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Abstract 

The steel industry has made sensational life cycle 
assessment (LCA) claims about its products in au-
tomotive lightweighting applications over compa-
rable aluminum solutions. The claims are largely 

based on highly biased research work. The process of 
making those claims is fundamentally flawed and in direct 
violation of multiple international standards and guide-
lines related to the study and communication of LCA.

Through detailed analysis, this paper shows that the bi-
ased research work done by the steel industry concen-
trates on manipulating key factors in its LCA model to 
create a false advantage for relevant steel products. The 
manipulation is done in the following aspects:

• Suppressed mass reduction potential of aluminum 
with exaggerated mass reduction potential of advanced 
high-strength steel (AHSS), leading to inaccurate depic-
tion of product masses.

• Selected exceptionally low mass-induced fuel saving 
parameters to favor heavier AHSS-intensive vehicles over 
lighter aluminum-intensive vehicles.

• Created energy and greenhouse gas (GHG) values for 
primary aluminum for North American market instead of 
adopting accurate data published by the Aluminum As-
sociation.

• Assigned a higher recovery rate for steel recycling and 
a lower recovery rate for aluminum recycling, as well as 
turning 180° on its traditional position regarding end-of-
life (EOL) allocation methods. 

The cumulative effect of such manipulation is quantita-
tively significant. If these key factors were to be replaced 
with more accurate and commonly agreed upon ones, the 
conclusions would have been reversed and in agreement 
with the conclusions of most other similar studies includ-
ing those conducted by the aluminum industry.

In addition to analyzing the methodological manipula-
tion, this paper also raises concerns about the violations 
by the steel industry of basic ISO principles and rules re-
lated to making comparative assertions intended for pub-
lic use. This is mainly reflected in two aspects:

• Comparing the carbon footprint of per kilogram pri-
mary raw material production to show one material is 
“superior” than the other, without stating the fundamental 
differences of the materials in property, intended appli-
cation and function, functional unit, and other relevant 
aspects.

• Making claims based on extremely limited informa-
tion in which no detailed reporting can be found and no 
trace of a required critical review process can be seen.

Introduction

LCA is a quantitative environmental assessment method 
designed to evaluate the cumulative environmental im-
pact of a product throughout its life cycle—from cradle 
(e.g. the extraction of raw materials) through the use of 
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the product over its lifetime to grave (e.g. the product is 
disposed or recycled). 

The aluminum industry is a leader in LCA application. 
The first industry wide LCA study was done in 1993 by the 
Aluminum Association. In fact, the Association’s Product 
Stewardship program is built upon a life-cycle approach 
to reduce aluminum’s environmental footprint and en-
hance the material’s sustainability. A significant amount of 
work has been done by the Association to conduct trans-
parent, accurate, and quality LCA studies on various alu-
minum product forms ranging from generic primary and 
secondary metals, semi-fabricated profiles, to final con-
sumer products including aluminum automotive systems. 
All works of the Association have been critically reviewed 
and published through various platforms, including the 
Association websites (www.aluminum.org and www.
drivealuminum.org), and all of them are easily accessed 
for public evaluation. 

Efforts have also been made to incorporate data gener-
ated from those studies into popular databases and soft-
ware tools, such as the U.S. LCI Database, GaBi, SimaPro, 
GREET, WARM, Athena Impact Estimator, etc., so that 
accurate and up-to-date North American aluminum data 
can be conveniently sourced by LCA practitioners and 
researchers. The Association also developed some of the 
data into Environmental Product Declarations to support 
multiple stakeholders. The aluminum industry takes LCA 
seriously and makes its best effort to be a highly respon-
sible party. 

In contrast, the steel industry, represented by World 
Auto Steel (WAS) and the American Iron & Steel Institute 
(AISI), often make misleading and erroneous claims on 
the life cycle GHG emissions of vehicle lightweighting.1-3 
A close and objective assessment of those claims reveals 
that the steel industry is misleading both policymakers 
and the public by using biased studies and distorted facts 
for its own benefit. It serves as an obstructive force to slow 
down a remarkable automotive technology revolution to 
save its eroding market share. 

This paper will scrutinize the steel industry’s studies and 
its selection of biased data that ignores critical parameters 
commonly agreed upon and widely recommended by the 
scientific community for automotive lightweighting LCA 
studies, including rules established by the International 
Organization for Standardization (ISO 14040/44 and ISO 
14012/25) regarding how life cycle assessment should be 
conducted and results be communicated.4-7 

LCA for Automotive Lightweighting 

The application of LCA for assessment of automobiles 
is broad and extensive, covering many aspects such as 
driving technology options, material selection and light-
weighting effects, fuel choices, ownership types (single-
owner vs shared vehicles), etc. Each is a complex topic 
and deserves careful selection of appropriate data, meth-
odology, assumption, and parameters to meet the intend-
ed objective of the LCA. 
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The focus of an LCA that examines the consequences 
of material selection and lightweighting includes not only 
the reduction of mass for individual parts, but also system 
implications. While individual part assessment studies do 
exist, the majority of published studies focus on examining 
lightweighting a system, a subsystem, or the full vehicle 
with design optimization. The most frequently examined 
system is the body and closure system since it has a large 
share of total mass and has high potential to be optimized 
to make a lighter, safer, and better-performing vehicle. 

