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These guldellnes were prepared by the Oregon Depar*ment of
-"ylronmental Quality's" Hazardous Waste Reduction Program. -The
program was established to provide technical assistance to -
businesses®and industries to reduce the -amount of hazardous
waste that they generate. Reducing the amount of waste gene—- E
ated helps to control costs and protect the env1ronment ' :

N3

" - The DEQ Hazardous Waste Reductzon Program works Wlth facllltles

" of all.sizes to come up with solutions to the problems asso-

" ciated with the generation, storage; treatment, and disposal of -
hazardous waste. The program can provide technical information
on waste reduction and recycllng methods for your business. ,Tn

addition, the program can prov1de  on-site assistance to iden-
tify and lmplement waste,reductlon opportunltzes zn your 7

‘operatlons.

The. program also maxntaxns a technlcal llbrary conta;nlng

information on waste reduction and recycling for a wide range

of industries. Publications on specific waste reduction

. .methods for electroplatzng, metal finishing, and printed’ cir-.

cuit board manufacturing operatlons, such ‘as those listed 1in

the references are available. Additional background infor-
~mation ‘and worksheets ‘for conductlng a waste reductlon assess—

ment are also available.

To obtaxn lnformatlon,‘asszstancc. or oubllcatzons on waste

' reduction or recycllng, please contact.

DEQ Hazardous Waste Reductlon Program : - :
811 SW Sixth Avenue E . - Co
Portland, Oregon 97204 ’ S o
Co Phone (503) 229-5913 or S
Toll Free Wwithin Oregon, 1-800-452-4011
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CHAPTER 1

INTRODUCTION |

7't*fa***i*ii**tit**it*ttfii*it**tt*tt*&*tt**ipgt***’

.~ There are several good waste reduction and recycling opportu-
‘nities available for metal finishing, metal fabricating, elec-
troplating, and printed circuit board manufacturing operations.
This manual will help you identify methods that can be used in
these operations to reduce the amount of waste generated and at
the same time help you to achieve other important objectives
. 'such as increased profits, productivity, efficiency, and ‘

" ‘product quality. Lo . ' ‘ :

WHY SHOULD YOU BE. INTERESTED IN WASTE REDUCTION?

Many businéSseé;arevfindihg’thaffwaste managément‘is becoming
increasingly more burdensome in terms of time, resources, and

. costs. 'Of particular concermn to these businesses are such

' issues as: R o _ L
wvstricﬁ.1%mits;£6r,discharging.prodcss wastewaters to the
- Sewer / e ‘ U :

f; costs of,wast;waic:'treatmeht.to ﬁéct':hésévlimiés
- %égﬁiatory réguiiﬁmonts for hazardous waste management
o= costs of managing ahdrdispoéihg,of'haZa:dcusfwasées -
':-'liagilitiésAéssociated with ﬁhe‘méhaqehen; of,haéardoug-
- waste L - A R h

- land disposal restrictions of‘éertéin,ﬁazardous;wastes‘

“Waste ‘reduction and recycling can help you address these
problems and reduce the burden of waste management on your’ .
muciness. Wasta reducticn is a means of generating less waste
in your coperations thereby reducing your company's efforts and
resources required for waste management.: L . . »

WHAT DOES WASTE REDUCTION AND RECYCLING MEAN?

' Waste Redyction: ~ Waste reduction is any ac;iviﬁy that reduces.
- or.eliminates the generation of hazardous waste at the source;,
usually within a production process. These source reduction

‘'methods include such activities as ggcd‘hpusekeeping,pfactices,A ’ 
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raw mater:al substitutions, equipment modifications, production
process changes and waste segregation. '

Waste Recycling: Waste recycling is the recovery or reuse of
wnat would otherwise be a waste material. Waste recycling
actcivivies include the direct use or reuse of a waste material ,
in a process or the reclamation or recovery of a valuable
material from a waste. These activities reduce the amount of ‘a

waste that requires disposal.

This manual addresses both waste reduction and recycling
activities for metal finishing, metal fabricating, electro-
plating, and printed circuit board manufacturing coperations.
These methods generally focus on hazardous wastes -that are
generated in these operations, however, these methods can also
be applied to non-hnazardous wastes such as wastewaters, air
emissions, and solid wastes. '

HOW CAN MY BUSINESS BENEFIT FROM WASTE REDUCTION?
Waste reduction and recycling activities can help you to: -
e Reduce costs associated with ‘the treatment and disposal.
of hazardous was;cs. o S

e Reduce raw matcrial/dhehidal requirements which lowers
operating costs. : : :

e Increase production rates and impfon product‘quality.

e Reduce your liability‘and risks associated with the
management of hazardqus wastes. , - -

e Improve your company's pﬁblic image by taking positive
steps toward the community's waste problems. -

e Create a safer workplace by reducing exposures to
hazardous wastes. - o : : ‘

Reduce the burden of trying to comply‘ﬁith regulatory
requirements associated with hazardous waste generation. -

i

WHAT TYPES OF INDUSTRIES CAN IMPLEMENT WASTE REDUCTION METHODS?

Any business that generates hazardous waste in their opera-
tions, whether it is a small business or a large &orporation,
can implement some method of waste reduction. This manual
specifically focuses on waste reduction and recycling methods
for metal finishing, metal fabricating, electroplating, and
printed circuit board manufacturing operations. :

¢

2
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) Industrles involved in metal fabrlcatlon, metal finishing,
electroplating, or prlnted circuit board manufacturing utiliz
a Jlde range of productlon processes and operatlons.f These
processes’ lnclude. ' _ . o

‘surface preparatlon/cleanlng
paint stripping :
" degreasing. :
pickling
- bright dlpplng and. chemlcal pollsnlng
electroplatlng : .
electroless platlng
anodizing
coatings (ohromatlng, phospnatlng, metal colorlnq,
passlvatlng) ‘ '
etching and chemical m;lllnq
painting . :
‘heat treatzng , : i R o
' fabrication @ - - L T
forglng : ’
machxnxng (cuttlng, grxndlng, weld;ng, pollshlng, bufflng)

) , . ) - :‘v‘-i l . B ' : N ‘.‘ -rv \

These operatlons can generate potentxelly hazwrdous wastes
listed below. The classification of a oart1eular wasta as
hazardous depends upon lts specztio charaoterlstzcs and
Acomponents.'

