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utomotive coating processes contribute significantly to the envi-
ronmental burden of vehicle manufacturing, with significant emissions re-
leased to air, water, and land, and consumption of substantial amounts of
energy and raw materials. In North America, the automotive industry is
currently quantifying the environmental impacts incurred during an auto-
mobile’s manufacturing processes. Detailed and up-to-date life cycle in-
ventory (LCI) data does not exist at this time for the majority of the vehi-
cle painting processes associated with the North American-based
automotive industry. The complexity of the contemporary automobile and
the numerous processes required for its manufacture and assembly, how-
ever, poses a significant set of challenges for completing a manufacturing
LCI and for the practical application of manufacturing LCI information.
This article presents the findings from a major LCI research project con-
ducted in order to populate a newly emerging North American LCI data-
base. Typical data from selected processes within a representative vehicle
painting facility are discussed, as well as the challenges faced and lessons
learned from completing the study.

INTRODUCTION

The automotive manufacturing industry is one of the
largest industrial sectors in North America. Millions of cars,
of sizes ranging from small economy cars to large commer-
cial vehicles, are manufactured every year. These millions of
cars supply not only the demand in North American mar-
kets, but also worldwide.
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i North America, the awtomelive industy is cur-
rendy atiempiing io guantify and inventory the envi
ronmental impracs incured dunng the automabile
maniductaing processes. This data is being used (o
popualaie a public dalabase of environmenial hinpacty
intended (u enable both the privaw and puldic secror in
Month America o use e ovele asseasment {LOCAY tech-
nigues (o1 envitonmentally orened dedsion-making.!

The complexity of the conternporary autoamneshile
and the many differen! processes in its manufactoge and
assembly, honvever, poses a significant sel of challenges
for conydeting a mamefacnuiog life cyele inventory
{1C1). Consequenity, detailed and up-to-date LOA daa
does rot exist at this time for the majorily of the inanu-
facluting/assemnbly processes assoviated with the Notth
American-based antomotive wdestny

This article will develop an UCL for antomcdive paint
premeaiment, the lirst pordon of the aubmotive palni
process. Pretreatnent s an ideal candidate for an LCI
becanse of the cornplexity of the process stages and the
resouives involved, and their interrelatonships with
ihe environinent. To date, 2 cennplete life crcle inven-
oy of the prerearment process has not been sepoiied
i literature. Presious sigdies lave instead been com-
pawstive in nature {eg, waterhore versus solveny
pains,? powder coating’} and so discuss relative differ
ences, rather than focasing on ahselute perfomaance
levels, Lhis article will thus contrilnue valuable envi-
romunenial rnpact indrmanien for e environmentally
signiticant manafacturing process, and will lurther
more be velevant o ather indnstries heyond vehide
smanufaclere (&g, white goods manufacnering).

BACKGROUND

Life Cycle Inventory in the Automotive Industry

One methiod used ro evaluate the environmental im
practs of a procduct or process s Tite oycle assessment
(LCAL This techimigque quamifies the environmental
impacits wssoviated with a product or process at i vart-
cus bile cpole slages and can wdentify stages that are
most significant? I also identifies the stages whers
irade-offs bewween alteruatives chosen irise” Ax recog-
nized by many authors, the mosi difficul pan of the
TCA 15 dita onllerticn, the part of the LCA known as
the life apele Inventory (LOGHL This resonrce-inlensive
process 35 a carefnl Invencory of 4 product’s or process’
assnciated matezials use, energy wse, and emissions,
theraby vielding a quantifizhle ineasuze of the overall
envitonmental impact,

1L commuon in LOA sindies to nse data fiom dilfer-
et sonrces such as real plant data, engineering calcula-
tions, parenls, ele. As reported by Tam and
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Abdulrahemn,® this can lead 1o unceralenies of the 1CA
restlts, The wathors foumd that theoretical LOT data for
materials, compositons, and emissiens were differen
than site-spedcific data and the nead arose for scaling
factors {i.e, correction faclars). However, due wo the in-
consistent dilfererces between theoretical and real wal-
ues, there was no single scaling facror thal could be as-
signed Jor the comversion of theorerical LC data to real
plant data.® Yet, very few studies have been condncted
10 assens the life ovole material use, energy 1se, anud
emissions of these paint processes.