Many published papers and studies on the topic deal 
with comparing material design options such as alumi-
num, steel, carbon fiber, other polymer composites, or 
more often—a combination of them all (e.g. multi-mate-
rial solutions) with one specific material in intensive ap-
plication. 

In 2017, Troy Hottle and his research team at the U.S. 
Environmental Protection Agency (EPA) reviewed 26 stud-
ies published during the period of 2010 to 2016, including 
case studies released by WAS and Steel Market Develop-
ment Institute (SMDI).8 Of all the works reviewed by Hottle, 
et al., it was noted that “most of the LCAs demonstrated that 
aluminum-intensive designs were able to achieve the larg-
est reductions in life cycle energy use and GHG impacts,” 
except for “the study by the Steel Market Development In-
stitute…and case studies by World Auto Steel.”

The WAS and SMDI works are outliers because they are 
tailor-made for the steel industry, by the steel industry. The 
rest of the reviewed works, which determined aluminum-
intensive designs achieved the largest reductions, were 
largely done by independent third-party researchers with-
out much influence from the relevant material industries.

Guideline on LCA for Automotive: To minimize poten-
tial for complexity and abuse of flexibility, the Canadian 
Standards Association (CSA Group) organized stakehold-
ers to develop a guidelines for automotive lightweighting 
LCA. The guideline sets forth principles and rules that are 
necessary to evaluate alternative designs and materials on 
a comparable basis at every stage of a LCA study, includ-
ing defining and describing the product, general and spe-
cific requirements for the study, calculating environmen-
tal indicator results, communicating results, reporting, 
and critical review. These requirements were developed 
with participation and agreement from stakeholders, in-
cluding academic institutions, material industry associa-
tions, LCA consulting firms, and others. All major automo-
tive material industry associations participated, with WAS 
and SMDI representing the steel industry and the Alu-
minum Association representing the aluminum industry. 
The guideline, titled Life Cycle Assessment of Auto Parts 
– Guidelines for Conducting LCA of Auto Parts Incorporat-
ing Weight Changes Due to Material Composition, Manu-
facturing Technology, or Part Geometry, was published in 
2014 with a standard code number SPE-14040-14.9 

The SPE-14040-14 guideline provides specific recom-
mendations for key factors that could have significant im-
pact on the results of a study. These include mass-induced 
fuel reduction values (FRV), lifetime driving distances 
(LTDD), EOL material recycling allocation rules, and life 
cycle inventory (LCI) or LCA data source for materials. 
Another key factor, the material substitution rate (MSR), 
is not covered by the SPE-14040-14 guideline, since it as-
sumes information for products (defined as “auto parts”), 
such as material composition, dimension, and weight, is 
already known to researchers.

Manipulated Technical Details by the Steel Work

The steel industry’s claims and its supporting evidence 
are based on a background LCA model originally devel-

oped by Dr. Roland Geyer at the University of California 
Santa Barbara. The model, named UCSB Automotive En-
ergy and Greenhouse Gas Model (hereafter referred to as 
UCSB Model), was specifically developed for WAS.10 Steel 
industry trade associations both in Europe and North Amer-
ica generated many works out of the model, as follows: 

• WAS released a host of case studies between 2013 
and 2017, including a compact car, a sports utility vehicle 
(SUV), a light duty truck (LDT), and a battery electric ve-
hicle (BEV) case.1 All were focused on making compara-
tive claims of steel over aluminum, yet none of them can 
be accessed with a full report documenting details at the 
time of their publication. 

• SMDI published an article in 2016 titled “The Impor-
tance of the Production Phase in Vehicle Life Cycle GHG 
Emissions.”3 The scenarios in the article are the equivalent 
of the WAS cases. Both are based on the UCSB Model with 
the same background data. The only difference is SMDI 
modified two parameters to reflect the North American 
situation, including LTDD and primary aluminum data. 
The paper is not in the format and level of detail of an LCA 
report, and there was no evidence to show that the paper 
has gone through a critical review process. 

• The Steel Recycling Institute (SRI) published a study 
in 2018, titled “Lightweighting with Advanced High-
Strength Steel Produces Lower Greenhouse Gas Emissions 
than Lightweighting with Aluminum.”11 This paper is a re-
fined version of the SMDI paper. It is based on the lat-
est version of UCSB Model (v5), incorporating LTDD and 
primary aluminum data for the North American market. 
It is worth noting that this is the only steel industry LCA 
study accompanied with a relatively detailed report that 
has also gone through a rigorous critical review process.  

The UCSB Model has been updated several times and it 
is currently in version 5.0. The updates were mainly made 
to incorporate new data and to add new scenarios. How-
ever, key factors that have the most impact on the results 
are largely unchanged. These key factors, with arbitrarily 
selected values, have been used to help steel win over 
aluminum in mathematical calculations. Such factors in-
clude material substitution rate (MSR), mass-induced fuel 
reduction value (FRV), LTDD, EOL allocation method, and 
material recovery rates for recycling. In addition, incon-
sistent—and sometimes false—selection of primary alu-
minum LCI or life cycle inventory assessment (LCIA) data 
has added more bias toward the results.