‘spent acid or alkalzne cleanlng solutzons
spent solvents ‘ ' ' ,
spent process baths: platzng, etching, plcklznq baths
‘sludges from process baths - ‘ , ’
process rinsewaters .
. wastewater treatment sludges o
paint residues and sludges
still bottoms from solvent dlstzllatxon systems
, .Spent metal working fluids (coclants, hydraulic tluxds,‘
;lubrzoatzng ozls, cuttxng olls, and quenchan olls)

vuow TO USE THIS GUIDANCE MANUAL S N

Chapte: 2 of thxs guidance manual describes deta;led waste .
reduction methods that can be used to reduce or ‘eliminate the

. generation of wastes from industrial processes. General waste -
reduction methods, that can’ "be applied to.a wide range’ of '

- industrial processes, are described, as well as process-

- specific waste reductxon methods for electroplatxng, metal

_3-"




£:n:shing, and prlnted circuit board manufacturlng opera*zons
Chapter 2 also provides a description of the chemical and metal
recovery processes including evaporation, reverse osmosis, ion
‘exchange, electrodialysis, ultrafiltration, and electrolytic

recovery.
Chapter 3 describes the procedure for conducting waste

reduction assessments. The assessment is a useful tool for
ldéhtlleng and evaluating waste reduction opportunities withi

a facility's operations.
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NASTE REDUCTION AND RECYCLlNG METHODS

.i**tQ**********************t**#****,t********‘*****i* ’

; oo - . . -

SEINZRAL WASTE. REDUCTION METHODS

wWaste reductlon and recycllng methods are szte— and process-
- specific; although a number of general. approaches and. tech-
niques have been used successfully across the country to
- reduce many types of industrial waste. These techniques range .
from low or no cost methods to major equipment modifications:
requiring large capital investments. These. techniques can have
ahn appllcatlon across a.range of industries and manufacturing -
processes, and can apply to hazardous as well as nor-ha*ardous-4
wastes. These general methods include: C

® Process and Equlpment Modzflcations
e Input Material Changes .
e Improved- Operatlng and Housekeepzng Practlces'
[ ] Recyollng : .

~

Py \ E E '.: '!,I li::‘ £ ‘ : .f o : .
"o Redeszgnzng or replaczng equlpment ‘in- order generate
less waste.. . o

K3 changing the. proddctlon ‘process' to use less raw
\rmaterlals ‘and/or generate less waste..

e’Use of automatlon which helps to llmlt lnadvertent
releases and of:-spec product generatlon.

e Changes in operatzng conditions, such as flowrates,
' temperature, pressures, reszdenoe times. v

' Implementlng energy and water conservatlon programs.

: ? , a1 s .

'e u;;;;i;l_;gh;;i;g;;gn or replaczng a hazardous substance
used in a production process with a non-hazardous or

less hazardous substance.. Examples include replacxng a
.solvent cleaner with an alkalxne oleaner. :

‘@ ug;g;;;l_pg;;:;gg;;gn involves the purlficatzon ofxlnput
. or feed materials in order to avoid the Lntroductlon of
inerts or impurities into the produotxon process. When
lmpurztles are zntroduoed the productlon process. must

’
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eventually be purged in order To prevent undeslrable
accumulation of the céntaminants, thus generating a
waste. An example of this method is the use of
deionized water for process paths and rinsewater in
plating operatlons.

Impreved Operating and ceeping. 'H' e
° W&Wm can
reduce the waste resulting from overstocking and
disposal of materials with an expired shelf-life.
Examples of these methods include: :

- purchasing and uszng raw materzals only as needed.

- keeplng lnventorles of hazardous substances for
each storage area in.the plant.

- monxtorlng tha quantztles of waste resultlng from
expzrad stock.

- malntalnzng Materlal Safety Data Sheats (MSDSs)
for all materials in use.

- labelling all containcrs to xndicate tha name and
type of substance, stock number, health hazards,
suggestions for handling, and first aiad
information.

-wmmmuwm
reduce loss of input materials due to mishandling and
improper storage. These mathods ‘include:

- standardization of materlals or usan the minimum
number of material types in your operations. This
increases the potontlal for recycling and reduces
the amount of wastn requiring disposal.

- improved oparataon and maintenance of contalner
and drum storage areas. . Goed oparatlng practlces
include: :

* provxdinq adequata aisle spacing to

_ facilitate container transfer and easy _
access for lhspcctions.

* properly labelling contazners with materzal
identification and health and safety

.hazards. N ’ ,
' ) * stacklnq containers according to
. o manufacturers' xnstruct;ons to avoxd

6




T - » damag-u --he contaz 1e-s from improper welght
: B : distribution. . . ; - Ce

*:segregat*ng dlfferent hazardous subscances

. to prevent’ cross-ccntamlnatlcn and ‘mixing of
" incompatible ‘materials, 'and to facilitate
anentcry ccntrol : S

»f»storlng contalners en pallets or szmllar
device to prevent corrosion of the.
containers which can result when containers
- come in contact with. molsture on the floor

- ,*’ccnstruct;ng secondary contalnment‘; ‘
e ' . structures, such'as_curbs,‘around storage
b ' 7 areas. v =

o ;mp;g_gd_gghgﬁg;;ng of batch prcductlon ‘runs to reduce
the frequency of equipment and tank cleanlngs can. result
“in less waste belng generated. .

.. ngggggggp;ng and documentatlon of operatlcnal proce-

" dures promotes the consistency of these operations,
‘thereby reducing the likelihood of producing unaccept-
able products which must be discarded, and helps <o :
Ldentzfy practices that need to be lmproved.. An operat-
ing manual will assist the operators in monitoring .

. waste generation and ldentzfylng unplanned waste
releases, and assxst in respcnding tc equlpment .
failures. . . , -

Recordkeepxng should lnclude the tcllovxng 1tems°

- dccumentatzon of process prccedures,.control
parameters, operator responslbzllty, and hazards
in- a manual. - L

- = waste generatlon, waste handlinq andedisposal‘
: ccsts. i T ‘ S
t-:Kux'q:»ll.ax'u'xed waste releases such as equzpment

- failures or spxlls and leaks, and costs of
Mcleanup. }

. e ventiv i |lance improves. the efficiency and o
longevity of equipment, reduces slow-downs or shutdowns
from equipment failures, and reduces the likelihood of
producxng rejected, off-specxficat;cn products. Pre-
ventive malntenance should consist of regular inspec-
tlcns and cleanxng of equzpment lncludzng 1ubr1catlon,




testing, xzeasuring, and replacement of worn or broken
carts. . o

e Spill and leak oreventjon includes operational
procedures and precautionary modificaticons to equipment
and containment areas to minimize leaks and spills.
'These measures include: .

- installing and periodically testing overflow
alarms on storaqe, process, and treatment tanks.

- using tanks and contalners according to
manufacturer instructions and only for their
intended purpose.

- maintaining lntequty of tanks and contalners.

- ‘implementing controlled and superv15ed loadlng,
unloading, and transfer of all hazardous
substances.

- constructlnq secondary containment structures

~around tanks or storage areas conta;n;ng hazardous‘
substances.

it
i

- developxng spill prevention plans.

) _g;;g_ggg;gga;;gn promotes recyclinq and recovery of
waste streams and lmproves the treatability of a waste.

Wastae Types snoulc be segregated as follcws.

- hazardous from non-hazardous wastes (Note' .
mixing a hazardous waste with a non-hazardous
waste generally results in the entire mixture
becoming a hazardous waste, which must be managed

and dlsposed as such).
- liquids from sollds.