NREL L(T Database Project

The United Stales Life Cyele Inentory Daabase
Project (hereafler referred 1o as NREL 1.CL Database) is
heing developed by the United States National
Renewable Bnergy Laboratory {NRLL), working with
the Atlwna Suslainable Materials Instirute and several
industiv and academic research parfners,

The MHEL LCA Database is buwended w be a publicly
available database of environmental impact informa-
tion for materials, products. and processes commmon(y
used by North Americin-based tndustries and con-
sumers.® LOT data used to populaie the dataluse is de.
veloped in accordance with 2 common research proto-
corl aned s arltically teviewred before publication in the
database, The database, rumently in beta stage, can be
found online”

The NREL L] Database will provide a resource base
for completing 1.CAs in North America and widl ulg-
mately encompans neatly every material, producy, wnd
process televant 1o the Nonth American market.

As populating this database is a fommidable and
tme-iniensie Lk, LCT modales {1.e, LCE datasets for
individual materials, energy sonrces, o processes) wete
seoped] aned prioritbaed. Representing the automotive
industry, the North Anterican-based autoimobile manu-
facturers agreed o develop TG modules on several -
oritized processes in awlennotive manufaciaring/assem-
bly. The antomedive painling (rocess was one such
prioritized process, selected due to its significant assog-
aLed] environmental impacts and theic wlevance Gy
ather industries besides auromobile manulactere,

Automative Paint Process and
Paint Fretreatment

AUIOMOTIRE PAlT Peochys-—The funcion of the au
fnmaubile painting provess is 10 provide corrosion pro-
tection to o vehicle's body strucuie {ie, body in
white) and a durable and decorative coating 1o 2 wehi-
ole’s vuter body panel surfaces.® Awlomotive paint
privcesy invnlves the folowing wnit processes: prefreal
mef, e-vnat, hasecoal, and dearcoat {Figure 1),
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Figure 1—Unit process Flow for a typical auzomotive paint process,

A an assembly line provess, preteat-
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ment ks comprised of 13 substages. Each
substage of pretreating the BIW has a
signilficant impact on the quality and
quantily of the final product, aod also
poerntial eifecls on the eavironmenl.

Sanding

Reoprocass
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Industry Partnership

Lhe rezearch in this project wis com-

The paint application process has been found o
have a significant etfect an the envirenment, when
compared 1o olhier processes o aulomaobile manufac-
tring® Significant envirommental emissions ate re-
leased Lo air (e, volatile organic cimissions), (0 wasle-
watet (.8, pretrealment chemicals and paint overspray
i salinion), and 1w land (e, waste paint solids from
aversplay collected from downdraft booths as sludge).
batetials used are highly vaded (e, pretreatment
chemicaly and solvenls, organic coatings, biocides, pH
additives, elr.) and processed in large volumes {ie, i
mersion tanks must be latge enongh to adequately sub-
merge a large BIW). Plus, energy use is substantial:
maintaining irmmersion wnlk process wmperatires,
PerseTing curing ovens, powering rolwwic spray equip-
ment, powenng moving assembly line, et

PRETREATMEN I PANT DPROCESS—In this article we will
spedfically develop an LCL [or the pretreatiment process
becanse of the complexity of 1ts slages, the vast amonnt
of energy and materials used, and the steniflcant wasies
generated.

Cretreatment involves cleansing the body in white
(B mielal body panels of inetal fabrication residues
(g, 0ll- o1 walter-hased mill oils or drawing com-
poumls fromn metal stamping, forming, and other
metal fabrication processes] and surface corrosion (Le.,
urcosated metal oxidizes rapidly with exposure 1o air).
Chermical highlighters are also grpically applied (o facil-
itate detection of imperfections in the metal surtace.
The resulting clean bare metal suelace is essential for
suecesslul xing phosphale coating, The zine phosphane
coaling is the key stage in prelrealment as it provides
bath corrasion resislance as well as a good surface for
subseruent paint adhesion ¥ The matertals typically
used in preireatinent {e.g., deaners, phosphate) are ap-
phied by passing the BIW through a series of both spray
baoths and immersion tanks. Prereatment is typically
concluded wilh s thorough rinse using deionized water,
ensuring that materials applied in the pretreaument
unit process are not catied theough w the e-coat unit
process that fallows {(ie, “drag-owe™),
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ducted over a two-year period through a

