnorrtion at:ects of t h o .  
w.moa . ~ m o h a r s B k o e p i n g ~  
dth.ogrroon ' . Assess mo ovor8ll 
d.ulli" d th. sib. 
R" Uw organitationd strumre 
ind kwc of Coodinrtion of wasto- 
rolalod rctivitios botweon tho 

frility area and other 
rdrted a n u .  

. 

0 Assess the administrative controls. 

Generating WM Options 
Following the collection of data during 

the assessment preparation step and the 
site inspection. the members of the 
assessment team will have begun to 
identify possible ways of reducing waste 
in the assassed area. The generation of 
options is both a creative and analytical 
process. While the individual assessment 
team members may be able to sugged 
many potential WM options on their own, 
the process can be enhanced by , u s q  
some of the common group decision 
techniques. such as brainstorming. 
These techniques allow the team to 
identity options that the individual 
members might not have come up with 
M their own. 

Identifying potmW, options requires. 
the expertise of the assessment team 
members. Much of this knowledge 
comes from their education and on- 
thejob experience. Other sources of 
background information on potential 
options include th. following: 

0 T r a d o a s s x i ~  
0 Published lib" 
0 Environment81 conferonces and 

0 Equipmentvendon 
0 Plant personnel (especially the 
opcmton) 

0 Fodora l .  state. and l o c a l  
govornment  onv i ronmonta l  
agencies 

0 Consultants m o r  wpbyees from 
other facilities 

exhibits 

Screening and Selecting the 
Most Promising Options for 
More Detailed Evaluation 

A successful usessmmt will result in 

this point it .is necessq  to identify thou, 
options which offer a real potential to 
minimize waste md reduce costs. The 
scrwhng procbdufe serves to eliminate. 
thoro suggested options that are) 
perdved as muginal. impractical. or 
id-. without tho deuihd and m e  
costly kuibility study. l'be pl0cbdur.s 
for sueming these options can range 
hom 8n informal decision made by the 
assessment PIOonm nunagor or a vote 
of tho assessment tom. to a weighted 
sum method that combines relative 
weights of such factom as operating cost 
reduction, capital cost roquirement. 
reduclion in waste hazard etc. 

Some options (such as procedural 
changes) may involve no capital costs 

m y  WM options being woposed. Al 

and can be impk"ted quickly. Tha 
' mwng " d u r e  should account tocc 
the ease of implementation tor an option1 
If such an oplion is cleuly desirable MC 

. indicates a potential cost savings, ill 
Should be amsidered for turther study 011 

outright implementation. 
In .screening the options. the 

. u tmsmmt team determines what t h e  
. i w " t  criteria are in terms of the WM 

aSseSSmOnt . program goals a n d  
constnints, and the overall corporate 

. goals and constraints. Examples off 
t h t  CUI be used include the, 

0, Does the necessary technoloqyr 
' 

exist to devdop the option? . -- .@ .Herr much will the option reduce, 
' .waste quantity, hazard. anel 

...- - 0 - b  much will the option rducet 

. '0 : b v  mw), will the option rsdwel 
. 

"'. How much does it cost? Is it cost: 

0 CV, the option be impk"tet j  
wiUlih a reasonable amount of 
time? 

0 Does the option have a good 'track -- --mcodncord'? If not. is them evidence 
Ulat UlO Option C a n  work in this 
uss? 

folkmng: 

. b"sm/disposal costs? 

Safety hazards? . .  

' -the rru of input materiais? 
.-. . ...e,. what will the -mpaCct be on li.abilily 

1. ~mdinsunncbCOstt? 

. .  - "ffoctivo? 

w h t ~ ~ l i t s w i u o c c u r ?  

Feajlbiltty Anatysis Phase 
The WM options that are successfully 

SCfOOnd in VW, assessment slop then 
undergo a more detailed feasibility 
Uurpis. The feasibility andysis is not 
unlike tw carded out for any new project 
within most organizations. However. there 
are some imponant characteristics to 
consider when evaluating waste 
minimization projects that are not 
ntessady considered with omer types 
otproious.. 

Technical Evaluation 
The purpose of tho technical 

"ion is to be sure that th. option 
ma redly rrork as intended. and whether 
it CUI be implel;.sntod with specific 
facility constraints and product 
requirements. Typical criteria for the 
t-enhrulorr * include the following: 

Will Ihd'"6ption 'work ' i n  lhls 

How has it worked in similar 
rppfictbocr? 

awktbns? 



IS space available? Are utilities 
available? Or must new utlllty 
systems be installed? 
IS the new eauipment or procedure 
compalible with the facility‘s 
operating procedures. work f l o w .  
and production rates? 
HOW long w i l l  productiOn be 
stopped in Order to install the 
system? 
Will product quality be mqntaned 
or improved? 
Is special expertise required to 
operate or maintain the new 
system? Ooes the vendor provide 
acceptable service? 
Ooes the system or procedure 
create or remove safety hazards? 
Ooes the system or procedure 
create other environmental 
aroblems ? r - -  

All affected groups in the facility 
ihould contribute to and review the 
esutts of the technical evaluation. Prior 
:onsultatmn and review with the affected 
youps is needed to ensure the viability 
and acceptance of the Option. II the 
3ption calls for a change in production 
.nathodS, me effects on the quality of the 
tind product must be determined. If the 
n o p a  appears infeuible or impracncal 
~ f te r  the technical evaluation. i t  is 
floc- 3. 

. mic Evaluation 
r? 8 economic waluauon is carried 

aut using tne standard measures of 
profitability. $uch u payback Pond or 
arcountod cash tbw f8Chftqu8S (iotemal 
rate of return and net present value). 
Each company uses its own economic 
evafuabon procedures and Criteria for 
seleang projects for implementation. In 
performing the economic evaluation. 
various costs and savings must be 
considered. At in my prolect. the Cost 
elements C;UI be broken down into 
capctaf costs and oprrating costs. 

Ca@t.l costs for WM proiects are 
smilu to mast other projects. These 
costs include not only tho fixed csoital 
costs for designing. purchasing. and 
installing equipment. but also COW for 
working capital, permitting. training. 
start-uo. and financing charges. As 
mentioned earlier. it is important to 
realize that some WM opnons. such as 
procedural 01 m r t m l s  changes. mll not 
have any capital costs. Also. many 
source reduction options have the 
advantage 01 not rhquuing environmental 
oarmimng in order to be implemented. 

WM propets need to show a savings 
in operatmg costs to be economically 
etfective. Operating costs and savings 

typically associated with WM prolects 
include the following: 

Reduced waste treatment. disposal. 
and reporting costs 
Raw material cost savings 
Insurance and liability savings 
Increased c o s t s  (or Savings) 
associated wi th  product Quality 
Oecreased (or increaseu) ulilities. 
operating and maintenance costs. 
and overhead costs 
Increased (or decreased) revenues 
from changes in production 
marketable by-products. 

Once the capital and operating cost 
savings have been determined. the 
protect’s profitability can be determined 
using the profitability measures These 
methods are discussed 111 virtually all 
linancial management. cost accounting. 
and engineering economics textbooks. 
Those options that require no capital 
costs should be implemented as soon as 
savings in operating costs can be shown. 

An important consideration of WM 
projects is their potenrial to reduce the 
risk of environmental and safety liabilities 
lor a company. Although these risks can 
be identified. it is difficult to pro&! i f  and 
when liability problems will occw and the 
f i n m i l l  impact. II is important that the 
managers within Ihe company who 
decide IO luna the company‘s proiects 
be awue of the significance 01 these 
risks and factor the risk reduction 
benefits of waste minimization mto these 
prolects. Also. while the politablily of a 
WM assessment program is imgoftant in 
deciding whether to impla”t a wolect. 
compl iance w i t h  environmental 
regulations may be more important. 
since wolation may ultimately result in 
shulbng down the facilrty. and possible 
criminal penalties for the company’s 
resgonsible people. 

Final Report 
The product of a WM assessment IS a 

repoct that presents the resub of the 
assessment and technical and economtc 
feasibility analyses. I t  also contains 
recommendations to implement the 
Ieouble options. A good final report can 
be an important tool for getting an 
attractive prolect itnplemenled. The 
report should include riot only how much 
the prolect will cost and its expected 
performance. but also how it  wil l  be 
done. lmponant topics to discuss include 

0 whether the technology or 
procedure is established. with a 
mention of successful applications. 

the lollowing: . 

0 the required resources (money. 
expertise. and manpower) available 
in-house. and those resources that 
must be brought in lrom outs~cz. 

0 the estimated construction’ period 
and production downtime. 
Ihe means by which perfotmance 
can be evaluated after the project 
has been implemented. 
the reductions in environmental anj 
safely liability 

eelore the report is finalized. be sure 
to review the results with the affected 
groups. It is important 10 SOIICII the 
support of the affected groups 8y  having 
people from these groups assist  ~n 
prepanng and reviewing the reoori the 
chances are increased that lhe attractive 
prolects are successlully implementsc 

i 

lmplemenfation 
The Implementauon of Ihe WM prqect 

is not unlike any other project that 
involves new equipment or procedures i t  
may be necessary to overcome inertia or 
resistance lo  change within t h e  
organization. The commitment of 
management to waste minimization IS 
important at this time. 

Once the pro iect  has been 
implemented and operating. 11 IS 
important to evaluate its performance Is 
il performing as expected9 If not snouic? 
it be abandoned. or IS 11s use still 
beneficial? What other potential options 
have been v3entified through rne 
operation of this option? 

Ongoing Program 
The WM program should be viewed 

as a continuing one. As WM oottons are 
implemented. the task force Should 
conbnue to look for new opportunities. 
assess other waste streams. and 
consrder anractive options that were not 
pursued earlier. The ultimate goal IS IO 
reduce wastes lo the maximum extent 
practcal. 

Conclusion 
The waste minimization assessment 

offers opportunihes to reduce operating 
costs. reduce potential Iiabilily. and 
improve the environment. w h i l e  
improving regulatory Compliance The 
WM assessment procedure results tn a 
caroful review of a plant‘s operattons 
toward reducing wastor The W M  
program task force thoula strwe to butid 
a waste minimciation philosopny whin 
me company In doinq so. the enti‘- 
company CM help to tnitnmia nasi* 
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A step-by-step auditing 
procedure produces 
a comprehensive list 
of waste-reduction 
possibilities. And, its 
ranking system provides 
guidance for selecting 
the optimum option. 

SUCCEEDING 
AT WASTE 
MINIMIZATION 

a ~ t c  disposal is getting incmmingly dimcult and cosdy. For 
instance. landfilling, editionally the favored dispal opdoa for a 
majority of hrurdous wyw, is now subject to stia conPois in the 
U. S.: kndfill mgulntio~~ mandate gmundwwr monitoring. 

leachate collection-and-creatment spstcms. and double hen. Over the &t 
three yean, thecost of knddispoul hrs bcmsed by a f m r t o  taroto su, d e  
pending upon the eypa of waate and its loation. And the thrat of future legal 
iabilitles hu further blunted the a p p d  of that opeion. 

Altemaave &pad tcehniques, such as inciamtion, pose thdr o m  sets of 
mcuiliesaad~aru 

Facing this disporrl &le" many p h t s  are now looking at ways to 
minimize thr mount of wastar leaving their rim. There am other menrive. 
roo, for reducing VPIth gsnmdoa: 

0 It is a deaimbb entrimnmental god. 
0 It M d u m  a M s  pountLL liabJitp for problem &rad wnth oifs~te 

wumhradling and dispm8l 
0 Genetaton must c d f y  thu ruu has been "id to the &mum 

extent d e e d  cconomiaUy fadbk (1- No. 16 on the Unifom H d o u s  
W a u  ;Hyliiast); ALa drrn ia a bianniri rrpordng requira". 

obn dtcedvcs when the 0 Then ia a prmpect of scrrpager autaa"a 
U. S. 5virotuaentrl pmocrioa Agency in 1990 "ham induatrfs efforts. 

Them are thrn buic tuhniqua for warn "iniing: "e ducnon. 
racyding, rod llyu tm"~ In-Iy, reducing or avoiding VYY genera- 
won u the mudmido god, aad should be expbml fkrt "hen comes 
recycling, fobwed by mu"; Tabk I details elexnenta of tbrrr appmachcs. 

Idenafying dl 'Iutrahbhtion pouibititirG ad thrn srhcting the best 
ones, M p rnrlciukge.An uuiitingpmadw, aa we rill spell out, a n  
rnackdly help u) una= th anortrotlubk opdonr. Unlike am entrironmenul 
audit P w u t " a  ' om foeprrs on "how to" issues, nther than rrgphtory 
compiiance and "are we s u p p o d  to" comma 

Using such audipiag, a wuunrinimineion prooMI bYOlVcr SIX sages, as 
deuiled in Tabk 11. 

. .  . 

Tddng -dnurl# gnyminarl.r 
tniription of a S t l e c u $ w  rutbarinimintion prognm demands topmyre- 
Tent commitmenc dloarioa of rdaquru thanchi md tachnid n"u, an 
apyr0pri.u or@zacbe, d good daftnitioa of OOJI and phaaing. 

Fmm the onset, it is important to & rhu tbr p m g "  my have to 
ovemme such M m  u: a lack of anrcnar  of the bedu of waste 
minimization: limiutioni of trehaiai st& concern over tampering with an 
adquately mnning pmear: urd o g n i z l t i o d  in& and politie. Thus. 
conruuctive rpprorches m y  have to k wd 0 cope with hew fmn. 
The auditing procedum M be cadad out by an inunul usitforce with 
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or without an outside consultan:. T h r  
leader should have solid :ccnn~csl cre 
dentials as well as proven problem-solv. 
ing abilities. The team should include at 
least one “outsider.” e.e.. a p r s o n  
from another plant or production unlr: 
that penon wl l  help spot ana avoid 
inbred plant biases. 

The audit team must be given 
enough authority SO that it can gain 
access both to ail required k h n i c a i  
documentation (process flow diagrams. 
piping -and instrumentation diagrams. 
inventory and operauons logs. etc.) ana 
to technical personnel a t  rhe plant 
Now, the team can s t a ~  :he preaudit 

stage. Review of pertinent documenta- 
tion and references should result in a 
welldefined List of information needs. 
or a plant-inspecuon agenda designed 
to fill in the gaps. 

A site visif including a guided tour of 
the facility, then should provide fust- 
hand inforrmaon about the p l a n t  par- 
ticularly with an eye to filling informa- 
tion needs and gaps in arsentkl data, 

At this time, the Views of plant oper- 
ating penonnel on the focus and func- 
tion of the audit should be sought In- 
deed, the visit should establish a goocC 
working relationship with the site p 
sonneL The inibal point of confact (for 
example, the piant manager, or envi- 
mnmend coordinator) should be en- 
listad to champion the prognm. 

Information on all was& s t ” s  leaving the plant should 
n compiled. Reviews of waste maaifcsu. process flow dia- 
pms. piping and b t n t m e n u t i o n  diagnms. and heat-and- 
n;i&rkl b.lonca we pardcuiviy useful. Each diagram 
ihould be pnnlyzcd for all poinu where w a t e  generanon 
w l d  occur. 

Equipmentclclning was- must also be considered. In- 
ieed, in batch p”, large quat i t ics  of wastes may be 
“ciatad with operations such as cleaning a reactor or 
nixing vcsrcL Yet thue incidental wastes rarely appear on 
?mess flow di8gnnu or ya q w d f i e d  in process descnp 
doM; so, diserrrsioM with key open+tions penonnel are 
essential to d e b  such wastes. 

Waste imams shouki be quantified on a uniform basis. If 
a strtun is intermitank it should be represented as a 
pseudocontinum one. Once dl waste sueams an quanu 
fied, each should be expmaed as as percentage of the uta 
quantity of mta leaving the p h t  

Armed with this infonrudon, the team can select thr 
waste stream to be taqpmd for immediate attenuon. Sine 
this csublihes a focus of the entire audit acunty, a grea 
deal of thought must be given to this targeting. L‘sca 
cntcria include 

Method and cost of disposal. 
Composition of the waste. 



0 QurnritJr (present and future). 
0 De- of M (toxicity, h m a b i l i t y ,  ee.2 
0 PotenW for " i z o t i o n .  
0 Complirarr status (current and future). 
Once chia dpir is ihished, the multr should be s u m  

myiud in a wittan npon which should mapia the follaw- 
ins the fidiicp locrdon rad s i z e  a deadprlon of the p m c m  
or opmhns of conam with dhgmns aeessary to detail 
perdneat rsprct3 of wme gene&= detail8 about the 
. wuu s m "  -including genemtion ntrc apmporiajonr, 
dirpoul md nw-murrhl m-focuSbg OII 
curnnt merhocia of "gmenc rtu &ode for sel&a 
of that was@ s(rrun. --- 
With Uta rim of the audit now foeusrd, the &am should 
~fuUyeonduaminrrpcriontodeveiopanund.ntonding 
of hor the "d wutl ia genrrrtad. Thia insprcrvM 
should rbo pmrid. my rddidocul intonnation a& to 
ckeidrrboot"Lrtioaoptionr. 

d 

Thr following suggestions may prove helpful: 
1. Hive  aa rglld. d y .  
2 Plrn to observe the opedon at Mennt tima during a 

shift S o m ~ .  monitoring of all rhifu is essential- 
eaprcroliy when w u u  genemion is highly dependent on 
human involvement (u is typical of m y  di.rcraU m ~ u a  
operrtionr, such u pintiny or p;rru cleaning). 

3. Obtain penmuion to dLectly intewiew the oprrton 
and s u p r v w n .  b u n  rtunri\.cly. and do not hesitate IC 

ntsrvic# mom thrp one pcmu on the subpa. Assess chert 
wamnesa of the rute*gcnurtion upceu of the opemuon. 

4. Get applwai to pbocognph the faaliry. Phocogaphs 
ue dmbk in thc absence of layout drrmngs. 
md QII crpzun may wful details chat wll help in the later 
Jhrwr of the a* 

5. O b "  the bkeeping. Check for signs of leaks and 
I@. vit the mrinunVra -ent and inqure about 
o problems in &raining equipment Ieakfm. 

6.&8@Sthe0- spucture and the level of 
sxwiiuah of "mul actindes berwetn various 
-ah 
In addih, it my pro*r bendkid d u n g  the pmpantion 

urd conduct of the urdir inrprcriOn to menully "walk the 
be" from the mrpmrd sours of was@ genenuon to the 
point of exk 

Now, t!m u~ln should be in a pit ion to genente a 
compnhcnriw su of r u t u n b h h  Don opaons. A bran- 
stornrjng WUioD hdvbg the e n h  audit t am is one way 
o do thir, a d  "&ran develop liru on YI indepen- 
deat h i s .  

h n  should k awridrnd Mom myding or PtPanenf 
It is important to create Y comprehensive a list of options 

as pouiblc The eheckht appearing in Table $11 may be 
helpful in thinking about rltunrtivat. The wplflcmmimiza- 
rion memuma epmntly in phce am rko worth lisung, since 
they m y  I d  u) additional approaches. At this point. do not 
worry too much about the vubitity of the suggcsuons. .A 

baxploring~~ktornrmphu~thrtso~miuc. 
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-1 written mtionale. backed by literature references or record- 
ed discussions w t h  equipment- or matenal suppliers or 

Once a thorough list ha been developed, the team's 
attenuon c3n turn to assessurg the vanous opuons. hlterna. 
uves that do nor ment further atrenuon can be weeded o u t  
and the remuning choices anked  in the omer of desulbility. 

Ranking can be performed by taklng each opuon in tlvn 
and looking a t  how I C  sucks  up on key cnrena such Y: 

Eff ectaveness €or reduclng waste. 
0 Technical risk. -. 
* Extent of current use in the facility 

Indus-1 precedent. 
Capital and operaang costs m d .  
Effect on the quality of product. 
Impact on plant operauons. 

0 Requlred time for implementation. 
Other aspects important UI the parucular situation. 

should suffice. ) 

Assign a numencal value (say, from 1 t~ 10. with 10 beurg 
best) for the weight of each of these cntena. Then, rate each 
option wth mpect to each cntenon on the same scale. and 
add the products of the weights and raungs. 

