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ABSTRACT

To calculate the total lifecycle environmental irapaf shoes during the design
phaseprior to manufacture, a model called ECOSTEP (Simplé fiwo
Environmental Prediction) was developed usingdifele assessment (LCA)
methodology. The goal of the model is to give stiesigners at Deckers Outdoor
Corporation the ability to incorporate environmémpirformance into their shoe
design process.

Once Deckers shoe designers enter designs intadldel, the inputs are translated
into five specific impact potentials: global warmjrhuman toxicity, acidification,
freshwater aquatic ecotoxicity, and eutrophicatesigners can choose to view the
impacts of one pair of shoes or to compare impafctsultiple pairs to aid their
decision-making processes during shoe design.

The creation and testing of the model led to séwes&ghts regarding materials and
assembly. First, materials derived from livestookidd be avoided in favor of other
materials such as cotton and hemp. Second, coléitemssembly uses less energy
than vulcanization. Third, some natural materigigh as natural rubber, that are
thought to cause less environmental damage throulgjlration can actually be more
harmful then synthetic materials. Additional corsttuns are expected through
extended use of ECOSTEP when Deckers designenporee it into footwear
production.



EXECUTIVE SUMMARY

Although shoes are not typically thought of as comsr products that are harmful to
the environment, typical footwear manufacturingsusevironmentally harmful
materials that contribute to greenhouse gas emissiod toxic pollution during their
production and disposal. These emissions causeggatoduman and ecosystem
health, especially when shoes are produced in tgugatities. Assuming that each
pair of shoes generates approximately 15 kg of B@ugh its life cyclé,and
assuming that the average American owns 15 pashads’, the total CQ emissions
resulting solely from the production of shoes inéinan closets is roughly 67
million metric ton§ -- an amount slightly higher than the annuab@®issions of
Finland (United Nations Statistical Division, 2009)

While all shoe production has environmental raratiens, Deckers Outdoors
Corporation aims to be an industry leader in reglyi@nvironmental impacts through
their Simple Shoes brand. Simple Shoes is a lifeatftvear focused on “100 percent
sustainability” of their products (Simple Shoes02p As part of their commitment to
environmental stewardship, the company uses nanatdrials, such as organic
cotton and hemp, believed to generate less signifienvironmental impacts than
conventional materials. In addition, Simple aimsise less energy and material
intensive manufacturing processes. Despite thésgsgfthe impact of alternative
materials can often be anecdotal and rigorous aesalgnay show that the changes
have minimal benefits. Therefore, designers cabaatertain that their product
sustainability efforts are successful. If the intgaaf a pair of shoes could be
guantified before the design is final, designersidave the capability to compare
similar shoe designs, selecting the design witHdhest impact while avoiding the
production of a high-impact shoe.

To make this capability a reality, Deckers appreakcthe Bren School for assistance
in creating a model to predict the environmentglact of a pair of shoes during the
design phase using life cycle assessment (LCA) odetlogies. However, LCAs have
typically been conducted to assess environmentahats of a product
retrospectively. In contrast, this new model wasnded for use during the design
phaseprior to manufacture. In order to have predictive cdpgpihe model was
required to include two major features. First, tih@del must include all current and
potentialmaterials currently used in the Simple Shoes Bexond, the model must
be able to incorporate any possible shoe design.

! The GaBi model was used to calculate the enviraniahémpact of a leather low-top vulcanized
sheaker.

2 An email request was sent out to all Bren Gradstatéents asking, “how many pairs of shoes do you
have?” There were 94 responses and the averagésa@isshoes.

3 15 shoes x 15 kg x 300 million people = 67.5 miilimetric tons
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Using expertise and resources from the Bren ScmIDeckers, this project created
a predictive model, ECOSTEP (Simple Tool for Enmireental Prediction), using
GaBi4 and I-Report software by PE Internationad, itidustry standard software for
conducting LCAs. ECOSTEP calculates quantitativpaats for several comparable
designs giving Deckers employees accurate knowlatigat the potential harm
caused by their products and allowing them to tgsgablem areas in their designs
and supply chain.

In order to properly assess Deckers’ shoes envieoahimpact, data was collected
directly from the client and its supply chain. Seeshoes were also disassembled in
order to learn all of the shoe parts and generhst af possible materials and
material weights for each part. The GaBi softwaeas Whe foundation upon which
EcoSTEP was developed. Preliminary and master rmodsie built, and I-Report, an
extension of the GaBi software, served as thefaterbetween the user and the
model. This interface allows designers to entergiespecifications for up to seven
different shoes, including materials and their ee$fye amounts for shoe uppers,
reinforcements, linings, accessories, and soles.iftierface also allows designers to
select the assembly process under consideration.

Once Deckers’ employees enter designs into the initbeeelementary flows, or the
waste and pollution generated, are calculatedh®lite cycles of each pair of shoes.
These flows are translated into five specific impgaatentials, which the designer can
understand through an easy-to-read output displ@signers can choose to view the
impacts of one pair of shoes or to compare impafctsultiple pairs to aid their
decision-making processes during shoe design.

To maximize the options for designers in this pgBdé model, assumptions

regarding material weights, logistics, and manufaey processes were necessary. To
test these assumptions, sensitivity analyses weréucted, ensuring the relative
accuracy of ECOSTEP and justifying the assumptiBoeSTEP results were logical
and comparable to past LCAs of Simple Shoes’ prisdi#dbers et al., 2008).

The output of the model includes five potentialieowmental impacts: Global
Warming (GWP), Human Toxicity (HTP), AcidificatidiP), Freshwater Ecotoxicity
(FEP), and Eutrophication (EP). These five charaagon factors were selected
because they cover a wide variety of impacts ortiptelspatial scales. For example,
these impacts include climate change through gmeseigas emissions, human
health degradation through the release of toxittstime atmosphere, damage to land
through the deposition of acid rain, and deathgofagic organisms caused by harmful
substances entering freshwater systems. These tsnwace found to be most
relevant to shoes, making them important to Deckers

Using ECOSTEP, Deckers’ designers can incorponad@tified environmental
burdens into their designs. As designers contiouesé this model over time, they
will learn specifically how shoes can be alterededuce Simple Shoes’s

-V-



environmental footprint. A few guiding principleave already been noticed during
the creation and testing of the model. First, niaiederived from livestock should
be avoided. A sneaker composed of leather or wagyl nave several times the
potential impacts of a sneaker composed of hemgorigk contradicting conventional
knowledge, a cold cement assembly process is tesggintensive than
vulcanization. Data shows that cold-cementing a @lashoes uses 35 MJ of energy,
where vulcanization uses 18 MJ. Third, some natugdkrials, such as natural
rubber, that are thought to cause less environrhéataage through cultivation can
actually be more harmful then synthetic materigts. example, natural rubber
production creates a larger eutrophication potetitan synthetic rubber because of
the fertilizers used for its production.

Many more conclusions are expected to be foundigir@xtended use of the model
and will hopefully be incorporated into footweabguction by Simple Shoes
designers. Demand for shoes, especially by Amegoasumers, is expected to
continue to increase, causing a surprising amaofumaion to the earth. However, if
guantitative results from ECOSTEP help designamléhe specific impacts of
various designs, harm from Simple Shoe productitindecrease. ECOSTEP has
potential for industry-wide mitigation of environmtel damage due to shoe
production.
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ACRONYM GUIDE

AP — Acidification Potential (in S©equivalents)

CFC — Chlorofluorocarbons

CML — Institute of Environmental Sciences

DCB - Dichlorobenze

EcoSTEP — Simple Tool for Environmental Prediction

EP — Eutrophication Potential (in R@quivalents)

EVA - Ethylene vinyl acetate

FAETP — Freshwater Aquatic Ecotoxicity Potential iCB equivalents)
Flippee — basic flip-flop sandal designed and mactwied by Simple Shoes
GWP — Global Warming Potential (in G@quivalents)

HTP — Human Toxicity Potential (in DCB equivalents)

IPCC — Intergovernmental Panel on Climate Change

IA — Impact Assessment

ISO — International Organization for Standardizatio

LCA — Life Cycle Assessment

LCIA — Life Cycle Impact Assessment

PET - Polyethylene terephthalate

PLM — Product Life Cycle Management

PU - Polyurethane

Satire — low-top sneaker designed and manufactwyeimple Shoes

TMS — Toyota Motor Sales
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DEFINITIONS

Acidification : The ability of certain substances to build arldase H+ ions resulting
in acid rain.

Cold Cement A process to attach the shoe upper onto the Islsbesing water-based
glue. Considered to be more energy intensive pethen vulcanization.

Die-Cut: A footwear manufacturing process involving cugtout of the material for a
sole, similar to a cookie-cutter. The upper is thtached to the sole and attached to
the upper in the same way as for the vulcanizedcafdicement shoes.

DisassembleBreak or take apart into its separate materiaiganents and can be
performed either by hand or by machinery.

Elementary Flows Natural resource extracted or released direotth¢
environment with little or no human transformation.

End-of-Life (EoL): Footwear that has reached the end of its use @sadetermined
by the end user. EoL shoes can still be in funetiaondition.

Environmental Impact: The effect on the environment from the productién
footwear at any stage along its supply chain. Emvirental impacts can occur to the
land, water and air and be a result of byprodweséste and or intense resource
consumption.

Environmental Impact Category: A class of environmental issues for which life
cycle inventory analysis results may be assigned.

Eutrophication: An increase in the concentratiohchemical nutrientg an
ecosystem an extent that increases the primaryptiody of the ecosystem.
Depending on the degree of eutrophication, subsgquegative environmental
effects such as anoxia and severe reductions ierwgagtlity, fish, and other animal
populations may occur.

Freshwater Aquatic Ecotoxicity. Pollutants in aquatic ecosystems impacting that
system’s organisms, populations, and communities.

Functional Unit: Quantified performance of a product system fasuss a reference
unit in a Life Cycle Assessment study.

Global Warming: The progressive gradual rise of the earth's sarfamperature
thought to be caused by the greenhouse effectemmbnsible for changes in global
climate patterns.
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Human Toxicity: a unit of chemical released into the environmisnbased on both
the inherent toxicity of a compound that could h&mman health.

Intermediate Flows. Material or product that is considered valuahl¢hie product
system, and thus transformed and transported ah@ngupply chain.

Landfilling : A method of solid waste disposal where the washairied in a low
level site with other refuse.

Life Cycle: Consecutive and interlinked stages of a prodystiesn, from either raw
material acquisition or generation from naturabrgse to final disposal.

Life Cycle Assessment (LCA)A technique that compiles an inventory of relévan
inputs and outputs of a product system; evaluséiepotential environmental impacts
associated with those inputs and outputs; andarees the results of the inventory
and impact phases in relation to the objectivat@ftudy.

Life Cycle Inventory Analysis: Phases of life cycle assessment involving the
compilation and quantification of inputs and ouspidr a product throughout its life
cycle.

Organic: The term organic is based on ecological prodaati@nagement system
that promotes and enhances biodiversity, biologigaeles and soil biological activity.
It is based on minimal use of off-farm inputs amdneanagement practices that
minimizes or eliminates the use of manufacturedrobals.

Recycling To treat or process, used or waste materialasso make suitable for
reuse.

Reference flow Measure of the outputs from processes in a pitasiistem required
to fulfill the function expressed by the functionatit in Life Cycle Assessment.

Supply Chain: A system of organizations, people, activitie$pimation and
resources involved in moving shoes from suppliersrid users. The supply chain
activities transform raw materials and componemiis & finished product that is
transported and delivered to the end user for ndeleen disposal.

Sustainable relating to a method of extracting or using atgse so that it is not
depleted or permanently damaged.

Vulcanization: An initial process to attach the shoe upper dméoshoe last that,
involve large ovens, is not as energy intensivihasold-cement manufacturing
process.

-Xiv-



1. BACKGROUND |INFORMATION

In February 2010, the average Bren student surviegddL5 pairs of shoés.
Assuming that each pair of shoes generates appabdgiynl5 kg of C@through its
life cycle? the total CQ emissions resulting from the production of shoes i
American closets is roughly 67 million metric tdiiBhis amount is slightly higher
than the annual C{Qemissions of the entire country of Finland (Uniliations
Statistical Division, 2009).

Besides the impact of greenhouse gas emissionsatypotwear manufacturing uses
environmentally harmful materials such as synthetidbers, chromium tanned
leather, and chemical-based adhesives (Albers,&(48). The production and
disposal of these materials contributes to greesdgas emissions in the atmosphere,
as well as toxic pollutant production and dispetisat can be harmful to human and
ecosystem health (Albers et al., 2008). Moreover,fumber of shoes purchased by
consumers in the United States has increased bg than 200 percent since 1980
(AAFA, 2006), signaling that consumer demand walhttnue to increase. Within the
same time frame, the percentage of outsourced &sotproduction for U.S.
consumption has increased from 50 percent to n88rjyercent. China alone
manufactures 85 percent of this outsourced foot{&AFA, 2006). This dramatic
increase in outsourcing of manufacturing producgigmificant environmental
footprint. This outsourcing has resulted in thdtgbfithe environmental burden to
developing countries that tend to exhibit lax eowimental regulations or a lack of
compliance (Cote-Schiff et al., 2009).

Concurrently, American consumers have become meageaof the environmental
impacts of their consumption habits, which haveehticompanies to become more
environmentally responsible (Hoffman, 2000). Asasumer-driven industry,
apparel companies have been receptive to the idba sustainability of products
and business practices. This stewardship helps aoiep by attracting
environmentally conscious consumers and minimizisks and liability from
environmental regulations. For example, one magmefiit is customers’ increased
willingness to pay for the differentiation of theoguct due to a company's visible
environmental policies (Reinhardt, 1998). Improeaaployee retention rates, higher
employee productivity, and recruitment of bettealgy employees are other benefits
of an environmentally proactive business style {iah, 2000). Risks for companies
are minimized by preempting regulations, increasiagiers to competition through
strategic differentiation, preventing liability, dihelping government entities design
new regulatory structures (Reinhardt, 1998).

* An email request was sent out to all Bren Gradstatéents asking, “how many pairs of shoes do you
have?” There were 94 responses and the averagé5a@isshoes.

® The GaBi model was used to calculate the enviraahénpact of a leather low-top vulcanized
sneaker and its impact is used in these calcukation

615 pairs x 15 kg x 300 million people = 67 milliaretric tons
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By using life cycle assessment (LCA) methodologynpanies selling consumer
products can incorporate the environmental impiattstheir decision-making
process and provide reliable environmental inforomato their customers. In
particular, models such as the one designed fok&edutdoor Corporation enable
environmentally concerned companies to reduce #mirronmental impact while
still remaining competitive in the marketplace.



2.DECKERS OUTDOOR CORPORATION

Deckers Outdoor Corporation, based in Goleta, Qali&, is a shoe company that
owns six brands: Ahnu, Teva, Tsubo, Simple Shogg, Alistralia, and Deckers’s
own line of shoes. Deckers’ management strivesakenthe company an industry
leader in environmental responsibility among sho@ganies as exhibited by their
Simple Shoes brand. Simple is a line of fashioresttbat has the goal of making
products “100 percent sustainable” (Simple Sho@89p The shoes in this line are
composed of materials thought to have lower enwr@mtal impacts than
conventional materials, such as organic cottonhemdp. In addition, Simple Shoe
managers have considered a variety of recyclingakelback programs while
remaining cost competitive in the market (Derby 20Finally, Simple management
has aimed to quantify the environmental impactseduby their manufacturing by
conducting LCAs on three shoe designs (Albers.e2a0D8).