.~ by hazardous constztuent, 'such as chlorinated “p
solvents from non-cnlorzuated solvents.-

- waste streams conta;nxng recoverable metals from
wvaste streams contalnlng cnelatlng agents.

e EnHl92Sl.&ﬂﬂﬁi&lﬂﬂ.ﬂﬂﬂ.&lilﬂlﬂg 13 an. meortant -element,

of any waste reduction and management program. Employ-
ees directly involved with processes and activities that
generate wastes should have an understanding of why and
how wastes are generated, how they are managed, and
costs and liabilities incurred by your company in
generatlng hazardous wastes.




Tmpioyee training should consist of:

- héaltn'énd,safety'agpécts of all hé;ar&éué
- ‘supstances being handled. s

—7pfépe:.Qperation'of,pfocess éqﬁ;pment~and waste -
recycling and't:eatment.facilitiesu. s :

 -'proéédufes'fcr héndling’leaké and spills:

cost accounting practi include programs to allocate
waste treatment and disposal costs directly to the
departments or groups that generate the waste, rather

 £han charging these‘ccéts.to'géneral?company overhead
_accounts. - : S . :

e Direct use and reuse invelves the return of waste
material either to theﬁoriginating'procgss as a sub-
.stitute for an‘input'matgrialfor to another process.

e Reciamation or’reccvery;dfga,valuable“material from a
.‘hazazdousvwastgy . : S . ‘ -

~ applied to metal~£abricating, metal finishing, electroplating,

- and printed circu1t~board'manufacturing operations are sum= ,
.marized below. When identifying and,evaluating<waste reduction .
options for your operations, the emphasis should be placed -
first on the simple, low or no cost material handling and
process changes.. After these alternatives have been consid-

~ ered,, then the more expensive equipment modification and waste .
' recovery options should be evaluated. Waste reduction and
recycling methods include: =~ : S L ' ‘

several waste reduCéion,gnd':ccyéliﬁg;mathcds whish =an he

Improved bperations-and Housekeeping Practices
Drag-Out Reduction . o
Rinsewater Modifications - o
Material/Chemical Substitutions

pPlating Bath Maintenance

Chemical Recovery Processes

Metal Recovery Processes

Sludge Management :

Solvent Management

ceo0000000

-




-\omoVED OPERATIONS AND HOUSEKEEPING PRACTICES

The followihq practicgs are easy to implement and require
little or no capital investment: ' ‘ E

e Repair all leaking tanks, pumps, valves, etc.

e Inspect tank and tank liners on a regular basis to
prevent failures that may result in bath dumps.

e Inspect steanm coils and heat exchangers on a regular
basis to prevent accidental contamination of steam
condensate and cooling water or leakage of condensate
and cooling water into the plating bath.

e Install high-levél alarms on all plating and rinse tanks
+o avoid accidental bath overflows. ' :

e Maintain plitinq,racks and anodes to préveht .
contamination of baths. Remove racks and anodes from
baths when not in use. : .

a Minimize the vdlﬁme of water used dﬁring clearnmp
operations. : ~ . :

e Properly train plating personﬁCI so that tney understand
the importance of minimizing bath contamination and
waste generation, and preventing.spills.

e Properly clean and rinse parts prior to plating to
minimize contamination of the plating pbath. Areas that
are not to be plated should be masked or stopped off
with tape or wax to 1imit corrosion from these areas.
Parts should be removed from the bath when not being
plated. ‘ ‘ ‘ .

DRAG-QUT REDRUCTION

orag-cut refers to the plating sclutien rhat adheres to the
parts after they are raken out of the plating bath and is
carried-over into the rinsewater. Drag-out represents the
largest volume source of wastewater in electroplating
operations. Minimizing drag-out will reduce the amount of
contaminants entering the next process bath or rinsewater, thus
reducing the volume of waste that must be treated and disposed.

Several techniques have been developed to control drag-out.
These drag-out reduction methods are inexpensive to implement
and are repaid through savings in plating chemicals. These
methods include: ‘ ' o

10




Y Hod--vlnq propert;es of the plating bath T2 izprove
drainage of the plating solutions back 1ntdo the pla:;:c‘
batns or reduce the concentration ‘of dlssolved meta.s .n
‘the drag out. These methods lnclude'

- Decreaszng bath v15cos;ty by reducing the "
- ‘chemical concentration of the bath or by
incr easzng tne bath temperature

-’Decreaslng bath surface tension: Dby addlnq non-
' lonic wetting. agents or lncreaSLng bath
temperature.

_fo\Lowerlng the wlthdrawal rate of parts from a bath. This
" .method can. reduce the thickness of a draq—out layer
" because of surface tens;on effects.r‘ :

° ;ncreaszng the draln tlme over the platlng tank

[ Installlnq draln boards, drlp bars, and drip tanks to
'~ capture the drag-out. The collected drag-out can be
- fully or partxally returned to the plating- bath to make'
up for evaporative losses. These devices save ,
chemicals, reduce rinse: requlremcnts, and prevent
unnecessary floor wettlngs. .

ofProper rack;nq" Carefully raok and remove parts so as
. to minimize entrapmant of batn materxals on surfaces and
in cavztzes.‘_‘ .
1- parts should oe ;de&ed with majo:vSurfAces‘“

vertzcal. : : S

= parts should not’ be racked dzrectly ‘over one f
another..« c - -

- parts snould be orxented so that the smallest
surface area ot the pLece leaves the bath surface
last. _ o

: o‘DeszgnLng parts to promote draxnaqe, such as’ wlth no
o cups or shelves.. . :

~o Dcsanxng platzng racks WIth -a mxnlmum surface area,

" minimum horizontal surfaces, no pockets, and an :
eftectzvc orxentatxon to promote dralnage. '

@ Using air knivcs with oxl -free compressed air to knock

‘platznq £ilms off parts and- back lnto ‘the platlnq tanks.

® stng fog and spray rznses, parts can be spray rlnsed
" with deionized water over the. platan tanks. Thls
'method is used. when tank evaporatlon rates are’

’11




St :;ent to accommcdate the added volume of spray

e
(S
+ oy -

.'a-

bp
er.
e In rack plating: Provide drain bars over the plating |

tank from which the rack can be hung to drain for a
brief period. ‘

e In barrel plating: Rotate the ‘barrel over the platsng
tank to remove excess platlng solutlon.

Methods are available to improve rinse efficienoy_ahd reduce
the amount of rinsewater generated. These methods include the
use of one or more of the following: . -

e Still rinse or drag-out tank: A still rinse tank can be
used prior to the rinse tanks with flowing water. As
the concentration of the plating sclutions in the still
rinse tank builds up over time, the rinsewater can be
returned to the bath to mako up ror evapotatlon losses.

o‘Rinso tank nixing' ‘Tho even distribution of frash water
throughout the rinse tank in addition to aaration can
increase thc cff;czoncy of watcr use. '

e Water supply control valvos' Theso are inexpenslve
devices to regulate the feed rate of water at an optimum
. level. ,

e Spray rinsing: In this method, when the workpiece is
sprayed with water, the process solution films are
washed off the parts through use of ' impact and diffusion
forces. This method, which can reduce water usage as .
much as 75%, is effective on simple workpieces, such as

“shects, but has limited application for odd-shaped
pieces. .