Such evaluations should be conducted independently by 
the audit team, and facility penonnel. This pmvldes a useful 
framework for idenrifymg, and resolvmg, dffcmnces oi 
opinion. The ntings should be compared and discussed at I 
joint meeting, so Y to evolve m u d y  accepable raUp - 
with the audit uam leader in firm conuol of discussions. 

(It is important how some optiom are inpoduced-ththc 
audit warn should be particulviy sensitive to the way ix 
which the howkccping  measures are pmented.  For exam 
ple. a rrcommendation to ketp coven on degrr rscn  mal 
seem Vivir1 and even a little insulting. The opemting s t d  
m y  be tamptad to respond "Don't you think we know tha 
already." However, if, in this case. a rough err-@? o 
avoided solvent-replacement mat is p e n ,  the suggwh! 
will likely be better undemtood aad not dismissed Y pivirl. 
This racoodiirtion seasion should lead to a 1Lt of wasu 

minknitotion options with r ev id  ratings. 
Selection of options for fwibility aaalylis should be hscc 

on the rrviscd w e i g h t "  valuu. The number of d$m 
t i v a  cons ided M e r  depends on the b e ,  budget ani 
other m o m  available for such study. 

Those w 8 a t e " ~ n  appmrcha  selccred should b 
explored duriag the port-audit sage in enough derail t 

-muPorr--- 

erive study-gnde estimates of Capital and openting ~ 0 ~ ; s .  - -. 
:spital and operating cosrs should h e n  bc subjecrrd '9 
t andad  profitability analpis, which must take into cons:d. 
~ntion avoided costs for disposal and marerials [ I } .  

Technical feasibiiity should Zlso be assessed - based on 
ndustriai precedent or additional benci-male or t na l -pma~~ .  
ion-mn testing. Close anention should be paid v, e r k 5  OR 
lroduct quality, especially in cases of material subsdtulon. 

Such an appmach leads to a rational b v i s  for selecuon. 
%e findin0 of the analysis should then be summanzed ir. a 
inal repon. This should give clear recommendations a5 a a 
louse of a d o n .  It b o  should document the basis 2nd 
nethdology used to derive the expected results. 
This compiem the audit portion of a wasteminimitz::on 

wojecr If management decides to go ahead with the pmjwt. 
h e  implementarion stage then proceeds along a well-esrab 
ished route of preiirmnary design. final design. procure- 
n e n t  consauction and startup. Alternatively. chs pnase ' 

nay be preceded by additional resenrch and development 
However, m y  wPsteminimization options u n c o v e d  

iuring the audit can be put into pnctice immediately, as they 
lo not cost money. These options usually fall into the areas 
3f  good operating pxacticu or housekeeping - for instance, 
s t a r  operator naining or waste segregation. 

How does one " s u m  the succus of a wasteminimiration 
pmgnm? The relative wostcgenemrion nte. which b based 
on pounds of w m e  constituents of concem per unit pmduc- 
tion, appean suihble. Alternatively, one can use the raao 0:' 
input-materids mass to unit production. 

Although this systanutic approach should prove useful in 
identitying and evaluating tPrrtPminimization options and in 
coaducting effcedvc audits, its success requires cooperation 
between the audit team and plant operating penonnel. as 
well u a good undemanding of the p r o m s  and its underiy- 
iag principles - and crutivity and hard work. 

ildrrk D. Rororr.iq. Editor 

Wm0Unalthoug)rh 

1. J o u p l * a  J, Haanbun W w  kaddllr. Enrir. SIX ond Tech.. Voi. E. 
yu. 1s1. Do. 250-259 
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1. Introduction 
1.1 Why measure progress? 

1.1.1 Meet regulatory requirements 
1.1.2 Provide feedback 
1.1.3 Determine the effectiveness of corporate policies 
1.1.4 Learn which technologies work and which don’t 
1.1.5 Pinpoint problems 
1.1.6 Document results 
1.1.7 Demonstrate to government that voluntary efforts are successful 
Overview of rest of presentation 1.2 - 

2. What is progress? 
2.1 Introduction - how you define define progress determines what data you 

keep track of and measure 
2.2 Different defmitions of progress 

Net reduction in costs 
Reduced toxic chemical inputs 
Reduced waste generation 
Reduced toxic chemical release generation 
Reduced waste release 
Reduced chemical release 

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 infixmation needed to make 
the assessments that wen the reasons we wanted to measwe 
pmgIess in the first place. 

for a project 
far 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 

2.3 With each of the above definitions of progress, do you consider any 

2.3 Diffennt levels of detail for defining progress 

3. Possible Measures of Waste Reduction Progress 
3.1 

3.2 Descriptive mcasults 

Introduction - depends on how you defined progress and on h ’ s  
organhional structure, types of production processes and waste 
generating activities 

3.2.1 Was a waste reduction program established for the 
facility/wasttlpfocess/project? 

3.2.2 Was a waste reduction activity implemented for the 
facility/waste/process/pmjcct? 

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.) 

Measures of actual uantity change 
3.3.1 In general, $- Qt-1= actual quantity change, 

when Q = quantity of waste or chemical (see below) 

3.3 
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3.4 

3.5 

t = time period for which progress is being measurcd 
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. 

3.3.2 actual change in the quantity of toxic inputs (throughput) 
3.3.3 actual change in the quantity of toxic chemical releases generated 
3.3.4 actual change in the quantity of toxic chemicals released 
3.3.5 actual change in the quantity of waste generated 
3.3.6 actual change in the quantity of waste released 
Measures that adjust for changes in production (Adjusted Quantity 

Change) 
3.4.1 Two methods: 

3.4.12 Qt-1 x (AdAt-1) = Qt-l*, or the quantity that would have 
been generated in time, t-1 if the production level had 
been the same as in time t. 

Q-1* - Qt = adjusted quantity change, where >o indicates 
waste reduction progress. 

3.4.1.1 Qt/At - Qt-l/At-l 

when 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. Hen 
the level of detail is critical because the definition of the level of 
activity &pen& on this. In general, Ifwaste generation is 
associated with a production activity, the greater the level of detail, 
the gnater the cmlation between waste generation and activity. 

3.4.2 M e a s m  of the quantity of waste 
toxic inputs (throughput) 
toxic chemical relcases 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 area) 
SalcSdollaK 
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 mtet.est 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 
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(such as improved public image, reductions in liability, reductions 
in worker exposure) that an difficult to explicitly include in 
profitability calculations 

4. Advantages/Disadvantages 
4.1 Generic Droblems 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

- 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 measms 
4.2.1 advantages - uses less mources - requires less detailed data - grtateraccuracy - avoids many of the data problems described below 
4.2.2 disadvantages - provides less information - can’t evaluate the degree of progrcss achieved 
Measures of changes in quantity released (versus generated) 

- data often currently monitored and available 
4.3.2 disadvantages . - changes in ueatment and disposal affect quantity 
Measures of changes in waste generated (versus chemical) 

- dam useful far waste management dtcision making - combination of chemicals within a waste stream is often relevant - aften mctcnd - mort accurate 

- difficult to assess changes in toxicity or effect of input 

- (although can also collect concentration data) 

- can evaluate changes in toxicity or input substitution 

- don’t know concentration - don’t know the constituents with which it is nleased 

4.3.1 advantages 

4.4.1 advantages 

4.4.2 disadvanw 

substitution 

Measures of changes in chemical generated (versus waste) 
4 5 1  advantages 

4.5.2 disadvantages 

Measures that do not control for production changes 
4.6.1 advanta s 

-caseo P calculating - case of data collection - avoid defuitional problems discussed below 

- doesn’t distinguish between changes due to waste reduction and 

- do you consider it progress if waste generation falls, regardless 

4.6.2 disadvantages 

changes due to other factors 

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 

- difficult and expensive to determine 

chemical usage 
4.7.2 disadvantages 

- HOW do YOU define “product” 
change in product or product mix - somerimes constantly 
new products 
what if the discontinuation of the product h e  the waste 
reduction activity? quantity = 0, but denominator also = 0 
multi-process, intemlated production lines - how do you measure the level of waste generating activity? - wastes not related to production 
lab, clean up, cooling water, inventory, ea. - factors affecting wastes other than production 
raw material quality, operating conditions, worker 
productivity, weather conditions, one-time events (e.g., fire) 

4.8 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 

- very resource intensive 
4.8.2 disadvantages 

- how do YOU define process? 
multi-process, inmlated production lines 
non-production Elated wastes - what’s the process? 

4.9 Project-level measurement 
4.9.1 Advantages - alternative far non-production related Wastes ur wastes b m  

multi-product, multi-process production lines for which 
measures that adjust fur changes in production arc not 
appropriate 

eliminates problem of changes due to other factors 

observed changes 

behavioral changes such as better housekeeping or 

- focuses on chan-ges due to a waste reduction progress -- 

- often based on design or engineering estimates rather than 

- more appropriate for changes in materials or equipment than 

4.9.2 Disadvantages 

operating practices. 

5. Examples of Problems and Discussion of Potential Solutions 
5.1 

5.2 

problem: wastes not nlated to production 
solution: don’t index these wastes to a production processes. Look at 

actual quantity change 
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 a l l  the 
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waste reduction expected due to, e.g., improper operaring 
procedures. Also, techniques such as improved employee training 
don’t lend themselves to this technique.) 

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, dispdsal, and liability costs!) 

problem: waste generated from several production and non-production 
processes, all  with varying levels of production activity 

soIution: meter wastes at their source. Need this information anyway to 
conduct a thorough waste audit 

problem: changes in measurement/metering technique 
solution: estimate a conversion factor that will allow you to compare 

waste generation in both years 

~ 5.3 3 

5.4 

5.5 

-3 

6. Conclusion 
6.1 

6.2 

6.3 

Then is no single, feasible measure that can accurately measure waste 
reduction for all situations 

Measures chosen should be tailored to nflect your h s ’  prodaction and 
waste reduction activities, with the goal of providing as much 
infomation as feasible given resource and technical constraints. 

we recommend a multi-indicator approach combining several desmiptive 
as well as quantitative measures of progress with additional data 
that allows the f m  to determine which measures are most 
applicable far each situation. Flexibility in defining a measure and 
evaluating progress wil l  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% 
w a t t  reduction, it will allow a mom back-of-the-cnvelope 
dctennination of whether or not progress has been ma& and the 
dcgrec of progress achieved in more g e d  tcnns. 

Typically, you’ll measurc change in quantity, either actual or adjusted for 
changes in puct ion.  Keep in mind that these are just proxies - 
ways of emmating what we really want - change in waste 
generation (or chemical waste generation or toxic use) due to waste 
nducticm activities 

6.4 

7. Sourcesofinfannation 
7.1 Intmduction 
7.2 

7.3‘ 

7.4 
7.5 

Chemical Manufacturers Association (CMA) Waste Minimization 
ResourceManual 
EPA Waste Minimization Opportunity Assessment Manual. 
EPA/62!5/7-88/003. Hazardous Waste Engineering Research Laboratory, 
Cincinnati, Ohio. 
USEPA’s Pollution Prevention Information Clearinghouse 
UNEP’s Network to Promote Law- and Non-Waste Technologies 

10/5/90 a m 5  



Why measure progress? 

meet regulatory requirements 
provide feedback 
pinpoint problems 
document results 



Slide 2 

What is progress 3 

implementing a project 
cost savings 
reduction in toxic chemical inputs 
reduction in waste generation 
reduction in generation of toxic chemical releases 
reduction in release of waste 
reduction in release of toxic chemicals 



What level of detail? 
firm 

Plant 
waste I 

I ' ' Pmjectl' ' b Product1 . . 
I 
I 

' 
b 

b 
v Product 2 ' I 

Process2 ' ' 
C , , , , , , , .  

I 

-- 

I 



I \  

Descriptive measures 

waste reduction program established I 

waste reduction project implemented 

waste reduction activity successful 



Actual quantity change = 
Qt - Qt-i 

toxic inputs 
chemical release prior to treatment or recycling 
chemical release 
waste generated prior to treatment or recycling 
waste released 
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Adjusted quantity change = 
(1) QJAt - Qt-1/At-1 
(2) Qt-1 x (Ad&-1) - Qt 

Quantity Activity Level 
toxic inputs (throughput) 
toxic chemical releases 

toxic chemicals released 
waste generated 
waste released 

toxic chemical inputs 
toxic chemicals in the product 
amount of products produced 
sales dollars / value added 
dollars budgeted 
number of employees 
hours operational 

generated 



> 
8 
I 
v) 
0 
c) 



Ls 

Slide 8 

Net Present Value 

Advantages 
gives “credit” for future affects of waste reduction 

Disadvantages 
difficult to estimate potential savings (e.g., liability) 
estimated, not observed 



. .  
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Changes in quantity released 

Advantages 
data may be currently available 

Disadvantages 
change in treatment or disposal affects measure 
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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 
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Chemical-specific measures 

Advantages 
easier & less expensive 

Disadvantages 
often estimated tk inaccurate 
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Measures that do control 
for production change 

I w 
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Advantages 
removes the affect of one factor affecting waste 
generat ion 

Disadvantages 
not relevant for all wastes 
changes in product or product mix 
multi-process, interrelated production lines 
other factors affect waste reduction 



I 
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Process-level measures 

Advantages 
focuses attention on production processes 
change in process production generally more 
correlated with waste generation 

Disadvantages 
expensive 
how do you define process 



’ ,  ij ts 
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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 
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Waste generation not 
related to production 

Example: scrubber water from an incinerator that operates constantly 

Percentage 
1988 1989 Change 

Waste generated (tons) 150,OoO 150,000 0 

Production (units) 9,000 12,000 +33 

Waste/product . 16.67 12.5 -25 

Y 



0. 

Waste generation and 
production-not linearly related 

Example: acid used to rinse steel pipes (minimum amount required) 

Percentage 
1988 1989 Change 

Waste generated (tons) 95,000 75,000 -21 

Production (units) 10,000 6,500 -35 1 

Wastelproduct 9.5 11.5 +21 



r 

Slide 19 

Measurement change 

Example: wastewater effluent was estimated, now rerouted and metered 

~ 

Percentage 
1988 . 1989 Change 

Waste generated (tons) 430,000 570,000 +32.5 

Production (units) 15,000 13,500 -1 0 

Waste/product 28.67 42.2 4 7  



i, 

, 
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Other Factors Affecting 
Waste Generation 

Example: stormwater runoff contaminated with oil from roads 

Percentage 
1988 1989 Change 

Waste generated (tons) 58,000 30,000 -48 

Production (units) 7,000 7,500 +7 

Wastdproduct 8.3 4.0 -52 
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Multi-Product Production Process 
(Part I) 

1988 1989 
Waste Units of Waster Waste Units of Waste1 

Product Generated Product Product Generated Product Product 

A 15 35 .43 30 70 -43 

6 10 50 .20 5 25 -20 

C 5 15 .33 10 30 -33 

Total 30 100 .30 45 125 -36 

c 



I 
I 
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Multi-Product Production Process 
(Part II-with waste minimization) 

1988 1989 
Waste Units of Waste/ Waste Units of Waste/ Product ‘Generated Product Product Generated Product Product 

-43 22.5 70 .33* 

-20 5 25 -20 

A 35 15 

B 50 10 

C 15 5 

Total 30 100 

-33 10 30 -32 

-30 37.5 125 -30 
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Measurement Problems and 
Possible Solutions 

Problem 

wastes not related to production 

multi-product production line 

other factors affect waste generation 
or chemical use - 

waste stream generated from several 
production processes 
change in measurementlmetering 

Solution 

don't index the waste to production 
levels; use actual quantity change 

~ ~- 

e use waste reduction per project 
measures 

use waste reduction per project 

gather data on the other factors that 

measures; 

affect waste generation 

meter wastes at their source 

estimate conversion factor to allow 
comparison between years 

I 



i; 
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Recommendations 

multi-indicator approach 
tailor measure to facility or process 
provide flexibility 
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SECTION 5: 
ECONOMICS OF WASTE MINIMIZATION 

- Lecture Overheads. 





Tier 0 cost protocol 

Usual Costs 

Tier 3 cost protocol 

Less tangible costs 

I 
b Financial protocol + Tier 1 cost protocol 

4 Hidden costs Key financial 
measures - 

4 

(Tier 2 cost protocol1 

Fu ture liabilities 



I Tier 0 cost protocol I 

- 
Usual Costs 

- Process equipment - Process materials 
- Direct labor 
- Etc. 

Financial protocol Tier 1 cost protocol 

Key financial measures - Hidden costs 

- Net present value 

- Internal rate of return 

- Monitoring 

- Paperwork 

Tier 3 cost protocol 

Less tangible costs 

- Consumer responses 

- Employee relations 

- Corporate image 

- Etc. 

Future liabilities costs 

- Remedial action' 

- Personal injury 

- Property damage 

- Etc. 

I I r 6 
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Financial protocol 

. Key financial measures 

Net present 

Internal rate 

value 

of return 

Annualized cost savings 



Tier 0 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 

Etc. 

damage 



Tier 3 cost protocol 

Less tangible costs 

Consumer responses 

Employee relations 

Corporate image 

Etc. 
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SECTION 6: 
CLASSROOM EXERCISES 

-- . 
A $ 1  I +- - 

- ABEIs Electric Company. 

- ACE Manufacturing. 

The Amazing -&i&ur Waste Minimization Exercise. 

3 

3 



Problem #1 

ABE’s Electric Company 
’i 

Ah’s Electric Company prduces c e d c  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 art 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 transfermi 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 citation to the company for violating ‘ITLV for lead. (worker expo 
sure) 

2) EPA’s land disposal restrictions will prevent Abe fiom disposing of the hazardous waste 
sludge. 

Chemical substitution is not a viable Waste Minimization option, so Abe has h i n d  you to modi- 
fy the process in which the filament m i x m  is formulated in order to address the described prob- 
lems. 

* Emission of Powders into workplace 
* Powders settle on floor 

* Area i s  washed down daily 
* Waste gms to settling pi, : rid hazardous sludge is disposed of offsite .. 

0 b iect ive, 

* Reduce hazardous sludge 
* Reduce worker exposure to lead dust 

SEE ATTACHED PROCESS FLOW DIAGRAM 
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SLURRY A - 
1 

I WATER 1 
VAPOR 

I= SPILLS 

1 



PROBLEM 3 

An accountant for Ace Manufacturing, an employer of 2,000 
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 o i l  
10 tons various solvents: MEK,TCE, Naptha, Perc. 
1 ton adhesives 
15 tons contaminated soil 
30 tons clarif ier 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. 

2. How would you prioritize wastes for reduction? 

3. What resources would you use? 



Problem 1 

Colorama Paint Factory 

You are a production superintendent in a large paint formuiating plant: A customer 
has ordered 5000 gallons of red paint and 2000 gallons ofagreen paint. Three tank 
sizes are available for final mixing: 5000 gallons, 2000 gallons and lo00 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) 
(b) 

least number of production batches 
least amount of cleaning waste generated:. 

2. List considerations other than waste minimization that enter into strategy 
dew lopme nt. 

Hint= Assume that tbe 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: 

3SO ft2 for the 5000 gallon tank 
190 ft2 tor tbe 2000 gdon tank 
120 hz for tbe 1000 gallon tank 





Problem 2 

Mechanical Speciaities 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 emulshn 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 optiQns 
for their degreasing operation. 

Hint.. 
Make a list of operating sequences, or flow diagram, to assist you in determining 
wastestream, sources, and potential areas for waste " h a t i o n  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: 

F 

4. How could this workshop be improved to meet your needs better? 

5. Would you like to see mom workshops of this type made available to you? 

6. COMMENTS: 
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SECTION 7: 
ESTABLISHING A WASTE MINIMIZATION 

PROGRAM AT YOUR FACILITY 

"Draft Guidance to Hazardous Waste Generators on the 
Elements of a Waste Minimization Program"; USEPA, June 
12, 1989. 

a Waste Minimization Proaram at 

presented at the Conference, ljlaste -on in the 

Waste Reduction in the Chemical Industry: DuPont's 
Approach G.J. Hollod and R.F. McCartney; Article in APCA 
Journal, February 1989. 