To reduce their environmental harm, Deckers’ needesliable way to incorporate
environmental impacts into their shoe designs. Hayempacts of products have
traditionally been assessed after manufacture whare impacts have already
occurred. If designers knew the impacts of alteveattyles and materials while
designing shoes, they could use that knowledgeaicerimformed decisions that
could subsequently reduce the impacts of shoe ptimohu To accomplish this goal,
Deckers’ management approached the Bren Schoakgistance in creating a model
that could predict the environmental impact of & pashoes during the design
phase.



3. PROJECT OBJECTIVES

The goal of this project was to create a modelwmwtld allow designers to quantify
the environmental impacts of shoes prior to praduaatising the best available
methodology. This model enables Deckers to incateoenvironmental impacts into
their decision-making processes while designingshti Deckers’ designers
consider predicted outputs, the environmental ingpatSimple Shoes’ production
can significantly decrease.



4.PROJECT APPROACH AND SOFTWARE

In order to quantify the environmental impact obas, this project uses a life cycle
assessment (LCA) approach. LCA is the "compilaind evaluation of the inputs,
outputs, and potential environmental impacts ofaapct system throughout its life
cycle" (ISO 14040). This tool is used to analyze énvironmental burden caused by
each life stage of a product — from extractionesfaurces (cradle), through the
production of materials, product parts and the pobdself, through the use of the
product, and to the product’s end of life (grav@yinee, 2001). An LCA can
determine numerous environmental impacts in a g@asire manner while
identifying problematic parts of a product’s lifgate. It can also compare different
modifications to an existing product. Howeversitarely used to predict the
environmental impacts of products because it wagnaily designed for
retrospective use only (Guinee, 2001). For moraideh LCA, see Appendix B.

Two previous Bren School group projects helpedetiing the approach for creating a
model that can predict environmental impacts. [8&@& Bren School project
conducted an LCA to evaluate the impacts of thieg® Shoe designs in
comparison to a conventional leather shoe. Thigepteerified that Simple’s
alternative materials were indeed more environnigrttenign than conventional
materials (Albers et al., 2008). The same yeanh@n@roup project designed an
LCA model for Toyota Motor Sales (TMS). In contrésthe 2008 Simple Shoes
project, the Toyota group created a user-friendAlmodel to predict the
environmental impacts of alternative packagingami Drawing upon these two
projects, a predictive LCA model for shoes was ieheiteed to be the best way to
achieve the project goals.

Predictive LCAs inform designers of accurate andngitative LCA results for any
change to a product design prior to manufacturebafioke any environmental
impacts have occurred. The 2008 Bren TMS projesigthed a tool called the
Environmental Packaging Impact Calculator (EPMfich gave three different result
outputs: a life cycle cost comparison, an enviromtalendicator comparison, and a
table listing substances of concern. The complsulte are simplified for TMS into
the company’s five “Areas of Concern:” Climate ChanResource Depletion,
Human Health and Toxicity, Air Pollution, and Suostes of Concern. The user-
friendly EPIC calculator allows packaging enginderenter readily available
information and receive LCA results, as well asliteecycle cost.

Following the two previous Bren projects, the LG this project was completed
using PE International's GaBi4 software, the praniriool for conducting LCAs. To
make the model simple to use, I-Report, an extersidtware of GaBi, served as the
interface between the model and the designer. Ga&isentially a library of data
files that contain the input and output flows afilands of processes which track
environmental impacts. This database allows maffgrdint products and services to
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be modeled. Processes can range from material giiodupower generation,
transportation, and end-of-life activities. The rabdas built by connecting the
appropriate processes to allow for the intermediate (product components) to
move along the product life cycle accurately.

Description of Deliverables:The final deliverables given to Deckers management
and designers are as follows:

» EcoSTEPUsing expertise and resources from the Bren SciasdiDeckers,
this project created a predictive LCA model calsbSTEP (Simple Tool for
Environmental Prediction). This model was intentteduse during the design
phaseprior to manufacture, to inform designers of the predictjuantitative
environmental impact of any shoe design. With itmigrmation, they can
alter the design to reduce the environmental impact

* User's GuideA User's Guide (See Appendix A) was presentedrnple
Shoes designers to ensure that they understooddose the model, why
certain inputs were chosen, and how to interpeebtitputs of alternative
designs.

» Final ReportDeckers management also received this final repbis report
allowed Deckers’ employees to understand how tla @od scope were
determined, how the project was conducted, whaitnaggons were made,
and the value of ECOSTEP to the company and tshbe industry.



5.LIFE CYCLE ASSESSMENT INPRACTICE

5.1 Background

With growing concern over resource scarcity, greeiske gas emissions, waste
accumulation, and pollution, many companies worttbrare seeking to decrease the
environmental impacts of their supply chains ansifess practices. These activities
are an important component of the international @moent to protect the
environment. The environmentally friendly practiciesnonstrate to customers and
investors that companies are concerned about assaral product sustainability and
that they have taken steps to reduce their img@&acte-Schiff et al., 2009). Life cycle
assessment (LCA) has become an important tookistaompanies in these
environmental efforts.

5.2 Strengths and Weaknesses of LCAs in the Appdradustry

Companies of all sizes that have sought to quatitgyenvironmental impacts from
their products and to improve their environmengglonsibility have used LCA tools.
Apparel companies such as Levi Strauss & Compaatgdg®nia, and Nike have
demonstrated that LCA can be used as an approaectcidate environmental
impacts in their industry. However, while LCA pralvkelpful with providing
information necessary to evaluate the impactsgtsaslies conducted by Levi
Strauss & Company, Patagonia, and Nike had manycsimings including: a lack of
guantitative data, analyses conducted after théymtovas already in production,
limited environmental impact categories, or a foonsactivities outside the
company’s control. Deckers shares these compathesg’e to display environmental
stewardship using LCA and hopes to capitalize erstrength of previous
approaches, while improving on their weaknesses.

Nike has become an environmental leader withirfdbevear industry. Nike aims to
use more environmentally benign materials, to redDi® emissions, to use
innovative chemistry to eliminate toxins, and teate closed-loop products and
business models (Nike, 2009). In addition, the camygs committed to reducing
waste across its entire supply chain. Nike cretitedReuse-A-Shoe” program,
which administered the collection of retired fooawand the production of new
products from the remains. Such products have deduunning tracks, sports fields
and courts, and playgrounds. Although Nike is usirife cycle approach to reduce
the various impacts of their footwear, there isenmence that they have conducted
an actual LCA. Therefore, Nike management cannowkiine specific, rigorous
impacts of individual products. Without this knodtge, there is no way to
guantitatively assess the success of their enviemah efforts. Despite Nike’s current
commitment, the benefits from its efforts can oftenanecdotal and inaccurate, and
rigorous analyses may show that the changes hi#teetdi no benefits. A model



similar to the one designed for Deckers would ke to evaluate the
environmental impacts in a more quantitative manner

In the apparel industry, Levi Strauss & Companyd@slucted retrospective but
guantitative LCAs to measure the cradle-to-grav@nffresource extraction to
disposal) global warming potential caused by enargywater consumption for two
products: Levi's 501 Jeans and Dockers Originalkiarom the study, Levis
concluded that the most harmful phase of both ptdlife cycle is consumer use
due to washing and drying the pants (PE Americd88® The information gained
from these LCAs was informative but the Levi modely assessed the potential for
climate change caused by these pants; many othes kif impacts may have been
caused by their manufacture. In contrast, the mimiddDeckers will include five
different environmental impact categories to evedumoader impacts.

As another environmental leader within the appiacilistry, Patagonia’s “Footprint
Chronicles” use LCA to compare the impacts of saveroducts and communicate
each product’s environmental strengths and weaksdsshe public. This analysis is
valuable because it communicates transparent slafadut their products to
consumers. Patagonia has also aimed to incorpiratleCA results in the mitigation
the product impacts. However, the LCAs conducterewetrospective, meaning that
the environmental impacts of making the produatsaaly occurred prior to the
assessment. Patagonia and Levi have both beenateatito increase environmental
responsibility of their products and supply chasing knowledge gained from LCA.
However, the assessments were retrospective. nasbmo the Patagonia and Levis
LCAs, the model developed for Deckers will predit environmental impact of
shoes and can be used to reduce the impacts libéyreccur.

The boundaries for the Patagonia and Levi LCAsd$edwn parameters that were
beyond the control of a designer. In order to minarthe replacement of their shoes,
Patagonia’Sugar & Spice Shoese made of detachable components held together
using minimal glue. If one component wears outpaner can replace it without
buying a whole new shoe. However, because thidipeais new to the industry,
Patagonia has not been able to develop an infragteuwith their suppliers to
accomplish recycling of the individual parts (Pataigq, 2009). Similarly, the results
from the Levi LCA identified the use phase as #rgést contributing factor to
environmental impact. This discovery may have pnés@ some motivation to
increase environmental responsibility of their proid and business practices.
Although Levis learned about the life cycle of theants, the LCA did not result in
any major change in their supply chain practicé® hodel built for Deckers
includes the infrastructure required throughoutdheply chain but does not focus on
these processes since they are not within the aarfta designer. The boundaries for
the Deckers model were defined to exclude the hasg@pcompletely since the
designers do not have control over the consumptidheir products. This set of



boundaries and model assumptions allows desigadostis on reducing the impact
of phases that they can control.

As mentioned above, the current Bren School préggdDeckers addressed the
shortcomings of previous studies assessing envieatehimpacts. Most importantly
and in contrast to Nike, the model designed in pinggect is based on quantitative
process data from the Simple Shoes supply chaimddiition, the model includes
various materials that have been used or might daynee used through the Simple
Shoes supply chain. Also, this project assessessBparate impacts and is able to
justify why those five were chosen. The boundafieeshe LCA were defined based
on what parameters the designers could influencle as material choice or
production process, rather than parameters bey@iddontrol such as the use phase.
The most innovative aspect of this model is tha gredictive. Rather than
conducting an LCA on products that are alreadydpemanufactured, the model will
allow designers to modify the shoes in a way thidtreduce the environmental
impact. With a predictive model, initial environmahimpacts of samples or existing
shoe lines with a high burden can be avoided anatdwesigns with high impact
potentials can be replaced by those with lower chpatentials.



6.ECOSTEP— SIMPLE TOOL FOR ENVIRONMENTAL PREDICTION

6.1 Goal and Scope Definition

Rather than conduct a retrospective LCA that examan already manufactured
product, the goal of this project was to createealigtive model to determine
environmental impacts of products not yet in exisée This model, ECOSTEP, was
made for Simple Shoes designers to predict the@mwiental impacts of different
designs.

This analysis was limited to the two shoe sizeshich Deckers typically designs
their shoe samples: women’s’ size 7 and men’s’ 8iZeeckers sells shoes for
children and toddlers but these shoes were natded in the analysis. Most toddler
shoes do not have rubber soles and therefore umdergpletely different assembly
processes. Toddler shoes with soles and childstiwss undergo the same processes
as adult shoes. The only difference is in the aimktherefore the amount of material
used so the overall environmental impact will bedofor the smaller shoes.

Therefore, théunctional unit of this LCA is: to protect women’s’size 7 or men's’
size 9 feet for two years.

Thescopeof the LCA includes manufacturing processes, laggstand disposal;
however, the project focuses on materials for theasons: (1) materials are the most
variable aspect of designs, (2) materials weregmadwe be the biggest contributors to
environmental impacts of shoes in the 2008 Brentdtasproject for Deckers, and

(3) designers have most control over this aspetiteaf designs.

Thereference flow, or the quantified amount of product necessaiulfdl the
function, is variable because the inputs changedan the designer’s inputs.

6.2 System Boundaries

Determining the system boundaries of a projechis af the first steps in an LCA
since the system boundaries determine which uatgsses will be included in the
LCA study. The boundaries for this project are degal in Figure 6.1. Inside the
boundaries (the blue boxes) are the material exdrdproduction, assembly,
transportation, and disposal. Specific informatornthe data used in the model is
discussed in detail in the “Methods” section.
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Figure 6.1: The system boundary of the LCA drawn as a box atdke phases undi
considerationBoxes outsic the boundary wereot considered in the assessn

Facility Resource Use

Materials
Extraction/
Production

Certain Materials/Additives Distribution to End User

The red boxes in Figut6.1depictthe factors that were defined to be outside o
boundariesCertain materials and additives, facility resowrse, packging,
transportation past the distribution center, amduse phase were excluded from
study. Excluded upstream elements such as dyesyatime materials like beeswe
and biodegradable additives were not included enbibundariedue toa lack of
information from suppliers or a lack of processethe GaBi database. Energy ¢
resource use for the manufacturing facilities theles was assumed to be cons
across all shoe designs eoutside of the control dhe designer. Furthermore, so
of the manufacturing facilities produced shoes fortipld companies and facilil
resource use could not be partitioned to isolagestfect for a pair of Simple Shot

Assembly
Processes

Shipping End of Life

Excluded downstream elements included packagisgyilalition to the end user, a
theuse phase. Packaging was excluded because of aflacle and reliable dat
Transportation past the distribution center in CalloaCA could not be determine
due to a lack of information. Also, designers domeve influence over distributic
networks.

The use phase was not included in the system baesdsecause use was |
considered to add to a shoe’s impSince it was assumed tHaimple Shoe
consumers rarely wash or repair their s|, this life stage generally has a negligi
environmental impact.
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6.3 Durability

While some materials, such as leather, have a higtgact than others, they also can
increase the life expectancy of the shoe. Depenalinitpe type of shoe, customers
may buy replacements for the worn out shoes aratecsn additional impact.
Therefore, shoes with shorter lifetimes may havgelacumulative impacts. The
resulting trade-off of either creating a durableeslor creating a shoe with a lower
impact would appear necessary for this model. Hewelue to the nature of the
Simple Shoes Brand and customer behavior, dunakibis not factored into
EcoSTEP when assessing the environmental impact.

The principle reason durability was not includedEcoSTEP was that Simple Shoes
are fashion shoes and therefore have life spariety style, not durability.
Fashion trends in the apparel industry change ikapihile Simple Shoe designers
create their shoes to last for at least two yeisexpected that customers will buy
new shoes not because the old ones wear out bet e to changing fashions (M.
Fegley, personal communication, 2010).

The second reason that it was not necessary tedadurability as a parameter in
EcoSTEP is that designers will be comparing singfaves with similar design
structure. When using the model, designers indictitat they would likely be
considering shoe designs with only one or two camepb changes (M. Fegley,
personal communication, 2010). Reinforcements, sifwging, and other key
structural elements will remain unchanged theraleggrving a similar expected shoe
lifespan. For example, when comparing a low to@keewith a cotton upper to a
low top sneaker with a hemp upper, the only paranwtanging is the upper
material; the rest of the shoe will be the same.