Material Substitution and MSR: The steel industry’s 
UCSB Model is highly engineered with material substitu-
tion factors designed to favor AHSS over aluminum. First, 
the material substitution rate of aluminum is suppressed 
and the rate of AHSS is inflated. Secondly, there is no in-
formation showing which part, component, or system has 
gone through lightweighting designs by material substitu-
tions, nor is there a detailed explanation and/or safety and 
functionality simulation, which are necessary for such de-
sign changes. The UCSB Model is a black box showing 
only generic material compositions of baseline vehicles 
and some mysteriously selected substitutions with distort-
ed substitution rates. As a result, it leads to a false advan-
tage for steel. 

To conduct a comparative LCA, one must first identify 
products that are comparable. In automotive lightweight-
ing studies, the majority focus on comparing new or con-
ceptual lightweight products with a heavier one with the 
same functionality. The heavier product often serves as a 
baseline for comparison. The products compared can be 
in production, new designs, or in rare cases, a concept 
without solid design and engineering basis. The product 
in production is the most meaningful and reliable, fol-
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lowed by a design or simulated design, and 
then the concept. This is because a product 
in production usually has concrete mea-
sured data to support its reliability (e.g. di-
mension, material composition, weight of 
components, fuel economy, etc.), while data 
for a concept is simply relying on assump-
tions and serves as a tool for reference for 
evaluating possibilities. 

For a conceptual lightweight product, one 
must estimate mass. Mass is the founda-
tion for calculating life cycle environmental 
footprint—lighter vehicle leads to smaller 
footprint; heavier vehicle leads to bigger 
footprint. Mass estimation for conceptual 
product is concentrated on assuming the 
percentage of mass reduction achievable 
through material substitution, provided that 
the functionality of the new product will be 
maintained or improved compared to the 
baseline. The percentage is called a mass re-
duction coefficient (MRC). The rate usually 
refers to the potential of an average compo-
nent-to-component substitution without tak-
ing into consideration any system optimiza-
tion. The rate is largely based on empirical 
data by incorporating material property spe-
cifics, such as density, strength, formability, 
formation, and joining techniques. The re-
ciprocal of the MRC is the MSR (e.g., MSR = 
1-MRC). The terminology used by the UCSB 
Model warrants special attention. There, the 
MSR is called material replacement coeffi-
cient and is abbreviated as MRC. It should 
not be confused with the MRC used by this 
paper because the two are precisely the in-
verse of each other in value.

The UCSB Model is built to compare lighter conceptu-
al products with heavier conceptual products, using ma-
terial substitutions to replace part of the vehicle system, 
which is not identified or explained, while keeping the 
rest of the system unchanged. Since it is neither a real 
design, nor does it use any computer-aided simulation 
tool to optimize the system, the model simply adopts 
a one-size-fits-all default MSR for each of the lighter 
weight materials to replace the steel counterparts of the 
baseline. 

It is not easy to determine an appropriate one-size-fits-
all MSR for a lighter material to replace a heavier material 
system. In the real-world context, MSR is not only related 
to the intrinsic properties of the material, especially den-
sity and strength, but also to other factors such as cost, 
compatibility with other components, manufacturing 
platform, forming and joining techniques, system optimi-
zation potential, etc. The rate usually varies significantly 
from component to component. Assessing the appropri-
ateness of such rate selection for a specific study is a chal-
lenging task. Nevertheless, one can still objectively evalu-
ate the UCSB Model by comparing the choice of its MSRs 
with empirical data, prevailing design examples, and LCA 
literature listed in Table I. 

The data clearly demonstrates that when compared 
with other commonly recommended or design-achieved 
MSRs, the steel industry’s value underestimates the techni-
cal ability of aluminum and overestimates AHSS for mass 
reduction. As a result of such a distorted selection of MSRs, 
the difference of mass between AHSS and aluminum-in-
tensive vehicles has been artificially reduced. Weight dif-
ference is the foundation for difference in life cycle envi-
ronmental footprint between the two material solutions. 

Jarod Kelly and his colleagues at the Argonne National 
Laboratory (ANL) reviewed multiple sources of data for 
material substitution rates and decided to utilize a range 
for their paper. The authors believed that the range re-
flected “the most representative of actual practice.”13 The 
range for AHSS was 0.9–0.7 kg/kg steel, and for aluminum 
was 0.7–0.4 kg/kg steel. 

In a separate study, Qiang Dai and his colleagues (an-
other ANL research team) examined historical trends and 
future potential of both average curb weight and mate-
rial composition of U.S. light-duty vehicles.20 The aver-
age weight reduction potential of different materials is 
depicted in the study through literature review and data 
compilation. The study again reinforces the 15–25% (MSR 
0.85–0.75) and 30–60% (MSR 0.7–0.4) ranges for the two 
materials AHSS and aluminum, respectively.   

Most design experience shows that aluminum intensive 
systems have a substitution rate of 0.6 and thus can shed 
40% of the mass of a multi-grade steel system. This can 
be verified by the Honda Accord (sedan), Toyota Venza 
(SUV), and GM Silverado (light truck) studies mentioned 
in Table I, as well as the real production experiences of Au-
di’s Space Frame System for sedans and Ford’s F-150 body 
and closure system for light trucks. The latest advanced 
aluminum automotive alloys developed by several com-
panies (e.g., Arconic’s Micromill™, Novelis’Advanz™, 
Aleris’ Structurlite® 400, and Constellium’s HSA6® and 
Formalex® series of products) help further improve the 
strength of the metal and lead to more mass reductions. 
This is reflected in the most recent study by EDAG on the 
baseline of MY2014 Chevrolet Silverado.19 The study con-
cludes that the advanced grade aluminum can reduce the 
system mass of body and closure by 46%. 