"Waste Reduction Case Histories: What's Worked, What 
Hasn't and Why." Daniel Krayhill, et al. Hazardous 
Waste Research and Information Center. 

te arm, August 1989. 

People Management: 
Gary E. Hunt. North Carolina Pollution Prevention Program 

The forgotten Element in Waste Reduction 
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ENVIRONMENTAL PROtECnON 
AGENCY 
~OSW€R-fR-3421-1l 

mlt Guidance to  Hazardous Waste 
Cirauntors on the €hments of a 
Waste Minimitotlocr Program 

AGENCY: Environmental Protection 
Agency (EPAI. 
ACTIOK Draft guidance and request for 
comment. 
SUMMARY: Comments arc bang solicited 
on the following document. entitled 
Draft Guidance La Hazardous Waste 
Generators on the Elements of a Waste 
Minimization Pmgmm. 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 
Disposol 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 
Frogram as viewed by the Agency 
should have the following basic 
elements: (1) Top Management Support: 
(2) Characterization of Waste 
Generation; (3) Periodic Waste 
Mlnimiution Assessments (4) A Cost 
Allocution System: (5) Encouragement of 
Tecbology Tranrfer. and (6) Prorpun 
Evaiution. While these elemants 
provide guidance to generators on how a 
minimization program for hazardow . 
waste may be structured the Agency 
believea that they are equally valid for 
the design of a mufti-media source 
reduction and recycling program. This 
guidance is consistent with EPAs belief 
tnat facilities should have broad 
pollution prevention programs with the 
80.1 of preventing or reducing wastes, 
substances. dischagas and/or 
emissions to all environmental media- 
air. land. surface water and ground 
water. 

Reiated Action: EPA published in the 
Faded Register, on January 20,1889 (W 
FR 384s). a propowd policy statement 
on source reduction and recycling. "hia 
policy commits the beacy to a 
preventive suatagy 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 
proposes to incorporate this preventive 
strategy into EPA's overall mission to 
protect human health and the 
environment by making source 
reduction a priority for every aspect of 
Agency decision-making and planning. 
with cnvironmcn~ally-sound recycling as 

- 

a second priority over treatmoat and 
disposal. Today's draft guidance is an 
cxomple of the application of this policy 
in the RCRA pmgnm for hazardous 
waste. 
O A R 6  EPA ugcs interested parties to 
comment on this draft notice in writing. 
The doadline for submitting written 
commcnts is September 11,1989. 
AOORESSe?): 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 docket 
number. * F-68-WMPP-FFFFF, on your 
comments. 

James Lounsbury, Office of Solid Wastq, 
(202) 3824807, or the RCRA Hotline 
(8004244348). 

Draft Guidance to Hazardous Waste 
Generaton on the Elements of a Waste 
Minimization Rogram - 
1. Purpose .. 

FOR FURTHER INFORMATION, COWTACC 

. .  
' 

... 

The purpose of today's notice is to 

hazardous wastes (a conccpt referred to 
as waste minimization) over managing 
wastes that were "nevcrthelcss" 
gcncrated. 

€PA believes that hazardous waste 
minimization means the reduction. io 
the extent feasible. of hazardous waste 
that ia generated prior to treatment. 
storage or disposal of the waste. I t  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.* 

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; 

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 
3OO2(b) and 3M)5(h) of the Solid Waste 
Disposal Act, as amended by the 
Resourca Conservation and Recovery 
Act [RCRA) and the Hazardour and 
Solid Waste Amendments of 1981 

generaton to implement prolpunr to.:. 
nduca the volume and toxicityof . - 
hazardous wastes generated to the 
'extent economically practicable. This 
guidance is intended to fulfill .: 
commitment made by €PA in ita 1986' 
report to Congress entitled 
Minimization of Hazadous Waste. 1 

II. Backgmund .I 

[HSWA). Such c e ~ c a t i o ~  n q u h . .  

. 

-. 
With the passage of HSWk Cbngreis 

established a national policy declaring 
the imponance of n4ucing or :-.- - 
e w t i n g  the generaan of hur~do i i  
waste. Specifically, section 1003(b) - :-. . 
8hm .. 
Th. Congtra hemby drc luas  it to & :-. ' 
national policy Of the United stat.. tk+: 1 ~ 

wherever feasible. the geaemtioa of - 
hazardow wute  is to ba d u d  &' 
eliminated u exp.ditiowly as pouiblr 
Waste th:! is neverthelerr prlatd should 

minimize present and i t u m  threat to human' 
health and the envrmnment. 
. In this declaration, Congress 
established a clear priority for reducing 
or eliminating the generation of 

. .  

. 
b. mtd. store6 or dbpwad of $0 to . 

I SI RI *r(y3 (lZ/ll/eSl. Noliu of Availability of 
the npon to Congm.. 

(2) Improving product yields: 
(31 Reducing or eliminating 

inventories and releases of "hazardous 
chemicals" reportable under Title UI of 
the Superfund Amendments and 
Reauthorization Act: and/or 

(4) Lowering Superfuad. conactive 
action and toxic tort liabilities. 

Besidea establishing the national 
policy. Coagreaa also enactad several 
provisions in HSWA for implementing 
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 I. 
1985) require generators.certi€y two 
conditions: That (1) the generator of the 
hazardous waste has a p r a m  in place 
to reduce the volume or quanity and 
toxicity of such ma te  to the degree 

e&nomiUlly practicable and (2) the 
pmpoaed method of &eatmeat. storage 
or disposal ia that practicable method 
currently avaihbla to the generator 
which " i z e s  the present and future 

- determined by the generator to be 

' t l u u d o r u r r u ( . ~ ~ c a d n r d ~  
aWdatyndPcUosuua#atbr8Ia" 
mircrba ormycllnltrcbniqul: d d r r  b lb 
n d a h  OfrLlU (0 b" brrlrh rd cb. - .ahol l l lunLnntnr i rdbuudacolUcl t r~t~  
f m m o w e n v i " l " o t o ~ d ~  
.o( conrtiiuta was@ r*linirrcl~a. N.lthrr would 
onan(nll0a coadrrd u l d y  f a  ndwuu v d u m  

* mlan for exampk caanm(kn d cb. wart. 
o l b w d  for mcowfy d I#iul CD(u1ilDII)U prior '0 
m o t ~ ~ ~  ud d i p o l ~  wuruc diturion os e 
M.N d toxuily duetian d no( k 
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and extensive interaction with private finding substitutcs. or making equipment 
cnvironmcrrt. and public scctoc waste minimization changes). Individual proccsscs or 

In addition. Congress also addcd a program managers. EPA believes that an facilities should be reviewed 
new provision in 1- rcquires effective wustc minimization program periodicrrily. b g C r  companies may find 
huwrdous waste generators to identify should include each of tho general it useful 10 establish a team of 

State): (I)  The efforts undertaken during EPA roalizcs that some of these . --Determine the true costs of the 
tlic year to reduco tho volume and elements may be implemented in waste. Calculate the costs or the 
toxicity of waste generated: and (2) the different ways depending on the materials found in the waste stream 

based OR the purchase price of thosc changes in volume and toxicity actually preferences of individual firms. 
materials. Calculate the cost of achieved in comparison with previous A. Top Manogcment Suppod Top 

yean. to the extent such infonnation is management should ensure that waste managing the wastes that are generated. 
available prior to 1984 (RCRA 3002 minimization IS a companywidc effort. induding costs for penonnel. 
(W311. Then are many ways to accomplish this rccordkeeping. transportation. liability 

Today's notice provides non-binding goal. Some of the methods descnbed insurance. pollution control equipment. 
guidance to hazardous Waste genCtatOrS below may be suitable for some firms treatment and disposal and othen. 

D. A cost allocution system. in response to the certification and not others. However. some 
requirements in HSWA. Specifically. it combination of these techniques should Departments and managers should be 
addresses the fint of the certification be used by every firm to demonstrate "fu!ly-loaded waste 

management costs for the wastes they conditions that states that. "the top management support 
generator of the hazardous waste has a -Make waste minimization a generate, factoring in liability, 
program in place to reduce the volume company policy. Put this policy in compliance and ovenight costs. 

E. Encourage Technology Transfer. or quantity and toxicity of such waste to writing and distribute it to all 
Seck or exchange technical information the degne determined to be departments. Make i t  each penon's 

economically racticable." responsibility to identify opportunities on waste minimization from other parts 
of your company. from other fms, trade =A is not. Eowever, providing for minimizing waste. Reinforce the 
associations. State and university guidance on the determination of the policy in day-to-day operations. at 

phrase "economically practicable". As meetings and other company functions. te&ca, assistance or 
Congress indicated in its accompanying -Set specific goals for reducing the professional consujtants. Many report to HSWA the term volume or toxicity of waste streams. techniques have been evalwted and "economically practicable" is to be --Commit to implementing 
defined and determined by the generator recommendations identified through that may be in your 
and is not rubject to subsequent re- assessments, evaluations or other facility. 
evaluation by EPA. The generator of the meam. F. Pmgmm Evoiuation Conduct a 
hazardous waste. for purposes of this --Designate a waste minimization periodic review of program 
certificatioa has the flexibility to coondinator at ea& facility to e" effectiveness. Use these reviews to 
determine what is economically effective implementation of the pro provide feedback and idenufy potential 
practicable for the generator's --Publicize success stories. It arm' areas for i"cpt 
circumrtances. Whether this Mgger additional ideas. Althoughwaste * * tion 
determination ir made for all of its -Reward employees that identify practices have demonatmted their 
operations or on a site-specific basis it cost-effective waste minimization usefulness and benefits to those 
for the generator to decide. oportunities. generators that have implemented such 

EPA has received numerous inquiries -Train employees on aspacts of programs. many others still have not 
on what constitutes a waste .waste "iza tion that relate to their practiced waste minimizatiom Today's 
" i i t i o n  program In today's notice job. Include all departments. such as guidance on effective waste 
EPA is providing draft guidance to those in product design, capital minimization practice may help 
hazardous waste generaton 011 what the planning, production operations. and encourage regulated entities to 
Agency believar am the basic elements &tananca investigate waste minimization 

. of a waste miaimiution program. . R Chamctenzation of Waste altematives implement new programs. 
EPA beIhnw that today's gUid.oca hemtion. Maintain a waste or upgrade existing programs. Although 

may provide direction to 1-e q w u t r  acmmting system to track the types, the approachlw described above are 
and small queatity generaton in amounts and hazardous constituents of directed toward "iring hazardous 
fulfilling their manifest certific8tioa wastes and the dates they am solid waste. they am equally valid for 
requirement. S d l  qucmtity *-ton. genemtd  design of multi-media source reduction 

C Pedodic Waste Minimization 
in place" certtlication m q w  t Asstwsmenrs. Track materials that 
large quantity g-b- haw to eventually wind up as waste, from the 
that they have "d a & faith effort loading dock to the point at which they 
to minimi"  thoir waste miemtion become a waste. 

--Identify opportunitia at all points 
the results of agency analyses in a process where materials a n  be 

example. by using less material. 
recycling materials in the process, 

~ ihrcat to human health and the 

3 in their bicnnial nportr to EPA (or the elements discussed below. although independent experts. 

while not s u b W  to the "8 "Pro- and Wdng P e  
EPA requests comments on all aspects 

of this guidance- 

m... :: m y ,  
,~ ~ lsae. 

A&ninistmtor. 

-coo(- 

n.- dements dis ~ h u r r e f l e c t  

. conducted over the 1-t several years pnvented from btcoming a waste (for [FR Doc Filed &@-6% 8:45 ml 

. 3 s. R ~ P .  ~a swm. OUh C C ~  1.1 &sa. ( 1 0 ~ 1  
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Jntroduction 

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 i s  a 
limit as to what can be achieved through "end-of-the-pipe" approaches to 
solving problems, waste minimization has become increasingly popular. 

waste minimization program. 
guidance for establishing a waste minimization program. 

Backaround 

There i s  underway today in manufacturing facilities in the United States 3 

This paper offers several suggestions for implementing an effective 
Included is a review of the EPA's recently issued 

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 i s :  

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 o f  the waste. 
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 i s  consistent with the general goal of minimizing 
present and future threats to human health and the environment.(l) 

It is defined as any source reductfon or 

The transfer o f  hazardous. constituents from one environmental medium to 
another does not constitute waste minimization. Neither would concentration 
conducted solaly for reducing volume unless, for example, concentration of the 
waste allowed f o r  recovery of useful constituents prior to treatment and 
dirposal. 
considered waste minimization, unless later recycling steps' were involved. (1) 

In a related action, the €PA 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 

Likewise, dilution as a means o f  toxicity reductinn would not be 

1 



human health nd the environme t by making source reduction a priority ir 
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 pol icy for RCRA hazardous wastes. 

Current Federal R e d  atorv Reauirements for Waste Minimization Proarams 

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 i s  that practicable method currently avail able 
to the generator which minimizes the present and future threat to human health 
and the environment.(l) 

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 o f  waste generated; and (2) the changes in volume and toxicity 
actually achieved in comparison with previous years, to the extent such 
information is avai4able prior to 1984.(1) 

Besides establ ishing the national pol icy, Congress also enacted several 

In addition, Congress also added a new provision in 1984 that requires 

Waste Minimitat ion Amroaches and Techn i a u e L  

o f  generic approaches and techniques have been used successfully across the 
country to reduce many kinds of i ndustri a1 wastes. 

. . .  

Waste minimization is inevitably site-and plant-specific, but a number 

Generally, waste minimization techniques can be grouped into four major 
categories: inventarv manaaement and imoroved ooerations. modificat ion of 
gauiament, o r o d w i  o n Process chanaes. and recvcl ina and reuse, Such 
techniques can have applications across a range of industries and 
manufacturing processes, and can apply to hazardous as well as nonhazardous 
waste. 

Many o f  these techniques involve source reduction -- the preferred 
option on EPA's hierarchy o f  waste management. Others deal with on- and off- 
site recycling. 
only by the i!!genuity of the generator. In the end, a company looking 
carefully at bottom-1 ine returns may conclude that the most feasible strategy 
would be a coibi nat i on of source reduction and erecycl i ng approaches. (6) 

In practice, waste minimization opportunities are limited 

' 

The approaches discussed and illustrated in Figure 1 provide waste 
minimization examples for generic and specific processes. 



3 Figure 1 

Waste Minimization ADDroaches and Techniaues 

Inventory Management & Improved 
Operations 

Production Process Changes 

- 'Inventory and trace all raw materials. 
'Purchase fewer toxic and more nontoxic 

'Implement employee training and man- 

'Improve material receiving, storage, 

production mat.erials. 

agement feedback. 

and hand1 i ng practices . 
Modification of  Equipment 

'Install equipment that produces 
,minimal or no waste. 

'Modify equipment to enhance recovery 
or recycling options. 

'Redesign equipment or production 
lines to produce less waste. 

' Improve operating ef f i ci ency of 
equipment. 

'Maintain strict preventive mainten- -3 ance program. 

'Substitute nonhazardous for 
hazardous raw materi a1 s .  

'Segregate wastes by type for 
recovery 

'Eliminate sources of leaks and 
spills. 

'Separate hazardous from non- 
_ -  hazardous wastes. 
'Redesign or reformulate end 
products to less hazardous. 

'Optimize reactions and raw matrial 
use. 

Recycling and Reuse 

'Install closed-loop systems 
'Recycle onsite for reuse. 

'Recycle offsite for reuse. 
'Exchange wastes. 

Source: FPA/530-SW-87 -026 

Elements of a Waste Mi nimizat ion Proaraq 

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 HSUA 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 i n  defining a program. The €PA has, in a June 12, 1989 Federal 
Register Notice, issued some non-binding guidelines as to what the elements of 
an effective waste ziinimizatir? program might include. These elements are: 

' Top management support 
' Characterization o f  waste generation 

Periodic waste minimization assessments 
' A cost allocation system 
' Encourage technology transfer 
' Program evaluation(1) 
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TOP Hanagement Support 

policy. The full commitment from management of time, personnel and financing 
i s  extremely important. 
formidable obstacles to waste minimization. The chances for obtaining this 
commitment are often enhanced by out1 ining the potential incentives for waste 
minimization as shown in Table I. 

The first step in developing a program is to establish a clear corporate 

Lack of this commitment is often one of the most 

- 
Table 1 

Waste Minimization Incentives 

Economics 
Landfill disposal cost increases 

* Costly alternative treatment technologies. 
Savings in raw material and manufacturing costs. 

Biennial WM program reporting. 
Land disposal restrictions and bans. 

ReQul at ions 
Certification of a WM program on the hazardous waste manifest, 

Increasing permitting requirements for waste hand1 ing and 

Potential reduction in generator liability for environmental 

treatment. 

problems at both onsite and offsite treatment, storage, and 
disposal facilities. 

Pub1 ic Imaae and En vi ronmen t a1 Concern 

L i  abil i tv 

Potential reduction in liability for worker safety. 

Improved image in the community and from employees. 
Concern for improving the environment. 

Source: Waste Minimization Omortun itv Assessment Manual (EPA/625/7-88/003) 

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 o f  the "daily diet" for the 
line organization and not Just another environmental headache left to the 
si ta's environwental coordinator."(lO) 

An appreciation o f  the necessity for top management support is summed up 

- - Hake waste minimization a company policy. 
The objectives o f  a waste reduction program are best conveyed to a 

business's employees through a formal pol icy statement or management 
directive. A business's upper management is responsible for 
establishing a formal commitment throughout all levels o f  the business. 
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1) 

b 3 

An environmental pol icy statement or the business's operating guide1 ines 
might include the following points: - - Environmental protection is a production line responsibility 

and an important measure of employee perfonnance. In addition, 
every employee is responsible for environmental protection in  t h e  
same manner(s) he i s  for safety; 

II Reducing or eliminating the generation o f  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.(ll) 

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 wi 11. "prevent pol 1 ution 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 o f  an overall 
pollution prevention program, and should certainly be considered by any 

wastestream. 
-company producing products that will ultimately end up in the 

- - Set specifi'c goals f o r  reducing the volume or toxicity o f  
waste streams. 

Quantitation helps. Some examples of waste minimization goals 
are: 

The U.S. Department of Defense is comnitted to reducing its 
hazardous waste disposal rates by 50 percent by 1992 (3). The Oupont 
Company has stated that its wastes will be reduced by 35 percent by 1990 
compared to 1982 val ues . (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)  

- - Conrmit to implementing reconmendations identified through 
A sure way to undermine a program is to not follow up on 

assessments, evaluations or other means. 

recpmnendations developed by a comni tted group of employees. A1 though 
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 ' 
recotmendations and then doing it. - 1 

- - 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 o f  expertise. A 
team may include members from production, facil ities/maintenance, 
environmental engineering, process engineering, safety and health, and 
qual i ty assurance departments. Your appointed minimization "champion" 
should lead the effort and coordinate all involved departments. Outside 
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 

iource: National Association o f  Manufacturers, 1989. 



~ A summary of functions that might be assigned to the waste minimization 
team are Shawn in Table 2. 

I) 

Table  2 

Functions of a Waste Minimization Coordination Team 

Define Objectives 
Review with Site Management 
Communicate to site 
Buy- i n from generators 
Representation from areas 
Ongoing awareness and training 
Provide Resources 
Catalyze 
Coordinate 
Accounting System 
Upgrade projects 
Schedule reviews 
Conduct audits 
Summarize site progress 
Recogn i re 

ion, (McGraw Hi1 1, 1989) Source: baza rdous Waste Minimirat . .  

- - Publicize success stories. - - Reward employees that identify 
cost-effective waste minimi tat ion 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 uti1 ire 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 

m 

- Bonuses or financial awards for innovative approaches to waste 
reduction. 