Third, there are many possible points of failuraishoe, which can shorten its
lifespan even if it is made of otherwise durabldemal. The stitching and adhesives
of a shoe could fail before the material is wonotlgh, even if the rest is made of
strong leather. If the adhesives fail, then theeshidl likely be replaced, even though
the leather material is still usable. Consequentbking a shoe with more durable
material does not guarantee the shoe will havegelolifetime.

Finally, the way in which a customer uses a sh@ensjor variable for durability.
The same shoe can degrade slowly if its owner welgrs it occasionally or it can
degrade rapidly if used for rigorous hikes. Whihg ahoe can eventually wear out,
Deckers cannot control when and how that will hapeckers attempted to obtain
information about their shoes' durability througbustomer survey but there was too
much variability in shoe use to draw any clear ¢tasions (M. Fegley, personal
communication, 2010).

With little quantitative data about durability ofaterials available, the
unpredictability of how customers use the shoeevm-changing fashion trends,
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guantifying the durability was beyond the scopéhd project. Moreover, given the
intended use of the model by designers in compaalagively similar shoes, its
effect is expected to be minimal.

6.4 Allocation

One difficult and controversial issue in LCA isleal allocation, which addresses the
problem of assigning environmental impacts to déife products. For example, the
Simple Shoes brand uses recycled car tires for sties. This raises the question of
whether to allocate the entire environmental impdctibber, none of the impact, or
some of the impact to the shoe sole. Allocatiomisortant to take into consideration
because allocation dictates what environmentaldngére associated with
manufacturing a product.

In technical terms, allocation is the partitionwigghe total environmental burden to
the system boundary under assessment (ACLCA, 20@9¢n an industrial activity
results in multiple product outflows, the total iagb must be divided among the
different flows. For ECOSTEP, allocation was addeelsfor two different types of
processes: recycling and co-production.

Simple Shoes utilizes various reused and recyclagmals in their designs, such as
car tires, tire tubes, and recycled rubber. Reosedpurposed shoe components
require little to no energy or material inputstantsform them into a usable state. For
these components, the model does not attributerthieconmental impact of their
production to the shoes. In contrast, recycled naserequire considerable
reprocessing inputs, thus the model accountechéor tecycling activities whenever
the data was available in GaBi. Plastic recycliaguires multiple steps such as
grinding, washing, and re-pelletizing. Therefohe environmental burden of plastic
recycling was attributed to ECOSTEP. Unfortunateifgrmation for other recycled
materials that Deckers utilizes, such as recyaléther was not available so it was not
included in the model. Only the environmental burdétransporting the rubber is
included in the model.

If the use of the recycled material offsets thedpietion of virgin materials, it is
common to credit the system for this eliminatioerffandez, 1997). However, in the
EcoSTEP model, the use of recycled materials wasarnsidered to displace any
virgin production of tire rubber since it was assahthat the tires would be produced
regardless of the presence of Simple Shoes pro@itisrs et al, 2008).
Consequently, only the environmental burden ofdpantation was allocated to car
tire soles and no environmental credits were ginghe system for the displacement
of rubber. The virgin manufacturing and the reayglburdens were not included in
the model. The environmental burden of the virgia tubber production was
allocated to a product chain outside the systenmébaty of ECOSTEP.
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Another allocation problem arises in the use ohguoducts as allocation of the
environmental burden of raising livestock anim@lattle, when slaughtered, produce
many economic goods: meat, tallow, leather, anthbss for fuel conversion. The
proportion of the environmental impact of raisiragtie allocated to produce shoe
leather must be determined. The GaBi process dnhdeallocates the environmental
burden by considering the economic allocation,dbrpetween food and leather (P.
Canepa, e-mail correspondence, 2009). Similaréyptiocess for wool is allocated in
proportion to the economic value between of woal Eamb meat (ecoinvent, 2007).

6.5 Characterization Factors

EcOoSTEP results are displayed in five distinct abtarization factors. These factors
include Global Warming Potential over 100 years (@&M0), Human Toxicity
Potential (HTP), Acidification Potential (AP), Fregater Aquatic Ecotoxicity
Potential (FAETP), and Eutrophication Potential \Efhese factors were developed
by the Institute of Environmental Sciences (CMLMICcharacterization factors
were chosen because CML is a well-respected itistitand the model results could
be compared to those of the 2008 Simple Shoesqproje

Characterization factors convert and combine thdystesults into representative
indicators of impacts to human and ecological ledlhese factors, also called
equivalency factors, translate different inventioqyuts into directly comparable
impact indicators. For example, characterizatiomlgrovide an estimate of the
relative terrestrial toxicity between lead, chromjuand zinc. However, the entire
decision cannot be made based completely on sidegtialyses. For example,
natural rubber production has a lower GWP thanhstit rubber production, but a
higher EP and AP. The designer must choose whipldtris more important from
Deckers’s perspective.

The five specific characterization factors werestld for four reasons. First, they
cover impacts on three spatial scales: local, redjand global. For example, the
release of toxins into the atmosphere affects humealth on a local scale, damage to
land through the deposition of acid rain is reglpaad climate change through
greenhouse gas emissions is global.

The second reason why these characterization faatere chosen is that they cover a
wide range of impacts. These impacts include negatifects on humans through
HTP, on water through EP and FAETP, on land throAlghand on air through GWP.
By including these impacts, the designer can etalpatential effects on a broad
range of ecosystems.

Third, Deckers management preferred these factanthers because they are easy
concepts for consumers to understand: effects opleeair, water, and land. Ten
different characterization factors were originalsessed but the impacts from the
five were negligible, and those were therefore @ket. For example, toxicity
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potentials usually had the most significant imgactach shoe design, but radiation
potential never had a large impact.

Finally, these characterization factors were inetlbecause they had the most
substantial impacts. Simple Shoes’ designers canhgse factors to determine which
features of the product cause the most harm inhopmitigating that impact.
Deckers’s marketing strategy involves covering emts in a simple manner. Human
health, water, land, and air are categorical ingp#git fit into this strategy, yet retain
adequate scientific meaning and allow designechtmse which impacts matter to
them. For details on the characterization factees, Box 6.1.
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Acidification
Potential (AP)

The primary contributors to the impact categorpdaifliification (AP) are NQ
and SQ which bond with water molecules to form their resjve acids: 50,
and HNQ. This interaction leads to a decrease in the pptrefipitation entering
ecosystems (acid rain). The midpoint of this impacicidification of
ecosystems, which had potential for direct andreadidamaging affects.
However, the potency of acidification of the emiss, the fate and transport of
the emissions, and the sensitivities of the ecesyston which acidic depositior]
falls can alter the resulting effect. Category emidis of acidification are loss of
biotic and abiotic natural environments, and Idssiatic and abiotic manmade
resources. Acidification potential is measured @ 8quivalents (Guinee et al.,
2001).

Eutrophication
Potential (EP)

Eutrophication is defined as excess nutrientsparéicular system and is
expressed in PQequivalents. Nitrogen and phosphorus are ess@abialents in
aguatic ecosystems and are used by plants andfalggewth. However, exces
nutrients can lead to increased algal productidnichvdie and deplete oxygen i
the water body needed by fish and other animals dreation of an anoxic
environment is the category midpoint. Eutrophigatian result in an endpoint of
fish mortality and completely altered biologicatesblages (NOAA, 2008).

- O

Freshwater Ecotoxicity is toxicology concerned wtik study of toxic effects
measured in dichlorobenzene (DCB) equivalents,adhby natural or synthetic

Potential -100
years (GWP100)

Freshwater pollutants, to biological, chemical, or physicakssors that effect aquatic (not
Ecotoxicity marine) ecosystems. Such stressors might occheindtural environment at
Potential densities, concentrations or levels high enougligupt the natural
(FETP) biochemistry, physiology, behavior, and interacsiofi the living organisms that
comprise the ecosystem. These harms are the midgfdieshwater ecotoxicity
potential. The category endpoint is a loss of hiediity (USEPA, 2009).
Global Warming Potential is a measure of how much given greenhouse gas
is estimated to contribute to the impact categdmglimate change, measured in
Global kg CG eqyivglents with a 100-year time horizon. Globafming is expedite(_j
Warming by the emissions of greenhouses such ag CBCs and CHithat are trapped in

the earth’s atmosphere. Short wave solar radidgtianreaches the earth is
reflected as long wave radiation and may be trajyetie existing greenhouse
gases in the atmosphere. This leads to a midpbinteased average global
temperatures and sea level rise. An endpoint dfajlevarming that affects
humans is loss of community and biodiversity (Gaieéal, 2001).

Human Toxicity
Potential (HTP)

The human toxicity potential is a calculated indleat reflects the potential harn
of a unit of chemical released into the environm#énsg based on the inherent
toxicity of a compound and its potential dose. Tetaissions are evaluated in
dichlorobenzene (DCB) equivalents. The potentialedis calculated using a

generic fate and exposure model, CalTOX, whichrddtees the distribution of &
chemical in a model environment. This model accotmt a multiple exposure
routes, including inhalation, ingestion of produfigt), meat, and dermal contagt
with water and soil. Toxicity is represented by tiamcer potencgl* for

carcinogens and the safe dose for noncarcinogdestwich et al, 2001).

=)
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7.METHODS/INVENTORY ANALYSIS

7.1 Data Collection

Inventory analysis is the phase of LCA and involiresscompilation and
guantification of inputs and outputs for a givendgct system throughout its life
cycle. Data collected is an important part of fitimse because the accuracy of the
results of any LCA is dependent on the quantity gunality of the data collected. This
project involved the collection of data on footwé&ansportation, manufacturing,
materials, and disposal. Data was gathered froreréxpr manufacturing, from
experts in materials, and by examining shoe samples

7.2 Transportation

Transportation information was gathered from Deshdanagement for the Simple
Shoes supply chain. The model included specifia datthe Simple Shoes product
lifecycle once the shoes are made in the factomype Shoes are shipped from the
Chinese assembly facility to the Long Beach Harbdzalifornia via a container
ship. The shoes are then transported to a disibwtarehouse in Camarillo,
California via truck. The shoes remain in Camauuiidil they are shipped to the
customers. Deckers supplied information on the kensp ports, and modes of
transportation used to ship shoes. From there, Bddgps was used to find the
distance from town center to town center along e&gment of the supply chain.
Transportation by land was assumed to be by trodkadl sea shipping was assumed
to be by container ships.

While GaBi assumes European emissions standamSitmple Shoes trucking
occurs in California. According to DieselNet, tleeléral emissions standards for
model year 1994 are comparable to European emgstandards Euro Il (DieselNet
2007). Therefore, it is reasonable for the modeide the European standards.
Upstream transportation before the assembly paast wot included because the
GaBi process for fabric weaving iseadle-to-gateprocess, which means that it
already includes all transportation required tagfarm fibers into fabric (Dupont
2007). See Appendix F for transportation assumption

7.3 Manufacturing

The model incorporates three assembly processesudli vulcanization, and cold
cement. Although in reality the assembly processeg depending on the design or
material composition, all Simple Shoes shoe mo@didroadly within these three
assembly process categories. For detailed infoomatn the assembly processes see
Box 7.1.
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Data on manufacturing inputs for the processesre@sested from Deckers’s shoe
factories. Specifically, information regarding emeuse required for shoe assembly
was requested and later inserted into the modéd. ddta included the energy inputs
for the following phases in all three manufacturprgcesses: bottoms preparation,
bottom stock-fitting, cutting, stitching, lastingpttoming and assembly, and
finishing.

The additional inputs (such as needles, filterd, launlbs) were not included in the
model because the impact per pair of shoes didhmmdct the results. For example,
18 needles per year are used in one stitching psotéhen this is spread over the
approximately 4900 shoes produced over the yeaintpact of the needles is
negligible. For detailed information on assembiyuts included in the model, see
Appendix F.

Three basic manufacturing processes are used ftkelb®s shoesulcanization, cold-cement,
anddie-cut.

Cold cement and vulcanization share the initiacpeses of cutting, stitching and lasting.
However, the rest of the processes are differentdlzanization and cold cement.

For both cold cement and vulcanization, the mdtésiathe upper is cut and sewn to form the
upper, which is then sewn onto the insole lastioard. At this point in the manufacturing
process the shoe has the correct shape but lacksafwd rigidity. The shoe requires mechanicgl
force to stretch the shoe and give it structurangjth. A machine is used to stretch the shoe over
a foot-form mold, which is made out of heavy plastir cold cement shoes and out of aluminum
for vulcanized shoes.

The outsole preparation is more complicated andggriatensive for a cold cement shoe than
for a vulcanized shoe. The outsole on a vulcanstext needs only be cut and buffed. In
contrast, the outsole of a cold cement shoe mudgngo multiple upper and sole preparations
The bonded surface must be roughed and the rubkensist be primed before the outsole is
attached. Once the adhesive is applied, the emiisole is dried in an oven and then cooled.
addition, all ethylene vinyl acetate copolymer mg&VA) must undergo ultraviolet treatment.

=)

The outsole is glued on while the shoe is stiltlmmlast for both vulcanization and cold cement.
However, the mechanisms of bottoming and assenmalyfiaishing are different for the two
processes. In vulcanization, once the lasted uppebeen attached to the outsole, raw rubber
foxing tape is attached to the vulcanized shoe.uitieis then put through an “autoclave
machine” and is heated at 115°C to 120°C for on& tmcure the raw rubber foxing tape. The
shoe is allowed to cool in fresh air. The cold cetwairing process is completely different. Once

the lasted upper has been attached to the ougsot#gd cement shoe is passed through a seriges of
machines. The shoe goes through the heating chéorrfele to eight minutes and then into the
cooling channel for fifteen to twenty minutes.

Die cut shoes undergo the simplest manufacturinigaasembly process. The sole is simply cut
out of the material, similar to using a cookie-euthe upper is then attached to the sole in the
same way as for the vulcanized and cold cementsshoe

Source: Abigail Nugent, personal communication
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The model includes two forms of energy into eacthefthree assembly and
manufacturing processes: energy from the electgiedland energy from the
conversion of coal to steam (Figure 7.1). The gnarguts for both sources were
based on the average energy mix profile in Chihe. manufacturing and assembly
data is specific to the Deckers factories whiclteases the accuracy of the model. If
the manufacturing processes change or Deckers niowedifferent factory, the
model would lose accuracy.

Figure 7.1: Energy inputs into three manufacturing processes.

Energy Inputs

Energy input in MJ
N
o

Die Cut Vulcanization Cold Cement

Assembly process
@Electricity @Steam

7.3.1 Cold Cement and Vulcanization Energy Inputs

The finding that the cold cement process requiigggfecantly higher energy inputs
was unexpected. At the beginning of the projeatias assumed that cold cement was
more environmentally friendly than vulcanizatiomig belief resulted from the
expectation that the energy requirement to heatuleanized shoes in ovens for an
extended period of time would be higher than tightaminute heating process and
twenty minute cooling process used for cold censéoes. Once the data was
collected, the complete cold cement process cleadyired significantly more

energy than the vulcanization process. The higinggriaput required to prepare the
sole layers for adhesion was the main driver oftalgty use for cold cement shoes.
This results in a higher environmental impact dbla@ment shoes when compared to
vulcanized shoes, which was counter to conventiamsdom.