Table I. MSRs from various studies and literature in comparison with UCSB Model. 
Note: the lower the MSR number, the higher the mass reduction potential, the better the 
performance of the lighter material.

Source
MSR of Al 
for Multi-

Grade Steel

MSR of 
AHSS for 
Mild Steel

Notes

0.68 – 0.66 0.75
WAS case studies. Range for aluminum 
represents different values assigned to 
different vehicle types.1

0.65 0.75 SMDI paper.3

0.68 – 0.66 0.75
SRI study. Range for aluminum represents 
different values assigned to different types 
of vehicles.11

U.S. Department 
of Energy 0.70 – 0.40 0.85 – 0.75 Typical substitution potential.12

Argonne 
National 
Laboratory

0.70 – 0.40 0.90 – 0.70 Typical substitution potential.13

NHTSA EDAG 
Honda Accord 
Study

0.65 – 0.50 0.85 – 0.75
Subsystem level: aluminum or 
AHSS+UHSS intensive subsystems replace 
mixed steel subsystems.14

AA EDAG 
Toyota Venza 
Study

0.61 0.87
System level: aluminum and AHSS 
intensive body in white (BIW) and closure 
systems to replace steel system of the 2010 
model.15

NHTSA EDAG 
Silverado Study 0.61 n/a

System level: aluminum intensive system 
replaces a HSS and AHSS intensive 
system.16

Audi Space 
Frame System 0.6 n/a System level: aluminum intensive system 

replaces multi-grade steel system.17

Ford F-150 
Aluminum Body 0.58 n/a

System level: aluminum intensive system 
replaces multi-grade steel body and closure 
system.18

EDAG Silverado 
Advanced 
Aluminum Body

0.54 n/a
System level: advanced aluminum intensive 
body system replaces a HSS and AHSS 
intensive body system.19

Steel Industry’s 
UCSB Model
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The case of AHSS replacing lower-strength 
steel systems is more complex because most 
baseline vehicles already use high strength 
steel extensively. An AHSS-intensive system 
may be able to shed as much as 25% weight 
of a conventional steel system. However, 
complexity increases when it comes to a 
system that is already HSS intensive. In that 
case, the potential for mass reduction for 
AHSS is roughly 10%. 

Mass-Induced FRV: Mass-induced FRV is 
considered the next most critical factor be-
sides material substitution rate for automo-
tive lightweighting LCA. For internal com-
bustion engine vehicles (ICEV), more than 
80% of the life cycle energy consumption 
and GHG emissions are attributed to the use 
phase of the vehicle.21 Any small change to 
the fuel consumption factor will have a sig-
nificant impact on the results. 

In lightweighting LCA studies, practitio-
ners face choices for the use phase energy 
consumption factor. They can use real fuel 
efficiency parameters for production models 
(e.g., mileage per gallon or liter per 100 km) 
or use an operable mass-to-fuel correlation 
parameter for new designs and design con-
cepts. The mass-to-fuel correlation parame-
ter needs to be “operable” to avoid ambigu-
ity. This operable parameter is often called 
mass-induced FRV. It is an absolute fuel vol-
ume or energy value number on a per unit 
mass reduction and per unit distance driving 
basis. It is often expressed as mega-joules 
(MJ) or liter of fuel per 100 kg mass reduc-
tion for per 100 km distance of driving (MJ 
or L/100kg*100km). The FRV can be used to 
calculate the energy impacts of lightweight-
ing for both systems and individual compo-
nents, providing the assumption of equal 
contribution of mass to fuel consumption by 
all components of the vehicle. 

There are two distinct situations in which the FRV can 
be significantly different. The first is a material substitu-
tion without engineering optimization for the system or 
for the full vehicle. This usually happens with limited 
lightweighting of individual parts, leading to an insignifi-
cant weight reduction. It also happens when the mass re-
duction is largely offset by a weight increase somewhere 
else, e.g., adding new electronic or safety components. 
The second is material substitution plus system or full ve-
hicle optimization, usually involving system integration 
and powertrain adjustment (resizing). The result is often a 
smaller engine or more efficient powertrain for the lighter 
vehicle to maintain the same performance as the heavier 
one, leading to more fuel consumption reduction. 

Table II lists FRVs from different studies, with notes add-
ing details about the exact situations in which the values 
are applied. In the area of FRV, the Koffler, et al., study 
is among the most cited literature and its FRV values are 
among the most commonly agreed and recommended. 
The study used a mathematic model to calculate a val-
ue of 1.95 MJ/100 kg*100 km for mass-induced energy 
demand. This is the equivalent of 0.15 liter/100 kg*100 
km of gasoline consumption to provide the energy for the 
non-powertrain-adjustment lightweighting scenario and 
0.35 liter/100 kg*100 km for the powertrain-adjustment 
lightweighting scenario.22 

The values recommended by Koffler, et al., are based 
on the New European Driving Cycle (NEDC), which is in-

tended to represent the typical passenger car usage in Eu-
rope. The North American driving cycle is different, with 
the U.S. Federal Test Procedure (FTP) and Highway Fuel 
Economy Driving Schedule (HWFET) representing city 
and highway driving. The standard U.S. EPA combined 
fuel economy (CFE) sets 55% city and 45% highway driv-
ing. For this reason, the SPE-14040-14 guideline recom-
mended an FRV for naturally inspired gasoline engine 
vehicle of 0.16 liter/100 kg*100 km and 0.38 liter/100 
kg*100 km for lightweighting scenarios in which the pow-
ertrain was not resized and was resized, respectively. 