Public recognition helps to inform the public o f  actions taken by the 
business to reduce and control hazardous waste. 
varied to accommodate each business, their level of involvement, and local 

Recognition programs can be 

...> 
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attitudes. 
may.be welcomed by many .businesses. 
TOW profile" as a matter of policy. 
may be preferred. 
combining it with other awards, such as an employee-of-the-month program, or a 
percentage o f  the cash savings realized by the suggestion. 
form of the incentives, employees should realize part of the benefits of  their 
waste reduction ideas and efforts. 
reduction goal s 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 
uti1 izing company newsletters to pub1 icize 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 o f  waste reduction into all of its training activities. 

For instance, public recognition such as an award or certificate 

In such cases, a letter from the 6oard 
Other businesses, however, maintain a 

The effectiveness o f  this program could be increased by 

Regardless of the 

In some businesses, meeting the waste 

Characterization o f  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 o f  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 o f  measuring waste generation 
and waste reduction efforts. However, manifests often lack such information 
as chemical analysis o f  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 
sou=es of Waste Gene rators Informati on 

b 

b 

b 

.. 
b 

b 

e 

b 

e 

b 

Source : 

hazardous waste manifests 
bienni a1 hazardous waste generator reports 
SARA Title I11 Section 313 environmental release reports 
environmental audit reports 
permits (RCRA Part 8, National Pollution Oischarge 

Elimination System (NPOES< etc.) 
1 ab reports/characterization data 
chemical i nventory and usage records 
NPOES monitoring reports 
Material Safety Data Sheets (MSDSs) 
internal waste tracking system records 
production records 

National Association of Manufacturers, 1989 
.. 
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3 
A useful form for conducting waste stream characterization is shown in 

This is from the EPA Waste Minimization Opportunity Assessment Figure 3 .  
Manual ( E P A / 6 2 5 / 7 - 8 8 / 0 0 3 ) .  

In addition to providing a means for measuring the effectiveness o f  your 
program, there are currently three reasons why it is very important to track 
your progress in this area. - 

3 

First, HSWA requires that generators report on the progress of their 
waste minimization program with the biennial generator report. 
Also, €PA can make a minimization program and associated reporting a 
condition of a RCRA permit. 
Finally, SARA Title I 1 1  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.(lO) 

program i s  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, 
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 t o  apply. (10) 

One reporting function that would be of particular interest to any 

This information can 
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Table 4 

Typical Column Headers i n  Computer Pr intouts 

Quant i ty  Management 
’ Product ion  Waste Hazardous Generated Disposal Costs Minimization 

Area Descript ion C lass i f i ca t ion  M lb/yr W Y  r Method - - - - - - - - - - - - - - - - _ - - - - - - - - -  
V1023 Organic Acid : F1 amnabl e 
NRl26 Po 1 ymer s Caustic 
GA462 Spent Catalyst  Acidic 
ME62 1 Lab Solvent Ign i tab le  
BUE 15 Acid Catalyst  Corrosive 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
Source: Hazardous Waste Minimizat ion (McGraw H i l l ,  

. . . . . . . . . . . . . . . . . . . . . . . .  
2 5.5 Recycle 

50 25 Sa1 e 
10 42 Reuse. 
0.5 1 Fuel 

40 16 Administrat ive 
Control . . . . . . . . . . . . . . . . . . . . . . . . .  

1989) 

I 



Table 5 

VALIDATION CODES FOR TYPICAL WASTE MINIMIZATION TECHNIQUES 

20 : 
21 : 
22 : 
23: 
24 : 
25 : 

30 : 
31 : 
32 : 
33 : 

40 : 
4 1  : 
42 : 
43 : 
44 : 
45 : 
46 : 

_ - _ _ - _ - - - - - - - - - _ - _ - _ - - - - - - - - - -  
Process Change 
Modify Operating Procedure 
Advanced Process Control 
Substituted Chemical s - - 
Use Higher Quality Materials . 

Recycl e 
Direct Use in the Process 
Direct Use in Another Process 
Regeneration for Reuse 
Use as a Fuel 
Sal e 

Improve Waste Treatment 
Waste Fi 1 tration 
Waste Decantation 
On-Line Treatment 

Administrative Controls 
Minimizing Washdown . 
Reduce C1 eaning Frequency 
Longer Turnaround Ti me 
Improved Spi 1 1  Control 
Separate Hazardous from Nonhazardous 
Discontinue Manufacture 

'I 

i 

Source: Hazardous Waste Minimization (McGraw H i 1  1 1989) 

Peri odiG Waste Minimi rat ion 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 i s  simply a 
structured review o f  potential opportunities to reduce or recycle waste. 
focus can be broad or narrow. 
select a few waste streams or processes for intensive assessment rather than 
to attempt to cover all waste streams and processes at once. 

Its 
Most find that it is usually pore effective to 

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 Or., Cincinnati, OH 45268. The 
procedure recommended by the €PA is out1 ined in Figure 4. (9) 

Waste minimization opportunity assessments are an extremely good way to 
f x u s  attent-:nri on potential improvements. The reader is exouraged tc obtain J 
a copy of the EPA manual. 
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A Cost Al locat ion System 

management c o s t s  f o r  the wastes they generate.  I n  add i t i on  t o  the ac tua l  
disposal f e e  f o r  a was tes t ream of  i n t e r e s t ,  the generator should a l s o  cons ide r  
other c o s t  elements such as: 

Generator Fees/Taxes 
Transportation 
Onsite Storage and Handling 
Pre-di sposal  Treatment 
Permitting, Reports and Recordkeeping 
Emergency Preparedness and S i t e  C1 eanup Contingency 
Po l  1 u t i  on L i  abi 1 i t y  Insurance 
Raw Materials 
Operating and Maintenance Costs 

Departments and managers should be charged “ f u l  l y - l  oaded“ waste  
-3 

Encourage Techno1 ogy Transfer -. 

Seek o r  exchange technical information on was te  minimization f rom o ther  
parts o f  your company, f r o m  other f i rms,  trade associations, S t a t e  and 
universi ty technical assistance programs o r  professional consultants. Many 
techniques have been evaluated and documented that  may be useful i n  your 
f a c i l  i ty.  

To f a c i l i t a t e  the t ransfer  of technical information €PA was mandated by 
the Congress t o  establ ish a national clearinghouse t o  provide e a s i l y  
accessible and re1 iab le  information on waste minimirat ion/pol lut ion 
prevention. The clearinghouse i s  t o  contain both technical information on how 
t o  i den t i f y  and implement po l l u t i on  prevention opportunities, and general 
information conveying the metssage that, “Ye, as a society, must begin t o  
integrate po l l u t i on  prevention i n t o  the way we design, bui ld, buy and 
consume. ” 

EPA‘s Pol lu t ion Prevention Information Clearinghouse (PPIC), which i s  
supported by the Agency’s Po l lu t ion  Prevention Of f ice as well  as OR&D, has 
been created t o  f u l f i l l  t h i s  mandate. PPIC (pronounced pea-pick) i s  being 
p i l o t - t es ted  by some 300-400 users t h i s  year and w i l l  be i n  f u l l  operation, 
accessible t o  a l l ,  i n  1990. PPIC co l lects  and disseminates technical and 
other information on p o l l u t i o n  prevention through a telephone hot1 ine and an 
electronic information exchange network. Indexed bib1 iographies and abstracts 
o f  reports, publ icat ions and case studies on po l lu t ion  prevention w i l l  be 
available. PPIC w i l l  also include a calendar o f  pert inent conferences and 
seminars, in fomat ion  on federal and S t a t e  a c t i v i t i e s  and leg is la t ion,  
information on po l l u t i on  prevention abroad, a d i rectory o f  waste exchanges and 
1 i s t s  o f  knowledgeable ccntacts witi::n State organizations, trade associations 
and the €PA, Copies of various reports w i l l  be made avai lable by the 
clearinghouse e i ther  by e lect ron ic  t ransfer  o r  through the National Technical 
Information Service (NTIS) o r  other sources. 



I ASSESSMENT STEP 



Program Evaluation 

Conduct 'a periodic review of program 
to provide feedback and identify potential 

3 effectiveness. Use theje reviews 
areas for improvement. 

Concl us i on 

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 o f  agency analyses conducted over the last several years and extensive 
interaction with private and pub1 ic sector waste minimization program 
managers. 
various companies. 
happens until somebody does something, do something and incorporate a program 
that fits your facility. 

However, it is recognized that programs must be tailored to fit 
We would leave you with a request, that since nothing 

3 



References 

1. Federal Register, V O l  54, #lll/Monday June 12, 1989. EPA Draft Guidance 
for Hazardous Waste Generation on the Elements of a Waste Minimization 
Proaram. 

Policv Statement. 
2. Federal Register, January 26, 1989 (54FR 3845) Pollution Prevention 

3. Kaminski, J.A. "Hazardous Waste Minimization Within the Qepartment of. 

4. Hollod, G. S. and R. F .  McCartney. "Waste Reduction i n  the Chemical 

Defense." JAPCA Volume 38: 1042-50, 1988. 

Industry." JAPCA 38:174-179, 1988 

5. Serious Reduction of Hazardous Waste. Office o f  Technology Assessment- 

6. 

U.S .  Congress. OTA-IT€-317. 

Waste Minimization: Environmental Oualitv with Economic Benefits, USEPA, 
Washington , 0. C. EPA/530-SW-87-026, 1987 

7. Waste Minimization: Manufactu rers Stratea ies for Success . National 
Association o f  Manufacturers, Washington, O.C. 1989 

8. Schecter and Hunt ,"Minimization of Hazardous Waste Generation." Chapter 
5.1, Standard Handbook o f Hazardous Waste T r e m n t  and 0 i moss 1. 
Editor: H. M. Freeman, McGraw Hill, 1989. 

9. Hanlon and From, "Waste Minimization Opportunity Assessments," Chapter 
5, in Hazardous Waste M i nimi zatfon. 
H. M. Freeman, McGraw Hill , 1989 (in publication). 

Hazardous Waste Minimiratio ns. 
H. M. Freeman, McGrau Hill, 1989 (in publication). 

10. Hollod, "Implementing Waste Minimization Programs in Industry." Chapter 4 

11. Waste Reduction Assessment and Tec hnol oav Transfer: Tra inino Manua 1. TVA 
and University o f  North Carol ina, Ashevi 1 1  e, Environmental Qual i ty 
Institute, 1989. 

12. Waste Mini~piration Qppprtu nitv Assessment Manual , USEPA, Cincinnati, OH 
EPA/625/7-88/003, 1988. 

2-21 



3 
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. 
di8cuss some of the problems the industry is encountering with 
rmgard to waste reduction; then describe Du Pont's approach to 
waste reduction in terms of administrative and technical 
activities. 
and regulatory needs, waste reduction makes good sense from a 
financial point of view. 

The authors 

They emphasize that, in addition to meeting business 
. 

3 

An articl8 for tho Journal'of the Air Pollution Control 
Association, to bo printed in February, 1988. 
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WASTE REDUCTION IN THE CHEMICAL INDUSTRY: DU porn'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 propertias of chemical waste and the 
proliferation of regulations governing the handling of it have 
made its disposal exceedingly comple% and costly. The total cost 
for managing waste is escalating at a rate of'30-509 lb/yr. 
Today it can cost in the range of $300-1500 dollars to incinerate 
one drum of hazardous waste. 

These are inderd 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 economically 
and environarentally acceptable plan for waste management may well 
be the low-cost produc8rt it could hold the key to the on-goinq 
success of a bruinesr. 
improving the w e a l l  efficiency of the manufacturing process are 
fundamental to all successful chemical businesses. 

Since waste rduction is so closely tied in w i t h  the day-to-day 
business functions and strat.gieS, it i8 difficult to define it 
as an isolatd target; it is actually relatad in someway to all 
business functions. Esamntially anything that is not generating 
revenue and must eventually be dbpor8d of  should b.l a candidate 
for raduction. 

Reducing the generation of waste and 

The chemical industry, in concert with all industry, faces still 
another problem and that is the increasiag attempts on the part 
of public interest groups and legislators to develop r.gulatory 



programs to manage and track waste. 
definition of waste reduction. 
difficult: and fraught with hazard. 

Such efforts rewire 
This in itself is exceedingly 

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, w i l l  
focus their attention only on the defined wastes. 
regulations and permiting processes for hazardous waste already 
provide a comprehensive framework f o r  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. 
performance and SUCC~SS of industry's efforts should b8 
communicated to the public, but th8 flexibility of selecting 
targets should be left to the generators. 

proposod regulation for tracking and reporting waste poses stili 
another problem. It would b8 reasonable to report progress on 
waste reduction annually; however, there are savera1 factors that 
make reporting complex. What wastes should be included? What 
should b8 the reporting period? 
ur8d--volum., weight? Should the data be normalized? On what 

submitted? 
questions need to b8 considered and ansuered. 

demands of the environmental groups for reporting, Congress 
r@q~8St8d that tha National Acadamy of Sciences (NAS) submit by 
1991 a thorough w8luation of th8 utility of data collaction 
8yst.nrs. 
Act of 1986 (Sac 313 (l)), the NAS will assess the value of a 
mass balance tracking program for general chemical waste 
managment needs, waste reduction and for tracking -eases. 
#owavu, oven with this legislative mandate, several states 

18gi8lation to require industry to submit mass balancm-typa 
information p.r wasto rcduction. 

Existing 

The 

What m8asures should be 

basis? Uher8, 01 to what WOUp(8) Should th8 reports b8 
How are they to be w.d? All the88 and other 

R8COgniZhg th8 ColEPl8%iti8S Of reporting and th8 8 V U  growing 

A8 part o f  th8 Sup8rfund Amendments and Reauthorization 

includfng m88aChU8&tS ( HB 6118) 8nd uUi8iania (m 657, m- 
l S f l ) ,  Md th8 0. S. Congross (HR 2800) havr dwelopd 

Any imposed =porting format will only satisfy the needs of those 
in favor o f  rqulatory control. 
track and report progress to the external community: however 
industry should b8 allowed to benefit from this effort as well by 

There certainly ir a n88d to 
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being allowed to develop a tracking format best suited to its 
particular situation with regard to improving its vasto 
magamant practices and to satisfying external reporting needs. 

PROGRESS AND ENCOURAGEMENT 

The chemical industry, w e l l  aware of the economic and regulatory 
incentives that have evolved,'has responded to them. Even before 
regulations specific to waste reduction have been promulgated, 
the industry has come forvard with a clear position. Fumermore, 
the chemical industry is perhaps the only segment of all U.S. 
industry to be in a position to report progress on waste 
reduction. 

The industry's progress is reflected in the results of the annual 
surreys that the Chemical Hanufacturers' Association have been 
conducting since 1981. These surteys cover the operations of 681 
plants, which represent a major portion o f  the industry. 
term trends are based on a core group o f  301 plants that have 
participated in all of the five annual 8urveys. 
data from the core woup shows that there has been a SO5 
reduction in solid hazardous waste since the first survey, and 
approximately a 20% reduction in the generation of hazardous 
waste water, during the same period. 

In the keynote address at.-. meeting of the CMA ba New Orleans 
in Novder, D r .  Robert C. Forney, Executive Vica Prosfdent of 
Du Font lont a note of 8nCOUraqU~ent to the industry when he 
said: nRarmly has the chunical indurrtry been offered the 
opportunity to realize oconomic and public relations gains 
simultaneously with m u g  graat strides in improving the 
envirmment.n 

Longer 

Analysis of the 

ONE HUNDRED EIGHTY FIVE YEARS OF CONCERN WITH WASTE REDUCTION 

Du Pont has been cognizant of the importance of mb-zing 
waste, and activa fn doing so, 8hce it vas foundad in 1802. In 
tho marly days, man8g.r. and operators alike workod continually 
at making thr manufacture of black pouder cheaper and .afar. It 
vas rudi ly  recognitd that the procmss vasto wa8 hazardous in a 
vory M a t o  8-8, and it was to overy~ne~s advantagr to keep 
it to a mini". Tho same managomnt philo8ophy and committment 
h8vr ContinUed thrauqhout the history of the Company, and have 
8rrv.d it well fn doaling with ever mora difficult and 
tachnically challenging problem. 

In 1980, Du Font adopted a policy which 8tat.d that WI intend 
to-minimizo the generation of vast. to the extant that is 
technically and economically fea~iblo.~ 
effort matured through the ,808, we F o c u s u l  our attontion on the 
three essential areas of the prograr. Flrst, the organizational 

A. tho wasta reduction 
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I) 
and technical resources necessary to do the job; second, a 
dofined target of waste to reduce; and third, a means for 
tracking performance. 

LEADERSHIP FROM THE TOP 

In early 1984 a Corporate Camittee 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 
management group called the Manufacturing Committee. 

The responsibilities for the Waste reduction committee were 
established at the highest level of the Company's management, 
conFinning 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 thoy will have support: but it also makes than aware that 
they have to sell their proposals to those at the top. 
aware, too, from their business oxparience that selling their 
proposals of such a high level can be done most effectively by 
basing them on both the enVirOn"ta1 and financial benefits of 
tho plan at hand. 

They are 

Positioning of the organization between sonior management and 
actual plant operations demonstrates the Company's intention to 
maintain responsibility for waste reduction within the line 
organization. Clearly, wast8 roduction cannot be a staff 
'function, but must be intergrated into the main l h o  of the 
manufacturing units to protect the business. 

. 

It is recognized that waste raduction must be hstitutionalized 
to the point that it becomes a primary choice for action in any 
businoss plan to in8Ur8 that it gets the neoded attention of the 
ontiro csrganization. 

TARGETING, TRACXING AND REPORTING 

TO 8 - e  th0 PrOgranr at DU PO-, a UnifOm Of Wa8t8 to 
raduco 01.8 dofind in 1984. M0.t of th8 vasto in the mpUPont 
Tabulated Wa8tew dofinition are in tho RQU category, but the 
dafinition i8 much broador than RCRA4effn.d wasto alone (Table 
1). our definition targats tho- vastu most important for 
Du Font to rewe. V u  Pont Tabulated Waste' includes aolid 
wamto treatod or dispo8.d of on and off-dt.8 wasto usod as fuel, 
sono recyclod aaterfals, wasto fnjectod into deepells and waste 
water offluonts. 
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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. 
and bur 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 tho progress of waste reduction is no different from 
tracking any other production variable. 
dosigning tho tracking function, that one determine beforehand 
whethor tho data are to be used exclusively for internal 
corpoeato needs, or if they are to be shared with external 
groups. 
docision are different from the informational needs of a 
regulatory or public interest group. 

Thore are many positive reasons why a company, as part of its 
overall waste management program, should implement a tracking 
systom. Reliable infonnation on VOlUme of waste generated and 
tho associated costs for managing it are essential to business 
and product managorsO strategic decision making process. 

A tracking systm can be used to identify waste reduction 
opportunitfor which will ultimately lowrr operating cost and 
improve oarnings. Such considerations as volume of wasto, cost 
of &0ndlhg, rogulatory impact, product Iff. cyclo, ararkoting 
opportunitfos and basic manufacturing procossor can be factored 
into an algori-c function and coupled with a tracking system 
to idontify opportunities. The idontiffcation process would 
allow any bwfn888 team to araximizo tho tochnical and capital 
r9sourcas availablo and direct  thun to tho most neadod part of 
the business to improve its overall porformanco. 
definite advantagos to a tracking system for intoma1 usosO 
caution mu8t be usod whon providing tracking information to the 
oxtoma1 community. 

008ignhg a roporting fornrat for external use is fraught with 
potential intorprotativa errur~, primarily becauso it is 
impossible to provido tho outsido world with all tho information 
neadod to auk* accurato evaluations. 

to imagine tbat a moaningful uniform national data ba88 could 
wer ba duigned and used to effectuato rogulatory programs. 

In Du Pont w h8vo d0V8lOpod a dynamic computer data base which 
trrick8 a l l  so l id  warto within tho definition o f  "Du Pont 
Tabulat8d Wa8tOa (Table 1) The-&- b w  Wee Datatr irV. ,  a 
D i g i t a l  ICquipMnt Corporation product. 
rmquir.8 use of a VAX/vMs mainframe oporating rystun, is an 
intoractive languago that organizes information into colloctions 
of interrolatod data or data basos. 