By quantifying energy inputs, the environmental itngfr vulcanization was
discovered. This finding highlights the importamm¢aising specific and detailed data
to make decisions. Rather than assuming that awegs will have a more significant
environmental impact than another, based on qtigBtabservations, a survey of
guantitative input data can lead to counterinteitivays to reduce environmental
impacts.
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7.4 Materials

In order to design ECOSTEP, detailed quantitatia gualitative information about
the materials and the shoe design was needed uoecthsit the calculations were
accurate. The quality of the results is limitedtie quality of the input data, therefore
a significant amount of time was spent collecting &erifying the information.
Deckers supplied shoe specification sheets (spEstshabout the variety of materials
used for Simple Shoes, cutting losses in the matwiag processes, and the
different methods of manufacturing (for the comeliett of textiles and rubber
products incorporated, see Box 7.2). However, tepse sheets did not supply all of
the information necessary to build the model. Assailt, various shoe designs and
material samples were obtained by Deckers, takart,sgnd measured to assess
different weights of material in relation to thaiea.

If there was still no available information reganglia material type, Internet research
was performed for the various area weights. These welected from industrial
material sellers’ websites intended to be useddustries similar to those of shoes
(i.e. apparel). From there, the area and weighafoindividual unit of material was
obtained and the mass-area ratio was calculatedeandded for each material. In
many cases, the densities of fabrics varied depgrmh the type of fabric or the
supplier. In these cases, an average ratio foasedrea to weight was calculated for
each material. For example, although cotton carsvdenser than the cotton used in
the linings, the same ratio was used for both naserMhis assumption makes most
calculations more accurate but the designer shas#dcaution when he or she knows
that a particularly heavy form of the material &riy used.

The inventory analysis did not include detailedadat the primary processing of
material inputs. The model uses GaBi process @atallfof the materials until they
reached the assembly facility. This was deemec tadoeptable because Deckers
changes its suppliers frequently and thereforerfuemation would likely become
obsolete within a year. A single process was usethbric production of all fibers,
natural or synthetic. This single fabric process wansidered to be an appropriate
proxy for all fibers in the model (P. Canepa, pas@ommunication, 2009).

EcoSTEP was limited to current and past materias $imple Shoes has used in
their product lines. However, unexpected matenallsinevitably be included in the
Simple Shoes products that have not been includigdwhe model. In order to
increase the lifespan of the model, additional neltethat might be used in future
shoe designs were also included in the model dilda Basic accessories including
eyelets, zippers, and buttons were included wittnmodel but future accessories
have the potential to vary dramatically and caroincluded within the model.
However, the current database was able to incoigtna vast majority of the
common materials used in shoes. (For a compldtefligrocesses used, see
Appendix F)
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Conventional cottonmaterials are derived from the fibers surroundiotjonseeds. Processing
cotton requires separating the fibers from the sedldaning the cotton, carding to align the fibers
spinning into threads, and weaving into fabric.t@ots often used in shoes and can be found i
the shoe upper and sole, as a lining or reinforoénee as an accessory. Cotton is currently used
by Simple Shoes in many of their products.

=)

Organic cottonis processed in the same way as conventional cdtowever, organic cotton
avoids use of pesticides, uses natural fertiliggngmal manure), avoids mono-cropping, and
maintains soil fertility. Organic cotton is currBntised by Simple Shoes in many of their products

Wool used in the Simple Shoes is derived from sheepd.wWde wool is shorn from the animal,
then cleaned, carded and spun into wool yarn, wtéchthen be woven. Once off of the sheep, [the
wool is cleaned, carded, and spun into threads.|Wonostly used for the shoe upper and is
currently used in several Simple Shoes products.

Leather and suedeare made from animal hides, the most common o€hwis from cows.
Tanning is required to remove the hair and fat ftbenanimal hide. Conventional tanning
processes use many chemicals including chromiunooBmieather is made from the top of the
animal skin, while suede is made from the undersfdbe hide. Leather and suede are primarily
used for shoe uppers in many of the current SirSplges models.

Polyethylene terephthalate (PET)s a synthetic material used to make fabrics sscholyester.
PET is derived from petroleum and coal and is martufed through a polymerization and
spinning process. PET can be used in shoes asradioas a fabric. It can be blended with othe
fibers to create blended materials. PET can bed@uthe upper, as reinforcement, a filling, an
accessory, or in the soles of existing Simple Shiesgyns.

=)

Linen is a derivative of the flax plant, located behihd bark. The linen must be separated fron
the woody part of the plant, which is a labor-irsi®a process that is mostly done by hand. Onge
separated, the fabric is washed and then spurhrgad. Linen is used primarily in the shoe
uppers in current Simple Shoes models.

Hemp cloth is derived from the stems of the hemp plahe stems are processed to separate the
fibers from the rest of the plant material. Thesfidbare then processed again to clean them and are
then woven into fabrics. The current Simple Shassghs primarily use hemp in the shoe uppers.

Jute cloth, also known as burlap or hessian, is derfveh the outside of the jute plant. Jute is
processed by retting, a technique of bundling thatp together and immersing the bundles under
running water. After the retting, the fibers arpamted from the rest of the plant material anadispu
into thread. Jute is used primarily in the uppersSimple Shoe designs.

Rubbahydeis made by pouring latex onto a textile backingemnal. It is used by Simple Shoes jn
the shoe uppers.

Bamboo & Lyocell undergo similar processes to create fabric fraantsl Lyocell is derived from
wood products as opposed to bamboo. For both ralgetine fabrics are made by submerging the
plants in water until individual fibers separateghe pulp. These fibers are then spun into thread
and made into fabric. Lyocell is currently usedsimples Shoes. Bamboo fabrics are not currently
used in Simple Shoes but could possibly be uséakirfiuture.
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Cork is harvested from the outer bark of a cork oak.téne bark is cut and peeled off the tree.
done properly, the tree is not harmed in the pmeesl can be harvested for as long as 150 yes
Once off the tree, cork planks are cured outside theated with heat and water. The outer laye
cork is scrapped off and the remaining planks Hosvad to dry. The cork used in Simple Shoes
generally agglomerated within latex to be usechivessoles.

f
Ars.
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S

Natural latex is derived from the sap of the rubber tree. Tezdily, latex is the sap from the tree
which is then processed to beconatural rubber ; however, colloquially rubber and latex are
synonymous. The growing and processing of natulaber is a complicated process that takes
years, and a great deal of acid. It is collectedutting slits into the bark and allowing the rubbe
to flow out. If done properly, the tree is not hadrin the process. Excess water is then taken ¢
of the sap by centrifuging or chemical separatfidre rubber is then coagulated using acid and
dried. Another acid is added to the rubber to cotra¢e the rubber further. This rubber solution
then dried and pressed into rubber sheets. Inastrgynthetic rubber is made in a chemical
process. Latex is used primarily for the shoe upped soles of Simple Shoes.

There are many different types of rublolyurethaneis a type of synthetic foam rubber. The
recycled carpet paddingused in Simple Shoes is also made of polyurethane.

Crepe rubber is made by passing latex through heavy rolls &ed tir drying the output. The
crepe rubber is used primarily in the shoe soles.

ut

is

Brass & nickel & aluminum are used in the accessories as buttons, snapgdesuce zippers.
Brass is a metal alloy comprised of zinc and copper

Coconutis used to make buttons in several Simple Shoegriedieces are taken from the hus
of the coconut and sanded in order to get the dmmaface.

Nylon is made from synthetic polymers that are manufecttinrough a chemical process. In thg
current Simple Shoes designs, it is used for thesattape; however, it is also included as an
upper material possibility in the model.

%

Ethylene vinyl acetate copolymer resin (EVA)s made through the polymerization of ethylene
and vinyl acetate under high temperature and highsure. It is used primarily for the shoe
insoles.

Sources: How Products are Made, Made How, OrgamiderAssociation, American Baler,
JJtradelinks.com, made-in-china.com, WiseGeek, ®il8hoes

7.4.1 Quantitative Data for Innovative Materials

As an innovative design brand, Simple Shoes usey maque materials and
additives that are believed to have a lower envirental impact. These materials
include silk, beeswax, and the additive Bio-D usebelp soles biodegrade.
However, there is no available information that barused to quantify the
environmental impact for many of these materialgh@dt detailed data, it is
impossible to incorporate the life-cycle environt@immpact of these materials.

An example of this problem can be seen in tryingntdude silk into the model. Silk

is considered an environmentally friendly produgt there is little quantitative dat
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on the environmental impact. In fact, the majoatyhe existing information on the
environmental impact of silk was found in the blsgbere. Silk fabric is made by
silk worms which secrete the fibers to form a catdsilk worms only eat leaves of
mulberry trees and to produce one kilogram of mathuires approximately 104 kg of
mulberry leaves (Fritz and Cant, 1986). Silk wolamns sensitive to toxic pesticides
and insecticides, which would suggest that thigeispf the silk manufacturing
process would be environmentally friendly (Kigh®0®). However, the process of
growing and harvesting mulberry trees inevitablg ha impact due to fertilizers
which could cause large negative environmental @gmsnces, particularly in the
eutrophication impact category. Once the cocooasrarde, the fibers are either
collected humanely once the worms have develogedaimoth, or the fibers are
collected by killing the worm by either by fumigagi or boiling. Although the
process has been criticized by numerous animatsrigtoups, this would not
necessarily increase the environmental impact asuaned by an LCA analysis.
Finally, once the fibers are taken from the worneytmust be processed into a fabric,
which requires energy with an associated environah@mpact.

This example highlights the complications of evéhgithe environmental impacts.
Without quantitative data, it is impossible to detme the level of environmental
impacts from fertilizers, pesticides, insecticidd® fumigation process, or the fabric
manufacturing process. Although silk may have aeloenvironmental impact than
other fabrics in human and freshwater aquatic eeaty, the eutrophication potential
of silk could in fact be greater. However, thisiation presents an opportunity for
Deckers to go beyond material innovation and woitk ¥heir supply chain to
improve the quality of the data. Wal-mart is hefpto lead the way in green supply
chain management with their Textiles Scorecardt Pitogram (Wal-mart, 2008). By
working with their suppliers to increase quantitatdata on their supply chain,
Deckers could verify the perceived environmentglaets of these products.

7.5 Disposal

The 2008 project examined the end of life phasiwiple Shoes in detail. Rather
than repeat their study especially given the ldchoe recycling programs in the
United States, this project simplified the dispqdahse. For this model the pair of
shoes is modeled to be discarded into a landf#éira&nert” object, with little to no
decomposition.
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8. BUILDING THE M ODEL

There were three significant challenges that wesranme when designing the
EcoSTEP model.

1. The GaBi software requires all inputs in units @ight, but the designer is
unlikely to have this information. Instead, shosigeers have information on
the general shoe design, the types of materiats, as®l the approximate area
needed to cover the shoe. In order to convertésegder’s information into
weight, the model had to include built-in conversfactors. This required
data that could be used to convert surface ar¢asvieights.

2. The underlying GaBi model is complex and difficidtmanipulate. Designers
have limited time and lack the GaBi expertise ndedeause the program. A
simplified user interface was developed for thagles's to improve the
usability of the model. The development of therifaee will be explained in
Section 10.

3. The goal of the ECOSTEP model was to be a predictiodel, which requires
that it be able to calculate the environmental icbjgd any shoe design. In
order to accomplish this goal, the model groupedniany shoe components
into broad shoe parts, and grouped all shoes iffexeht shoe categories.
These will be explained in greater detail in Secti®.

The following sections will describe how these @ayes were addressed.
8.1 Calculating Areas

The model relies on precise area measurementsl@n tw convert the design
information into weights. Therefore, accurate cltans of upper and sole
information were critical. Shoe areas were cal@dats accurately as possible using
several methods.

8.1.1 Calculating the Area of a Shoe Upper

Method 1: The areas of shoe uppers were calculated usinghanial

approximation. The shoe vamp was divided into mldtpieces. The length and
height were plotted onto an x-y scatter plot areddtea of each piece was estimated
using a fourth order polynomial. This equation e integrated to find the area
under the curve. Geometric approximation was usdithd the area of the shoe
tongue and the shoe toecap. The areas were adgttidoto find the total area of the
shoe.

Method 2: In order to verify the accuracy of the vamp caltiola measurements
were compared to a digital image calculated udiegorogram ImageJ
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(http://rsbweb.nih.gov The program ImageJ is part of the National totgs of
Health (NIH) commons. The calculation was withipeégcent. This method was also
used to calculate the area of a women'’s slipper.

Method 3: There were no samples of women'’s flats that coaldibassembled to get
the upper area using either numerical approximairdmageJ. Flats of non-Simple
shoe brands were used instead. A fabric materiahwapped around the shoe upper
and was cut out to copy the area of the shoe andutouts were weighed. A known
area of the fabric was weighed to get the denEltis density was then used to
calculate the shoe area. An average of two shosghea taken.

8.1.2 Calculating the Area of a Shoe Sole

The program ImageJ was also used to calculatertfaecd women's size 7 or men's
size 9 soles. Digital images of shoe soles weszadtin Photoshop to highlight the
difference between the sole and the backgroundalibeed images were entered into
ImageJ and translated into binary (black and wihite)ges. The program then
calculated the area of the shoe using a measuremehe picture. (Figure 8.1)

Figure 8.1: Example of using ImageJ to calculate the areashioe sole.

Areas for seven shoe soles were calculated.
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Table 8.1:Areas for the seven soles calculated using ImageJ

| overens | v | cweom [ aeeasien

Flippee w7 Sandal 30.67

Tiptoe W7 Sandal 32.74
Gladiator-type sandal w7 Sandal 27.75
Underlay W7 Slipper 33.71

Satire W7 Low-top sneaker 26.42

Gum Shoe M9 House Shoe / Sneaks 43.21

Tuba M9 Low-top sneaker 33.62

Error check: In order to calculate the consistency of the meshowvo pictures were
taken of the Flippee sole and the area was caézutatice. The margin of error
between these two pictures and calculations wasnsgercent. In addition, the size
of sandal soles will vary slightly among differesttoe designs. In order to calculate
the variance among different soles, the areasreéttifferent women’s sandal soles
were calculated with a range of 3.in

M9O/W7 Shoes:There is a significant difference between meni @women’s shoes.
The sole of a women’s Satire is approximately 7itc@a that of a men’s Tuba. This
conversion factor was used in the model to defieearea of the women’s shoe sole.