° Fog rinsing: This method uses water and air pressure to
produce a fine mist which reduces the concentraticn of
tne drag-out film. This method is effective on simple
workpieces but has limited application for odd-shaped
pieces. _

e Cascade txnscwatcr rocyclzng. “In ﬁhls muthoa} overflow
from one rinse tank can be used as the watar supply for
another compatiblc rinsing opcratzon.

e Countercurrent rznsxng with multiple tanks: In this
arrangement, three rinse tanks are operated in series
with the water flowing from the tank farthest away from-
the plating tank toward the tank olosest to the platlng

12
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b -a*x‘bv gravity or *umpinq.hrlhe'worxpiece 15 seguen- ¢
«:ally immersed in each of the three rinse .tanks, ‘
countercurrent to the rinsewater flow, from the leas<

 pure rinse tank to the cleanest rinse tank. .

, ”Q‘Countercurrent r;nszng can reduce rinse flows by
o ove* 95% compared to single overflow’ rlnses.

Dlsadvantages wlth thls arrangement lnclude . “
additicnal space requirements, additional . ‘
production time’ requlrements, and costs of

[addltlonal rlnse tanks,

MA"R CHMA US""ON

The anentlve for substltutlnq process chemlcals contalnlng
nonpollutlng materlals has surfaced in recent years ‘in response
to the .increasing complexity of pollution control regulations..
By eliminating polluting process materials such.as hexavalent ‘
‘- chromium or cyanlde-bearznq chemicals, the treatments required
to detoxify these wastes are also eliminated. - This is desir-
able. partzcularly for hexavalent chromium: and cyanide wastes
since they requlre a speczal treatment step and - equlpment to
detoxzfy.

Material and chemical substztutes are now being gradually L

introduced into the marketplace by chemical manufacturers and

suppliers. When evaluatxng and selecting chemical substitutes
FO?" a "pa"”""""’! a“plic’t cn' a r\siﬂh.v a’ ’ac#’nwp ﬂhp\!‘ﬂ‘ gl

- s Bl e we P LR

consxdered such as:. _ .

io Are substltutes avallable and practzcal’

P,Wlll substxtutes solve one - problem but create anotﬁer"
cQTWLll tzgnter chemlcal controls be requ;red of the bath?
pq wzll product -quality and/or productzon rate be affected’l

.lell the change xnvolve any cost lncreases or decreases’

Some commonly used‘matcrzal and chem;cal substxtutes ln

electroplat;nq, metal finishing, and printed circuit board -
manufacturznq operatzons are summarzzed below' K

‘e In zxnc plat;ng, chemlcal substltutes lnclude'»

, f.ammonlum or~potassxum chlorlde baths for
- : complexxng zlnc. . :

.:: . ‘v-v '_l113' . o | P




- acid sulfate, chloride, and fluoroborate baths.

e In cadmium blating, chemical substitutes include:
- acid baths consisting of cadmium oxide, sulfuric
acid, distilled water and anionic compounds.

- cadmium chloride.

e In copper plating, ccpper“Sulfaté can be used as a
chemical substijtute. '

e In tin plating, acid tin chloride can be used as a
chemical substitute. o ‘ :
;;! . E] ! I3 E !l '
e Trivalent chromium solutions can be used in’place of

hexavalent chromium solutions in some situations. This
reduces drag-out concentrations of chromium.

e Sulfuri; acid and hydrogen peroxide can be used as.
substitutes for chromic acid. : N ‘ :

Cleaners
@& Trigodium phosghats or azmenia Can bé used as
substitutes for cyanide cleaners.

Gopper Etchants

e Sulfuric peroxide can be used as a“substitute for
persulfate. ' ' .

Plating solutions contaiﬂ valuable metals in’hiQh cthéhQ,
trations as well as chemical salts. and additives. Over a
period of time, contaminants can build up in the plating bath

and reduce the effectiveness of the plating operation. For

reasons of economics, these plating baths are rarely ever
changed out or dumped. Several methods are available to

‘maintain the quality of the plating bath and include:

° ﬁemoVing impufitieé from platiﬁq baths: N ‘,“ ,

- SQSpénded solids can be removed by filtéring.’
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- Nickel baths can be purified by'ac:;va:ed‘:iz:::_'”
. adsorption. - Lo - . S
- CarbonatesviniCYanide baths can be removed by .
chemical,pre;ipitation; - : :

‘e Using deionized water for makeup and as rinsewater.

. cHEMTCAL RECOVERY PROCESSES'

‘Chémidal_recoVery,processes’afe available to reconcentrate
plating SOluticnslfrom,rinsewaterrfor“reuse and to purify spent
process solutions. These methods are summarized below. When
evaluating a recovery process for a .particular plating oper-

. ation, general .and site-specific factors must be considered.
‘These factors include the metal being plated, drag-out rates,

- concentration of metals in the rinsewater, rinsewater flow- |

" rates, space requirements, personnel requirements, energy.
requirements, -and cost and payback period of the recovery .
system. - ‘ e e

' Evaporation: 1In this*proéess, rinsewater is boiled to

. concentrate the plating solution. Steam from the
4" . . - process is. condernsed and reused for rinsing. The

‘plating solution is returned to the plating bath.
This process can recover 90 to 99% of the .
- dragged-out metals.’ o A ' R

Aprlicatiszn: Drag-cut recovery of rinsewatsrs from:

N ’ - hot chromium baths o

- = ambient temperature nickglvbathS',;

- metal cyan;de.ba:hs ‘ -

' Use in cénjunctibn with countercurrent
* rinsing. o o
o Advantaéesé Simpie}_:eliable,‘widély'applicable
.- _— - process. = , . ’

~Relatively naintenance-frgé édmpared‘with"
-~ other recovery processes. ’ .

Dis@dvqntagds:‘ High;ehgrQy_usé.
| Requires pctiodic removal of'impuritiéé

from the recovered plating solutions.

Reverse osis: In this’prb¢é53,'watér,isvseparated,frod |
’ L " dissolved metal salts by forcing the water
Lph:ouqb'ajsemipermeéble membrane at high

N A.' ' ’ - i B ls" . o . -




pregsures. A concentrated solution con- E
taining the. plating metals is produced and -
returned to the plating bath. The purified
water is reused for rinsing. This process
can recover up to 99% of the dragged-out
metals. ‘ : :

Application:

Drag-out recovery of rinsewaters from the.

~ 'follewing plating .baths:

Advantages:

Disadvantages:

acidic nickel (Watts nickel lines)
nickel sulfamate

copper pyrophosphate

copper sulfate

nickel fluoroborate

zinc chloride -

zinc sulfate : o
_cyanide baths for copper, zinc, and
cadmium’ S

For use on lines with'hea£ed plating
baths where evaporation is high enocugh to
allow the concentrate to be fed directly

- to the plating bath.