parinership between the LInivemsity of
Windsor and a North American-bazed vehicle imanu-
Caclurer, Subsidiary parueeships were also initiated
with two of the partnered veliicle romudaorer's sup-
plier arganizations: a paint supplier and an enerngy
provider.

IS0 Compliance

1T research complied wilh relevant LCL pralocols
(i, 150 140417 by referencing the LOT protocol devel-
aped tor the NEEL LT Database project in the “1LS.
L Databage Project Besearch Mrotocol™ and by refer
cncing a standirdized LCT data collection sheet !
Comsistent with these 101 protocols, the research fol-
lowed several ley activities, inchiding:

(11 L goal definiton

(3] 1T scope defindtion

(3] L source identitication

(41 Process flow mapping

(7) Tunctional anit development

TCT Gua DepMerToN—The primary goal of the ve-
search project was to develop a representadve 140
dataset on the antomaotive painl process for inclusion
in MTET's public LOA dalabase, In addition ter con-
uibuling o the XEEL database, the LCI dataset was ex-
pected 1o lead 1w fnlure Diesipn lor the Favironment
{I2E) npportunities al the panered OUK, soch as
manuiaciuring process Improvernents and an nproved
materials selecton process,

LCT Score DepmmmoN—The TS, LD Database
Project! requines that datasews populating the datalase
represent Lheir respective industries. Although there are
prewess yarations among the many painl shops in
MNortlt Ameriran-hased assembly {acilities (eg., dilfer-
ing technelogy levels dependent on age of plant and
revend paint shop uparades), the paint processes and
tacilities were selected 1o represent the majority of the
sorth Amenican-hased assembly tacililies.

e paint process was then scoped down (o several
sub-maochales tor teasibiliny, including the pretreatment
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Tahle 1—bata Sources Identified for Automotive Paint. Process

Farameter Recnids (2043) hindfre — Data Type
Materials use .00 Lo Pay-as-pairted veparting {morthly) Supplicr |'~1ea.sﬁred_.-fliatculah=.d
YOU emissions roparLing OEM Lalmulated
Arnual watar ysage reporting DEM Mrasured
ERErgy U5 o c e w e e o s Process erergy audit Energy pravider Caleulaterd
kmissions ..., .0, . ..o MPRI repovhing {EM Caleulated
WOC emissions raporbing {1 Calculated
Wastewatar repoiting DEM Measurad
Production wolume . ... .. Pay-as-painted reporting fmonlhly) Supplier Measurad
Calendar year produrtion veporting fIFM Measurzd
VENT emissions Teprarting OEM Meaaznted
NFRI reporting (1EM Measued
Surlave wrem of BTW .. .., WOC wrnissinns Frporting IEM Calcolated

prrovwess proseited 1o Lhis article. Two addidonal praini
processes seopted tor LCL were e voat and topeoat. 'Lhese
three painl processes represent tie bulk of the environ-
mental impact associaled with the autnmodive paint
DEOEss,

The environmental impact parameters scoped for the
automotive painl prefreatment process LU inchade ma-
Lerials use, energy use, and pelhirant emissions. These
are showen in Fignre 7, The DCL employed several sim-
plif¥ing assum plons: |

* The assembly plant used in this siudy manulac-
Lres [wo vehicle models thal share o cominon ve-
hicle platloci design, allowing Lor mexdel-specific
data to be aggregaled and reported as a single tep-
resentative vehicle mwoded.

o Lrvircnmental impacts and related paramerers
vsed {e.g. produclion volumes) measured, caloo-
latexd, and estimated dala (econ both public and
internal sources.