Cheah conducted a comprehensive analysis on the re-
lationship between mass reduction and fuel consumption 
in her doctoral thesis paper.23 Through three different ap-
proaches of analyses including literature review, empiri-
cal data analysis, and computer simulation, she recom-
mends two sets of FRVs for powertrain adjusted systematic 
lightweighting solutions—one for current and near-term, 
and the other for the future (2030). The two sets of values 
are 0.39 (current) and 0.30 (future) and 0.48 (current) and 
0.35 (future) for cars and light trucks, respectively.

Looking at the steel studies, a common feature is that 
the FRVs are noticeably lower than recommended by oth-
ers. The consequence of such noticeably lower FRVs is 
distorted inflation of fuel consumption for the lighter ve-
hicle and a false advantage for the heavier vehicle, which 
is steel product intensive. Given the significance of the 
use-phase in the life cycle footprint (more than 80% for 

Table II. Comparison of mass-induced FRVs, showing UCSB Model/steel industry stud-
ies versus the rest of LCA community. A higher FRV value implies more reduction in fuel 
consumption as a result of mass reduction.

Data Source
FRV              

(L or MJ/100 
kg*100 km)

Notes

0.094 – 0.255 Mid-size car, ICEV gasoline; 0.094 – no PT resize; 0.255 
– PT resize; base case: somewhere in between.

0.162 – 0.295 SUV, ICEV gasoline; 0.162 – no PT resize; 0.295 – PT 
resize; base case: somewhere in between.

0.107 – 0.293 Light truck, ICEV gasoline; 0.107 – no PT resize; 0.293 – 
PT resize; base case: somewhere in between.

0.182 Compact car, ICEV gasoline; 0.112 – no PT resize; 0.252 
– PT resize; base case: 50% PT resize.

0.210 Mid-size car, ICEV gasoline; 0.094 – no PT resize; 0.325 
– PT resize; base case: 50% PT resize.

0.200 SUV, ICEV gasoline; 0.107 – no PT resize; 0.293 – PT 
resize; base case: 50% PT resize.

0.171 Midsize car, ICEV gasoline; 0.145 – no PT resize; 0.247 
– PT resize; base case: 25% PT resize.

0.189 SUV/light truck, ICEV gasoline; 0.150 – no PT resize; 
0.306 – PT resize; base case: 25% PT resize.

0.128 Midsize car, HEV; 0.104 – no PT resize; 0.198 – PT 
resize; base case: 25% PT resize.

1.604 (MJ) Compact car, BEV; 1.393 – no PT resize; 1.965 – PT 
resize; base case: 25% PT resize.

0.160 ICEV gasoline, non-PT adjustment. No differentiation for 
vehicle types.

0.380 ICEV gasoline, PT adjustment. No differentiation for 
vehicle types.

0.150 ICEV gasoline, non-PT adjustment. No differentiation for 
vehicle types.

0.350 ICEV gasoline, PT adjustment. No differentiation for 
vehicle types.

0.390 ICEV gasoline car, current, PT adjustment
0.300 ICEV gasoline car, future (2030), PT adjustment
0.480 ICEV gasoline light truck, current, PT adjustment
0.350 ICEV gasoline light truck, future (2030), PT adjustment

Keoleian,         
et al.21 0.372 ICEV gasoline, PT adjustment not specified.

UCSB Model 
by WAS1 

UCSB Model 
by SMDI3 

UCSB Model 
by SRI11 

SPE-14040-14 
Guideline9

Koffler, et al.22

Cheah23 
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ICEV), an increase in the FRV alone could reverse the re-
sults of the steel studies. This is reflected in the SRI study 
through its sensitivity analysis results. The report provided 
an example for the SUV case in which the results are re-
versed when FRV is increased from 0.189 to 0.306 (from 
25% PT resizing to 100%). In this case, the elasticity for 
change in difference between AHSS and aluminum in-
tensive vehicles in both energy and GHG as a result of 
change in FRV is -2.2 (𝑒∆𝐸,𝐹𝑅𝑉 = 𝜕∆,𝐸-𝐶2 − 𝐶1𝜕𝐹𝑅𝑉 × 
𝐹𝑅𝑉∆𝐸-𝐶2 − 𝐶1) and -10.8 (𝑒∆𝐺𝐻𝐺,𝐹𝑅𝑉 = 𝜕∆,𝐺𝐻𝐺𝐶2 − 
𝐶1𝜕𝐹𝑅𝑉 × 𝐹𝑅𝑉∆𝐺𝐻𝐺𝐶2 − 𝐶1), respectively. Note that 
the 100% PT resizing value selected by SRI for the SUV 
case is 19% lower than the recommended value by SPE-
14040-14 guideline. If the study had adopted the recom-
mended value, the resulted difference would have been 
even more dramatic.  