Sneakers/Non-sneakerstn general soles were similar; however a relayvel
significant difference between sneakers and noaisre was noticed. Sandals and
slippers often had larder soles than sneakersratteeof sneaker to non-sneaker was
calculated to be 1 to 1.28 based on both the odtinen’s Tuba to men’s Gumshoe
and the ratio of a women’s Satire to a women’s Ulage

8.2 Converting Basic Shoe Information into Mass

As mentioned earlier, one of the main challenges@ting a predictive model was
that the information that the shoe designer kndveasitithe material type and area
coverage is different from the mass inputs thatiGaguires. Therefore, a series of
conversion calculations from area to mass was purated into the model. For
example, the basic shoe type input affects thengm@a calculations, which
subsequently affected the conversion to weights Thh be conceptualized as a
decision tree of material choice as depicted iufea@.2.
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Figure 8.2: Flowchart of the user choice (in box) and the cquosetial values

calculated in model, ultimately calculating the ronmental impacts of the choices
Shoe Type Accessory type Reinforcement
typew
Upper/ Lining Sole Arei Accessory
Area volume Area ofw
Upper / lining Sole material Accessory material Reinforcement
material choice choicey choice material choicev

% coverage of Thickness of sole Number of
materialx y + discrete sole accessory
components

Mass of Mass o
%’naterialy materi
Elementary Flows

R

Environmental Impacts

Mass of

Mass of materialw

materialx

The boxes indicate the choices that are availabiled user and the intermediate
arrows indicate the valubat the specific choice triggers. Selection ofghee type

has the greatest consequence on the resultingcehhggonents. Shoe type indicates
the style of shoe, such as low-top sneaker, highsteaker, sandals, and whether it is
a men’s or women’s shoe. The shoe type choiceatditite area of the shoe upper
(and shoe lining) as well as sole area (slipperdaager than sneakers), and
men/women affect both the shoe upper area andasede each with its respective
sizing factors.

This explanation of the decision process underl{ingSTEP will use the example of
the shoe upper/lining, but the same logic is usedhe soles, reinforcements, and
accessories. The first prompt in the upper or gjrsaction is a choice of material type
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for the component. To find the mass of materiabxering the area of the upper, or
the mass per area ratio, of material x must be.ud&d value for each material was
estimated through measurement of samples and casddultiplying the upper area
with the known mass to area ratio of the mategallts in the mass of material x.
Then, the model prompts the user with the percewverage. This input is offered
because the designer may not want the materiawverc¢he entire component;
therefore, the entry allows material x to cover ampount of the upper. For example,
the calculation needed for a weight of a cottonenm a hypothetical shoe, Shoel,
can be simplified to the following equation:

Mass. .., = Areag, ., X %Coverage.,,,X M / A_ratio

Cotton

These calculations are hidden from the designes.designer needs to only input the
type of shoe, whether it is a men’s shoe or a wosngmoe, the type of material, and
the percentage of area cover. Similar logic appbeginforcements, except shoe type
does not influence the area of the reinforcemedtthere is no choice for percent
coverage but a predetermined area for each regrfoent component.

Blended materials pose unique problems in ternwukzing the correct weight of
each fiber component in the fabric. The model afidor blending of up to 3 different
fibers to create a blended fabric. The model usesveighted average of the area
densities of the different fiber materials chos#gpending on the user input of the
relative percentages of the fibers. The weightedma# the mass to area ratio is
multiplied with the area coverage of the blend@ecgied by the user. This decision
tree can be best illustrated by the flow chart WwelBigure 8.3):
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Figure 8.3: Flow chart of the user choice (in boxes) of blegdmultiple fibers, and
the consequential values calculated in the modiahately resulting in the
environmental impacts.

Fiber material 1 Fiber material 2 Fiber material 3
Mass to Mass to Mass to
area ratio area ratio area ratio
% of total blend % of total blend % of total blend
Weight of Weight Weight
fiber 1 fiber 2 fiber 3

% coverage of blend

Weight of

Elementary
Flow

Environmental Impacts

The model accounts for the production burdens fiteenweights of each fiber and
calculates the elementary flows, or natural resesgidirectly entering or leaving the
system, that result from these processes.

Soles present an additional challenge due to tteliat some sole materials vary in
thickness and therefore must include an additiooalersion into volume. The sole
area is determined through shoe type, so multiglyive area by the thickness will
result in the volume of the sole component. Findlig material choice must be
selected for the sole. Instead of the mass toraten the conversion factor must now
be thevolumedensity. Similar to the material choice, the matechoice will
determine the density value with which the volurhéhe sole component will be
multiplied to find the mass of the chosen matenkt all sole components have
variable thicknesses. Some sole components hdige@etethickness, which has a
predetermined weight that is built into the model.
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Other shoe components such as shoelaces and fuexegpredetermined weights
that vary only based on whether the shoe is a ns1@e or a women’s shoe. Shoe
accessories are independent of the shoe type &udige of an accessory of a certain
material type will trigger an input into the model.

Once all inputs from materials and manufacturirgeartered, the model compiles the
mass of each material used to construct the sheeGEBI software uses these
masses to calculate the amounts of natural respesteacted from and released into
the environment. These masses are added to thigoadtlinputs of transportation

and disposal that are written into the model bddén from the designer to calculate
the total environmental impact. Further informatadout model calculations can be
found in Appendix F.

An LCA model is typically not designed to be useeridly, but ECOSTEP is focused
on creating a simplified user-input interface wistdl retaining the analytical rigor of
a retrospective LCA model. Parameterization was tisdridge the gap between the
typical user and the specific inputs needed byGaBi model. Parameterization is
essentially leaving placeholders within parts @f thodel calculations for future
inputs by the users. Extensive discussion reganplmgmeterization in GaBi can be
found in Appendix F.
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9. TESTING THE M ODEL

9.1 Comparing ECOSTEP to the 2008 Model

In order to verify the accuracy of the model, EcBBTwas compared to the 2008
Deckers Group Project’s model. The same Satirdéeathoe used in the 2008 model
was entered into ECOSTEP and the resulting impaete compared. The expectation
was that the model would have higher but companaip@cts since ECOSTEP
included more detailed energy use data.

Figure 9.1: Comparison of the environmental impacts of a loggneaker evaluated
by the ECOSTEP model to the same sneaker mode@D® (Albers et al., 2008).

Comparison of ECOSTEP to 2008 Satire

n
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o

1.50 -
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Size of Impact Using
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AP EP FAETP GWP100 HTP
Environmental Impact Indicator

® EcoStep Satire ®2008 Satire X 2

As Figure 9.1 shows, the environmental impacts vaegker in ECOSTEP than in the
2008 model, especially in global warming poteraiadl acidification potential. This
difference can be explained by the increased enegysuch as the incorporation of
coal inputs for steam generation. China derivest miss electrical energy from
burning coal, which generates large amounts ofaradioxide and sulfur dioxide
(World Nuclear Association, 2010). Therefore, anygess in ECOSTEP which had
higher energy use compared to the 2008 model wwané a substantially higher
impact in these categories. While ECOSTEP modelothstnated a slightly different
impact than the 2008 model, the difference wasiwithe expected range and
direction.
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9.2 Observing ECOSTEP Inputs with Predictable Fesults

Another method of ensuring that the model resutg@iable s to make sure that tl
outputs were reasonable and align with expectatiémsexample, a sandal sho!
have a lower environmental impact that a sneakeaius®e a sandal uses less mat:
and has a simpler assembly process. In turn, &sneeuld hav a lower
environmental impact than a r-calf boot for the same reasons. Keeping all ¢
factors constant, sandals, sneakers, an-calf boots should have a predicta
increase in overall impacts. “s increase is shown in Figure 9.2 below.

Figure 9.2: Comparison of the relative environmental impaca sandal, a lo-top
sneaker, and a mid-calf bambrmalized to a pair of sandals.

Environmental Impacts of Different Shoe Type
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Environmental Impact Indicator
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B Sande ®LT Sneaker = MC Boot

The figure normalizes all impact categories tolihselire impacts of a sandal. FigL
9.2 shows aimcrease in impas from low-top sneaker to micalf boot, which woulc
be expected, as there is an incremental increasaterial used. Since the sandal
a lower impact than the low top sneaker, whichdnbmsver impact than a mr-calf
boot, the model results are ccstent with a reasonable qualitative predict

9.3 Comparison of Real Weight of Shoe to Model Outpu

To further verify ECOSTEP's ac@cy, a test was performed to determine wh: the
model can correctly estimate the mass of a : A miscalculation 6shoe mass woul
indicate a miscalculation of environmental im} becausehe resulting elemental
flow outputs, which ultimately are translated igtovironmental impac, are based
on the mass of produced materials in manufactuiihgrefore, the mod’s accuracy
in assessing the final mass of the produced shae iisdicator of an accura
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prediction of environmental impacts. For this testptton Satire was entered in the
calculator solely based on visual approximations.

The resulting mass was then compared to the actasé of the shoe, which was
measured to be 294 grams. Once entered into Ecq3T&&stimated mass from a
cotton Satire was 302 grams, a difference of leas three percent. Such a high level
of accuracy based on visual approximation veriied the LCA reliably estimates

the elementary flows out of and into the environtnveithin a reasonable margin of
error, which indicates a relatively accurate assess of environmental impact.

9.4 Sensitivity Analysis

As mentioned earlier, shoes can be constructedfoutltiple densities of the same
fiber type. In order to simplify the input procesder the user, the surface area to
weight ratio for each material was averaged inte ioput. However, these averages
may affect the magnitude of the environmental inbjbgoover counting or
undercounting the amount of material used to ma&eshoe. The difference in
material can greatly affect the final environmemapact, since materials are major
drivers of impact.

In order to determine whether these averages abaktically change the estimated
environmental impact, a sensitivity analysis wasdtected using the GaBi Parameter
Explorer. Since the uncertainty stemmed from thie @& surface area to weight, the
sensitivity analysis varied the surface area tageiatio. Each input with a surface
area to weight conversion was varied by +/- 50 gmrcThe uncertainty was
acceptable if the percentage change in the outpsti@ss than the percentage change
in the input. In other words, a 50 percent chargriksl result in a less than 50
percent change in impact. This result would resudin elasticity of less than 1.

A Satire shoe was chosen for the analysis becaisa common shoe (frequently
used design with commonly used materials). The sfaseentered into the calculator
with all of its materials and overlays. Only on@wyary upper material could be
calculated at a time, therefore the sensitivitylysis was run 16 times to test each of
the primary upper materials.

The sensitivity analysis showed that the levelrmfartainty in the surface area to
weight ratio was acceptable for all inputs. Thehlesgt elasticity among all impact
categories was found in leather. The elasticitieather for eutrophication potential
was 0.93. Wool also had fairly high elasticitie$ aliwere below the threshold
elasticity of 1. The elasticity of all other inpwtss lower, with many below 0.01.

These results supported the assumption that avpeageneters could be used
without causing a significant difference in theules For any materials, even if the
area to mass ratio was off by 50%, the environni@miaact categories should not be
greatly distorted. The results also strengthemtbdel’s credibility as a predictive
model that can incorporate new material densitias might be used in the future.
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10. USERINTERFACE

As mentioned above, the designer is not requirdtht@ an understanding of the
complex GaBi model but can use the software intertéesigned using I-Report.
Deckers emphasized that the person using this matldéle considering many
different aspects of the shoe in the design ptsasd as price, look, and feasibility, as
well as environment impact. Due to these challemgéesigning a shoe, interface
users would only have a few minutes to enter tloe Sipecs into the database, often
with only a picture or a basic idea of the shoeaAssult, the challenge of this project
was to develop a quantitative impact assessmestlasvery little quantitative
information generated by the user. Faced withrdadity, the interface was designed
for anyone to input shoe specifications using disgp@roximations and little

available data to generate the projected envirotehenpact.

For detailed description of the development ofllceSTEP user interface, refer to
Appendix F.

10.1 About The Interface

The interface was separated into six sectionscbashoe upper, linings and foams,
accessories, reinforcements, and the sole.

Figure 10.1:Picture of ECOSTEP collapsed.

Scenarios

dlias aEr auping |Shn:|e 1 |5hn:|e 2
> Section i: The Basic Information

= Section 2: shoe Upper {¥amp, Quarter, Tongue)

> Section 3: Accessories

> Section 4; Inner Lining and Foams {Include top-cloth of p

]

> Section 5: Mon-visible Reinforce ments
> 8ection b: Sole

+ |+ |+ ]+]+ ]|+

“The Basics” section allows the user to selectsiee type, construction method, and
whether it is a men’s or women’s shoe (Figure 1B¥)entering this basic

information, fixed variables are propagated int® tmodel, such as upper surface area
and sole area size. If the user has an upper desligran unusual surface area, it is
possible to enter the area in replacement of tbe shtegory. The user can use
existing shoe categories, provided in the modehesschmarks to input the new area.
For example, if a designer was creating a shoenhatbetween a low-top and high-
top shoe, the user can reference those desigmptoxamate the new shoe’s area.
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Figure 10.2: Picture of Section 1, the basic information, 0b&ETEP.

Alias/arouping iShl:u: 1 iShl:u: 2

- |= section 1: The Basic Information

| Isita Men's 9 Shoe or Women's 77 "Womens 7 Mens 9
| YWhat kind of shoe would you like to design? Low Top Sneaker Low Top Sn
If none of the models fit your shoe, enter the approximate a Lovw Top Sneaker ]

would you like to Focus only on the shoe materials? (Must be High Top Srieaker Mo
How is the shoe assembled?

= Seclivn Z: Shve Upper {(¥amp, Qudrler, Tunyue)

= Section 3: ACCessories

= %ection 4: Inner Lining and Foams (Include top-cloth of pe

~ Bartinn & Mnn-wicihla Brinfnrremeantc

Yulcanized

ll il el

A particularly important component in “The Basicsgction is the shoe category
selection. In order to convert information thatae designer would know
(percentage of upper covered by a particular najento information that the GaBi
software required (weights), shoes were placedth@seven broad categories listed
below (Figure 10.2). Each shoe category was givéefiaed upper surface area. In
the user-interface, the designer can either chonsef the pre-defined shoe
categories or can choose to input a specific asemuhe pre-defined shoe category
areas as a benchmark (Table 10.1). For exampldasigner is interested in the
environmental impacts of a sandal with multiplegs, the specific area will be
greater than that of a flip-flop, but less thart tfaa flat. Under this setup, the
designer will then input the percentage of the ugpeered by a specific material.
This percentage is a proportion of the shoe ugsedefined by the shoe category or
by the designer.
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Table 10.1:Seven shoe categor

Sandal 8.9/ 9.62irf
Flat 41.98 ir? n/a
Slipper 42.67 ir? 45.88 irf
Low-Top
.2 H
Sneaker 68.82 Ir 74 it
High-Top 76.39 ir? 82.14 irt
Mid-Calf Boot 214.03 i 230.14 it
Knee-High Boot 280.7¢in2 n/a
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10.2 Shoe Components

After “The Basics, specific sho components can be entered into ECOSTEP. Use¢
this model will need to know the names of individsiaoe parts in order to prope
estimde the environmental impact within the model. Astfglance, shoes appear
be composed of few simple p:« However, there was a vast ar@ycomponents t
consider (Figure 10)3In order to ensure that ECOSTEP outputs reftetite actua
shoe, alcomponents needed to be included within the m@&tede component tern
were used so that designers would be familiar thighwording of the interface whe
entering information.

Figure 10.3:Parts of the shoe. The black t represents visible compone of the
shoe while the gray type represents-visible components of the shoe.