Use in conjuncﬁibn with still rinse
tanks, countercurrent rinsing, or other
rinsevater conservation techniques.

Produces madinm +n | e PP R Y Do b

- .n-’-. L L XX & TXJ --‘-i:
metal salts for reuse in the plating
baths. o o

- - -
sbwd - b

Performs efficiently on.dilute
rinsewaters.

Nonselective in removing dissolved
substances from the solution. Impurities
such as organic brighteners, wetting
agents, and unwanted metals may be
returned to the plating bath along with

. the recoverad metal.

To prevent fouling of the membrane,
prefiltering of the rinsewater is
required to remove solid particles, .
oxidizing materials, and oil and grease.

Limited application for solutions with
high oxidation potential (chromic acid)

- or extreme pH (i.e. high pH cyanide

baths) ‘due to destruction of membranes.
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" -am Txchapnge: The ion-exchange process can be used for.

R ’ . 'removing contaminants from process bpaths or

e +© .. ‘recovering dissolved metals from rinsewaters.

' ‘ The process can recovery 90 to 95% of the metals
in drag-out. ' : Lo

' There are two types of ion exchange units, A

" cation and anion. The selection of the type of
"ion exchange unit to use for a particular = .

. application will depend upon the ionic charge of
the contaminant to be removed or metal to be ’
recovered. ‘ : S S '

' A cation exchange unit contains a specific type ,

.'of resin to remcve positively charged ions from . ;
solution, such as metal cations. The cations

‘removed from the solution are typically

. replaced by hydrogen .ions that are displaced
from the resin. The solution that exits the’
cation exchange unit has a limited potential for
reuse as a rinsevater due the presence of the
hydregen ions which make the solution acidicw

- ‘ ' After a period of time, the capacity of the .
T resin to remove additional metal cations becomes

1imited and the resin must be regenerated if it -
: is to be turthpr,utilized..*cheneration of the
.o cation exchange unit consists of passing a’
' ~ strong acid, sucn as sulfuric acid, through
_ resin bed. The solution exiting the cation
exchange unit»tron,tnc-regene:ation'process
- contains the metal ions, which can be returned
to plating bath. . LT

'An anion exchange unit contains a type of resin .

~to remoVe.négatively-chargéd ions from solution,

. such .as chromate and cyanide. -Typically with

" anion. exchange units, hydroxide ions are :
displaced from the resin to replace the anions

. removed from the solution. The anion exchange

. units ares regenerated with afst:ong‘base,‘suchr

 as sodium hydroxide.. .

‘Application: i 'Puri£ica:ion¥o£ spent process acids.
gecdvérykoflgnodiiing~b;ths.' |

' Drag-out fécove:y'o: rinsewaters,from‘the: '
following plating baths: , .




~Advantages:

Disadvantages:

Acid ccpper
Acid zinc
Nickel

Tin

Cchalt
Chromium

4

Can remove all metal ions from a

‘relatively'dilute solution.

Low capxtal and operatlnq costs compa
to othar recovery processes.

Not capable of producing a hlghly
concentrated stream for return to the

platxng baths.

,Doos not remove organ;o addxtlves from a

wastewator .

 Pref11tering of the rznsewater may be
‘required to remove solid particles and

oil whioh can cause foulznq of the resin.

Not oost o!footivo whon drag-out rates
- are low.‘ .

Equipment is complex, requiring tight
operation and z_-“tonan-a.

Monitoring of the ion exchange unit is
required to ensure that the resin
oapacxty is not exceodod.

Resins require perlodlc regenerat;on with
strong acid or caustxo.

Electrodjialvsis: In this proooss wvater is separated from
‘ . dissolved salts using a network of
alternately-spaced anion-permeable and
‘cation-permeable membranes. An electric
potential is applied across the membranes %o
provide the driving force. This process can
recover 90 to 95% of the motals Ln drag-out.

Application:

Roqonoratlon of ohromxo aoxd etohant.,;

Drag-out rooovery of rinsovaters from the
following platxng bathS°

- nickel
- acid zine

18
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‘Advantages:

. = zinc cyanide .
= chromium -
- gold .
.- s;lver
.g-Atln

"Use ln conjunctlon wlth a Stlll rlnse
tank. - S

i

‘,Achleves hlgher concentratlon of meta‘sv‘
‘ than reverse osmosls or- - ion exchange '

’

Energy efflclent.,

‘Can operate contlnuously wlthout
N requlrlnq reqeneratlon.

Requlres llttle_space.

Dzsadvantages:r Nonselectlve in removing dlssolved

] Aéplication:‘i

In this process, a solutlon is. tlltered
_through an extremely fine filter %o remove

substances from the solution. - Impurltles
such as organic brzghteners, wetting

- ‘agents,; and unwanted metals may be
returned to the plating bath alohg wich
the recovered metal. : B

,LMembranes are sensitive to extreme pH,
flow var;atlons, and suspended solids.

sr.Prerzlterxng ot tne rlnsewater may pe.
_.required to remove solid particles and.
- eil which can cause foullnq of tne

- resins. .

‘Requires careful operatlon and perlodlc.
: malntenance to. avold damage to the
membranes. , , ‘

solids, emulslons, and hlgh molecular welqht
organics. : T

Regeneratlon of alkalzne cleaners,
‘coolants, or process baths requiring .
'renoval of particles and emulsxfzed Olls;

-nWastewater treatment process for volume
reduction of spent coolants, cleaners,

and rlnsewaters..
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Advantages:

Disadvantages:

Efficient for removing suspended socllds,
emulsified oils, and other high moleﬂu‘a*,
welght organ;c compounds.

Low capltal and operatlnq écsts.

Easy to operate and requlres llttle
malntenance.

L;mlted appllcatlan for reccvery of
dlssolved metals from rznsewaters.v

Requlres perzodzc backwashing to remove.
captured solids. .

Application:

Th;s process involves the electro-
chemical reduction of metal ions to
their elemental forms as a powder or
foil. A direct current is passed
through a metal-bearing solution by
means of cathode plate and insoluble
anodes. The cathsda consists of a
'stainless steel or carbon fiber plate
upon which the recovered metal is
deposited. After the coating is
sufficiently thick, the metal is
pccled off and sent to a refiner or
the coated stainless steel cathode is
used as an anode in plating baths,
serving a source of metals. )

Oxidation'éf éyanide.

Rcductzon of hexavalent chromium in
wastawatcrs.}

Recovery of metals from platlnq and
etching bath drag-out, such as gold,

silver, copper, -admzum, zxnc, uxn, and .

lead.

Rogoncratzon of ammcniacal and chlorxde’

. atech solutzons durzng mctal recovery.

Usc zn conjunction with a still rlnse

' tank.