LTDD: The LTDD is another parameter that directly 
affects lightweighting LCA results. Since lightweighting 
helps save energy, the longer the LTDD, the more energy 
savings during the use phase, and thus the less net life 
cycle energy demand and GHG emissions for the light-
weight vehicle. 

Appropriate LTDD usually comes from empirical data. 
The average LTDD is not only related to vehicle types 
(e.g., cars versus light trucks, mass production vehicles 
versus luxury vehicles, etc.), but also temporal and spatial 
factors. The most appropriate data source for LCA is sta-
tistical information. In Europe, assumption-based LTDD 
for a mass production vehicle usually ranges between 
150,000–200,000 km by most studies, while in North 
America, the value is 250,000 km for passenger cars, and 
290,000 km for SUV and light trucks based on NHTSA 
vehicle survivability statistics,24 as recommended in the 
SPE-14040-14 guideline. 

The UCSB Model used an LTDD of 200,000 km for 
most of the vehicle types for base cases.10 NHTSA statisti-
cal values have been adopted by the SMDI and SRI papers 
for base cases for North American situations.3,11 

EOL Allocation Method and Material Recovery Rates: 
The EOL allocation method and material recovery rates 
also heavily affect the results of a study. The environmental 
footprint of the EOL phase of a vehicle can be accounted 
through different allocation methods. One method is cut-
off or recycled content approach and the other is avoid-
ed-burden or EOL recycling approach. Most automotive 
lightweighting LCAs use the EOL recycling approach 
based on the intrinsic high recyclability characteristics of 
major automotive materials as well as the significant role 
of recycling in reducing the overall life cycle footprint. 
The SPE-14040-14 guideline recommends using the EOL 
recycling approach as well.

The EOL recycling approach accounts for the burdens 
of the primary materials used to make auto parts and the 
burdens of recycling. At the same time, it gives net credits 
for materials recovered during the recycling process. The 
credits help offset the initial manufacturing burdens and 
therefore lower the total life cycle footprint of the vehicle. 
The higher the recovery rate of a material, the lower the 
total footprint. 

The UCSB Model treats the allocation approach through 
a parameter setting named α. The value of the parameter 
can be chosen from 0-1, depending on how much weight 
is assigned to between the two prevailing allocation meth-
ods of cut-off/recycled content and avoided-burden/EOL 
recycling. 

Consistent with the global metals industries, most of the 
steel industry’s studies from the model adopted a unani-
mous avoided-burden/EOL recycling approach. This in-
cludes the WAS case studies and the SMDI paper. In the 
SRI paper, however, the α was set for three different val-

ues to give results in three distinctive allocation methods: 
avoided-burden/EOL recycling, cut-off/recycled content, 
and 50/50 (a hybrid of avoided-burden and cut-off meth-
ods). SRI called it an “agnostic approach” and it is a fun-
damental shift away from its traditional position. 

Before examining the possible motivation behind SRI’s 
dramatic shift in allocation methodology, it’s important to 
understand the inherent biases in the UCSB Model. This 
is reflected by the different rates assumed for aluminum 
and steel:

• Steel – collection rate of 97%, shredder loss of 2%, 
melting loss of 5%, and combined metal recovery rate of 
90.3%.

• Aluminum – collection rate of 97%, shredder loss of 
10%, melting loss of 10%, and combined metal recovery 
rate of 78.6%.

These assumption-based rates are highly subjective with 
no supporting evidence. The vehicle recycling process in-
volves dismantling, shredding, downstream separation, 
and remelting and recovery. Both automotive aluminum 
and steel are processed on the same recycling platform 
during the material collection stage. Theoretically, re-
searchers can make assumptions about material losses at 
each of the steps if no solid statistical or research data is 
available. However, assumptions in such a situation have 
to be reasonable and close to truth.

The collection rate used by the UCSB Model is the rate 
of which vehicles are eventually recycled. There is no ac-
curate statistical information for such a rate in most coun-
tries. Thus an assumption of 95–100% is often used in 
LCA studies. It is worth mentioning that in most countries 
and jurisdictions, automobiles are required by law to be 
recycled at EOL, and there are real economic incentives 
for owners to recycle them. But if a retired vehicle is not 
recycled “in time,” it would not end up in landfill either. 
There are cases in which retired vehicles are smuggled out 
of developed countries to be reused in developing coun-
tries. In such case, vehicles are not considered as lost in 
landfill either. For this reason, the Aluminum Association 
uses a 100% rate assumption for the collection of auto-
mobiles in its auto aluminum recycling studies. Similar-
ly, the SPE-14040-14 guideline also recommends using 
100% for collection rate.

For the very different rates of loss assigned to aluminum 
and steel for the shredding and melting processes by the 
UCSB Model, research shows such numbers are baseless. 
The Aluminum Association sponsored two automotive 
aluminum recycling studies. The studies were conducted 
by the Center for Resource Recovery and Recycling (CR3) 
at Worcester Polytechnic Institute. The first study conduct-
ed surveys at recycling facilities to analyze operational 
efficiency and thus the level of material recovery at each 
of the recycling steps. The second study collected samples 
from the recycling facilities and conducted laboratory test-
ing to calculate metal recovery efficiencies of the relevant 
recycling steps. Both studies concluded that the ultimate 
aluminum recovery efficiency throughout the processing 
steps is more than 91% and could be as high as 96%.25-26 
The majority of metal loss happens at the melting step. 
Loss in the shredding step is less than 1%. 