As the business needs change 

It is important in 

Clearly, the needs for a business manager to make a 

While thore are 

In view of the cormploxity 
Md d i v ~ m i t y  O f  bu8ine8s.s in tho United State., it i8 difficult 

Datatrieve, which 
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At present, the information is compiled at plant sites; then is 
sent, in written form, to a corporate office where it is entered 
i f f to  the system. This system is being upgraded to enable online 
computer entry. 
system is the Walidated" 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. In addition, all Plant names, waste 
phase, EPA and State hazard codes, Chemical Manufacturers 
Association (CMA) waste Category, disposal m e t h o d  and disposal 
location have all been assigned codes which are recognized by the 
system when data are entered. 

The primary quality control mechanism in the 

The information can be retrieved from the data base in two ways: 
via standard report writing procedures and ad hoc procedures 
written to axtract information for specialized requests. 
standard reports have already been written. 

The most common standard report identifies the nomar" or the 
generator of the particular Waste (Table 3 ) .  
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 
procasses that may be located at different sites within the 
company. 

Comparison Reports (Table 5) are perhaps the most revealing about 
the waste rmduction program, and the most effective for moving 
the waste reduction program into the line organizations. This 
reporting format can be us8d for p8riodic comparisons of of any 
or all recordd wastes generated in any or all arms of a 
manufacturing site; in similar businesses, dep-ts or across 
the antire corporation. This reporting format i8 now being used 
to measure progress towards tha Du Font annual goal of reducing 
waste by wet ut (lb waste/lb product) 1987, and the longer 
tam goal of 3Sa reduction by 1993, c0mpar.d to the bas8 year of 

hto of the important parameters in the reporting format are 
normalization and periodicity. 
waste gmazation. For axample, examination of the data for the 
waste labald BAY 002 in Table 5 shows that the actual amount 
gonuatad mor tha comparison period incraa8.d by 691: however, 
it also shows +hat, when normalized for production, its rate o f  
gonarrrtion d.cr8a.d by 28a. Normalizetion allow8 y.ar-by-year 
compuisoru; without bia8 from production cyc1.s. T&e raporting 
frquancy will ba on an annual bases, which is a balanca between 
tha n..d to develop meaningful trends, without over-burdening the 
manufacturing units. 

Several 

The volume as well 

1912 

It is paramount to normalize the 
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~ 124PLE24ENTATION ~~ ~ 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. 
technical effort are the people at the sites. 

All sites have an environmental coordinator who serves as a focal 
point for all environmental activity. 
mental group are aware of what problems neeU 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. 
implementation of the programs are the responsibility of the line 
organization. 

The spectrum 02 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 hlrzardous waste is one of the first environmantal 
initiatives to come along in the '70s - '80s that doesn't n8ed to 
be interpreted or explained to l h e  organization by legal 
counsel. Reducing waste and its aa58ociat.d economic benefits are 
recognized by the line organization as matters on which it should 
move forward agres8ivel.y. 
sit.-wide waste reduction conmittees with repres8ntativ.r from 

Those in the front line of the 

He and the site environ- 

The planning and 

Xany of our sites have established 

each operating and businesr unit, and the plant manager. - 
SHORT TERH SOLJJTIONS 

There are many short term solutions that can be hplemented now. 
Foremost among thrre is the establishment of training programs. 
W i t h i n  Du Pont, such program8 stress the need for reducing waste, 
understanding tha differ8nce8 between hazardous and non-hazardous 

Training th. firrrt-ih supervisors and opuators has already 
yfeldod large radUctionS in the guruation of wa8t8 at a saveral 
sitas. Typically, the past, the operators have be8n told to 

the :..=.a. on a shift to shift ,  or day to day basis, not trnowinq 
that the the wash va8 generating a hazardous wa8t8. 
things are different. There are fewer washdowns; and, better 
Yetr gY88t8r .ffO*S ar8 being md8 to avoid th. 
washdowns. Changes like th8se can be made quickly; they require 
little, if any, capital investment: and they bqfn to pay o f f  
immediately. 

W 8 S t 8 ,  and th. W m C 8  O f  ke8ping thm 8epUat& 

"keep the U.8 Clan'. Accordingly, the OpOtatOrS Mad down 

m a y ,  

FOE 

2 -2 



LONGER TERH SOLUTIONS 3 -gar 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 t h e  
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. 

Chemical 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 
imnmdiately available to them, they also have ready access to 
intamal and external con8ulting and environmental services. 
kpong the internal semices is the Chemical & Environmental 
Consultant Section o f  the Engineering Department, 
organization con8i8+.8 of 8 0 m e  150 chemical and environmental 
engineers whose axprt i se  ranges from reaction engineering to 
water, vast. and geological engineering. 
Engin8eXfng Dqartment has an Engineering Test Center which has 
wertire and facilities for air quality testing, waste water 
sampling and characterization, and testing of biological and 
chemical treatment methods . 

This 

In addition, the 

CHMICAL EN GINEERI NG APPROACHES 

It would be advantageous at this point to describe how we go 
about using waste reduction technology. 
thak waste from chemical processes can be minimi2.d in at least 
four general ways: 

It is well recognized 



o by modifying the process to minimize its generation; 

o 

o by converting it to useful, and in many cases valuable, 

by recyling it, preferably to the process in which it is 
generated; 

by-products: and 

o by changing its nature to make it less toxic and voluminous . 

The following examples.from Du Pant experience illustrate each of 
these ways, and cite to some extent the role of chemical 
engineering in solving the problem. 

- for ultimate disposal. 

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 adigonitrile, 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 concmtrated 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 were 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 SO*. 

The task of designing the new procass posed nberous problems for 
the chemical enginears involved. 
reactors to accommodate the slower reaction rates with the new 
catalyst: design o f  a totally new kind of extraction system to 
recycle tho catalyst: and a more extensive refining train to 
recover tho product. But it did reduce the waste. 

It required much larger 

REcycfip: 
In tho &facture of a relatively now polyazymide ffber, a 
substantial quantity of wasto, Called pumpout solution is 
generatad in tho spinning D~OC~SE. Prom startup of tho plant in 
the early 1980's until 1907, this waste, which consists of 201 
polymer and 80% concentrated acid, was disposed of by burning, or 
by rending it to a hazardous waste landfill. Though referred to 
as "solutionN, this waste is a relatively hard solid i n  the form 
of large Nchunk?r.n The initial approach to reducing it was to 
grind the chunlu to small particles and extract the acid for 



recycle. Eventually, it was found that all of the ground 
parficles--polymer as well as acid-could be recycled to the 
process. The grinding process, which is rather intricate because 
& akunusual 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. 

3 

CONVERS ION 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 rasult of a team effort on the part of chemists, chemical 
engineers and marketing people, Du Pont is now converting these 
materials t o  a carefully controlled mixture o f  esters which are 
b8ing sold as DEE, which is much in demand in the paint and 
furniture industries. 

QUNQING THE CHARACTER OF WASTE 

Although th8 n8w process for producing adiponitrile mentioned 
abov. mad8 a substantial reduction in the organic and aquaous 
waste loads, it g8n8rat.s a large VOlUm8 of spurt catalyst solids 
that are being disposed of by containment in a hazardous waste 
landfill. 
.murnatfng from tbrr plant, until the simple .xp.diene of 
installing a large belt filter has now mada it pcssible to 
reduce t h m  voluma by 35a. This ha8 r8sultrd in a substantial 
savings-h dispo8al costs, and will 88rve as an adequate means 
for disposal, whil8 work is in progress aimed at recovering the 
bulk of the ingr8di8nts involvod in an economically and 
environmantally sound way. 

This Waste was one of the largest V 0 1 ~ ~ 8  solid wastes 

TARGETIN 0 OPPORTUNITIES 

Wucing wasta is often looked on as an onorous task, and most 

cas-, that it can yield savings well in wcess o f  i t s  cost, and 

on as an opportunity.' 

CUt.fnly 8dditiOnal Cost. But .xp8riUlC8 ha8 shown, in lpMy 

o f t m  C M  gm8rat8 8ub8tmtial new fnColp8; hmC8 it M Y  b8 looked 
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m a n  a sit. embarks on a waste minimization program the 
opportunities sometimes become readily apparent: but, more often,  
there is a need t o  examine the overal l  waste s i tua t ion  in depth, 
n i r  is f a c i l i t a t e d  within Du Pant through use of the corporate 
waste data bas8 mentioned previously. Each site, having 
contributed t o  it, has it's own data base which it can use t o  
" ta rge t  opportunities." 
which y i e ld  the dual benef i t  of improving the competitive 
posi t ion of the site 's  businesses and increasing the protection 
of the-environment a t  the same t i m e .  

The best  of such opportunities a ra  those 

W e  a r e  a l s o  looking for opportunities f o r  reducing waste from 
processes which a r e  used i n  more than one department o r  a t  more 
than one s i te ,  w i t h  the help of the waste data  base. For 
example, w e  recent ly  targeted the "10 Most Wanted" wastes 
generated within the Company-wanted h the sense t h a t  the FBI 
uses t o  i den t i fy  the most dangerous criminals. The search was 
made on the  b a s i s  of severa l  c r i t e r i a ,  primarily volume and cost .  
The information generated is now being used t o  focus a t ten t ion  on 
reducing these wastes and extract ing values from t h e m  w i t h  the 
help o f  direct corporate  support. 

PURSUING THE OPPORTUNITY 

From a chunical engineering point of vi8w, waste minimization can 
be handled i n  much the 8ame way a8 proces8 development. 
n e d s  t o  d r f i n e  the problem: What arm its dimenrrions? Its 
implications? Analysis f01lows: What options are available? 
what a r e  the oppor tuni t ies  w i t h i n  each.option3 What obstacles? 
what are the chances for  success? What information ne& t o  be 
d ~ e l o p r d ?  Is noodd technology available, or must it be 
developed u r p e r b o n t a l l y ?  

Ther0'8 no bwt Way t o  obtain aXl8Ww t o  the88 question8. 
p r o b l m  or s i t u a t i o n  dictates its own ne8ds. 
t o  bo floacible i n  dealing w i t h  tho" 

One 

What are the .conoPic8? 

E a c h  
Tho88 engaged need 

R d u c i n g  wasto t o  -in competitiv8 ha8 b8.n an important 
ingrdiuat in a l l  ~ u c c o s s f u l  businessas in the past; in the 

ha8 made rub8tantial progre88 in r.spondfng t o  tho ecoIIQoIc and 

that much nore inturr ivr  e f f o r t  vi11 b. n e d d  in tho -e. 
Du Pont, cognizant of tho importance of reducing wasto sin- its 
baginning, ha8 intm8if i .d  it8 ef for t .  t o  respond t o  th. 
a c c o l u a t i n g  need8 of the prmsant, asprc ia l ly  for  t.aucing 
hazardous wasto. 
zat ion in place,  and able leadership a t  the top  level8 o f  

fUtUZo, it V u 1  h ab8OlUtUly 888Ultial. Tho C h d d  indurrtry 

rSgUl8tOW inCUl t$VU 88 they have W O l V 8 d t  and it mcognizea 

It has a functioning wasto reduction organi- 
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managemant. 
dedicated technical personnel to fulfill its commfttment "--to 
minhfze th8.generation of waste to the extent technically and 
economically feasible." 

It also has the resources in its capable and 

3 
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TABLE 1 

DU PONT TABULATED W A S T E  

Tyue of Waste 

"Solids" treated or disposed 
off-site (including wastewaters) 

"Solids" treated or disposed on-site 
(except for wastewaters, see belov) 

Barged to Sea 

Deep Welled 

Total influent to on-site wastewater 
treatment facilities. 

Total influent to POTW 

RCRA 
Hazardous 

Yes 

Yes 

Yes 

Yes 

Used for fuel Yes 

Recycled :- 

Used as an ingredient in an 
industrial process to make a 
product if not first reclaimd. 

U s o d  or reusod as an of20ctivo 
substitute for commreial products. 

No 

No 

Spent material that is rmclaimod Yes 
but not returned to the original 
manufacturing procms by p i p .  

Non-RCRA 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

No 



TABLE 2 

VALIDATION CODES FOR TYPICAL WASTE MINIMIZATION TECHNIQUES 

1'10" : 

"11" : 
"12" : 
1'1311 : 
1114 'I : 

W Z O "  : 

"21" : 
"22" : 
u23n : 
"24n : 
"25" : 

"30" : 

"31" : 
"32" : 
"33a : 

"40" : 

"41" : 
"42" : 
"43" : 
"44" : 
* i s "  : 
"46" : 

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 fo r  Reuse 
Use as a Fuel 
Sale 

Improve Waste Treatment 

Waste Filtration 
Waste Decantation 
On-Line Treatamnt 

Administrative Controls 

Minimizing Washdown 
Reduce Cleaning Frequency 
Longer Turnaround Time 
Improved Spill Control 
Separate Hazardous from Nonhazardous 
Discontinue Manufacture 



TABLE 3 

TYPICAL COWMN HEADERS IN COMPUTER PRINTOUTS 

Product ion Waeta 

VI023 Organla Aaid 

Area hscrimtioa 

NR126 Polymer. 

GA462 ' spent Catalyst 

NE621 Lab Solvent 

BU215 Acid Catalyst 

Quantity 
Hazardous Generated 
Class. H, lb/yr 

Plarnable 2 

Caustic 50 

A d d i c  10 

Ignitable 05 

Corrosive 40 

Management 
Disposal Cost 

$M/yr 

5 . 5  ' 

25 

4 2  

1 

16 

Minimization 
Hethod 

Recycle 

Sale 

Reuse 

Fuel 

Admin. Contr. 



L; 

Annual 
VOlURe 

Production Waate General 
Area , ~escrbtion H, lb/yr 

Polymer 7.5 

i 6 3  1 Solvents 21 

TABLE 4 

HANAGWENT PRINTOUT 

Density 

2.3 

5.3 

1 

On-Site 
cost 

SN/yr 

2 

' 317 

225 

O f f  -Site 
cost 
$M/yr 

4 

4 

302 I 

In Storage 
year-end 

M ,  lb 

3.1 

100 

85  



TABLE 5 

CO)(PARISON REPORTS 

Base Y r  Compo Y r  Base Y r  Corp. Y r  
Study Quant. want .  % Wst/Prod Wst/Prod t 

Waste Code H l b / w  H lb/yr Chanqe Ratio Ratio Chanqe 

FAY001 72.20 187 . 00 + 159 240.67 267 . 14 + 11 

BAY002 51.20 86050 + 69 170.67 123 . 57 - 28 
PAY003 4.70 5.90 + 26 15.67 8.43 - 46 
GBC004 23.00 40.00 + 57 63 . 00 65.00 + 3  

I 
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WASTE REDUCTION CASE HISTORIES: 

WHAT'S WORKED, W A T  HASN'T, AND WHY 

t- .3 

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 Infomation Center 
(HWRIC) was formed within the state's Department of Energy and 
Natural Resources (ENR) in 1984. The Center's mission was to 
combine resea-rch 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 hzzardous 
waste. Over the last several years, HWRIC has developed a strong 
waste reduction program. Aspects of this program and the 
progress of Illinois ind st n reducing its waste is summarized in a series of articles. Y, E 3 

Briefly, the Center's waste reduction activities include: 

1) Providing technical assistance to industries to help 
then: elininare the produzticn of ha:r:dcrus waste an2 
irprove their vaste managonent practices. 

2)  Developing an interactive computerized waste management 
tool, the Multi-Option Kodel (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 

4) Encouraging waste reduction/minimization through 

for recycling and reduction technologies [XZT). 

presentation of an annual Governor's Innovative Waste 
Reduction Award (here after referred to as the 
~ ~ o v r r n o r  s Awards") . 

In addition, HWRIC and the Illinois EPA have received one 
of USEPAIS RCRA Integrated Training and Technical Assistance 
(kfTT;.) S r t n t s ,  c3ick vi11 exptnd t 5 e s o  rctivitits. In 
D a r ; i r u l s : ,  iF?:c w i i l  t.2 5 t ~ . b :  ,>L:;G a ;;?:e rGz*:ctjon trainir.3 
Grogran and will be providing technical support to IEPA's intern 
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prcgram to place engineering students in industrial facilities to 
hclp these facilities develop waste reduction techniques and test 
new technologies. 

have received waste reduction plans and descriptions of progress 
frca 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 Program. 
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. \le have also examined various 
e?,zroa:t .~s that these and othsr cc;r.p'lnies ha-re takcn tc waste 
rG,'.-cti:n and t h e  prcs and COS3 Of e a i k .  k.'a hoFe these c.:se 
studies vi11 help others initiate and develop effective waste 
reduction programs. 

INCENTIVES AND DISINCENTIVES FOR WASTE REDUCTION 

In response to the Governor's Awards discussed above, we 

. .  
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 recoqnize, however, that the most 
economical way to reduce pollution is to minimize the release of 
ra*J materials, by-products, and other valuable materials into the 
waste stream. L o s s  waste means less treatment of waste, as well 
as less replacement of process materials. 
attention to details that can result in minimal discharges are 
often overlooked. For example, reduction of drag-out rates in 
electroplating is an excellent way to reduce waste at the source, 
a i l  to rsduce the cost of wastewater traatnent. Howt'ier, a 
Flaterr vho is d0ir.g a hiqh-volum3 busfnssi ray feel that the l i x  
c c m o t  te sloved down to allow for mcre dritping tine. Xlso 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 requirenents. 

disincentives for waste reduction are many. A few of these 
incentives are listed below. 

Housekeeping and 

Despite potential drawbacks, the incentives and 

v 
Waste reduction practicer are usually undertaken 
beca.ure OS economic need. Reducing .the amount of waste 
generated, or switching from generating a hazardous to 
a nonhazardous waste will mean lower disposal costs. 
Reuse of materials within the plant will reduce the 
cost of new raw materials. 



wor- Safety 
Replacing hazardous raw materials with less- o r  
nonhazardous materials will improve safety conditions 
and provide other benefits such as better worker 
morale, lower insurance rates, reduced absenteeism, an2  
easier compliance with OSHA regulations. 

Many generators initiate waste reduction programs to 
avoid the time and trouble of comglying with regulatcry 
requirements for hazardous waste management. Waste 
reduction can remove small quantity generators fron 
most or all RCRA requirements. 

peuulations 

. . .  
L.U&h!L Long-term liability is one of the best reasons to avoid 

hazardous waste generation. This benefit is often 
difficult to WantifY, 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. 

L s c k  of CaDital 
Any significant change in an industrial process will 
usually involve investment in capital equipment, which 
requires paying additional overhead (the monthly 
payment for whatever you buy) for an extended period of 
time. Many firms, particularly small ones, do not want 
to pay additional overhead if it is not necessary. The 
fear of capital comzitzsnt often c;;:weiyhs t h e  
F2ssfsility of greeter future profit. J.iso, capital is 
simply not available in many cases. 

Generators are in the business of producing and selling 
a product, and providing the best quality 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 using 
existing methods. 

. 
duct O u a l u  

- 
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 
rcducticn options that ray affrct pro<!;rct q~3li:y. 
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Jnnad ia t e  Prcd 'Jct ion Nee d s  
Because p l a n t  o p e r a t o r s  a r e  concerned most wi th  making 
a p roduc t ,  they a r e  r e l u c t a n t  t o  spend t h e  eva lua t ing  
new p r o j e c t s ,  even i f  it might provide  them wi th  a 
payof f .  Unless  they  s e e  an advantage i n  committing 
t i n e  t o  a waste r educ t ion  program, they w i l l  no t  g ivc  
it  a h igh  p r i o r i t y .  