Advantage:

Not a labor-intensive operation.
Low energy requireménﬁé.
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'~w enerqy 'eculremen*s

Jisadvantages:- Limited appllcat~°n for recovery °f
IS s chromium f*om soluti ons:

o Wonltorlng of the solutlon concentratlon
‘tls requlred ) : '

SLUDGE MANAG MENT
':‘sludges produced in process baths and as a result of wastewater

treatment processes are typically hazardous wastes that must be
appropriately managed. Fregquent management’ problems with these

' sludges include the high volumes generated that must be handled

‘and costs for disposal. Some waste, management alternatlves ‘are’
avallable to help allevzate these problems.‘\

'Several mechahlcal dewaterlng devices that reduce sludge
-volumes are commerczally avaxlable.} These dev1ces anlude- o

quCentrifugcs”,
e Filter presses
.@ Vacuum filters

. @ Sludge dryers

A wzde range of treatment chemicals is avazlable ’or
precipitating dissolved metals out of a_solution. Some .of
these chemicals produce-less sludge-when compared to other
chemicals of comparable removal efficiency. Therefore, the
'selection of a treatment chemical for a partlcular application
is lmportant for reasons of efflcxency and sludge volume
Eproductlon. ’ . )

- Examples of treatment chemlcals that’ produce less sludger
lnclude' oL

‘'@ use of caustlc soda (NaOH) Lnstead of. llme (Ca(OH)z)
s use ct polgmers_lnstead of ferrous sulfate and alum..

-§QL!EE1_HAEA§EHEE1 :

. e B
‘Organlc solvents are wxdaly used in metal fxnlshlnq operatlons
‘for cleaning, degreasing, and paint stripping. The. management
and dlsposal of spent organic solvents are becomlng increas-:
'Lngly more difficult and expen51ve. Some waste reduction and
’recycllng methods for organlc solvents are summarized below.
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Masarial Substizsution

Alternatives <o usinq“501vents include:
e. Alkaline cleaners

e High pressure hot water washings

v

e Steam cleaning

e Mechanical blasting in place of chemical strippers to
remove paints and rust.  In this method particles, such
as plastic beads, sand, or aluminum oxide pellets, are
blown with high pressure air or water ontd the work-
piece. The particles can be recovered apd'reused.

Recoverv and Reuse

Methods for rehsinq and recovering spent sqlvents include the
following: ‘ - . .

e Cascade reuyse: This involves using a spent solvent frémrf,

a precision cleaning operation as a cleaner for another
process that does not require a high purity solvent.

o 9nai:s.dis&illa&ién;gkﬁssma=, Solvent distillation
systens are commercially available for use in metal
finishing applica:ions.

® Offsite recvcling: SQVQral waste mana§ement services‘

are available for recycling spent solvents either at
your facility site or at an offsite location.
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‘,chpst‘i
WASTE REDUCTION ASSESSMENTS

tttttt***iff*ttﬁtfi*tttg-gt*g*w:g****tt*ttttt*&*¥t
- T ° . . ' B B - ’ - - . [

. . i N b v

. A waste reduction assessment is a step-by-step procedure that
can be used by a ﬁac;lity'stcwn'empLOYees to identify waste

reduction and. recycling opportunities. -The assessment can help
you -to understand the facility's wastes and processes, identiiy
viable options for reducing wastes, and determine which options
are technically and economically feasible to justify implemen-:
tation in your operations. ‘ Tl ' . : '

. The amount of effort required for a waste reduction assessment
 will depend upon the size and type of your business. . Small
facilities with only a few processes will obviously require
less time and resources for the assessment. Large facilities

" . with many processes may require.a team of skilled professionals

to conduct a more detailed technical and economic evaluation of
-waste reduction options. .- - o I '
Considering the wide range of waste reduction and recycling
opportunities available for metal finishing and electroplating
. operations, it is likely that your business can implement waste.
reduction methods and end up saving money as a result. The
following steps will provide you with some general guidance in
. identifying and'inplqmnntingvwasto‘rcducticn and recycling.
‘practices in your operaticns. Note that all waste streams
shouid pe considered when conducting an assessment, such as '

" hazardous wastes, wastewaters, air emissions, and non-hazardous. -

solid waste. 'Additional sources of information on waste -
- reduction methods and implementation can be found in the
- references.. ' C S . T

-There are seve:aljditferent.:asks(inVleed'when conducting a
waste reduction agsesSment.»'rhese,tasks‘include the following:
e Planning and Organization -

- @ Assessment Phase o :
e Feasibility Analysis _ .
e Implementation and Evaluation .

Planning and'grqanizinqﬂQasti‘icductidn~aSsossment‘aétivities‘
are essential steps to ensure a program's success. This task

is conducted prior to actual assessment phase. . Important
. elements of this t;sk-;:e,summarized below. E :
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ez a commitment and support from management. It is
:mportant for the management of a company to supporT a
waste reduction program. The management aust be able 2
provide the time, persconnel; financing, and other
resources reguired for developing a waste reduction
program. o ‘ : «

°
©

e Develop a formal péliéy‘statemeht describing the waste
reduction program objectives. '

e Involve employees in all phases of waste reduction
program development. Co

e Organize a waste reduction assessment team.

- Get people who know the facility, processes, and
operating procedures, and are familiar with your
'waste management practices, environmental :
regulations, and waste reduction and recycling
techniques. ‘ o

- Get people from affected departments or groups,
'such as production, maintenance, environmentcal,
safety, sales, purchasing, etc. Involve line

operators and production supervisors. '

- Appoint. a team leader who has a Strohg technical
bacikground and good problem=solving and management
skiils. o

e Set goals to achieve waste reduction.

e Recognize potential barriers and problemslthai may
hinder waste reduction program development. :

ASSESSMENT PHASE

This phase involves an evaluation of the facility's operations,
wasta streams, and waste management practices and the identifi-
cation and screening of potential waste reduction and recycling
options. Important steps of this phase include the following:

1) collecting Facility I‘n:gmg_ tion

One of the first steps of the assessment is to gather
background information on production processes, operating
procedures, waste streams, and current waste management ,
activities. Collecting data will create ‘a basis by which th
assessment team can track the flow and characteristics of the
waste streams over time. This will be useful in identifying
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- -rends in waste generatlon and wlll,also be critical in the
task of'measeran the performance of melemented daste '
reductlon and recycllng optlpns later.

The types of data and lnformatlon *hat are useful for*i
conducting an assessment are llsted pelow. Note that &l1 of
‘tne ‘information llsted may not be readily available. Much of

. this information can be collected when conductzng the site.
inspection.  However, as ‘much’ information as pcsszble should be
collected prior. to the site lnspectzon =1-) that the assessment.
team Ls better prepared ‘ , :

':b;produetlon re*es‘
° process descrzptlons and effzczenczes

° condltlon of process equlpment, ‘'such as tanks, pumps,,,
o pxpes,‘and valves o ,

- e sources or potentxai‘sources of 1eeks and s?ilis
se’operatzng prccedures , : L ’
‘eimalntenence procedures and schedules
’o‘oporating and- maintcnancc costs ' ;: | :

¥

ve'energy/utility usage and costs

® materlal ancntory

e raw materzal usage and acceuntabxlzty (1 e. how much of

the raw material. is actually used in the process, how

much is lost through evaporat;on or other means, and how
much e&tezs a wvaste stream) 8 .