o The LCI analvsis wus regtricted to primary
prrocesses within the facitity. For example, the
mass of the material input is constdered, but en-
vironmental bpracls inented

all maverials wsed [eg., paint, solvents, etc], energies
comsumed {e.g, electricity), and emissions ceated {e.z.,
almespheriv, wastewater, solid, packaging) for the
scopred aulomolive paint processes, Cruantillive: infor-
mation on producticn velumes and BTW surface area
were also required for normalization with the devel-
oped tunctional unil {i.e.. per m? painted BIW). Since
the parinersd agsembly tacilily manufacures two diller-
ent models, & weighled average BIW pained surface
aren was caloulated, weighied by the respective produe-
don volumes of the two wehicle models,

‘Lhe daa collection targeted the 2003 calendar year
as this was the mest recend year during which prodne-
ticern wf hoth vehicle models wok place at the tacility
and for which cormplete data was consistently available,
Where the identifled daw sources cowld not provide
dala lor a particular environmental parameter; addi-
tonal data sources were sought, incduding pre-2003
sources, Data sources wsed are summarized n fable 1.

Procras Fuow Marmeo- -Siandardized LCI proce
dures typically recommend process Mow mapping be-
fore the data collection process (IS0 14041:1998). Ttis

during manufactoing and

t[mpoflﬁ[iﬂrl ul the material Fl-qLI.l'E E—High-le'.rcl LIT process flow rap for genenc paint pretreatment process,

Lir the automotive [acility are

excluded. Fssentially, the LUI
represents only the “gate-to-
pale” analysis scenario.

v Lnviconmental impacts of the Enorgy ) ]

N + Elactrlcily {guaniiby)
comyeyor assemlly nyved to « Steam {quartity)
Leansporn the BIW theough
the paint process are not in-

chaded. Materials
= Materisl A [gu=ntity}
Drata Sonncrs—Detaited goanti- = Mutartal B {quantity

tative information was reguired on

Air = Airemission & (quardiby)

)r = Airamiksion B {quanilty}

Ermlssions see==. | and

r Land amiksion & (quaniingg

% + Land cmiszian B [guaniiby
Wastewatar

= WY omission & [quentity]
r WW emission B {quantity)

vy coatingsiech.org
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Table 2— Estimation of Wator Use for Pretreatment

F10a0 m®

Calculaiion Basis - _ Palated BTW
Annual tutal water use by Mew Paint Shnp ... oo L. 31,358
Cutimate: pretreatmont +e-coab o .0 e, L
Estimate: sealer . . . o e 5%
annual Eotal water use by sealey Lo . Lo L. 1.567
Annual tatal waler nse by pretreatment + e-coat ., .. ... . 20,491
bstimate: pretreatment ... L. oL L ol 75
Eslimates eooat ..o L. it i e s 5%
Annual tofal water use by pretreatment (ounded) .. .. ... 22,344

FEIRIE { alecker Tran Dooebiced Vahidle Modals)

expected that process Tow mapping will provide the
L prractitiomer with an linproved nndersianding of
the process 10 be inventoned. This is because, in many
ingtances, an LC| practitiooer is oanside (he indusiny.
Pracess flow mapping can also ensure a mors ComLpre-
hensive LCL by systemanically tdentifying all pousible
iaterialyfenergy/emissions flows that require data col-
lection. owever, prrocess flosy mapping can be a re-
source- and lme-inlemsive process, particaarly for
romplex and multi-stage manufaciniing processes.

TCl process How maps are analogous 1o industeial
provess flows common i omanulaciudng Gacility design
but are intended 1o graphically depic materials, en-
ergy, and emissions flows Tna process. 11 is imporiant
to note thal the LV process flow map does not ind-
tially quantilty amounts of matenals, energy, and emis-
gions imvalved in the process; the subsequent LCI data
collevtion slep 1s intended fo quantify cach identified
flose. A generic and “ligh lewel” [CL process flow map
i shown in Pigiere 2, This is tenmed a “high level”
process fow map because it does not show the partdou-
larities of the bounded swtomotive manofacturing
process.