R e u u l a t i o ~ ~ n v i r o n n e n t a l  r e g u l a t i o n  can be both  an i n c e n t i v e  and 2 

d i s i n c e n t i v e  t o  waste reduct ion .  Many f i n n s  reduce 
v a s t e s  t o  avoid  r e g u l a t i o n .  Some r e g u l a t i o n s ,  however, 
zay  d i s c o u r a g e  was te  r educ t ion .  For example, some 
*..zste rsduc: io? p r a c t i c e s  ray be cans ider2d  t.azar<cus 
L . ~ G ~ C  trc.il;.:er.= a c t i - i t i c s  am! c%ld  P:~;:c-.. iar 
s c n e r a t c r  to e x t e n s i v e  r e g u l a t i o n .  ; & i i t i o n z ! i y ,  
r e g u l a t i o n s  t h a t  apply  t o  media o t h e r  than  s o l i d  v a s t e  
nay come i n t o  p l ay  w i t h  some waste  r educ t ion  p r a c t i c e s .  
I n  I l l i n o i s  f o r  i n s t a n c e ,  s o l v e n t  s t i l ls ,  no n a t t e  
small, a r e  required t o  have a i r  p o l l u t i o n  p e r n i t s .  fi , h?*d 

J n e r t i a  
I n  g e n e r a l ,  many people  t a k e  t h e  a t t i t u d e  " i f  it a i n ' t  
broke,  d o n ' t  fix it." I f  a p rocess  or opera t ion  is . 
running w e l l ,  people  t end  t o  l eave  it a lone .  

Hany of  t h e  above d i s i n c e n t i v e s  can be grouped i n t o  E 
General  f a a r  of unknown outcomes, which a r e  o f  l e g i t i m a t e  
cancern .  A poor ly  concaived o r  implemented waste r educ t ion  
prbgram cou ld  have s e r i o u s  tep~rCUSSiOnS f o r  t h e  person o r  
coinpany who under took  it. 

The n o s t  e s s e n t i a l  e lement  f o r  unde r t ak ing  a waste m d u c t i o n  
progran  is an  o rgan ized  approach t o  e v a l u a t i o n  and s e l e c t i o n  of 
a l t e r n a t i v e s .  The USEPA h a s  r e c e n t l y  pub l i shed  The EPA Man ua 1 

format  f o r  e v a l u a t i n g  i n d u s t r i a l  p r o c e s s e s  f o r  t h e i r  waste  
minimiza t ion  p o t e n t i a l .  I t  's a g e n e r i c  manual, in tended  t o  apply 
t o  many t y p e s  of  i n d u s t r i e s  . A number of i n d u s t r y - s p e c i f i c  
v a s t e  minimiza t ion  manuals are a l so  a v a i l a b l e  (see Table  1). 

a f a c i l i t y .  I t  i n d i c a t e s  t h e  pe r sonne l  needed t o  c a r r y  o u t  such . 
an  o p e r a t i o n  and t h 8  necessary resources. I n  some cases, 
p a r t i c u l a r l y  a t  smaller p l a n t s ,  t h e  f u l l  a u d i t  procedure 
o u t l i n e d  i n  t h i s  manual may n o t  be p r a c t i c a l .  I n  these cases a 
s imple  problem-solving format  can  be employed, and t h e s e  basic  
e l e a e n t s  are  i n  f a c t  inc luded  i n  t h e  USEPA manual and most o t h e r  
manuals i n  one form or a n o t h e r  (F igu re  1). 

f o r  , which o u t l i n e s  a SeSSmen t q . . .  Waste M i n ~ i z a t i o n  ODoortunltv As 

t 

The USEPA manual gives a method f o r  i d e n t i f y i n g  problems i n  

Problem --This is t h e  most i n p o r t a n t  phase i n  1) * * . v f m t i o n  
deve lop ing  a waste r e d u c t i o n  p lan .  
p l a n t ,  t h e r e  may be a nebulur  d e f i n i t i o n  such as W a s t e  

I n  t h e  case of a l a r g e  



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 W e  are generating too much ' 

cleanup waste on line 8" 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. 

Fact Findinq--This part of the process will vary in 
complexity, depending upon plant size. For a large plant, z 
comprehensive audit is necessary. Far small plants with fev 
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 originz]. 
problen may need to be redefined. 

Eva 1 ua t ion of A 1  terna tiveZ--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) achievenent of stated goals, (2) overall 
economics, (3) availability of capital, ( 4 )  environments1 
protection, (5) safety, for workers and the surrounding 
conmunity, (6) product quality, (7) how changes affect other 
plant operations, and ( 8 )  regulatory impacts. 

1 eme ntati 'on--Once a course of action has been chosen, it 
y e s s e n t i e l  that ianediate action be taken in an organitrj. 
rir.:.er. I r . p le r .~n teL :cz  : b f  ::.e a z t i o n  Should be coordir.ztc2 
carefully with all individucls affected by it. It is also 
essential that assistance with unfamiliar aspects be 
obtained. 

~ o l l o v  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 procedures that must be made to avoid 
negative outcomes. Followup is a continuous process because 
new, but usually smaller, problems result. 

. .  

CASE BTUDIES 



NPT Late1 Systems is a midres t  f i n a  t h a t  manufactures 
p re s su re - sens ib ive  l a b e l s  u s ing  a f l exograph ic  p r i n t i n g  process .  
In  1985,  it purchased Fagan Labels of Monee. The  f i r m  c u r r e n t l y  
e3ploj.s t e n  people  a t  its Xonee p l a n t ,  t h e  cofi.pany's s m a l l e s t .  

A t  t h e  t i n e  of i ts purchase ,  Fagan Labels  had a l r eady  done 
sone convers ion  of its o p e r a t i o n s  from us ing  solvent-based i n k s  
t o  us ing  water-based inks .  S h o r t l y  a f t e rward ,  HPI personnel  
decided t o  conve r t  completcrly t o  Using water-based s o l v e n t s  f o r  
t h r e e  reasons :  

1) Rsq' .~?3tory burdan--There wr; t c o  f e d  s t a f f  cr?;r.bors t o  
hzndle  t h e  ma?.35-zr.~nt rs;u i r r . t en t s  and pt;cr *;i*rk 
burden t h a t  r e g u l a t i o n s  a s s o c i a t e d  w i t h  s o l v e n t  wastes  
r equ i r ed .  

so lvent -based  inks was f a c t o r e d  i n ,  water-based inks  
were less expensive t o  u s e .  

p o t e n t i a l  h e a l t h  problems and provided a safer  and more 
p l a a s a n t  working environiaent,  because of t h e i r  l ack  ?f 
f l a m n a b i l t y  and less o f f e n s i v e  odor .  

2 )  Econonics--When t h e  c o s t  of waste management for 

3 )  Employee safety--Katet-based i n k s  involved-  fewer 

The o r g a n i z a t i o n  and p l ann ing  r e q u i r e d  t o  conver t  t o  water-  
based ir.kir i n  a p l a n t  of t h i s  sits were minimal. W o  people ,  t h e  
p l a n t  manager and one  eoployae v i t h  a p a r t i c u l a r  i n t e r e s t  i n  t he  
p rocess ,  vere invo lved  i n  most of t h e  problem assessaints and 
decisions. The e x i s t i n g  was te s  t h a t  needed t o  be e l imina ted  were 
e a s i l y  d e f i n e a b l e .  
i a r t t  tontaminzted s o l v e n t s  frcs squipnent  c l e a n i n g  between runs .  

The presence  of a l a r g e  water-bared ink  manufac tu re rhea rby  
f a c i l i t a t e d  t h e  conve r s ion  p r o c e s s  a s  d i d  improvements i n  

change: t h e  s u b s t r a t e  ( t h e  s u r f a c e  to be p r i n t e d  on, u s u a l l y  
p o l y e s t e r  f i l m  o r  lamina ted  f o i l )  had t o  be top-coated w i t h  an 
a c r y l i c  r e s i n .  
first, b u t  t h i s  t y p e  of p roduc t  has now become quite common. 

i n k s  provided  a much more p l e a s a n t  vork ing  environment. The 
change war a l s o  accept8d  by customers,  who encountered f e w  
problems w i t h  t h e  new product .  

MPI changed from g e n e r a t i n g  a h8zardous waste t h a t  required 
tine-consuming management and expens ive  d i s p o s a l  t o  gene ra t ing  a 
waste t ha t  can simply be sewered. 

t o  water-bared inks, XPI-Monde, its St:;lest p l a n t ,  is t h e  f irst  
t o  make a complete  changeover .  
advantage,  because  they had an e a s i l y  d e f i n e a b l e  waste t o  deal 

T3e on ly  hzrcr5:us u a s t 9 s  they  disposed of 

. r a t e r - b a s e d  inks .  The conve r s ion  n e c o s s i t a t e d  on ly  one process  

Ob ta in ing  such  material was SOQQYhat d i f f i c u l t  a t  

P l a n t  employees welcomed t h e  change because t h e  water-based 

bail .  a l l  MPI f a c i l i t i e s  arm i n  t h e  p rocess  o f  changing over  

T h e i r  small s i t e  w a s  an  

. 

. 5-7 



:.ith and t hey  d i d  n o t  n o t  have a l a r g e  management h i a ra rchy  to 
:-ark through; t h e  p l a n t  manager was a b l e  t o  make d e c i s i o n s  and 
c a r r y  them through. 
hcoming  t h e  s t a n d a r d  f o r  t h i s  p a r t i c u l a r  i n d u s t r y  t h i s  i s  a good 
zxarapla of t h e  a a r k e t  p l a c e  respondi  g t o  an i n d u s t r i o u s  waste 
Zanagement needs w i t h  a new product .  

jllinois Benedic t ine  Col leae- -Lis le ,  Illinois 

I l l i n o i s  Benedic t ine  Col lege  (IbC) is a p r i v a t e  l i b e r a l  a r t s  
c o l l e g e  i n  L i s l e ,  a wes te rn  suburb of Chicago. I t  e n r o l l s  2 5 0 0  
s t u d e n t s  i n  undergraduate ,  g radua te ,  and p r o f e s s i o n a l  programs. 
I t 's  chemis t ry  depar tment  employs s i x  p r o f e s s o r s ,  vho teach  about 
5 5  s t u d e n t s  p e r  seaester i n  i ts  o rgan ic  chemis t ry  c u r r i c u l u n .  

Four y e a r s  ago, t h e  p r o f e s s o r  and l a b  t e c h n i c i a n  . in  charge 
of t h e  o r g a n i c  chemis t ry  l a b o r a t o r y  c leaned  o u t  the  l a b  s to rage  
a r e a s  and c o l l e c t e d  a q u a n t i t y  of expi red  chemicals, experimental  
r e s i d u a l s ,  and misce l laneous  o t h e r  wastes  t h a t  required d i sposa l  
BS hazardous waste. The b i l l  f o r  d i s p o s a l  of t h e s e  m a t e r i a l s  c m e  
to $5000, abou t  1/4 of t h e  e n t i r e  ope ra t ing  budget  f o r  t h a t  
l abo ra to ry .  Both t h e  management and t h e  academic s t a f f  wished  t o  
avoid  f u r t h e r  unexpected costs  of t h i s  type ,  and a program was 
rrndertaken t o  reduce t h e  amount of  hazardous waste genera ted  i n  
t h i s  l abora to ry .  

Because water-based i n k s  are qu ick ly  

9 

D r .  David Rausch ,  t h e  p r o f e s s o r  i n  cha rge  of o rgan ic  
chemis t ry ,  was asked by t h e  department head t o  s t u d y  t h e  
p o s s i b i l i t y  of us ing  mic rosca le  g lassware  procedures  t o  reduce 
=he amount of expe r imen ta l  r e s i d u a l s  produced. D r .  Racsch and 
Vichae l  O'Grady, Labora tory  Superv isor ,  d i r e c t e d  t h r e e  s tuden t s  
i n  t h e  development of microsca le  experiments  and techniques ,  
:sing P ik I -Kaya  ~ . r . l c r=scc la  CIrGanic g l c s s  k i t s  a93 o t h e r  sc\ectt-.:' 
::assware. R e s u l t s  of i n i t i a l  expe r inen ta t ion  i n d i c a t e d  t h a t  t k e  
Glassware cou ld  be manipulated by s t u d e n t s  and t h a t  near  
t h e o r e t i c a l  r e s u l t s  c o u l d  be obta ined .  Reduct ions i n  waste 
g e n e r a t i o n  of 90-992 w e r e  ob ta ined . (Tab le  3 ) .  L 

gecided  t o  purchase  1 4  g l a s s v a r e  k i t s  f o r  its o r g a n i c  chemistry 
lab.  They a l s o  acqu i r ed  semiautomatic  p i p e t t i n g  sys tems and nev 
e l e c t r o n i c  ba l ances .  Gas chromatographs were donated by a l o c a l  
i n d u s t r i a l  f i r m  t h a t  w a s  r e p l a c i n g  them wi th  new i n s t r u n e n t s  f o r  
t h e i r  own i a b s .  The t o t a l  c o s t  to.IBC was approximately $30,000. 
The  sav ings  from avoided d i s p o s a l  c o s t s  and reduced chemical 
useage  r e s u l t e d  i n  a payback of approximptely f i v e  y e a r s  for t h i s  
c a p i t a l  investment .  

drawers i n  t h e  l a b o r a t o r y  were n o t  a p p r o p r i a t e  f o r  s t o r i n g  t h e  
r e w  g l a s sware  k i t s  and a new system had t o  be des igned .  This  
s f d e d  an unexpected c o s t  of  $3 ,503 .  

Based on the  r e s u l t s  o f  t h i s  i n i t i a l  exper imenta t ion ,  IBC 

One unexpected problem a rose .  The t r a d i t i o n a l  s t o r a g e  

Soae r e s i s t a n c e  was encountered from t h e  academic s t a f f  a t  
f i rs t ,  b u t  once t h e  b e n e f i t s  of t h e  new system were apparent ,  
t h i s  subs ided .  A h i g h e r  l e v e l  of s k i l l  w a s  required from t h e  



s tuden t s  i n  order t o  nan ipu la t e  t h e  smal le r  glassware, b u t  

t o  add t o  course  c u r r i c u l a .  

A l l  o rganic  chemistry c u r r i c u l a  a t  I B C  have now been 
converted t o  microscale  techniques.  I B C  is the  first co l l ege  i n  
I l l i n o i s  t o  acconpl i sh  t h i s .  

I n  a d d i t i o n  t o  t h e  glassware techniques,  IBC has a l s o  . 
implemented a formal c e n t r a l i z e d  inventory system f o r  the  
chemistry department and modified lts purchasing p rac t i ces .  This  - 
i s  intended t o  e l i m i n a t e  l a r g e  purchases of chemicals and t o  
preclude the p o s s i b i l i t y  of chemicals d e t e r i o r a t i n g  o r  becoming 
unusaable w h i l e  shelved.  They a l s o  recyc le  i n  t h s  l aborc tory ,  
rc*rsiEg the r r s i d w s  frc3 sere exgcrizen:s f r c n  y3cr t o  year .  

exgerimental  tiinas ware a c t u a l l y  decreased,  allowing professors ') 

* 

I B C  s t c f f  have presented  seve ra l  papers  on microscale 
glassware techniques  a t  n a t i o n a l  conferences.  They a r e  pu t t ing  oil 
x ic rosca le  techniqus  vorkshops f o r  high school chemis t ry '  
i n s t r u c t o r s  through t h e  Teachers Inse rv ice  f o r  DuPage Educators 
(TIDE) program, and S e N e  on a National Helpl ine Network f o r  
t eache r s  ne d i n g  h e l p  i n  developing microscale  chemistry techniques.  8 

CE P l a s t i c s  ( u n t i l  r e c e n t l y  Borg-Warner Chemicals) of Ottawa 
is a manufacturer of three component ( o r  ABS) p l a s t i c s  formulated 
from a c r y l o n i t r i l e ,  butadiene,  and s tyrene .  I t  employs 
approximately 4SO people  a t  t h i s  l oca t ion .  A f e w  yea r s  ago, 
Borg-Warner personnel  made t h e  dec i s ion ,  based upon *increasing 
d i s p o s a l  costs and the  environmental  s t a f f ' s  observat ions of 
s t a t e  and f e d e r a l  r egu la to ry  t r e n d s ,  t o  conduct ex tens ive  wat te  
.-;nizi:ation a x l  r a d u z ~ i o n  a c t i v i z i e s .  TS..rse a c t i v i t l a s  c o m i s t e i  
of two c txpanents :  (1) the  f o r r a t i o n  of a waste a inici :ar icn 
program w i t h i n  t h e  p l a n t ,  and ( 2 )  extens ive  process  modif icat ions 
that  were in tended  t o  use  raw m a t e r i a l s  mora e f f i c i e n t l y  and thus  
reduce waste genera t ion .  

A waste minimization team f o n e d  i n  l a t e  1986 cons is ted  of 
16 p l a n t  employees. The team included a t  l e a s t  one person froa 
management and one from t h e  l i n e  employees from each area  of t h e  
p l a n t .  These employees possessed an average of over  20 year; 
experience.  

A l l  team members ware requi red  to go through t r a i n i n g ,  no t  .. 
i n  w 8 8 t e  minimizat ion techniques ,  b u t  i n  t h r  concept of working 
and f u n c t i o n i n g  as a team. They were given t r a i n i n g  i n  
brainstorming,  s e t t i n g  p r i o r i t i e s ,  and teamwork i n  general .  

A f t e r  t r a i n i n g ,  t h e  team was assigned t h e  task of 
i d e n t i f y i n g  a waste s t reams wi th in  t h e  p l a n t .  N o t  only ware 
>a ta tdous  wastes i d e n t i f i e d ,  b u t  a l s o  nonhazardous sol id  wastes 
of a l l  t.??es, i nc lud ing  sources  of wastewater t h a t  C O U ! ~  be 
reduced o r  e l imina ted .  Wastes were i d e n t i f i e d  both by work a rea  
and by job f u n c t i o n  (wastes  generated by each employee a s  they 
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Performed, their dail duti ) .  An extrema-y large ist (over 100 
pages)_ yas' generated, and this led to the setting of priorities 
tor which wastes would be dealt.with. . 

The team then decided for individual plant areas which 
wastes were the most lfkely candidates for minimization or 
reduction. These decisions were made using the following 
criteria: 

combinabilif;y--Wastes with the.potentia1 to bo bulked with 
wastes from other plant areas were given priority. 

n - h r g e - v o l u n e  wastes were generally given priority 
over small-volume wastes, although this was not always the 
case. 

. .  

muse/Recvcle Potential--This was the ultimate waste 
minirdzation method for most of the wastes identified. AS 
it- turned out, there were many opportunities for saving raw 
materials for reuse. 

' --Economics, although important, was not an 
-9 factor. 
environmental problems resulting from waste disposal and 
worker safety were more important. Since the potential 
future cost was difficult to quantify, more leeway vas 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 
operctions, has a computed return-on-investment (ROIL) of 
approximately five years,  a period considerably longer than 
desired for most production projects. 

V e r y  little re? istante q s  enccvnterad' durir.3 the 

Reduction of potential liability from 

it?lor,rz:tticn of this Frosya%. CE rarrorlrtel at tr ibuted  this to 
the fact that employees at all levels of the plant w e p  involved 
in developing the program and in the decision-making process it 
involved. The problems encountered were attributed mostly to 
employee "inertia, I' but this soon passed. 

and id888 and suggestions from plant personnel are received and 
evaluated on a regular basis. Ideas subnitted by employees are 
evaluated by tha waste minimization team using roughly the sane 
criteria nentioned previously. The suggestion is first 
invertiqated by members of the team using the fcrms in Figures 2 
and 3. After an investigation.to iZentify the waste, how it 
rorulted, and possible remedies to its generation is made, a 
waste sumsary is assembled. 
miniritation taaa members and personnel in the area generating 
.tha waste wheth8r or not to proceed with implementing the 
rur;srttcd xsste rininizaticn prcF3zsl. 

The waste minimization prCj8Ct is ongoing at GE Plastics, 

A decision is then made by the waste 



:he only except ion  t o  t h i s  r u l e  is f o r  p r o j e c t s  exceeding 
$50 ,000 .  Such p r o j e c t s  r e q u i r e  t h e  approval of t h e  p l a n t  
manager. CE personnel  have es t imated  t b a t  c o s t  savings from these  

and Seareaa w S c l 1  p r o j e c t s  { l i s ted  a s  Rework O f f  Suec P r o d u a  
Waste i n  Table 2)  save  the  company $619,000 per  year .  