. h

‘e raw materxal costs

° materzal transter and handiipg'prccedu:es
- e storage procedures | ."' ' )

refsources of leaks or spxlls in trans:er and storage areas

'fo.condxtzon of pxpcs, pumps, tanks, valves,_ and
,storage/delxvery areas ‘
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Waste Stream Data:

‘e activities, processes, or input materials that generate
waste streams : - ‘

e physical and chemical characteristics of the each waste
stream | ‘ : o

e hazardous classification of each waste stream (i.e.
which wastes are hazardous and which. are not?)

e frequency of waste stream generation. (i.e. continuous or.
intermittent, such as from periodic cleaning activities
or bath dumps) o = :

e rates of géneration'of'each waste stream and any
variability in these rates . '

Y

W

e current disposition of each waste stream (i.e. how is it
handled, treated, and disposed)

. ® costs of managing waste streanms, including treétmént‘and
disposal costs ‘ ‘ : :

& operational proccdurés for waste trcatmedt units‘”
e efficiency of waste :roatméﬁt‘unitéﬁ |

e quantity and characteristics of all treated wastes,
sludges, and residues :

e waste stream mixing (are'hazardous"wasteé mixed with

non-hazardous wastes or are potentially recyclable
wastes mixed with other wastes?) o

Waste ‘Reduction:
e current waste reduction and ricycling methods being
implemented . ‘ -
e effectiveness of those methods
Some sources of information on opcrations,'précesses,1and waste

generating activities, and waste streams include the following:
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crocess flow diagrams - - ‘ ~ -
material and heat balances for production processes and
waste treatment processes Lo C _
cperating manuals and process descriptions

equipment lists ‘ S -

~equipment specifications and data sheets

‘piping and instrument diagrams S

plot and elevation plans .

sewer diagrams R e I

equipment layouts ‘and work flow diagrams
hazardous waste manifests - . IR

“emission inventories LR

annual hazardous waste reports

waste analyses . . ‘ ’ ’ A
environmental -audit and inspection reports:

permits and permit applications - B , o
'wastqwater'd;scharge monitoring. reports (NPDES ‘or sewer
.discharges) .= - o e .
toxic substance release inventories (SARA Title III
requirements) . . o o - e
product’composition‘and.batch sheets:

material application diagrams

material safety data sheets (MSDS) ‘

product and raw material inventory records
operator data logs$ - ’ R
.producticn,:chcdulcs L - :

departmental cost accounting reports

company onvirgnaental«paliqy,statémcn;s.’
organization charts. B : ;

In some situations it may be necessary to develop flow diagrams
and material or mass balances. of the major waste generating -
operations. - These flow diagrams and mass balances help to
identify waste sources, concentrations, and rates of
..generation. o I ‘

2) e tiiedm . _ il . v
when funds, time, and personnel are limited, it may be -
‘necessary to prioritize the processes, activities, or waste :
" streams for further evaluation. ‘The waste reduction assessment
should focus on the most important waste problems first and
then address the lower priority problems as time, personnel,
and budget permit. ' o : e s 3 ‘

Items that should be considered when étibritizing‘inqludéi
e compliance with current ;ﬁd/fufufg?réqulgtioh§<,l v

e costs of vaé#e tzeatmehtvaﬁd‘dispos;l
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e potential environmental and.éafety'liabili;y :
e quantity of waste

e hazardous properties of the waste (including toxicity,
reactivity, corresivity, and ignitability) '

e safety hazards to employees
e potential for reduction, recycling, or reéovery‘

e potential for removing bottlenecks in production or’
waste treatment :

e potential recovery of valuable by—prcducts

e available budget and expettise for the waste reduction
assessment program and projects ‘ :

1) site I et i
The purpose of the site inspection is to verify background
information, f£ill data gaps and resolve questions raised while
collecting and reviewing data, identify additional sources of
wastes, and collect information on actual operating and waste
management practices. 'The inspection concentrates on under-
standing how and why wastes are generated. s

For each of the selected processes or operations being
evaluated, the inspection should follow the process from the
point where raw materials enter the process to the point where
products and wastes exit. .

Some general quidclinés for conductinq‘thé site,inspection
include the following: -
e Prior to the'inSpeétioni
- make a list of items that require clarification.
‘ - notify pcfsonnelminVOIVed within the process or
area to be inspected. v Co
- o Schedule the inspection to coincide with the pgrtiéular
operation of interest, if the operation is periodic or

intermittent in nature (e.g. bath dumping, chemical-.
addition, etec.). ‘ . A

e During the inspection‘take notes and photogréph the
areas of interest. This helps to recall details that
" may be_fcrgottén at a later date. :
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. . s o,%onl:or tne operatlon at dlfferent tlmes during. the
! o .shift and durlng the different shlfts, especially if
: ' waste generation lS hlghly dependent on human
nvolvement. '

' oiInterVLew the cperators,'malntenance personnel Shlft
'~ supervisors, and foremen in the areas being Lnspected.
Assess .the operators"and superv;sors' .awareness of the
waste qeneratlon aspects of the operation and famlllar—
ity with the lmpacts thelr operatlon may, have on other
‘operatlons. S :

e Observe housekeeplng aspects of the operatlon. Check
for signs of leaks or spills. . Assess the overall
tvcleanllness of the szte.( Note any odors and fumes.

‘e Evaluate the organlzatlonal structure and level of
‘ .coordination of env;ronmental actzvztzes between various
'departments., ' , C (

o Evaluate admxnlstratzve controls, such as cost o

accounting procedures, material- purchaslnq procedures,
and waste collectlon procedures.

4 WW
- After the data collect;on and site Lnspection stages of the
assessment, the next step involves identifying pos51ble waste -
reduction and recycling options. This step requires the
expertise of the assessment team members. Much of this-
knowledge comes from their education and on-the-job training.
Other sources of waste reduction and recycllng lnformatxon are
listed below: o
Q»Trade associations
° Plant engzneers and operators
K Publlshed lzterature such. as technlcal journals, trade N
. journals, government reports cenfegrenca’ proceeulugs,,
and research reports
o«DEQ waste Reductzon Proqram
Ao;Workshops, contorences, and semlnars -
'lo Equxpment vendors |

° Consultants and employees from other facxllties.
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Wwaste reduction and recycling methods for electroplating, mezal -
finishing, and printed circuit board manufacturing operations
2 of this guidance manual.

. were discussed in Chapter

r Further

104 tion

since detailed evaluation of technical and economic feasibility
is usually costly, the proposed waste reduction options should -
be screened to identify those that deserve further evaluation.
The screening procedure serves to eliminate suggested options

that appear marginal, impractical, or inferior without a
detailed and more costly feasibility study.