Table 3—sum mary o Matedals and Enevgy Usage

Materals Use F10) mé
(Generic Endustry Hame) == Painted BIA
Pracleanar . o, o L e e a.1d
Beerahor L e e gre
Phasphate . L0t GRd= o - -1 . e - - - o U176
Phosphiabe makoup .., oL s e s 9
Corrasion inhibitor oo Lo, L., - - s v sae e g
Body washer 0. L aa 1401
Cleaner—alkalioe -, ... . A e 1765
Pre-wipe ..., ... Fe - e - - o S e e = - a 2417
Phosphate posl-rinse o, o o v e 1090
Rimse condiBi0NeT . . o L. e Ll
Highlihter . .. .. ... o000 VSississ oo - - a anz
3T 1 2
Phosphate anti-comrosion makeup .. ... oL .ol L L 164
Wator e e e e R R 1 b - 22344
Energy Lise
] (T 145
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L process Do mapping was completed for the
pretreatment sub module, adapting the lechnique to
the specifies of the antomolbve paint process, To begin
the LOT process flow mapping, a detailed indvayimial
process: (ow for pretreaiment wias obtained from the
patint supplier. This provided the initial staning point
lor depicting the process, as well as the major equip-
ment assodalesd with pretreatment. The prevweaiment
sub-maodule was iwelf further sub-divided into nine dis-
linct stages. 1t was decided that L) process Now maps
would be prepared separately [vn cach stage, correspon-
ding 1o a “high reselution” process mapping.

To furiher nnderstand the preleeatiment stages and
equipment, a towr of the prefreatment assembly line al
the pavinered assembly facility was arramged with QLM
and paint supplier personnel. Upon completing the
Lowr, the Universily of Windsor reseanch team prepared
an initial dealt of the mne prewreatment stage 16T
rracess (low maps, This egan an iterative review-and-
revige process with representatives from the paint supr-
pliec and environmenial specialists al the assembly
plant that culiminated i LCT process How maps Tor
each of the tine stages comprising preoeatment.

Funcnonal LINIT Deverormoy - -The choice of a
goodd functioual unil s werv important for the validity
and inerpretadon of LOA results. A memingful fune-
ticsnal unit allows comparisens belwern Taclities with
similar painiing processes and helps overcome: the dil
ferences between plants due to prroduction rates and ve-
hicle sizes.

Selecdon of a prelerved {unctional unit Tor notmalis-
ing and repording the final LCI datasel required consid-
eration of the intended primary function of the process
under study. For the automolive paint process, the in
tended primary functicn s to teat and coat e BTW,

The selected “hest practice” functional unit wsed for
the: paint process LOT and reported o the NREL LCA
Database is “per m? painted BIW." This funcdoenal unit
ix consislent with cument industty environmental re-
porling practices (eg., interal materials and YOG
emission repors use a similar surface area-based nor-
malizing unit}. The chosen finctional unil also alliwes
the NREL dataset to he applied to different production
scenarios of production faclities.

LIFE CYCLE INVENTORY OF PAINT
PRETREATMENT

Materials Tnventory

‘Ihe materials inveniory songht data on supplied
(Wiint process malerials (e, paint suppliers producs)
and water use for the: prelreatinent aulomaonye |aint
pIoCess.
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Water nse data were not availahle for the individual
paint procssses (e.g., pretreatment, e-coat, wopooat) he-
cause the selected assembly plant does not have waler
meters installed for individual unit aperations.
Metered water usage is reported by an enviroranental
specialist al the assembly pant via a Microsoft Lxeel
spreadsheet, which was made available. Engineening
estimates, developed with the plant's envitonmental
specialist, were then used to apporlion water use Lo
Lthe pretreatment process. The caloalations used to est
mate wiiter use for the pretrealment pEOceks are suil-
marized in Table 2.

Fretrealiment materials data were available fton in-
ternil valatile organic compennd (WO} emissions re-
perting published annually by an environmenial spe-
cialist ar the facility (Table 3}, VOO emission reporting
references the paint supplier's monthly reporting for its
materid] use data. Although VO3 reporting prosided
partial dati lor individual vehicle madels, the resnlts
reported lere used an aggregated total of the vehicle
madels produced an the plant.