Evelets

Quarter
The specific components were grouped into broaelgcaites to organize the inpt
into the model. Sincehoes are composed of many different parts, theg
categorized intdive broad components: upper, lining, sole, acagssmd

reinforcement. The various parts that make up ifierdnt components ar
summarized below.
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Table 10.2:Shoe components

Base layer Fiber, natural or synthetic, or leather
CREEY Additional layers superimposed on the base
Overlay layer
Shoe lace -N/A-
Eyelets Metal or plastic, punched into upper
Buttons -N/A-
Accessory
Snaps -N/A-
Zipper -N/A-
Buckles -N/A-
Lining Inner layer of base layer
Lining Pedbed Inserts for arch support
Foam Foam sandwiched between upper and lining
Toe box Strengthens the toe
Reinforcements Heel counter | Strengthens the heel of shoe
Arch cookie | Provides arch support in lieu of a pedbed
Insole Layer immediately below the pedbed
Sole _ Multiple layers sandwiched between in and
Midsole out sole
Outsole The layer that makes contact with ground

10.3 The Upper

The second critical section in the interface isupper (Figure 10.4). The upper is the
most variable part of the shoe in terms of possiderial types, foot cover, and size
with the possibility of overlaying material. Theoeé, there were more input
categories for this part of the shoe.
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Figure 10.4:Picture of the Upper section of the ECOSTEP model.
AliasGrouping |Sh|:ue 1 |Sh|:ue i
|+ | Section 1: The Basic Information

= Section 2: Shoe Upper {(¥amp, Quarter, Tongue)
== Primary Upper j
Wrhat is the primary material used for the upper? Wool - Mone
What <% of the upper does this matesial cover? 100 ]
Wehat <% of the upper does this matesdal cover as an overlay (| 10 ]
>>= Upper 2
== Upper 3
>= Upper 4
>= Upper 5
== Upper Blend 1
== Upper Blend 2
> Section 3: Accessories
= Section 4: Inner Lining and Foams {Include top-cloth of pe
= Section 5 Non-visible Reinforcements
= Section 6: Sole

[+ |+ ]+ ]+]+]+]+]+]+]+]

In the shoe upper section, the user can selectdrgariety of materials and blended
materials that compose the surface of the shoen(@&it0.4). Sometimes, there will be
one material in shoe superimposed upon anotharirneg| the user to fill in the
overlay section of the interface. If a materialtao for example, covers another
material, leather, the user would enter the peroktite surface area the cotton
covers.

10.4 Linings and Foams

In the linings and foams section, the user cantimgarmation regarding the
materials used in the lining as well as non-visiblgterial between the lining and the
outer upper (Figure 10.5). In the accessories@gatiser can input discrete
information such as shoelaces and eyelets. Thecasanput optional structural
materials into the shoe in the reinforcements sactinally, users can to input the
insole, midsole, outsole and the heel into therfate in the sole section.

Aspects of the shoe that change little or notlasath as insole, midsole, outsole,
lace length, and distance traveled, were set aemenined values that a user would
not need to enter in to the model.
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Figure 10.5: Picture of section 4, the lining component.

Alias/Grouping |shce 1 |shoe 2
= Section 1: The Basic Information
= Section 2: Shoe Upper (¥amp, Quarter, Tongue)
> Section 3: Accessories

What material is Lsed for the lacas?
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> Snaps

> Buttons

== Buckles
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= Section 4: Inner Lining and Foams (Include top-doth of pa

> Primary Lining

= Lining 2

= Lining 3

= Lining 4

= Lining 5

=2 Lining Blend 1

=2 Lining Blend 2

== Sockliner

d
d
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10.5 Interface Testing

Informal tests were performed to test the I-Repudrface for ease of use. Using an
interface prototype in Excel, three subjects sppproximately 15 minutes with the
spreadsheet: two Bren School students and a BiemoSProfessor. Subjects were
told the reason behind the interface and to inpeishoe design into the model. They
were taught the necessary industry terms for tbe sbmponents and were then
instructed to input data into the spreadsheeedfisns were skipped, subjects were
asked to return to a section and complete it. Mrene also asked for any overall
comments or concerns about the interface. Oncd&aldon the interface was
received, it was iteratively redesigned.

To learn how to design the model specifically fesiginer's needs, a focus group of
four Deckers employees collectively entered a gitoéle into the prototype
interface. Any areas of confusion in the model wermrded and later improved.
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11.RESULTS AND DISCUSSION/INTERPRETATION

11.1 Life Cycle Stages

The life cycle stages are the areas of the sugm@in¢ within the system boundary,
where impacts occur. The stages were grouped teigeyhmaterials, assembly,
disposal, and transportation. By looking at thatreé contribution of each stage to
the impact of the whole shoe, the most environmigritarmful stages can be
discovered.

To determine which stages have the largest conitobtio environmental impacts,
two different shoe models were run through the rhadd compared. A Satire low-
top sneaker with a cotton upper and a Flippee savefe analyzed. These two shoes
were chosen because of their drastically diffekevel of raw material requirements
and designs.

Figure 11.1:Phases of impact for a cotton Satire sneaker &fipppee sandal.

Phases of Impact for Flippee Sandal Phases of Impact for Cotton Satire
100% T — — — 100% - —— —— —
g B
80% - 80% -
70% - 70% -
60% - 60% -
50% A 50% -
40% 1 40% -
30% + 30% -
20% 1 20% -
10% -
10% -
0% - 00/0
-

Contribution of Overall Impact
Contribution of Overall Impact

AP EP FAETP GWP100 HTP
Environmental Impact Indicators

AP EP FAETP GWP100 HTP
E Transnortatio Disnosa ®Assembl ® Materials Environmental Impact Indicators
As Figure 11.1 shows, materials and assembly a¢teddar more than 90 percent of
the impact across all five categories for the co#tatire, with disposal and
transportation accounting for the rest of the imbp&anilarly, 95 percent of the
Flippee's impact in all categories can be attridhitematerials and assembly. In both
analyses transportation and disposal combined atf¢ouless than 10 percent of the
overall impact.

Although transportation and disposal tend to beewsible to a consumer, the actual
impacts from these two phases are small. Trangports a relatively efficient
process, especially on barges because the veliigi'sonsumption is divided

among its entire payload. For the purpose of thdehat was assumed that 5000
pairs of shoes were loaded into the shipping coataiand then onto trucks.
Therefore, the environmental burden of the trartsploone pair of shoes was
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allocated a 1/5000th of the total impact of tram8pg the shipping container to the
distribution center. Disposal also has a lower iobfeecause shoes were not expected
to decompose in the landfill. Comparatively, tmsadl amount of material in the end-
of-life contributes very little to the overall imp&a

These results highlight that Deckers should focussing more environmentally
friendly materials and on improving energy effiagrof factories, rather than on
disposal and transportation, to reduce environnh@nizacts.

11.2 Material Comparisons
11.2.1 Change in Upper Material Type

While the materials and assembly have the gremgstct on the environment, the
comparative impact of these two processes varipsring upon the materials used.
To demonstrate the importance of materials reldbvessembly, several scenarios
were run using different upper materials. Firsg, lthw-top Satire sneaker with a
cotton upper was replaced with a leather uppereaatuated through its life cycle. In
this scenario, materials had the highest envirotahé@mpact across all five
categories (Figure 11.2).
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Figure 11.2:Phases of impact for a cotton satire and a leathi@e sneaker.
Phases of Impact for Leather Satire
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Contribution of Overall Impact

Contribution of Overall Impact

Environmental Impact Indicator

A similar result was recorded when a wool satirs wan through the model (Figure
11.3). These higher impacts from materials commn fitoe fact that animals need to be
raised in order for these materials to be harvesesalting in a higher environmental
burden. In the case of leather, the tanning proakssstends to use toxic chemicals
and heavy metals, further raising the environmentphct (Albers et al., 2008).

Figure 11.3:Phases of impact for a wool low top sneaker

Phases of Impact for Wool Satire

100% | pmmm—"
80% -
60% -
40% -
20% -

0% -

FAETP  GWP100
EnV|ronmentaI Impact Indicator

® Materials® Assembly = Disposal® Transportation

Contribution of Impact

In comparison to the livestock derived materidis, iinajority of the environmental
impact of materials for the cotton Satire and thepee (Figure 11.1) were only
larger than assembly in two impact categorieshireder ecotoxicity potential and
eutrophication potential. Assembly was the largesitributor for Satire and Flippee
in the global warming potential and human toxi@otential in addition to being the
largest contributor to the cotton Satire's acidificn potential.
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These results demonstrate that Deckers should fmtusinimizing livestock derived
materials first and on encouraging energy efficyeaictheir factories second. Once
these materials are replaced, assembly has a maighprominent impact.

Comparing livestock, natural, and synthetic producs: Another comparison was
performed to make further recommendations abouemnahtuse. Low-top satire
sneakers with a leather upper, a cotton fiber y@ret a PET upper were compared
to one another. These three materials were usegptesent materials from animals,
natural fiber materials, and synthetic materiaspectively.

Figure 11.4:Lifecycle impacts of three sneakers comprisedftéreént upper
materials normalized to a cotton low-top sneaker.

Lifecycle Impacts of Three Sneakers

[

Cotton Shoe Equivalents
OFRPNW,AMUIUIONOOOO

AP EP FAETP GWP 100 HTP
years
Environmental Impact Indicator
u Cotton mPET = Leather

PET had a comparable impact to cotton across @foaes but leather had a
substantially higher impact across all categoiiiég {1.4). The eutrophication
potential of leather was more than eight times @ighan that of a cotton shoe. In
other words, it would take eight cotton low-top @kers to reach the eutrophication
potential of one leather low-top sneaker. This radriacreased in eutrophication is
likely due to the grain-intensive diet of cattldnelgrains were grown with
manufactured fertilizers that can leach into nedrbghwater sources, causing algal
blooms. These results further illustrate that Deslsfould avoid the use of leather,
suede, and wool whenever possible.

Comparing Conventional Cotton and Organic Cotton Simple Shoes prioritizes
the use of organic cotton over conventional cottoaccordance with their mission to
produce environmentally benign products. In orddvecome certified as organic,
cotton must be grown without herbicides, pesticidesynthetic fertilizers (Simple
Shoes, 2010). The organic process has other beasfivell. Simple Shoes notes that
the cotton pickers would be less exposed to haratfeinicals; moreover, the local
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water table is less subject to the toxins. Citimgilar concerns, Patagonia switched
their entire line of cotton products to organicefilsources (Chouinard & Brownm,
1996).

While organic cotton production prohibits the apation of manufactured chemicals,
natural fertilizers, such as animal manures, apfieghinstead (OTA, 2008). Animal
fertilizers are thought to be substantially morgiemmentally benign than
manufactured fertilizers due to their natural arggiHowever, the GaBi processes for
cotton shows an increase in some selected envinoiahienpacts when switching
from conventional to organic (Figure 11.5).

Figure 11.5: Comparison of the environmental impacts of conwsrati and organic
cotton.

Conventional and Organic Cotton

O B N W » 00 OO N

AP EP FAETP GWP HTP
Environmental Impact Indicator

Conventional Cotton Shoe Equivalents

m Coventional ®Organic

Acidification potential is similar between convenmtal and organic cotton production.
This result makes sense in light of the fact thatrhajority of acidification potential

is the result of emissions from coal for energyl #re energy input should be similar
for both types of materials. Eutrophication andoglovarming potentials are more
than halved for organic cotton. Eutrophicatioroér due to the elimination of
nitrogen-rich synthetic fertilizers and the resudtidecreased potential of runoff into
nearby freshwater sources. Global warming potergti|dduced as well because of
the absence of the manufacturing burden of indalstgricultural chemicals.

However, there are increases in freshwater agaatitoxicity and human toxicity
potentials. The human toxicity potential exhibitsespecially high increase, with a
six-fold increase in toxicity potential. This draticancrease can be largely attributed
to heavy metal emissions into soil that are incoafed in the organic cotton process
in GaBi (P. Canepa, e-mail correspondence, 201®).sburce of these elementary
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outflows can be traced back to studies that claimmal manures can contain toxic
heavy metals (Wander, 2009; Han et al., 2000; Kergtal., 2002).

The allocation question addressed in Section Gpsrtant to consider for the
organic cotton process, especially due to the ntairkerease in toxicities. The GaBi
process for organic cotton contains the heavy méalt are present in the animal
manures, and the impact categories in ECOSTERtéfeir potential health hazards.
However, is it appropriate that the environmentallen of manure be entirely
attributed to the organic cotton production pro@eBise animal wastes were not
produced for the sole purpose of providing fertitito crops; rather, they are by-
products of another economic activity. Dependinghansystem boundary that is
drawn, the heavy metal emissions could be partaligntirely attributed to livestock
production, not cotton production. Due to the adkimn decisions made during the
data collection phase, the impacts of manure aguphic were allocated to the organic
cotton production process. Although it is not recoended that the increase in
toxicity be ignored, it is important to recognibat the environmental impact
categories reflect allocation decisions that weaglenin creating the GaBi processes.
In the context of this example, Deckers should gsé& organic cotton over
conventional cotton because the environmental itnglamanure fertilizer would
occur regardless of its allocation to the productdorganic cotton.

11.2.2 Comparing sole materials

There are several material choices for the sotmntbe made of EVA, polyurethane,
synthetic rubber, natural rubber, latex foam, texaand cork blend. Using a Flippee
sandal as a baseline model (which is simply awdlea PET strap) the impacts of
the six materials were compared to each other. @rase shoe models were inputted
and the impacts calculated, every material wasldviby the absolute impact of
EVA, a common material used for sandal soles (feidur.6).
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Figure 11.6: Lifecycle environmental impacts of six sandalswdtfferent types of
soles normalized to an EVA sandal.
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From this comparison it is clear that the synthetaterials EVA and polyurethane
have the lowest impact relative to the other tygfesoles. Natural rubber, with the
obviously high eutrophication potential, is partasnly notable. This high level of
eutrophication is due to the intense agricultugpined to grow rubber trees and
process the rubber sap. According to Asia and Akpoor (2007) effluents from
natural rubber processing facilities are contaneidatith dissolved solids, ammonia,
nitrates, and phosphates. These effluents areyhagimiducive to algal blooms which
result in oxygen depletion that ultimately Kill a&jic animals. A study conducted in
the Niger Delta reported that there were significeductions in the number of
macroinvertebrates near effluent discharge poftisnoro, 2009). Although latex
materials go through the same agricultural and f@atwring process as natural
rubber, the latex foam and latex cork blend hawelampacts due to the lower
percentage of natural rubber compound in the sole.

11.3 Changes in energy mix
11.3.1 Changes in manufacturing location: China tthe United States

One area of interest to Deckers is the possillityringing shoe manufacturing back
to the USA. One consequence of such an actioratghle energy mix used in
assembly would change, thereby changing the enwviental impact. To test the
effect of this change, the energy source requinednanufacturing was changed from
a Chinese energy mix to an American energy mixafootton Satire, while holding
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all other inputs for manufacturing constant. Asufeg11.7 shows, manufacturing
shoes in the US decreases the acidification peatidnfi34 percent, eutrophication
potential by 26 percent, global warming potentiaPB percent, and human toxicity
potential by 29 percent.

Figure 11.7:Relative comparison of the environmental impactghefenergy grid
mix in the USA and in China

US and China Energy Grid Mix

Impact in China Power Use Equivalents

EP FAETP GWP100 HTP

Environmental Impact Indicator

E China Power Mix ®US Power Mix

One notable exception from these decreases wdsnadsr ecotoxicity potential
(FAETP), which increased by 85 percent with thed®rgy mix. One possible
explanation is that 7.5 percent of natural gas peed in the US consists of coal bed
methane, or CBM (USGS, 2000). CBM is produced aning up methane that is
embedded in the coal. The challenge of CBM is ldrge volumes of subterranean
water must be pumped out before the methane candassed (USGS, 2000). This
water is known to be highly saline, and substalgtiaterferes with growth of salt-
intolerant plants (Stearns et al., 2005).