As s t a t e d  e a r l i e r ,  Eorg-Warner a l s o  changed t h e i r  product 
f o r m l a t i o n  t o  inc rease  product ion e f f i c i ency  and redcce waste 
gene ta t ion .  The progran took fou r  years  of research,  p i l o t - s c a l e  

. work, f u l l - s c a l e  implementation, and a g r e a t  deal  of c a p i t a l  
expenditure.  It was no t  wi thout  its problems, which included 
customer r e s i s t a n c e ,  scale-up problems, and un_anticipated 
wastewater t rea tment  problems. 

Customers shooed sone r e s i s t a n c e  t o  t h e  nev product ,  because 
ss:.% of i:s charactorls:i;s, s ; ;a~ i f i cc '? ly  ics c3:cr and c f3e  
s t r u c t s r a l  c h a r a c t e r i s t i c s ,  v e t s  cnangod. Ov*crccmir.g t h i s  
problem requi red  close work w i t h  t h e  customers t o  f u r t h e r  dsvelop 
t h e  product t o  s u i t  t h e i r  s p e c i f i c a t i o n s  and a l s o  requi red  soze 
good salesmanship. 

The scale-up problems l a r g e l y  r e su l t ed  from a t tempt ing  f u l l  
iaplemention based on exFerimenta1 r e s u l t s  obtained from a s z a l l  
(bench-scale) p i l o t  system. N o  in te rmedia te  s c a l e  t e s t s  were 
a t t enp ted .  Ser ious  prcbleas v c r e  encountered with equipment 
breakdowns, plugged l i n e s ,  and r e s u l t a n t  down t i m e  of an on-l ine 
production system. Product ion l o s s  and unant ic ipa ted  c a p i t a l  
expendi tures  were high.  

i n  t he  wastewater t r ea tmen t  (WWT) p l a n t ,  and evidence t h a t  
problems can come from unexpected sources.  The process  
a o d i f i c a t i o n s  inplemented reCuced t h e  chemical oxygen denand 
[ C X !  losd t o  the CE VdT p l a n t  to the ex ten t  t h c t  t h e  b i o s a s t  vas 
r.3: r e t s i v i n q  a s u f f i c i e n t  fccd su;.isly t o  suF?srt i t s e l f .  It VJS 
necessary t o  cab1 i n  a c o n s u l t a n t  t o  a s s i s t  i n  modi f ica t ion  of 
t h e  p l a n t  and its ope ra t ing  pa rane te r s .  T h i s  was another  
s i g n i f i c a n t  unan t i c ipa t ed  cost  of implementing the  process  
modif icat ions.  

considered t h i s  phase of t h e i r  waste minimization a c t i v i t i e s  t o  
be successfu l .  Waste gene ra t ion  from these processes  vas  reZuced 
from 5 8 1 b / l O O O  lb of  product ion  t o  11 l b / l O O O  lb o f  production. 
The changas resulted i n  sav ings  of $196,000 pe r  year  i n  d ' sposa l  

- -~~ 
a 

The process  mod i f i ca t ions  a l s o  induced unexpected probleas  

Despite t h e  problems encountered,  CE personnel still  

costs and 51.1 m i l l i o n  p e r  y e a r  i n  add i t iona l  production. 4; 
p l a t i n a  rirp -- Chicaao. I u n o i a  

I n  recent yea r s ,  e l e c t r o l y t i c  ion t r a n s f e r  u n i t s  (EITUs)  
have been introduced t o  t h e  e l e c t r o p l a t i n g  industry.  These u n i t s  
have sound scientific and t e c h n i c a l  foundations,  but management 
and ca in t rnance  of them haV8 had d isappoin t ing  r e s u l t s ,  p a r t l y  
because of ntabran8  c l y ; i n g .  



This Chicago plating firm is a well-maintained 
electroplating job shop that plates hard chrome on steel. 
parts are plated rolls and shafts. 
the leop en its plating line by installing counter-current I 

rinsing followed by an EITU. Installed equipment cost, including 
the agitation unit and recirculation pump, was about $21,000. 
The company saved about 6000 lbs. of chromic acid ($7,000 value) 
and water use charges were down from S1,200/nonth to $2OO/month. 
Operation and maintenance costs, including electricity, were less 
than $1,000 per year. 
membranes were so clogged that it wasn't possible to recirculate 
the chromic acid. New membranes would have cost about Sl0,ooo. 
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 
membranes 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. 
didn,t lose any money but the owner says he won't recommend this 
technology unless membranes were made less susceptible to 
plugging. 

Hajot 
The company decided to close 

However, after a year of operation the 

In this case the conpanp 

P l a t i n a  FirIn --ciccro. 11 linoiq 

This plating f i n ,  established Cicero in 1920, was a pioneer 
in plating on plastics in the late 1960's. 
ago an ion axchange system was installed to bring the discharge 
to the sewer in conpliance and recirculate the rinse waters. 
Water use was reduced by 8 0 %  and the discharge met the Chicago 
Metropolitan Sanitary District#s discharge criteria. For the 
first few years the exhausted ion exchange colunns were picked u; 
and replaced w i t h  fresh ones by the company that designed and 
installed the system. The installer regenerated the resins at 
its 0;;n facilities. However, When the installer decided to 
abandon the regeneration business, the plating firm had to do 
regeneration in-house. They regenerated the two cdtion 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 company 
that regenerant could be rcndered nonhazardous by plating the 
metals out. However this wasn't attempted because of a number of 
management and personnel problems. 

items were neglected or ignored that eventually lead to the 
demise of the company in late 1987. Some typical problecs were: 

Seven oh eight years 

When the company was sold in the summer of 1987, a number of 

-- The activated carbon filter, which should have been 
located in front of the ion exchange columns, vas 
missing. 

Spray nszzlas on staqzxt rirrsc. tar.1:s were rcirsin3, 
rnoperable, or partially functioning. 

-- 

3 



-- The System needed t o  a d j u s t  pH l e v e l s  during t h e  ion  

. -- Resin i n  most columns was exhausted and contaminated 

~ exchange p rocess  was m i s s i n g  or inoperable .  

w i t h  fo re ign  mat te r .  

The r e c i r c u l a t e d  r i n s e  wa te r  ev ident ly  wasn’t r i n s ing  
properly.  I n  a d d i t i o n ,  o p e r a t o r s  ran hoses f r o n  t h e  water 
fa i lcetr  t o  t h e  r i n s e  t anks  caus ing  them t o  overflow. 

H i s t o r i c a l l y ,  Chicago i n d u s t r i e s  have had l i t t l e  or no  
concern about t h e  cost of L-ZZC?r a?.5 its 5isi)osn: . I:t..~ci-er, I n  
ra\=ant  .j,:ars  COS:^ ~ Z V J  5ona US: vlth -1 < g %  S C K ; ~ ~ ~ C  f=r ie;jr 
Gsagc the  c o s t  of water has gone u p  from $ 0 . 7 0  to $1.17 per 
thoushnd g a l l o n s  i n  1980. 
used 7 . 5  mil l ion  g a l l o n s  of water .  Because of  t h i s  and adv i se  
from an i n d u s t r i a l  h y g i e n i s t ,  t h e  processor decided t o  conserve 
v a t e r  and thereby reduce wastewater production. 

Wastcvater i n  t h e  p l a n t  was being generated i n  th ree  major 

T h i s  medium-sized processor  annual ly  

a reas :  

1) clean-up o p e r a t i o n s  i n  t he  meat processing a rea ,  
2 )  from product  coo l ing  shovers during surmertime, and 
3 )  i n  equipment-cleaning operat ions.  

The wastewaters were conveyed t o  a g r a v i t y  s e t t l i n g  tank,  
which war o r i g i n a l l y  used i n  the indus t ry  f o r  collecting soluble  
grease.  
skinminq a s p e c t s  of t h e  tank ,  and l i t t l e  cons idera t ion  was given 
t c ;  sludge r e s u l t k g  E:m t h e  r m c v a l  of settled solids.  Such 
q r s v i t y - s i t t l i n g  :ankt t y p i c a l l y  re.tc*:a ‘satxeen 20-30% of tha 
biochemical oxygen desand (800)  and 40-503 of the  grease. 

nethods : 

The s e t t l i n g  tank  design vas  centered  around t h e  

. 
Water conserva t ion  was implemented by us ing  t h e  fo l lov ing  

-- Water s p r a y  nozz les  t h a t  g i v e  high v e l o c i t y  spray, 
reduce water  flow, and can be tu rned  on and off a t  t h e  
p o i n t  of a p p l i c a t i o n  were i n s t a l l e d  i n  the meat- 
p rocess ing  a r e a  for c lean  up, 

Dry c leanup i n  t h e  p l a n t  was i n s t i t u t e d  before  a w e t  
cleanup, 

-- Screms w e t a ’ i n s t a l l e d  i n  t h e  d r a i n s  t o  catch meat 
scraps and other materia-ls,  and 

-- Speeial d e t e r g e n t s  and c l eane r s  were used t o  reduce 
watar usage and produce a nore hygienic  area.  

-- 

Thasa measures did c u t  down t h e  water  use by abcs t  3 0 8 :  
however, us ing  less water can  sometimes c r e a t e  o t h e r  problems. 
Genera l ly ,  wastewater  d i scha rge  s tandards  r e q u i r e  meeting 

! 



' limitations of Contaminants in terms their Concentration in the 
water expressed as milligrams per liter. If water conservation 
i$ 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 POTX 
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. 

3 

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 fins that 
computed return on investments, I B C  and CE 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. k'orker 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. 

Prc2ucrivity vas a concern from the standpoint of both 
improved production efficiency and more efficient use of raw 
materials. Production efficiency was not always improved by waste 
reduction techniques. 
piece of process equipment which, as it turned out, caused 
problems requiring labor to maintain. 
initiated water-saving techniques that vera more labor intensive 
than simply Cleaning their process equipment with a hose. In both 
cases, however, the gain was irritially perceived to be worth the 
additional trouble. . 

motivation in nearly all of the cases. Raw material sauings, 
either water savings or reuse of plating baths, was an easily- 
accepted concept by most of these finas. 

Worker safety was a concern in s o m  cases. In particular, 
I:TI :.zLc:r a23 I 6 C  aired c~!:=c::.s r! 2: w::.::r,r (cz stc:?:: j 
.-.;;>:j;ve -.3 : r<:r;ic sel\ot.r:. i t : -  !:;I i.:.Fcls;, t!.,:: i * j s  t ;c c f  
t;?c driving torcos in their raw Eatcr:&l changeover. The sxitch 
to water-based solvents provid8d a ocfer and mare pleasant 
uorking environment for their erployaes. 

The Chicago plating company bought a new 

The neat-packing company 

nore efficient use of raz materials vas an inportcnt 

. .  



Environmental r e g u l a t i o n s  were an important cons idera t ion  i n  
a l l  cases ,  bu t  i n  d i f f e r e n t  ways. GE P l a s t i c s  has taken an 
aefive approach to p o t e n t i a l  regula tory  burdens. They devoted 
s t a f f  time t o  cons ide r  what w a s  "coming down t h e  road" i n  t h e  ' 
environnental  r e g u l a t o r y  a r e a ,  and modified the i r  opera t ions  as 
they deericd appropr i a t e .  
do regula tory  p lanning  and a s  a res.;lt, have d e a l t  w i t h  
regula tory  concerns i n  a r e a c t i v e  r a t h e r  than proac t ive  manner. 

avoid f i l l i n g  o u t  man i fe s t s  and annual r epor t s .  With only t e n  
onployees i n  t h e  p l a n t ,  t h a t  j o b  f e l l  t o  t h e  p l a n t  manager. The 
burden of keeping up wi th  t h e  r egu la t ions  may have had a g r e a t  
r o l e  i n  movir;g the p r o j e c t  a long.  

were dr iven  by both  sever ordinances and the  RCRA r egu la t ions .  
P l a t e r s  have Pang been r e q u i r e d  t o  l i m i t  the concentrat ion of 
heavy metals i n  t h e i r  o u t f a l l s  t o  sewage t reatment  works .  This 
has usua l ly  baren acconpl i shed  by chemically p r e c i p i t a t i n g  t h e  
metals i n t o  a metal  hydroxide s ludge disposed of by l a n d f i l l i n g .  
Under t h e  R C 2 A  r e g u l a t i o n s  t h e s e  s ludges were considered 
hazardous, which made t h e i r  d i sposa l  m c h  more expensive. >!ore 
receTfly,  LendkiLl ban r e g u l a t i o n s  enacted under t h e  a u t h o r i t y  o f .  
HSWA have s r v a r l y  ras t r i s tad  d isposa l  op t ions  f o r  t hese  s ludges  
and have forced p l a t e r s  t o  seek o the r  methods of managing t h e i r  
residuals.  One of t h e  methods pursued has been t o  no t  genera te  
t h e  r e s i d u a l s  t o  begin  w i t h .  

p o t e n t i a l  environmental  l i a b i l i t y  was a concern among a l l  
firm. As prev ious ly  s t a t e d ,  t h i s  can be viewed as a n  econonic 
f a c t o r  no t  r e a d i l y  q u a n t i f i a b l e .  Although sub jec t ive ,  p o t e n t i a l  
l i a b i l i t y  is Farcei-rad a s  a t h r e a t  by zost of these f i r m  czd has 
czt ivat . rd  tkde t o  undartc:.:s p r o j e c t s  t h a t  c z y  E s t  have a9aqcata  
payback pe r iods  t o  j u s t i f y  them f ro% a production point of view. 

Dis incent ives  such as  t h o s e  prev ious ly  ou t l ined  a l s o  
existed. Lack of c a p i t a l  is an  ongoing problem i n  any business ,  
b u t  i n  t h e s e  cases seemed t o  be less of a problem for l a r g e r  
companies. GE Plas t i c s  w a s  a b l e  t o  i n v e s t  l a r g e  amounts of 
c a p i t a l  i n  fundamental changes t o  t h e i r  production processes.  Not 
a l l  of these firms enjoyed such a luxury. The investment of 
S30,OQa in the c a s e  9S I b C  or of $21,000 i n  the case o f  t h e  
Chicago p l a t i n g  cempmy is a s e r i o u s  matter for  a small conpany. 
1.a many cases, small. fims cannot  ob ta in  c a p i t a l  at any p r i c e ,  
because they ara cons idered  too g r e a t  of a r i s k .  Of t h e s e  tirns, 
XPX Lwbalo w08 in the best s i t u a t i o n .  They needed 1Ltt le  or no 
capitel  ea change t S d r  prseess and raved money almost 
immediately. 

Pradmck q u a l i t y  was ?net a problem v i t h  most of these f i rms .  
CE P l r s t f c t  hard 8c)xu i n i t i a l  q u a l i t y  problems, b u t  solved them 
with arsger follow up. Custoier fear, as it r e l a t e s  to product 
qualIhty, was nob a s e r i o u s  problem. The proolems that did occur ,  
however, required c a r e f u l  coord ina t ion  with customer needs. 

Most o f  the  o the r  f i n s  lacked s t a f f  t3 

$$PI Labels undertook its raw mater ia l  changeover i n  p a r t  t o  

I n  t h 8  Case of bo th  p l a t i n g  f i rms,  waste reduct ion measures 

. 
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Impacts on immediate production needs were a problem in 
several eases. 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 regu1ar.production schedule was 
impacted adversely - * 

during the summer semester. A commercial laboratory might find 
such developmental tine unavailable and unacceptable. 

operational, in part because they simply did not have time or did 
not see the value of carrying out the required developmental 
work. 

IBC had the luxury of developing its experimental techniques 

The Chicago plater's chrome recovery system is no longer 

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. 

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. 

heavily dependant not only on the merits of  the technologies 
involved, but also on the way in which the technology is chosen 
end fnplensnted. T5e Oecision process can be divided into five 
sep,ents: (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 problelrs that could have been 
avoided by rigorously following a decision methodology. All of 
those that experienced success did so because they took the tine 
to use a rational decision process to evaluate their actions. 

IBc went through a very rational development process for 
their experimental techniques. The $3,500 cost of the new storage 
system, about 101 of the total project cost, could have been a 
serious niatter in a COm"Cia1 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 enployees in the decision-making process 
has added not only to the success of mast of these projects, but 
to general employee morale. 

:!.e Chicazo ;.;.ttrr's ;:c:jcrct L&! laJ  lar two areas: tf.rcy 2 . 6  
net lrtr.fr, that the chr0r.e recovery syssem vzs sensitive t 3  irc:. 
contanination, arid they failed to follov up and fix the probler: 
once they knew about it. The system could prQbably still vork i f  

Inertia, here defined as a lack of willingness to change the 

The success or failure of any waste minimization project is 



they took action to protect it from iron. It is coanon, hwdever, 
for m a l l  companies to lack the resources to properly develop a 
new system such as this O r  to install and operate such a system. 

The Cicero plating shop vas simply poorly run. They had many 
Froblens aside from their inability to'inplemcnt a waste 
reduction system and eventually went out of business. 

The meat packing company really hasn't failed in its waste 
reeuction efforts yet. They failed to fully define what their 
problem with wastewater really was, butathey were quite effective 
in their implementation of water reducfion methods. If they can 
f o l l o v  up and reduce their grease emissions, they will still have 
a successful waste reduction program. 

. 

coscLuaross 
In conclusion, companies nust look at individual processes 

within a plant and anticipate the inpacts of vasta reduction 
changes on the processes, products, and other sections of the 
plant. The necessity of looking a t  the "big picture" becomes core 
iiportant in larger facilities and in those with more complex 
processes and waste streams. 

Waste reduction projects should be viewed somewhat 
differently from regular production projects, in t e n s  of 
coxputad payback periods. k'hile most uaste 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 environaental liability an& 
liability for the safety of Workers, are difficult to quantify in 
a .;a? that can be inratted into an economic equetion. It vortld bc; 
foolish, howwef, to ignore thase factors >ten making business 
decisions. 

operators must learn to expect unanticipated outcomes. Follow-up 
is almost always required to implement changer successfully. 

Facilities should involve as many of the plant personnel in 
the process as possible.  A system such ~s that used by GE 
Plastics succeeded in identifying many more waste reduction 
opportunities than if thay'had decided in the front office that 
vas:. needed to be reduced, Input is needed froin both management 
and line personnel. In the vords of CE Plastics engineer, Bob 
Hiller, "W1.t. raductfon is initiated from thQ top down, and 
implemented from the bottom up." 

to get it. 
of difforint industries are now available (Table l), and =any 
s t a t a s  have initiated waste reduction prsrans siniliar to that 
of WGRIC. X good wasto audit and the dzvelopnent cf a sound 
waste reduction plan ean ge a long way to ensure that those waste 
reduction RrograTs Implemented wild. succeed. 

- 

. 
When embarking on a project of this sort, owners and 

Fin83ly, it i s  important bo know when to get help and where 
Many wastr reduction publications covering a variety 

. x, ,_ 
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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 Pollutim 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 "never has so 
little been done by so many who know so much."(l) No matter what the size 
of the firm or preventive technologies used, a waste reductisn program is 
only effective when everyone from the CEO 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 oqmetal finishing. However, all of 
the methods discussed are directly applicable to metal finishing firms. 

-I Corporate Comitment 
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. 
reduction, establish guidelines, and lay out the responsibilities for the 
program. 
reduce waste. Some policies have set specific goals, whdle athem have let 
the goals be set by individual plants or by progrm staff. Either way, the 
goals must be reachable, and a method of tracking waste reduction should be 
established in the policy statement. 
reduction policy is shown in Figure 1. 

The policy should state the company's commitment to waste 

It must be made clear that it is everyone's reapansihility to 

A n  example of one company's waste 

Next, manag-ent must show its commitment by providing the resources needed 
to get the job done. 
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. 
job, while in larger firms whole waste reduction departments cam be 
created. 
successful, the person leading it has been a "champion" for the program. 