Energy Inventory

‘e energy inventory sought data on energy used lor
the pre(reatmenl paint process. Two cnergy inpais were
identified for the selecied assembly plant eleclrical and
heal enerpy {Le, steain).

Errorrical ENERGY— Llectricity is used to power the
variouws motors, colveyors, and puomps associated with
the paint process. The electricity is purchased from the
pravince of Ontario at standarnd rates. Flecmiaty use is
not melered specifically for each stage of pretreatment,
lut for pretreatment and e-coat processes together. As a
resull, it was decided to measure electricity use based
on an audit of equipment associated wity the pretreat-
ment process, and then caloulated using audited equip-
el reywel ralings.

Assumptions ade in the energy caloubalions -
cluder

¢ The equipment was assumed o operate at full ca-
pacity for 24 hours per day and 273 duys per year

+ The equipment power Tating wis multiplied by
the time of operation o obrain a caloolation of
electricity use over the course ol a specified tine
inteival

s A 94% umor efficiency and a 75% load lTacror are
induded in the electricity usage calculations

As per the above axsumptions, the caloulated esdl-
mate of towal ammal eleciricity vse for ithe pretreatment
process is 105 per 1000 m? painted BIW (lLible 3]. In
arder to cornpare the metered and calorlated energy
values, the calculations wers done for the e-coat
process s will,

v Cogtingstech.ong
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Tt was (nwnd thal metered and estimated walues for
Lotal annual eleciricity usage were significantly differ-
enl The reason for this discrepancy might stand on the
assumiptioms made for energy calculations, and as a re-
sult they may need 10 be revisited.

Apportioning Lol electricity wse via engingenng es-
timates is not recommended; the experntise to reasan-
ably apportion energy use amomng the varions manuiac-
turing processex by estimation is not available in-house.
Thus, the recommended “hest practice” for reliable en-
ergy data collection is 16 have a merteting system in the
plant,

Hew Everoy—Heat energy, in the torm of stean, is
used 1o maintain immersion tank temperalures in the
pretrealment process. This steam is not generated onsite
but imported from a nearly Geiliy (Le, purchased and
transported by pipeline}. The steam purchased for use
by the plant is waste byproduct for the seller and would
oiherwise le emitted 1o air. Tnformation on the quan-
tity o steam used by the plant, or engineering estimates
needed (o apporlicn it to the preleatment process,
weTe oot available,

Emissions Inventory

The emivsions Lwventory soughl data on emisstons
for the pretreatment paini process. Lhe relevant emis-
slon pathways Wcluded: emissions to ail, emissions o
land, and emissions 1o wastewater. The weighted aver-
age RTW painied surface area was calculated as 150 m?.

Enissions TO AMi—Data sorces ineludes] Mational
Pollutant Release lnventory (NERT) reporting and VOO
emisston reponting [or the 2003 calendar year. Emis-
sions are sumrnanmed in table 4. NPRI repomting is pre-

Table 4——Emissions = Air

/1000 mé
EmissinnG Fainted EIW
Ta Air (NFRT repanable compounds)

Glyool ather oo o oo ..l
1-Mathowy-2-propancl . oo oLl o 0,594
LT L A4 S et 0146
Tirksl reportable compounds te air ... ... v ue .75
Ta Air {VOC)
Precleaner , .. .. ... . s el E sy G
B [ 1 G0
Phusphate ... ..., Wi 0,00
Phosphate makeup o oo vmv o ens .... D00
Commnaian inhibiter .. o e o o e {150
Body washer ... L L e 6o
Cleansr—alkale - .. oL ... - iEaseRre - - - EE!
PrE-l R o s a e e e e e 0z
Phusphate post-ringe ., .vovie i iiiaiao .- .00
Rinse condibionet ..o, o i e 0.0o
ToRAL WO RO Gl & e vs cu it 214
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Table S-—Emissions Lo YWater

1000 m®

Ermissions __ Painted BIN

Wastewrater to WWTP
{HPRI reportable + non-reportable) ....... ... n

Tor Water (WERT reportable compovnds)
‘Waslawater Lo IWWTP:

Olycolethers oL . o e e 174
Mocompennds _ .o, L. e s 14
oompounds Lol a i
Mitrate compounds .. ..o Lo 164
Phosphonis - .. e 22
1-Metho-2-piopandl ... e x|
Total reportable compaynds to water ... ., ... .. 1264

pared for the assembly plant by an external consultant;
VO emdssion Teporting is prepared by an in-house en1-
vivommental specialist, Both reporting docuinents are
casental fir the air emissions inventory, as NPRT re-
potlng is sestricied to requlaied compound releases
while WOUC emission weporting provides caleulated ¥OC
emissions associgted with the use of all materials sub-
ject o volatization {i.e, induding non-regulated
compounds].