11.3.2 Changes in Steam Generation: Coal to naturghs

One of the most energy- intensive processes fag aesembly is that of steam
generation from coal-fired boilers. Steam is used aay to activate adhesives in the
shoe in order to bond layers together. Howeves, gthbcess is energy intensive and
relies solely on coal, which has a fuel generateiglaer environmental impact than
natural gas (World Nuclear Association, 2010). Goenario was run to compare a
coal boiler to a natural gas boiler, a feasiblessitite technology.
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Figure 11.8: Comparison of the environmental impacts of steamfcoal to steam
from natural gas.
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When compared to a natural gas boiler (with 89 gmarefficiency) the coal boiler
(with 84 percent efficiency) had a higher enviromtaéimpact in four out of five
categories (Figure 11.8). The coal boiler had isire$ greater impact than natural gas
in both acidification and human toxicity potentadd a slightly higher impact in
eutrophication potential and global warming potaintiowever, coal had half the
impact in the FAETP category. While, the informatleehind the data source in
database remains unclear, it is likely this inceeasFAETP may also be attributed to
the use of CBM in the US natural gas mix.
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12.RECOMMENDATIONS

Deckers should begin using the model and incorpayaiis results into their designs
and decision-making. Dased on the scenarios alneadihrough the model, several
recommendations can currently be made to Deckews' designers to improve the
environmental performance. The most significanbnemendations would be to:

1. Avoid using leather and wool products whenever pogse.

While leather does have high durability and mawpésthetically pleasing, it
dwarfs the environmental impact of other materileol, while less
commonly used, also has comparable impacts omtfisoement and should
avoided.

2. Avoid cold cement.

Despite conventional wisdom, cold cement asseméyahhigher
environmental impact than vulcanization. While Darskshould look into the
energy requirements for assembly thoroughly, dedgigled by shoe factories
indicates that the difference in impact is duen®high energy requirements of
cold cement over vulcanization.

3. Focus on energy-efficient assembly.

Reducing energy use will greatly mitigate enviromtaéimpact. For low-top
snheakers with an upper composed of non-livestocymts, assembly energy
use can have a greater impact than the materidlingdbe shoe. For example,
on-site coal burners used to create steam for rmatwrfng have high-energy
consumption rates. If these burners were elegtrim@sed or used natural gas, it
would greatly reduce environmental impacts.

4. Verify impacts of existing and new materials.

Deckers has an opportunity to work with the sumbigin to collect detailed
quantitative information on the many innovativeguots used in the Simple
Shoes brand. This additional information wouldalldeckers to verify the
perceived environmental benefits of unique prodsath as silk, beeswax, and
Bio-D.

While Deckers should consider these recommendatibies creating shoes, the
users of this model will likely discover new wayflsreducing environmental impact.
Shoe designers will be able to apply ECOSTEP inynmaore scenarios than were
assessed in this project. Therefore, Deckers shmatldolely rely on the
recommendations from this project but rather usentbbdel to inform decision-
making.

Finally, Deckers should update ECOSTEP periodidallgetter reflect new materials,
energy impacts and operation changes. These upatadesuggestions can be
accomplished with a future Bren School Group Ptage¢hrough LCA consultants.
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APPENDIX A: USER' S GUIDE

This user guide was written to assist users of EE®Sto estimate the potential
environmental impact & pair of shoesmade by Deckers' Simple Shoes Brand.

About ECOSTEP: ECOSTEP was designed by the Footprint Team dt/@®B Bren
School of Environmental Science and Managemenhd®@d09 and 2010. This
model utilizes GaBi, the leading life-cycle assesstr{LCA) program as well as I-
Report, a user-friendly interface designed for G&ith products were made by PE
International. For more information on this modediats authors, please visit
http://fiesta.bren.ucsb.edu/~footprint/team.html

Why ECOSTEP?

Every item that you purchase has an environmemagct but almost no one
guantifies this impact, especially before the patdsi made. Even when the
environmental impact is quantified, it is normaijyantifiedafter the item is made.
But what if the impact of items, such as shoes,bmdeterminebtefore it is made? If
this capability existed, you could compare sim#hoe designs to one another and
then select the design with the lowest impact wénleiding making a high-impact
shoe. Fortunately, that capability does exist WitBcoSTEP.

Purpose: The purpose of ECOSTEP is to estimate the enviemah impact of shoes
beforethey are manufactured. When a shoe design oralelesigns are entered into
this model, ECOSTEP estimates the environmentahaingf a pair of those shoes.
After the design is entered, the environmental icigpare given across several impact
categories. You can then modify the pair of shoagduce the environmental impact.

Note: This program gives the projected environmentalaotpwhich is based on
assumptions of fabric weight, manufacturing pragjand distances traveled. Due to
these assumptions, the environmental impacts dtulipteflect the actual
environmental impact but are simply an estimate .féigher information on these
assumptions, please refer to the full report.
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About the Model

EcoSTEP allows you to calculate thepact of a pair of shoes with relatively ba
information. ECOSTEP was designed to have an exterthat is similar to a progre
you would use in Excel or on a website. There att-down menus for all inputs th
have a list of options such as manufring process (vulcanization, cold cement-
cut) or material type (cotton, leather, hemp, etdgre specific numerice
information, such as the percentage of cotton anbers of eyelets, must be enter

The model is designed to work for people wlave limited time and limite
information. In order to do this, ECOSTEP is baggdharily on visual
approximations of shoes. This means that whileryay not have the exa
specifications about a shoe, like the surface afélae upper, you will need make
estimates for these values using guidelines thgire@de in the model and this us
guide.

For example, look at the following sh

/

The upper of this shoe is clearly all leather. i5the model, you would select leatl
as the material. Wheroy are asked what percent of the upper does thilsdecover
you would enter “100”. Simple, rigt

But do you notice that little piece of rubber oe tieel above the foxing? If you we
to accurately estimate the environmental impathefshoe, you ould have tc
include that rubber. Don’t worry, you don’t needget out your measuring tag
EcoSTEP has a way to avoid tii- consuming measurements. All you need to ¢
estimate how much of the upper that rubber co

Let's say the area of the uyr is equal to “100”. Now how much of the upper d
the rubber cover? | would estimate that is covbmia5% of the upper. So in t
model, you would select the time of rubber, aneemt “5” as the amount of upp
area it covers. As you can see, ECEP allows you to estimate area by comparir
to the rest of the upper, rather than requiring @mplex calculation:s

Note: The program calculates the environmental impet of a pair of shoes

but you only need to enter the information about aingle she into the
model.
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To avoid any confusion over narmrof shoe parts, please refer to Figade

Figure Al: Parts of the sht«. The visible parts are in black text, and the-visible
parts are in grey.

EcoSTEP Input Feature:

It is possible to enter ujo seven shoes into the model at once for a digoparisor
of the environmental impacts for different desigdgally, two or more shoe desig
would be entered into ECOSTEP simultaneously. Wiisallow you to compare th
environmental impacts of eh shoe design.

There will be times you may only want to compare part of a shoe to anoth
rather than entering two entire shoe specificatibaskily, ECOSTEP can be used
two different ways.

If you are interested in a complete impact assestof a pair of shoes, you can en
the shoe design as completely as poss

If you are more concerned about a single shoe caemipfor example comparing
leather upper to a cotton upper, then you do ne¢ @ enter the entire shoe. You ¢
simply fill in the component section that you are interestezhd leave the rest of tl
input fields blank.

To elaborate on the second option, say you watcomhgpare two shoes that ¢
identical except that one shoe has a leather uppige another shoe haswool
upper. As a shortcut, all you would need to deelsd leather and tell the moc
100% of the upper is made of leather. Then, refsmprocess for wool. So ratr
than having to enter information about the soleg$aaccessories and other | of
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the shoe which are the same for both designs, ghun@ed to enter into the model

the parts that are different.
How to Open the Model

* Insert Dongle

* Open “Gabi Reader”

» Select “file” and select “open”.

* Open “EcoStep Model”.

» Select “view” and then select “report view”
After step 5, both the input page and output padjeber displayed. However, due to
the program design, they are initially orienteémimpractical way. To make it easier
to enter inputs, select “top” from the pull downmeon the top of the screen. This
action will place the input fields on top of theesen and outputs on the

bottom(Figure A2).

Figure A2: Screen shot of the model when a shoe design iy tedik entered.

EEEm&HSE | Input area top v”

IGntn v”ﬁ| ?

hidden
left

Parameters |Text variables I

I~ Start calculation manually

What kind of shoe would you like to design?
If applicable, enter upper area in in2
Look at entire life cyde or only shoe components?
How is the shoe assembled?
= Section 2: Shoe Upper (Vamp, Quarter, Tongue)
=>> Primary Upper
What is the primary material used for the upper?
What % of the upper does this material cover?
What % of the upper does this material cover as an overlay?
== Upper 2

Scenarios
AliasGrouping |5hoe 1 |5hoe 2 |5hoe 3 |Cnmment |
> Section 1: The Basic Information
IsitaMen's @ Shoe or Women's 77 Mens 9 Mens § Mens §

Low Top Sneaker (74n2/62in2) Low Top Sne:

0
Entire Life Cyde
Cold Cement

Suede [ Leather
80
10

akelLow Top Sneakel

Foot cover in squ
Entire Life Cyde
Vulcanized Vulcanized

base percent of
overlay percent

Shoe 1 Results

B Accessories W Assembly
O Transportation @ Upper

W Disposal O Lining

0O Reinforcementd Sole

100.04

20.01

7004

50.04

4004

0.0

10.0
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The Input Sections

This manual walks you through the procof entering a shoe by describing ei
field in detail while giving an example of how toter a Cotton Satire the model.

follow the example, look for the through the user’s manual. First time us
of this model should practice entering the Cottetire shoe into ECOSTEP
following the instructions embedded with the usanoml. In doing so, you wi
become acquainted with the input fields for ECoOSTA$b, note that Cotton Satire
also the shoe to which all other shoes are compalhet assesng the environment:
impact.

The interface is separated into six sections: bBastwe upper, linings and foar
accessories, reinforcements, and the (Figure A3).

Figure A3: A screen shot of the six input sections of EcoS.

Scenarios

Alias GErouping |5h|:|e 1 |Sh|:ue z
= Section 1: The Basic Information

= Section Z: Shoe Upper {¥amp, Quarter, Tongue)

> Section 3: Accessories

= Section 4: Inner Lining and Foams (Include top-cloth of pe
= Section 5: Non-visible Reinforcements
= Section 6: Sole

+ |+ ]+ ]+ ]+ ]+

The Basics

The "basicssection allows you to select the shoe type, eangbn method, an
intendedgender of the customer (FigltA4).

Figure A4: A screen shot of ECOSTEP’s Basics sec

AliasGrouping |Shu:ue 1 |Shu:ue z
- |= Section 1: The Basic Information
| s it 2 Men's 9 Shoe or Women's 77 Wiomens 7 Mens 9
| what kind of shoe would wou like to design? Lowe Top Sneaker JQELIDW Top 5n
|| 1F none of the modsls Fit your shoe, enter the approximate a Low Top Sneaker b
: ould wou like to Focus only on the shoe materials? (Must be ;';gnhd;ijp Sneaker Mo
|| Hawis the shae assembled? Slipper Yulcanized
+ |> Section 2: Shoe Upper (¥amp, Quarter, Tongue) Flak
[+ | section 3: Accessories Mid Calf Book
E = Section 4: Inner Lining and Foams {Include top-cloth of pe finzelighilbet
s Soarctinn 5 Mon-wvicihle Deinforcemants

There are two options for entering the shoe afgau are designing a shoe t falls
into one of the 8 categories listed below, seleat bption in the p.-downmenu
(Table Al).
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Table A1: Summary of the seven shoe categories, with theriquréace areas ¢
men’s and women'’s.

Sandal 8.94 9.62irf
Flat 41.98 irf n/a
Slipper 42.67 irf 45.88 irf
Low-Top
68.82 irf 74 in?
Sneaker
High-Top 76.39 irf 82.14 irf
Mid-Calf Boot 214.03 it 230.14 i
Knee-High
280.78 irf n/a
Boot
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However, if you want to design a shoe that does not fit intoafrtbese categorie
you can enter the approximate shoe upper areathsteu do not have to measi
the shoe area but instead use the shoe areas pull-down menu or the chart abo
as guidelines.

The Basics Fields

Field 1:Is it a men's 9 shoe or a women's 7 st

By selecting men’s or women'’s shoe type, you alectiag the sole area fi
the shoe and, in combination with Field 2, theatefarea of the upper ty

0
u!.!:*

1

=i you were entering a Con Satire, you would select “Women's 7” fre
the pull down meni

Field 2: What kind of shoe would you like to desi

This section has a p-down menu of the type of shoes that can be desit
Each shoe design corresponds to a specific upparvehich s listed next tc
the shoe type in the pull down mel

§

If you were entering a Cotton Satire, you wouldseflow-top sneaker

Field 3: If none of the models fit your shoe, enter the apipnate area of the shc
upper in square fee

This section allow you to input the surface area of the upper % The
purpose behind this section is to accommodate @ sfth an unusual uppe
The typical upper areas are in the -down menu in the previous secti
Therefore, if the size of the upper design yce modeling is between tw
other upper designs, you can estimate the upptcsuarea of the shoe y
are designing. For example, if you want to creadb@e that is more thar
flip-flop but is still a sandal, then you can enter sihing that is morehan
8.94 irf but less than a flat (41.98%). If you do not need to define yo
surface area, just leave it blai

L

This section would remain blank if you were entgrincotton Satir
Field 4: How was the shoe assembl

In this section you have thiption to select one of three assembly proce:
die cut, vulcanization, or cold cement. Each preaeses a different amount
energy and adds to the overall environmental im
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SRS |t you were entering a Cotton Satire, you wouldsefVulcanization” a
the assembly process us

The Upper

In the upper section, you can select the speciéitenal type from a variety «
materials and blended materials for the surfadge@thoe. You can also select h
much (in percent) of the upper the selected md covers (Figure A5).

Figure A5: A screen shot of ECOSTEP’s upper sec

Alias Erouping |Shne 1 |Sh|:ue z
> Section 1: The Basic Information
= Section 2: Shoe Upper {¥amp, Quarter, Tongue)
=== Primary Upper j
\What is the primary material used for the upper? Waal - Maone -
WWhat %% of the upper does this material cover? 100 0
What % of the upper does this material cover as an overlay ( 10 ]
== Upper 2
== Upper 3
== Upper 4
> Upper 5
== Upper Blend 1
== Upper Blend 2
= 5ection 3: Accessories
= Section 4: Inner Lining and Foams (Include top-cloth of pe
> Section 5: Mon-visible Reinforcements
= section 6: Sole

+

EIEEAEAEAEEIEAEA EA

If one material is designed to layer on top of Aegtyou can use the “overla
section on the interface. For example, if a pidosotton is laid over a basic her
upper, ya should enter the hemp as the upper materialtrendotton as a seco!
overlay material.