The SPE-14040-14 guideline makes very clear recom-
mendations for the EOL material recovery rates (called 
“yield”) after consulting all involved industries during the 
rule making process. The recommended yield for both 
aluminum and steel is 95%, which is proved very close 
by the CR3 study.

When it comes to SRI’s dramatic methodology switch, 
one reason stated in its report is the allocation methods 
for the fate of materials at the EOL has been continuously 
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debated in the LCA community with no clear conclusion. 
This is true since the allocation method is largely a value 
choice depending on the characteristics of materials and 
the level of environmental attributions of recycling to save 
natural resources and reduce life cycle impacts of prod-
ucts. The steel industry, together with aluminum and other 
metals, has been strongly advocating for the EOL recy-
cling approach. The industries jointly released a declara-
tion in 2007 elaborating why the EOL recycling approach 
is important in LCA allocation for metals.27 

Another reason given is related to “material down-cy-
cling” during the recycling process. Down-cycling happens 
to all materials in real-world recycling systems. For met-
als that are, in theory, perfectly recyclable, down-cycling 
could happen due to impurities from alloying elements and 
contamination from other materials. This is true for all met-
als including steel, copper, aluminum, nickel, zinc, etc. 

Looking at the results listed in the tables of section 5.1 
Base Case Results,11 it is not hard to speculate the true 
intention behind the methodological shift. Following 
aforementioned bias on other critical factors, the results 
based on the avoided-burden allocation method, which is 
the steel industry’s traditional value choice corresponding 
to the recyclability of metals, were tied between AHSS 
and aluminum. At this stage, it seems that the last option 
open for the steel industry was to change the allocation 
methods. As a matter of fact, the results of other allocation 
methods are highly dependent on scrap input (recycled 
content) for each of the materials during manufacturing 
process. The scrap input for aluminum (sheet and ex-
trusion products) was assumed to be 11% based on the 
GREET Model, of which the source of data can be traced 
back to a study conducted by the Aluminum Associa-
tion more than two decades ago. Automotive aluminum 
product manufacturing technology has been significantly 
improved during the past two decades and we estimate 
that scrap inputs for both auto sheet and extrusion are at 
least two times higher today. For instance, Ford reports 
that its closed-loop aluminum stamping scrap recycling 
arrangement has enabled the displacement of one-third of 
primary aluminum.28  

LCI or LCIA Data for Aluminum: The LCI or LCIA data 
for raw material production is another influential factor in 

comparative studies, particularly for the production phase 
of the life cycle. For automotive lightweighting, the data 
for materials shall represent the common situation as well 
as the prevalent practice of material sourcing by the auto-
motive manufacturers, making data coverage and repre-
sentativeness particularly important. 

Large quantities of steel and aluminum are common-
ly sourced from multiple manufacturers and production 
sites. These production sites are usually concentrated in 
geographic areas that are close to where the vehicles are 
assembled. From this perspective, a good set of data for 
such materials should represent the average environmen-
tal profiles of material production of the industry. It should 
also be sensitive to time and geographic locations. If a 
dataset represents the global situation, while the study is 
intended to analyze a certain region for decision mak-
ing purposes, the dataset is deemed not representative. 
Likewise, if a study is intended for future decision making 
while the selected dataset is old enough to represent the 
remote past, the selection is not good either. Due to the 
importance of data selection for materials for lightweight-
ing, the SPE-14040-14 guideline sets additional rules 
based on top of the requirements by ISO 14040/44. 

Table III shows the LCI/LCIA values of energy and GHG 
for primary steel and primary aluminum used by steel 
industry studies in comparison with the more accurate 
North American aluminum data. The data for primary 
metal are the most important in terms of impact on the 
footprint of the vehicle production stage, which is part of 
AISI’s comments for the CAFE/SAFE rule making process. 
Data for recycled metal and metal semi-fabrication is also 
important. However, in terms of sensitivity to change, its 
relative impact on the results is minor. 

In addition to data for primary metals, the recycled con-
tent of metals is also highly sensitive to the results of the 
production stage footprint. It does not, however, affect the 
results of the full life cycle footprint, if the avoided-bur-
den allocation approach is adopted. The situation would 
change if the cut-off allocation method were to be cho-
sen. In such a case, the level of recycled content will af-
fect the results of the full life cycle.

As shown in Table III, although the SMDI and SRI stud-
ies attempt to adopt energy and GHG intensity values for 

North American primary aluminum, instead 
of directly using the more accurate data from 
the Aluminum Association, they chose to do 
it with a false calculation, which results in 
up to 30% inflation. As a consequence, the 
production stage footprint of the aluminum 
intensive vehicle is exaggerated. 