The formal of boith reponis allows air emissions o
be separaled by paint process [eg., pretreatment, e-
coat, wpcoat ). While VOO reponing calowates VO
emizsions based on volatlaation data lor each material
used in the scoped paint sub-modules, the reporied re-
leases provided by NPRI do nol alwaeys enable source
apportioning o individual materials, LI (v o mote
prevenmment malerials contilwie w the same NIPRT-
reporied compentnd, allecating the proportional conin-
buticn of each material is not readily caloulated and is
not recomuriended.

LAISSIONS TO WaTer— Wastewater emissions from
prewreaument are also significant, pardculacly in inumer-
sinn rank srages but also in the overspray colleciion svs-
lem for downdralt spray applicagon bootls. The pri-
mary data source used for wastewater emissions
informaton is the facllity’s NPRI reporting for 2003,
which indicates wastewaler elitssions as “amonnt dis-
charged 1o municipal sewage treatment plant.” The tor-
mat af the NPRE teporting allowed separalion of waste-
waler emissions by praint process hut did ol enable
source apportioning wo individual process materials,
L results for emissions to warer are surnimarized in
Table .

Omce again, NPRT veporling is restricied ro regulated
compounds present as wastewater (Le., repanables),
whereas total wastewaler praduced greatly caceetls the
repovtable pordon, Lotal wasiewater was (hos calon-
lated by applving an engineering estimate (Le., dewel-
wped with the assernbly plant's envirommental spedal-
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ist) w the otal water use in preteeatmeny; this weas cal-
iulated during the marerials ventory portion of the
LCL This calcufarion assumed thal 95% of water used
goes o wastewaler. The 95%0 engineenng estlnale was
determined by comparing fotal annual water use with
tertal annnal wastewater sent far (reatment from the en-
tire facility in 2003, The 93% engineering estimiere was
further corroborated by similar calculatons with water
usage dara for the 2002 and 2004 calendar years,

Soun Fuwssioss— - (and emissions were also expected
to be significant for the pretreatiment paing provess, pri
marily due o sludge buildup assoclated with the im-
nersion tank vnit processes and the downdraf spray
application booths, The primary data source wsed for
land emissions informalion was the assembly plant's
NPRL ceporting for 2003 {table 7). Sludge way therein
inihcated as eliher "wastewater rearmend plant sludge”
{e2., to landfll} or “paint studge” (e, tor topcoat),
Botly wastewaier sludge and paini sludge are sent ofisite
Tor weatment aned disposal 1o land. The NPRL reproniing
also wpedlied the gquantiiies of regulated compeunds
that are yent w a landfil as part of equipment flter dis-
posal, The format of the XPRE eporting alloaes separa:
tion of land emissions by paint process bul does nir
readily enable source appartioning o individual
process matedals,

Finally, the NPRI reporting is restricted o regulated
connpounds present as sludge (e, reportables); how-
ever, tolal shudpe produced iypically exceeds the re-
porlable portion. For the pretreatment sub-module, ad-
ditianal data was abtained for the key phosphating
unit process from shipping manifest wacking sheets
used to transport The sludge w offsite treatment and
disposil, Flowever, the shipping mantfest data used an

Table 6—5olid Fmissians

Fro00 m*

Exfissions o _ Painted BIW
Sludge to landfill {HPRI reporable + non-reportable) (828
Studge fo Landffll (NPRT repodiable)

