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Automotiw a,,ting pro,c,;;e, contribute ,ignifi"'ntly to th, en,i­ronmental burden of vehicle manufacturing, with significant emissions re­leased 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 auto­mobile's manufacturing processes. Detailed and up-to-date life cycle in­ventory (LCJ) data does not exist at this time for the majority of the vehi­cle painting processes associated with the North American-base,_d automotive industry. The complexity of the contemporary automobile and the numerous processes required for its manufacture and assembly, how­ever, 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 con­ducted in order to populate a newly emerging North American LC! data­base. 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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In North America, the automotive industry is cur­
rently attempting to quantify and inventory the envi­
ronmental impacts incurred during the automobile 
manufacturing processes. This data is being used to 
populate a public database of environmental impacts 
intended to enable both the private and public sector in 
North America to use life cycle assessment (LCA) tech­
niques for environmentally oriented decision-making. 1 

The complexity of the contemporary automobile 
and the many different processes in its manufacture and 
assembly, however, poses a significant set of challenges 
for completing a manufacturing life cycle inventory 
(LCI). Consequently, detailed and up-to-date LCI data 
does not exist at this time for the majority of the manu­
facturing/assembly processes associated with the North 
American-based automotive industry. 

This article will develop an LCI for automotive paint 
pretreatment, the first portion of the automotive paint 
process. Pretreatment is an ideal candidate for an LCI 
because of the complexity of the process stages and the 
resources involved, and their interrelationships with 
the environment. To date, a complete life cycle inven­
tory of the pretreatment process has not been reported 
in literature. Previous studies have instead been com­
parative in nature ( e.g., waterborne versus solvent 
paints,2 powder coating3) and so discuss relative differ­
ences, rather than focusing on absolute pe1formance 
levels. This article will thus contribute valuable envi­
ronmental impact information for an environmentally 
significant manufacturing process, and will further­
more be relevant to other industries beyond vehicle 
manufacture ( e.g., white goods manufacturing). 

BACKGROUND 

Ufe Cycle Inventory in the Automotive Industry 

One method used to evaluate the environmental im­
pacts of a product or process is life cycle assessment 
(LCA). This technique quantifies the environmental 
impacts associated with a product or process at its vari­
ous life cycle stages and can identify stages that are 
most significant.3 It also identifies the stages where 
trade-offs between alternatives chosen arise.4 As recog­
nized by many authors, the most difficult part of the 
LCA is data collection, the part of the LCA known as 
the life cycle inventory (LCI).5 This resource-intensive 
process is a careful inventory of a product's or process' 
associated materials use, energy use, and emissions, 
thereby yielding a quantifiable measure of the overall 
environmental impact. 

It is common in LCA studies to use data from differ­
ent sources such as real plant data, engineering calcula­
tions, patents, etc. As reported by Tam and 
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Abdulrahem, 5 this can lead to uncertainties of the LCA 
results. The authors found that theoretical LCI data for 
materials, compositions, and emissions were different 
than site-specific data and the need arose for scaling 
factors (i.e., correction factors). However, due to the in­
consistent differences between theoretical and real val­
ues, there was no single scaling factor that could be as­
signed for the conversion of theoretical LCI data to real 
plant data.5 Yet, very few studies have been conducted 
to assess the life cycle material use, energy use, and 
emissions of these paint processes. 

NREL LCI D�tabase Project

The United States Life Cycle Inventory Database 
Project (hereafter referred to as NREL LCI Database) is 
being developed by the United States National 
Renewable Energy Laboratory (NREL), working with 
the Athena Sustainable Materials Institute and several 
industry and academic research partners. 

The NREL LCI Database is intended to be a publicly 
available database of environmental impact informa­
tion for materials, products, and processes commonly 
used by North American-based industries and con­
sumers. 6 LCI data used to populate the database is de­
veloped in accordance with a common research proto­
col and is critically reviewed before publication in the 
database. The database, currently in beta stage, can be 
found online. 7 

The NREL LCI Database will provide a resource base 
for completing LCAs in North America and will ulti­
mately encompass nearly every material, product, and 
process relevant to the North American market. 

As populating this database is a formidable and 
time-intensive task, LCI modules (i.e., LCI datasets for 
individual materials, energy sources, or processes) were 
scoped and prioritized. Representing the automotive 
industry, the North American-based automobile manu­
facturers agreed to develop LCI modules on several pri­
oritized processes in automotive manufacturing/assem­
bly. The automotive painting process was one such 
prioritized process, selected due to its significant associ­
ated environmental impacts and their relevance to 
other industries besides automobile manufacture. 1 

Automotive Paint Process and 
Paint Pretreatment 

AUTOMOTIVE PAINT PROCESS-The function of the au­
tomobile painting process is to provide corrosion pro0 

tection to a vehicle's body structure (i.e., body in 
white) and a durable and decorative coating to a vehi­
cle's outer body panel surfaces.8 Automotive paint 
process involves the following unit processes: pretreat­
ment, e-coat, basecoat, and clearcoat (Figure 1 ). 
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