Communication Violations  
by the Steel Industry 

In addition to its technical manipulations 
to make AHSS look better than aluminum, 
the steel industry also ignores basic rules 
and principles set by the ISO 14040/44 and 
ISO 14021/25 standards regarding how its 
studies can be communicated and promot-
ed. The most severe violation, represented 
by AISI in both its public communications 
and comments for the SAFE rule making 
process, is to claim steel is a better mate-
rial than aluminum by comparing the car-
bon intensity of primary metal production 
on a per kilogram basis without referring 
to the specific functions and their related 
functional units. Aluminum is three times 
less dense than steel, and a part made of 

Table III. Primary aluminum LCI/LCIA data, showing steel studies versus accurate North 
American values.

Materials Energy 
Intensity

GHG 
Intensity Source and Notes

UCSB Model Primary 
Steel 19.4 1.87 WorldSteel (2006-2009 

production, global).

UCSB 
Model/WAS 
Case Studies

Primary Al 142 10.5 Calculated from IAI data (2005 
production, global).

UCSB 
Model/SMDI 
Paper

Primary Al 148 10.4
Calculated, using AA and IAI 
data (reference year 2010), 
with flaws in calculation, to 
represent NA metal sourcing.

UCSB 
Model/SRI 
Paper

Primary Al 155 11.5
Calculated, using AA and IAI 
data (reference year 2010), 
with flaws in calculation, to 
represent NA metal sourcing.

Aluminum 
Association 
(2010 metal 
sourcing mix)

Primary Al 138 8.9
AA Semi-Fab LCA report 
(AA2013, reference year 2010), 
metal sourcing mix – accurate 
data for NA market.29

Aluminum 
Association 
(2016 metal 
sourcing mix)

Primary Al 137 8.2
AA 2018 update (AA-Bushi 
2018, reference year 2016), 
metal sourcing mix – latest data 
for NA market.30
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aluminum typically weighs half of a steel part of equal 
functionality. Additionally, aluminum auto parts are made 
of both primary and recycled metals, and the carbon in-
tensity of recycled aluminum is only a tiny fraction of pri-
mary metal. 

The second violation is making comparative asser-
tions without detailed reporting of its study and without 
a rigorous critical review process. ISO standards have 
clear requirements for making LCA based claims or com-
parative assertions (ISO 14040, Clause 7.2-7.3 and ISO 
14044, Clause 5.3). Requirements include defining the 
circumstances and conditions of the claims, explaining 
the study processes, showing the supporting materials and 
documents, and elaborating limitations and uncertainties. 
There is no evidence to show any of the requirements 
were fulfilled by the WAS case studies.

The SMDI paper can best be described as a brief sum-
mary aimed for promotion, with many of the necessary 
information and explanations missing, and with no evi-
dence to show that it received critical review. In addi-
tion, the report attempted to make sensational claims by 
expanding its conclusions on single vehicle types to the 
entire fleet of all vehicles on the road without considering 
the extremely diversified brands, technology differences, 
models, and performances. 

In the SRI study, improvements were made by releasing 
a more detailed report and having it go through a rigorous 
critical review process. However, subtle communication 
violations still exist. For instance, the conclusions claim 
that lightweighting with aluminum compared to AHSS re-
sulted in a “significant increase” in production stage GHG 
emissions without mentioning that such a result is largely 
dependent on the level of scrap input for the metals. Fur-
ther, claiming that production stage emissions were not 
offset by the use phase gains until a very late time during 
the life cycle is also highly misleading. 

Conclusion

This assessment on the steel industry’s problematic 
practice is similarly summarized by the U.S. Environmen-
tal Protection Agency researchers in their automotive LCA 
review paper, which stated:8 “Unlike the other LCAs, the 
study by the Steel Market Development Institute found that 
AHSS had the lower life cycle energy and GHG impacts 
compared to aluminum as a material for vehicle mass re-
duction (Steel Market Development Institute, 2016). This 
finding was also true for two ‘case studies’ by World Auto 
Steel, although these studies were not included in the se-
lected LCAs in Table I because they were based heavily on 
variable selection within a specific tool and lacked suffi-
cient rationales for the selected inventories or explanation 
of the methodologies used (World Auto Steel, 2014a,b). 
While these findings are not consistent with other re-
viewed LCAs that compare AHSS/HSS to aluminum, the 
Steel Market Development Institute used a publicly avail-
able model and data from both the steel and aluminum 
industries when possible. The differentiation between the 
findings of this LCA and others is the result of divergent 
assumptions.... The values applied as assumptions in the 
SMDI study may fall into plausible ranges but consistently 
represent factors that generate favorable results for steel 
over aluminum. Assumptions from reports that have di-
vergent results from the majority of the literature need to 
be carefully analyzed so that they can inform rather than 
detract from the larger scientific consensus.”

The Aluminum Association supports the good intention 
of comprehensive environmental assessment by introduc-
ing life cycle thinking and LCA into business decision 
making processes. However, the Association raises strong 

concerns on the practices of automotive LCA by the steel 
industry to mislead the public. In the opinion of the As-
sociation, such practices are not responsible and may be 
counterproductive. The future of transportation and mo-
bility is not going to be built solely upon one individual 
metal. Rather, it is going to be a multi-material world in 
which every material, including both steel and aluminum, 
a range of key technologies, and the full spectrum of the 
supply chain will have a significant role to play. 

Aluminum takes this charge seriously and the Alumi-
num Association urges the steel industry to challenge it-
self to conduct studies that are more scientifically sound 
and better reflect industry advancements and innovations.
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