A written statement will aem v e q  little if personnel 

In smaller companies t h i s  may bs part of an a s t i n g  

Whatever the case, where a waste seduction program ha'% been 



FIGURE 1 

EASYMAN CHEMICALS DIVISION WASYE MINIMIZATION POLICY 

VISION 

ECD is recognized by our employees, the community, the chemical industry. and regulatory 
agencies as a leader in waste minimization. 

OBJECTIVE 
To mintmite waste through source reduction, sale/reuse/recycle, reclamallon and treatment. 

WASTE BEFINITION 

Any material that must b e  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 regulations 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 31 3 chemicals. 

The hierarchy of waste minimization is: 
1. Source reduction 
2. Saielreuselrecycle 
3. Reclamation 
4. Treatment 

Land disposal and/or off-site treatment is minimized. 

ELEMENTS 
Active management leadership and imolwrdnwnt are evident at all levels. 

Resources consistent with expectations are available and used to achieve waste minimization 
goals. 

All employees understand and are inrdo9v@d in waste minimization. 

Goals and action plans for waste minimization am inciuded in every organization's annual planning 
process. 

Waste Management d@c5sion mcnkim is spxpanded to indude all present and future costs and 
benefits. 

Successes and creative solutions Que recognized and reinforced. 

Waste is measured at the point of generation and the point of discharge. 

one media (land, water, or air) is not made at the expense of another. 

among ECD plant sites audits waste production and discharge 

A common communication system shares capabilities within ECD and successes internally and 
externally. 

Waste minimization projects should have environmental and/or cost benefits. 

i 

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 R significant impact on waste generation. 
an automatic line this will require reprogramming, which could reduce the 
production rate. 
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. 

On 

A careful analysis of the process may be able to squeeze 

3 

3 

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 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. 

91 just fine". 

Waste Survey 
The sources of the wastes and the reason they are generated must be known 
before any corrective action can be taken. 
has little or no idea where the waste originates. 
program can be developed a waste survey must be undertaken to locate and 
quantify all waste sources. 
been described in detail in a number of publications.(2,3,4) 
keep in mind is that line operators are the best source of information on 
causes and solutions to waste problems. 
asked. Engineering and chemical analyses cannot substitute for the 
knowledge of the person who operates a production step. 

In many cases,'plant management 
Thus, .before a reduction 

The steps in conducting such an assessment have 
One thing to 

However, in many cases they are not 

One beneficial approach in conducting a waste survey is to videotape the 
production operation. This may help fscusAin on a problem area which 
otherwise would be overshadowed by a complex production operation. 
smaller process area the camera can be set up to tape part of a shift. 
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 of maintenance personnel, and one of engineerihg pe'rsoxuiel. Each viewed 
the tape to identify short and long-term waste reduction methods in their 
respective area of expertise. 
information which could be stopped or repeated to identify reduction 
opportunities which otherwise may have been overlooked. 
for training purposes and as documentation' of waste reduction. 

One firm took a unique approach end set 
called "Water Watcher" to conserve water and raw m 
Quality Assurance were rotated through t h i s '  job ' 

duty of observing the manufacturing process and 

For a 
The 

One w a s  made up of line operators, 

The tape then served as .a soUPc0'of detailed 

It also can be used 



locating any leaks, spills, drips, etc. A person from maintenance was also 
assigned to this team and responded to Water Watch requests first. 
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) 

This 

The above discuss ion leads directly into using employee s to identify 
reduction options. Quality circles, study groups, natural linit 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. 
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. 
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 03 waste reduction. Line managers have 
to understand the effect of thsik process line on waste generation, how it 
can be reduced, how the techolagiea work, and ways to educate and motivate 
their employees. 

This "Susie teaches Billy" approach has to be 

The/ goal of any 

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 cmitment ta 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 h m  waste can be reduced at each job 
station should be developed. All emp10yees should attend refresher sessions 
on a regular bas 
could be done am 
program for nw ye,ea . 
As discussd previously, a cwpagp must show its commitment to waste 
reduction by putting it in to  practice an the process line. A training 
program wiyl. quickly fail if the employees see that the company is not 
serious. 
line is of little use if drip bars are not installed. 

Alf new workers should undergo the training; which 
of an iatabliahad worker right-to-know training 

For example, talking about extended drain time in a manual rack 

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. 
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. 
formal program has been developed which includes an introduction video, 
slide tape show, and written materials for each job station. Each training 
session stafk: 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. 
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. 
with the line operator, video equipment was used to record their spray 
technique. 
personnel to identify problem areas and provide corrective procedures. 
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%. 
savings of about $60,000 per year in coating costs alone. ' Savings were also 
realized through reduced waste from sprag booth clean-out and reduced air 
emissions.(7) 

The program 

A more 

. I 

A 

Working closely 

The tape was later reviewed by the operator and training 
The 

This represented a 

Motivation 
Even the best training program may not succeed unless there is some form of 
incentive or motivation program. 
posters, a suggestion program, awards, or contests. All of the methods used 
to keep safety or quality assurance programs going will work here. 
specific program will vary from company to company. 
program or a contest is set up it must be fair and impartial. 

One successful incentive program set 
as the People Against Waste or P.A.W. 
suggestion program which has a number of coapsmrents.' -The success of this 
program hinges on the proapt, detailed 
submitt- a waste reduction suggestio 
small for a r e s p e .  This personal r 
award, a P.A.W. lollipop, and the 
newsletter. At the end of the aanth top ideas recef 
recognition and award, such as a percentage of cost 
reduction, gift certificates for steak dinners, or P. 
program has been in effect approximate& 18 months and 
$3,000. Savings resulting from P.A.W. suggestions ha 
for the program.(8) 

' This can take the fore of slogans and 

The 
However, if an awards 

by a North Carolina c0mphy is known 
program. This is an employee 



TABLE 1: Elements in  a Waste Reduction Training Program 

1. Explain the need for  waste reduction and emphasize benefi ts  t o  employee 
and community.l 

Explain t h e  d i r ec t  e f fec t  that  an employee can have on improved work 
and l iv in  ironment . 

2.  

~ ~~ ~~ 

3. Express nianagement's comitment t o  waste reduction. , 

4. Explain waste management terminology in simple term$. 

5 .  Present general overview of environmental regulations which impact the 
f ac i 1 it y . 

6. Examine improved operational pract ices  fo r  reducing waste generation. 
I l l u s t r a t e  good and poor operating pract ices  u t i l i z i n g  s l i d e s  o r  video. 
Use posi t ive language, i . e .  a ba t t e r  way of doing things,  not " t h i s  is 
what you have t o  do." 

for "waste reduction methods and explore possible  

Source: 5 p - i  



Information Exchange 
Procedures for disseminating information on successful waste reduction 
projects within a company should be established. 
one plant use an excellent waste reduction technique while its sister plant 
knows nothing about it. 
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. 

Many times we have seen 

A good information exchange program will keep 
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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. 
publicity tool. 
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 o'ffice can coordinate the dissemination af 
technical information between plants, thus acting as a central clearinghouse. 

Another area where the program results should be publicized is the public 
and press. 
taken to reduce waste generation and the results that have'been achieved. 
This should be done both corporate-wide and at individual facilities. 
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 releases abut 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. 

Plant or company-wide newsletters or fact sheets are another good 
These also make excellent handouts to the public or press. 

The public should be made aware of the steps cpmpanies have 

Good 

Tracking Results 
Tracking waste generation is not a "people management method"; however, it 
provides the basis for measuring progress.' 'Phis informatian can then be 
presented to the employees to show the actual effect they are having OR 
waste reduction. This will provide direct feedback to the employees. The 
waste can be tracked on a production-based value, such as pounds o f  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 effectivenees. 
program should be viewed as ever changing and growing. 

A waste reduction 



Summary 
Waste reduction is a large area and only some of the highlights have been 
discussed in  an attempt t o  show t h a t  managing people i s  as important as 
managing waste. 
alone. In  fact  t h e  best programs rely mare on people than technology. A 
waste management plan must be an integrated e f fo r t  t o  use people and 
techniques t o  first reduce waste, then t r e a t  what is l e f t ,  and then f ina l ly  
dispose of any treatment residue. 
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ADDRESS AND PHONE NUMBERS FOR 
MANUAL. BISUOGRAPHY 

The following are available from: 

Bureau of National Affairs 
1231 25th Street NW 
Washington, 06 20037 ' " 

- 1  

8QQ-=672-1033 

Chemicals and the Communitv: New Law. New Resoonsibilitieg. Margaret E. Kriz. 

David J, Hayes and Conrad 8. MacKerron. 

The Clean Water Act of 7987. Mary J. Houghton. 

The Environmental Reoorter. 

The following are available from: 

California Department of Health Sewices 
Alternative Technology Section 
Toxic Substance Control Division 
714/744 P Street 
PO Box 942732 
Sacramemto, CA 942347320 
91 6-324-1 807 

Guide to So /vent. Waste Reducti 'on d l k m *  L .  

W O U S  Waste Reduction Check list - Autgmob 'we Rem jr Shoes Roo k 2. 

Ventura Countv Fnvironmental Health - Haza rdous Waste Mi nimizatlon P roaram Results 
"ldk. 

Waste Aud it Studv: Commc! rcial Printina - Industrv. 

i 



1 )  ,*. ,- r /  "$ , 
waste Audit Studv: Paint Manufacturina lndustv. 

.I *I .+e.. - I. I *L .. 
Waste Audit Studv : Pesticide Fo rmulatinu Industry: e '  . 

~~ 

Waste Audit Stud: Printed Circuit Board Manufacturers. ' 

The following is available from: 

" --=,'-=. _"  _j 

4 1 2826-5320 

The following is available from: 
I 

Chemical Manufacturers Association 
2501 M Street NW 
Washington, DC 20037 I *  

202-887-1 106 

A Manaaer's Guide to T itle 111. 
" t  ' : - a  ' ~ ~ The following is available from: , 3 .  

c 
t I  

3 
Emergency Planning and Community RightW-Know EPA Hatline ') 

800-535-0202 

The following are avabble from: 

Environmental Quality lnstitu 
University of North Carolina 
One University Heights 
Asheville, NC 28804-3299 
704-251 -61 04 

e" 
m 



Institute for Local Self-Reliance 
2425 18th Street, NW 
Washington, DC 2OOO9 
202: 

. I  
-* _. 

! 

Proven Prnfits From Po llution Prevention: Case Stud ies in Resource Co nservation and 
waste Redyction. Donald Huisingh and et. ai. 

I. 
%_I 

The following is.@ 

Minnesota Technical Assistance Program 
University of Minnesota 
PO Box 197 Mayo 
420 Delaware Street SE 
Minneapolis, MN 554 
61 2-6254949 
800-247-001 5 

MnTAP (Minrlgspfa Tech nical Assistance Proaraml . Technical Information Packet. 

The following is available f”: 

National Fire Protection Association 
Battery March Park 
Quincy, MA 
61 7-77013000 

The following are available tom: 

North Carolina Department of Human Resources 
Solid and Hazardous Waste Management Branch 

919-733-2178 

PO Box 2081 “ I  I 

Raleigh, NC 27602-20911’ ‘$’. 



The following is available from: 
- 

North Carolina Department of Labor 
Division of Occupational Safety and Health 
214 West Jones Street 
Raleigh, NC 27603 

-3 

9 1 9-733-4880 

1-1 

The following are available from: 

+-I* - 'I" -.+$,fksJdy, North Carolina 's Pollution Prevention Pays Progr$ 
Department of Natural Resources and Community 'FD ' evddpfribnt 
512 North Salisbury Street - 
P.O. Box 27687 
Raleigh, NC 27611 
91 9-733-701 5 

i 

Selected References o n Develooina a 

The following are available from: 

North Carolina State University 
Industrial Extension Service 
Raleigh, NC 27695-7902 

1 
91 9-737-2303 i 

, 

;Rz 3 &[ :E&&$ 
Manaaina Used 0 il 7987. 

' .aF'JP' i,' YP%'?fD,$ 
The following is available from: ',$ ;v$g 

Olgetree, Deakins, Nash, Smoak and Stewart: I i r -  r+% .h*'Lriar p w < : y y f i  k:M 
PO Box 31608 
Raleigh, NC 27622 
3 ? 9-787-97oO 

8-4 



The following is available from: 

7VA I I - *  1 

Waste Management Environmental Services Program 
Division of Land and Economic Resources 
2A8 Old City Hall 
601 West Summit Hill Drive 
Knoxviile;TN 37902 
61 5-632-6430 

"Toxic Air Pollution Control I Th[oqqh. r' I .*. t&t, Clean " ,  Air Act. " Hazardous Ma terials/Was re 
Manaua. Joseph W. Phillips. 

" .. I .  

United States €PA 
Asbestos and Small Business Ombudsman 

Washington, DC 20460 
401 M Street, SW (A-l49C) 

800-36a-5aaa 

~~ ..j . , I  - 1 '  

l n d u s w e c  ific Fact S h a .  

waste Mj-tion: . - - - -. -, & h n m e w  I &' . - L %' .I -",.."A. i I- "" 
Ecanom ic Bene fits. EPA/530-SW-87- 

026. 

Center for Environmental Research Information (CERI) ' 

Cincinnati, OH 4526% 
513-569-7562 



The foilowing are available from: r'7 
1 

Untied States Department of Trans 
Federal Highway Administration 
Office of Public Affairs 

400 7th Street SW 
Washington, DC 20590 

XOA-1 

202-366-0660 

7987 Emeraencv Resoonse Gu idebo 

83- 1 2. 

The following are available from: ., 
United States Government Printing Office 
Superintendent of Documents 
Washington, DC 20402 

."Emergency and Hazardous Chemic 
Reporting Requirements: Clarificati 
Federal Reuister - Auaust 4, 1988. 

2C2-783-3238 

1 

"Hazard Communication: Final Rule. 

"Hazard Communications: Final Rule. " 

W e  of Federal R w  lations T itle 40 Part 260-281. 

code of Federal Reaulations: Title 40 Papt 3W. 

Code of Federal Reau lations: Title 29 Parf 7910.12OQ. 

Code 0 f Fede ral Reaula tions: Title 40 Parts 100-740 and 400-470. 9 



publfc Law 9 4-580 - Title Ill - Solid Waste nisoosa!. 

R&pofl to Conaress : Minimization of Hazardauls' Wastes: Execut ive su mmarv. 

The following is available from: 

United States OSHA Publications Office 
Room N3101 
Washington, DC 20210 
202-523-8667 2" "! .>. ''i" 

" *  ' \ L  5 

The following is available from: 

Waste Systems Institute of Michigan, Inc. 
470 Market SW, Suite 100 
Grand Rapids, MI 49503 
6 16-45 1 -8992 

Formina a Small (&anti& Generato r. Come rative: A Model Gu idance nocu ment. 
c The following ate available from: d:: '_ . : 

The R w e  Cansenafian and Recoverv a. 
The murid Amendments and Reauthorization Act of 1986 . .  



EXPANDED BIBLIOGRAPHY 

3 The following are available from: 

1 p,,2 c.’, American Institute of Chemical Engirpgrg .I .” “-,1__- - -”. - 
1707 L Street N.W. 
Washington, DC 20036 
202-223-0650 

”. i 
Hazardous Was re Manaaement. 

, V b ” \  
-i 2*<.2 ,re Q;-i“Y f u 

y? “5. <;zw’ 32 Section I 12 : Hazardous Air Pollutants Clean Air Act. 

American Petroleum Institute >+I& 
1220 L Street Northwest 
Washington, DC 20005 

I 

202-682-8000 

P P.’ ‘T cleanina Petroleum Sforaae Ta nks. A- .Y- I -?La L A  1 

Interior I inina of Underaround Sto raae Tanka. 

I of Used U nderaround Petroleum Storaae pemoval and Disoosa 
FJ 

* *  
c fhe following are available from: 

L\*l $ -peg 6 - d -  

Bureau of National Affairs 
1231 25th Street NW 
Washington, DC 20037 

Chemical Reaulat ion Re-pWer. 

f r A  %” . ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~  Q2-L L%df %,-as i. :”I 

800-372-1 033 *I_ ‘ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  *,. - _w *d,&&g-$l e c.0 

t To Know P lamina Gu id@. 





Mans- aina and Minimizina Hazardous Waste Metal Sludu - e@ &bb.eL2&3k'&~&8rd@K~ 
Triplett. 3, 

The Hazardous Waste Svs tem. USEPA. 

Waste I ine. 

NC State University. 
Industrial &ension Service Sc hool of Enaineerina c&f&&& . * "  sm "'&&G /Raleigh, 
NC: NC State University, 1987. u.: 49 y&,. ;y 
North Carolina State University 
Industrial Extension Servic 
College of Engineering 
Box 7902 
Raleigh, NC 27695-7902 ' -. l 

9 19-737-2358 

Novick, Sheldon M., Donald Stever,- hl%;a@.arMXL. MellaR,-&, -: -*. 2% 1r 

i k w  of Fnvironmental Protection. New York: Clark Boardman Co. Gd, 1 
Clark Boardman Co. Ltd. 
435 Hudson Street 
New York, NY 
(800) 221 -9428 

Ontario Waste Management Corporation. 
industrial Waste Audit and Reduc 
Management Corporation, 1987. 
Ontario Waste Management Co 
2 Bloor Street West, 1 lth Floor 
Toronto, Ontario M4W 3E2 

II 7.- J ,,x $9fk2 %&.-. * * * ~ ? & i V  4,XL..L*-\-,. '\a P $7ttp.*a*j$ . L - d L L  y-$\@ \'I b!.. %f 

4 1 6-923-291 8 
800-268-1 179 

Savitt, 

800-628-2828 Ext. 416 



Sinclair, Tom .ed. . Madison, WI: University of Wisconsin- 

550 North Park St., 25 Science Hall 
Madison, WI 53706 

. 608-263-5599 

IL: Spraying Systems Co., 1987. 

Troy State University. 
r ,  . ,  Troy, AL: Center for Environmental Research and 
-I -_ 2 

Center for Environmental Research 
Troy, AL 36082 
205-566-4424 

aDhk Serre . Wste Minimization : Hmrdous and N O n - H ~ d O U s  SO/ it$ n s .  

S I 9 8 0  to Press. EPA/lMSDIS7/007. Washington: US EPA Headquarters 
Library, 1987. 
United States EPA Headquarters Library, 
401 M Street S.W. 
WAshingtQn, DC 20460 

United States EPA. 
/ 

202-382-5921 

overnment Printing Office. 

*- 
@on: US EPA Informatiort.F%source 

I 

Washington, DC 20460 
202-475-9344 



United States EPA. 
OSWFR Trainina Cou rse Ca ralog. Washington: US EPA - Office ofSolid Waste and 

3 
401 M Street S. W. 
Washington, DC 20460 
202-382-451 5 

Washington, DC 20037 
800-372-1 033 1 
United States €PA 

401 M Street, S. W. 
Washington, DC 20460 
202-382-2080 

Trends in ?he Qua 

J 
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d O i w s a l R S  frictions , Summarv: Volume 11. Ca lifornia List Wastes. U n d  Oismsal Restrictions Summarv: Volume 1. So lvenfs and D ioxing. EPA/530-SW -8 7- 
019A. 

gsw LOCU menrs in ne mand: A Cafaloa of Hazardous a nd Solid Waste Publication. 
EPA/590-SW-87-0166. 

-ions a nd Answers on Land Disoosa I Res trictions for Solvents and Dioxins. 
EP A/ 5300s W-87-020. 

firs Manual : Phase I: DraR . (Contact Ronald McHugh for more 
informafion. 202-382-2689). 

The following are mailable from: 

United States €PA Small Business Ombudsman 
. 401 M Street S.W. (A-149C) 

Washington, DC 20460 
800-368-5888 

nd Phase 11 A wards : Small Rus iness Innoitation Researc h Proaram fs of Phase I a A b m c  
198z. I 

. 1  

_ e f  ” Vlrlitgd States 
t C A  - - : .~Uf idCKg,~ Tank Docket 

Office of Solid Waste 
401 M Street S.W. 
Washington, DC 20460 
M21475-9720 



? 
underaround Tank lnsfallafion Checklkt. UST2-1 -SB-3$l@.'c; 
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