When considering options, emphasis should be placed on process
changes and other source reduction measures, followed by recy-
cling and reuse. Many source reduction-.options involve no or
low capital costs and can be easily implemented.  After these
alternatives have been considered, then the more expensive
equipment modifications and waste recycling options should be
evaluated. : ‘ : '

The fcllowing ériteria should be conéidéri& when screening and
selecting options: ' . T

e existing technology (doés the necessary technology exist‘
to develop the option?) o ,

e extent of current use in :he‘ihdt§ﬁry

e successful pérformance,ﬁistofy |

e cost and cost etfe#tivénéés -

° redﬁction in the wastQ!s quantity~and hazardous

characteristics (toxicity, flammability, reactivity, '
corrosivity) : ‘ , o

e reduction of ﬁreatmcnﬁ andidispdsal‘cosfs
e reduction in safety hazard | |
e reduction in liability and insurance costs
o<:cduction of input material.cgéﬁs'f |
‘e effect on é?cgucﬁiquality -

e low capital cost

low operation and maintenahce costs
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o

shor= .zplementation pericd’
o ease. of implementation

o other benefits

. .After ld&ﬂtl‘Ylng potentxal~waste reductlon and recycllng
,optlons, the next step is to conduct a detailed analysis of

these options. The analyszs of these optlons anludes both a -
technlcal and economlc evaluatzon.» : .

s
¢

;egggi;gl Evalugt;gg

The technlcal evaluatlon determlnes whether a proposed waste
reduction optlon will work in a: specific applxcatzon. ‘The
following criteria should be consxdered when conductlng a -
-technical evaluatlon.

e Will the opt;on work in. thxs applz.cat:.on’T
e How has xt worked Ln sxmzlar applzcations’

e Will the optlon create less waste or just nove the waste
E problem from one form to another’ ‘ . o

e'Is_the system safe for workers?_
e Will prcd"c* g2 1-} Ee’maihcaihed?
) Wlll the optxon adversely aftect product1v1ty’ -

"Q'Is space avallable’

e Are the new equipment, materlals, or procedures
' compatlble with production operat;nq procedures, work
’flow, and productzon rates’

e Is addltional labor requlred’
e Are utllxtxes avaxlable or must they ‘be 1nstalled’

[ ) How long will productxon be stopped in order to xnstall
.. the system’ C , -

?

eQIs spec1a1 expertzse requ;red to operate or mazntaxn the
new system’

e Does ‘the vendor provxde acceptable serv1ce’

. e’Does the system create other envxronmental problems’
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For egquiygzent related options:

e Visit facilities that have installed. the equipment,‘
These visits can be arranged through equipment vendors
and industry contacts. N

e Solicit operator's comments and compare to vendor
claims. o ‘ . o

e Conduct bench-scale or pilot demonétrations.t‘Rental _
test units for pench-scale experiments may be available
from equipment vendors for use. -

e Some vendors may install equipment on a tr;al‘basis,

with acceptance and payment after a prescribed time, if
the user is satisfied. L

ic Evaluati

The econcmic evaluation is conducted using standard measures of
profitability, such as payback period, return on investment,
and net present value. Most companies have their own methods
for evaluating projects for implementation. 1In conducting an
economic evaluation various costs and savings must be

considered. Some of these factors are described below.

For the purpose of evaluating a ptoject to reduce waste
quantities, some types of costs are more significant and easily
muantified, These cosStsS include: o

disposal fees

transportation costs
predisposal treatment costs

raw material costs ‘
operating and maintenance costs

when conducting the economic evaluation of waste reduction
options, these costs should be considered first because they
‘have a greater effect on project economics and involve less
effort to estimate reliably. Other elements, such as those
1isted below, are usually secondary in their direct impact and
should be included in fine-tuning the analysis. /

Capital Costs:

site development

process egquipment

materials _

connections to utilities and services
new utility and service facilities
other non-process equipment
construction/installation

32 -




eng-,eer*nq and consultlng servlces
permitting- costs ,
contractor' s fees

training costs

‘lnance charges

. )
...'...

. Cperat; Cost ‘av“' :
‘e Reduced waste management costs L
' .. =-.onsite and. off51te treatment, storage, disposal
' costs. : o . .
- state generator fees
- transportat;on costs . .
- permlttlnq, monztorzng, reportlng, and
' recordkeepzng costs -
eeVInput materlal cost savxngs
e Insurance and llabxlzty savxngs‘

'e'cnanges in’ cost associated with product qualxty (costs
.for scrap, rework, and qualzty control Lnspectlons)

‘;e Chengesgln utxllty costs‘

e‘Chences in operatzng and malntenence costs for labor,,x
«vburden,,and benefxts : *

e Changes in’ operating and mazntenance supplzes
.,! Changes in overnead costs |

vfe_Changes in revenues fron lncreased (or decreased)
'productlon

fe Increased revenues ﬁrom the sale of . by-products

. Following the assessnent and feasrbllzty analyses, a repc.cf

" should be prepared that presents the results of the assessment* :”‘

and the technical and economic evaluations. ‘The report also - .
_contains recommendations to implement the feasible options.. ’
This report is an xnportant tool for getting a project funded

" and implemented. All’ atffected groups and departments should
‘be given the chance to review and comment on the report. The’
report should contain a dxscuss;on of the :ollowing topics:. -

e waste reductxon opt;ons evaluated and results ot the
evaluatxon . . S - o .

nehrecommended optzons for zmplementatxon
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e .whether the recommended technology or procedure has seen:
estaplished in the industry, with a mention of success-
ful applications . :

e.how the project will be implemented

y . . . ) ’
e required. resources, such as money, expertise, personnel,
available in-house and those resources that must be
brought in from outside '

e estimated construction period andfprcducticn downtine
e expected performance of project

e how the performancé of the p:ojéct.can be evaluated
after it is .implemented :

) reductidn in environmentél and>safety liability'

X w , , ons
The implementation of selected waste reduction and recycling
will generally follow the procedures established by your
company for implementing any new procedure, process modifi-
cations, or equipment change. The assessment report will help
to get management approval and funding for implementation of

the selected projects. Steps involved in implementing a waste
reduction project include tha following:

preparing a detailed design
preparing a construction bid package : :
selecting construction staff and purchasing materials
installing new equipment ' :
training persconnel

starting operation

monitoring and evaluating performance

Oonce a project has been implemented and operating, it is
important to evaluate its performance. .Options that do not
perform as expected may require rework or modifications. This
evaluation alsoc provides important information for future uses
of this option in other applications. Successful projects will
show the value of waste reduction to your company and serve to
justify the development of other waste reduction projects.

The waste reduction assessment progranm should be viewed as a
continuing program rather than as a one-time effort. As waste
reduction and recycling options are implemented, the assessment
team should continue locoking for new opportunities, assess
other waste streams or processes, and consider attractive
options that were not pursued earlier. ‘
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