Glecol ELhers .o o e i s e oo e 067

M compoungds - . i e e e B3

Fncompoundi oo e o e e cm i a e 0.07

T 0.3

T-Fethory-2-proRanm .o .o oo s r i o 0z

Glycol ethars . oo e 048
Total reportable compounds to land {sbudge) ... ..., B3
Filters to {andfll (NPRT reportabie)

ah Mo rompounds .o e 2.54

by fncompounds .o Lo e 411

S PhosphOmiS: e e e e .05
Total seportable sompounds to lamd {Alters) .. ... ... 12
Nan-Reportable Metals Emissians

COpper compnuenos . ..ou oo e i 46
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average of the 1999 and 2000 calendar vears; the older
dalasets were Lsed because reporting practices al the se-
lected assembly plant changed as of the 2001 calendar
year amd sludge shipments ave no longer moniiored by
environmental specialist persannel. The pretreatment
phosphating noe-tepartable sludge is mdoded in e
emissioms inveniory oniy to demonstrale the bypical
magnitwele of difference hetween repormable and non-
reportable sludge emissions,

Addittonally for the preweatment modhule, a watk
through audit of comtainets was completed to identify
waste containers typically used at the assembly plant
for the storage ad tansporl of process iatenals,

CONCLUSIONS AND RECOMMENDATIONS

Lompleting Future Manufacturing L(Ts

Standurd LOT protocals are largely product-based
and may need (o be adapted for successful completion
of LOIS for manufaeturing, whicl is process-based,

Challenges in complefing a manufacoaring L -
marily involve data colleclion. 'Lhis includes potendial
lengihy time allowances for establishing appropzriate
comtacts and seqling acceys o internal and condiden-
tial data. Further, 2 manufacnering facility's existing
data measuremen! and repotling is unlikely o be ata
resolution corresponding Lo the scoped TCL systermn
boundaries, thus requining engineening estimales 1o ap-
proriion data.

Drue fo lmitations in available/measared data reso-
lution and time and resource detands of stage-hy-
stage, the elfort to develop high resolution LCL process
Mo maps owiweizghs their benelits to the LT process
with tespect 1o data collection, A lewer resoludion Lo
rrocess flow map should instend be coustructed,
arhieved by plucing the systemy houndary arouma the:
LCY sub-module in consideration and aggregating the
materialfenergy/emissions flows within the sub-mod-
ule boundary.

Agmregaled materialfenergyfemissions | CT process
Mo maps are wseful in data sonrce Jdentilication and
alser graphically represent the mormalized LCL resulu.
LCL priscess flow maps are recommendead as a supple-
meTtaly stunmary reporting tormat, paricularly where
Lot data is to be prasented o management or ind pulb-
lig farum,

Manufacturing LOTs should be based on g data vl
lectiom and reperting patameter that bes) represents (e
funcuon and mechanisms of the ransformatton
process; the selected parameter should be wsed for the

Wi coatingstech.org
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functional unit andd as the bagis of dara sciling. Yo the
paint process, the “best practios™ LOT data collection
andl reporting parameter should be the painted sudace
area.

Where the oppodunily exists, the installation of ad-
clitdonal electricity and water metering for paind shop
facility processes can Facilitate and tmprove LT data
collection. Additicnal metering is likely (o be most
cost-effectively adided during the construciion or reno
wution of any partortar indusuial facility,

Industry Application of
Manyfacturing L{T Data

LO application protocsls cin be fonmualated 1o al-
ltwr site-specific relerence data, such as will e available
trom the NREL 1CI Database, to be vsed for predicting
LiZL cewults fov a different manofactunng Gecility see-
natio.

Tf the selected funetionel unit is consisten| with 1L.CT
principles in representing the funciion of the manufae-
mring transfonnation process, it will fomm the buagis for
wwaling a reference L.OT datset to a diflferent production
tacility o production scenariao,

Vhe NREL LCI paind datased developed in this ve-
search showld generally not be applied divecrly 10 an-
ather facility ag a surrogate datasel. Aside from process
differences between any wo manwlaring facilities,
differences in painted BIW surface area and differences
in annual production volwmes will affect the weaplta As
a tesuli, it will likely be necessary to use an appropriale
sealing protocol when adapiing one sel of data to an
independent facility,
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