Section 2: Shoe Upper

Field 1: What is the primary material used for the upy

In this field, you select the material that covitres majority of the uppe

Sub-field 1: What % of the upper does this material co'

Select “cotton.”
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After the material selected, enter in the % of acefthat materic
covers. For example, if half of the upper consistklkather, yot
would enter “50”

i
3

|\.

* Enter “100”, since the eire upper is made of cotton.

Sub-field 2: What % of the upper does this material cover as\arlay (or
second layer)?

If any of the material overlays another materiahiea upper, than ent
in the amount of upper area is covered. Enterarotrerla' even if it
overlays the same material (i.e. leather overlaigather)

’g,

Enter “10”, since about 10% of the upper has cotteerlaying cottor
Fields 2-5:Additional Upper Material

These fields are essentially identical to Fieldust repeat the sts for field 1
for each upper materi

- Select synthetic rubber and enter “10” in the asedategon
Field 6: If there is a blended material in the upf

A blended material is any woven material that cetssof two or more fibe
sources, such as a ton/nylon blend.

Entering in information about blended materialsimilar to entering it
information about nc-blending materials. The only difference is that"
have to enter in the composition of the blend 6.860/50 mix, a 20/80 mi:
etc.). Beforeyou move on, make sure that the percentages ibl¢inels adc
up to 100%.

SubField 1: What is the 1st fiber in this bler

Similar to Field 1, simply select one of the tyjppésnaterial

o = This subfield would remain blank if you were entgra cotton atire.
SubField 2: What % of the blend is this fibe

In this sul-field, enter in the amount of the previous materrabo,
that is in the blen
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*” This subfield would remain blank if you were entgra cotton Satir

i
‘i!lr
b

Subfield 3-4: Repeat this processeutlined in field 6. Make sure tt
percentages in the blends add up to 1(

Subfield 5: What % of the upper does this blend co

Similar to pervious fields, enter in the % amouhtipper surface th
blended material cover

Subfield 6: What % of the pper does this blend cover as an over

If this material overlays another material, entethe amount ¢
surface area of the shoe has this overlaid mat

¢ * This subfield would remain blank if you were entgra cotton Satir

Field 7: Upper Blend 2
If there is more than 1 blended material used @nstioe upper, repeat field

SS=== This field would remain blank if you were enteriagotton Satir

i

Section 3: Accessories

The accessories section is for the entering ofelisinformation such as stlaces
and eyelets.

Field 1: What material is used for the lact

You guessed it. Select the material used for tbeslaFor most Simple Sho
the typical material would be either cotton or avigacotton.

F

You would select “organic cotton” as the lacaterial for the Cotton Satil

Field 2: Eyelets and vents
Subfield 1: What material is used for the eyelets and ve

Select a material used for the eyelets and veggscdlly, these componen
are made out of nick
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b

You would select “copper” as tleyelet material.
Subfield 2: How many eyelets and vents are on the s

Enter the number of eyelets on a single ¢

R

o

Enter “12” as the number of eyelets and v¢
Fields 3-5:Additional accessory informatis

These fields are similar to eyelets biclude snaps, buttons, and buckles
each field, enter in the accessory material anchtimber of accessori

For these sections, snaps and buckles and typiwatle of brass, and buttons
typical made of PET.

= These fields would remain blank if y were entering a cotton Sat

Field 6: Zippers

Similar to other accessories, enter in the matesatl to make the zippers
addition to the number of zippers. Additionallytemin the average length
the zippers. Zippers are typically made of einum metal.

{

This field would remain blank if you were enteriagotton Satir

Section 4: Linings

In the linings and foams section, you can entermftion about the lining materia
including all nonvisible materials between the lining and the c upper.

This section is nearly identical to the upper matsisection. The linin
covers the entire inn-surface of the shoe.

Field 1: What is the primary material used for the linii

In this field, you select the material that coversst of the liing. Cotton is
the most commonly used lining matel

e Select cotton.
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Sub-field 1: What % of the lining does this material cov

After the material selected, enter in the % of dhed material cover:
Frequently, one lining material covers 100% o lining.

3

== Simply input “100” into this field

Sub-field 2: What % of the lining does this material cover aaarlay (or
second layer)?

If any of the material overlays another materiahiea upper, than ent
in the amount of upper area is covereder in the overlay even if
overlays the same material (i.e. leather over pig@ather)

i

This field would remain blank if you were enteriagotton Satir

Fields 2-5 Additional lining material

These fields are essentially identical to Fieldus repeat the steps for field
for each upper materi

, =

SN These fields would remain blank if you were entgrincotton Satir

Field 6: If there is a blended material in the linir

Entering information about blended materials isilsinto entering
information about no-blended materials. The only difference is that lgaue
to enter in the composition of the blend (i.e. &680mix, a 20/80 mix, etc

SubField 1: What is the 1st fiber in this bler
Similar to Field 1, simply select one of the typésnaerial.
SubField 2:What % of the blend is this fibe
In this subfield enter the amount of material, in %, thatishe blenc

Subfield 3-4: Repeat this processes outlined in subfi-2. Make sure th
percentage of blends add up to 10f

Subfield 5: What % of the upper does this blend co

Similar to previous fields, enter the % amount pper surface th
blended material cover
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Subfield 6: What % of the upper does this blend cover as arlay?

If this material overlays another material, erthe amount of surfac
area of the shoe has this overlaid mate

3

.‘ ”’

== These fields and subfields would remain blank if yeere entering a cottc
Satire.

Field 7: Upper Blend 2
If there is moe than one bnded materiain the shoe upper, repeat Fi6.

i

This field would remain blank if you were enteriagotton Satir

Field 8: Sockliner
Subfield 1: What material is used for the pedb

Select the material used for the pedbed. A typeabed would b
made from polyurethar

S— The material to sele in this field would be polyurethane.

Subfield 2: What material is used for the pedbed wel

Enter in the material use for the pedbed. Oftem ntlain material use
in the pedbed will be the same as the pedbed wdggeally,
pedbeds are made out oflyurethane or latex.

o The material to select in this field would be pabtihnane

Section 5:Reinforcement:

In the reinforcements section, you can enter optiamaterials that help to incree
the structural integrity of the shc
Note: This section wll involve entering components not visible to theked
eye and may require guessing the actual materal fos the reinforcement

Check the specification sheets for further detaibssible. Recall that it
unnecessary to enter these if you sinwant to compare, for example

change in the material used for the ug
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Field 1-3: For these fields, simply select the reinforcemeatemal used for the sha
EcoSTEP will enter in the appropriate amount ofariat. Typically, shoes will hav
a toe lmx and heel counter made of sheet |

S The material used for both the toe box and heehigmiis “sheet PET”. Th
arch cookie would remain “non

Field 4: Other reinforcemen

Use this field if there are additional reinforcertgeon the shoe not accoed
for in the other sections. In this part, you needdlect the material used
reinforcements in addition to the percent of ugpet is reinforced by thi
material. For example, if half the shoe is reinéatdy PET, enter in “5C

This field woutl remain blank if you were entering a cotton Se¢

Section 6: Sole

In this final section, you can input the numbersngbles, midsoles, and outsoles i
the interface, as well as a h

Field 1: In/Midsoles

Subfield 1-4:In these fields, enter in t material used for the insoles and
midsoles. These materials are used to strengtleeinattom of the shoe whi
still providing comfort. These components are assdit be 2mm thick ar
the amount of material used is calculated withenrtitodel. Mosshoes will
have a layer of latex foam, redboard, and shee

_
S Solect a layer of latex foam, redboard, sheet RRd finally another laye
of latex foam.

Fields 2-3 Molded Midsoles (Midsoles have u-defined thickness)

These fields allow you to enten a midsole with a specific thickness. Y
only need to use this section if the thicknessffergnt than 2mm, as it
assumed to be in Field

First, select the material used for the sole. Sécsalect the thickness desir

If you have already icounted for the insoles and midsoles with the stedt
2mm thick options in Field 1, you can skip thisesgion
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=W 11 ose fields would remain blank if you were entgrncotton Satir
Field 7: Outsoles
Subfield 1-2:

Input the outsole material and thicks in this section. Enter thickne
in mm. Typical Simple Shoes are made out of recyche tire and ar
5mm thick

»Illr

SRS gelect “recycled car tire” and enter in “5” as thiegkness

Subfield 3: This section allows for the input for the foxingplcal shoewse
synthetic rubber.

i

Cotton satires use synthetic rubber for foxi
Field 8: Heels

Subfields 1-2:Enter in the material type used in the heel as agethe hee
length (in inches)

S This section would remain blank if you were entgrancotton satil.

Calculating the Impact

When you are finished, click the “Calculate Now'ttom on the left hand side of tl
screen. The computer software will then calculbaé&itmpact of the shc
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Additional Information and Options When Entering Data

Using the model to evaluate the impact of a singt@®mponent.

Say you want to only want to assess the envirorah@npact of one component of
the shoe and do not want to spend the time ingu#imentire shoe. To do this, you
simply enter information in the Basics section #meh enter the fields you want to
analyze.

For example, if you wanted to analyze the impaa obmpletely leather upper, first
enter the required information in the Basics sectidext, select leather as the
primary material in Field 1 of the Upper sectior @amter in “100” for the percentage
of the surface area coverage. After you click “akdte now,” the environmental
impact will be calculated.
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Most Commonly Used Materials

Here are the most commonly used materials for rdiffesections of the shoe.

Table A2: Most commonly used materials

Component Commonly Used Material
Laces Cotton

Eyelets Copper, Nylon

Snaps Brass, Nylon

Buttons Brass, PET

Buckles Brass

Zippers Brass, PET, Nyon

Lining Cotton

Pedbed Polyurethane/ EVA foam
Pedbed Wedge Polyurethane/ EVA foam
Toe Box Sheet PET

Heel Counter Sheet PET

Arch Cookie

Polyurethane/ EVA Foam

Other reinforcements

Sheet PET

In/Mid Sole Layers (3 layers are typical)

LatexrdmaRedboard, and Sheet PET

Outsole (5mm thick)

Recycled Car Tire

Foxing

Synthetic Rubber
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Materials to Avoid

The following three materials are the highest inhpaaterials, in order of decreasing
significance. These materials should be avoidechewer possible.

1. Leather/ Suede
2. Wool
3. Natural Rubber

Leather and wool require the raising of livestogkjch in turn requires the raising of
crops (which requires a large amount of fertilizansl pesticides), the consumption of
water and processing of the material. Similarlyurel rubber comes from large
plantations which use a large amount of fertilizand pesticides.

Assembly Process to Avoid: Cold Cement

Cold cement has the highest environmental impaatl @ssembly process due to its
high energy requirements. This process should belest whenever possible.
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The Outputs

After you enter a pair of shoes into the model, williget information about the
projected environmental impact. The following isexplanation of the outputs.

There are 5 impact categories in which each shddeevaluated: human toxicity
potential, global warming potential, eutrophicatfmrtential, freshwater ecotoxicity
potential, and acidification.

Human Toxicity Potential: Potential harm to humans from toxins released to
the soil, water, and the atmosphere.

Global Warming Potential: Potential climate change caused from
atmospheric emissions.

Eutrophication Potential: Potential magnitude of anoxic water bodies caused
by excess nutrients entering the ecosystem.

Freshwater Ecotoxicity Potential: Potential harm to freshwater ecosystems
from toxins entering waterways.

Acidification Potential: Potential magnitude of acid rain caused by
atmospheric emissions.
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Further descriptions of these impact characterbal@w.

BOX Al: Characterization Factors

Acidification
Potential (AP)

The primary contributors to the impact categoradifliification (AP) are NQ
and SQ, which bond with water molecules to form theirpestive acids:
H,SO, and HNQ. This interaction leads to a decrease in the pH of
precipitation entering ecosystems (acid rain). firigpoint of this impact is
acidification of ecosystems, which had potentialdiwect and indirect
damaging effects. However, the potency of acidificaof the emissions, the
fate and transport of the emissions, and the seitisi of the ecosystems on
which acidic deposition falls can alter the resigteffect. Category endpoint
of acidification are loss of biotic and abiotic matl environments, and loss
biotic and abiotic manmade resources. Acidificapiotential is measured in
SO, equivalents.

= 0

D

Eutrophication
Potential (EP)

Eutrophication is defined as excess nutrientsparéicular system and is
expressed in P@equivalents. Nitrogen and phosphorus are esseialents
in aquatic ecosystems, and are used by plantsigad for growth. However,
excess nutrients can lead to increased algal ptiodiievhich eventually die
and deplete oxygen in the water body needed byafishother animals. This
creation of an anoxic environment is the categoidpwint. Ecutrophication
can result in an endpoint of fish mortality and gbetely altered biological
assemblages.

Freshwater Ecotoxicity is toxicology concerned whk study of toxic effects

measured in DCB equivalents, caused by naturajrihstic pollutants, to

D

Freshwater biological, chemical, or physical stressors th&afaguatic (not marine)
Ecotoxicity ecosystems. Such stressors might occur in thealanvironment at
Potential densities, concentrations or levels high enougligupt the natural
(FETP) biochemistry, physiology, behavior, and interacsion the living organisms
that comprise the ecosystem. These harms are ttgoimt of freshwater
ecotoxicity potential. The category endpoint i®sslof biodiversity.
Global Warming Potential is a measure of how mufch given greenhouse
gas is estimated to contribute to the impact categbclimate change,
Global measured in kg CQOequivalents with a 100-year time horizon. Global
Warming warming is expedited by the emissions of greenh®aseh as C§CFCs
Potential -100 | and CH that are trapped in the earth’s atmosphere. Sveré solar radiation
years that reaches the earth is reflected as long wadiatian and may be trapped
(GWP100) by the existing greenhouse gases in the atmosphleieleads to a midpoint
of increased average global temperatures and gelarige. An endpoint of
global warming that affects humans is loss of comityuand biodiversity.
The human toxicity potential, a calculated indeat tteflects the potential
harm of a unit of chemical released into the emrment, is based on both th
inherent toxicity of a compound and its potentiase. Total emissions are
Human evaluated in terms of dichlorobenzene (DCB) eqeint. The potential dose
Toxicity is calculated using a generic fate and exposureem@a&lTOX, which
Potential determines the distribution of a chemical in a m@shwironment. This mode
(HTP) accounts for a number of exposure routes, incluitihglation, ingestion of

produce, fish, and meat, and dermal contact wittemend soil. Toxicity is

represented by the cancer poteqty for carcinogens and the safe dose for

noncarcinogens.

D

h
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These five specific characterization factors wédresen out of many options for
several reasons. First, they cover impacts on tpagal scales: local, regional, and
global. For example, the release of toxins intoatmosphere affects human health on
a local scale; the death of aquatic organisms chlmgd&armful substances entering
freshwater systems is regional; damage to landitiiréhe deposition of acid rain is
also regional; and climate change through greerehgas emissions is a global effect.

Another reason these characterization factors wlewsen is that they cover a wide
range of impacts. These impacts include negatieetsfon humans through HTP;
water, through EP and FAETP; land, through AP; andhrough GWP.

Ten different characterization factors were originassessed, but these five proved
most substantial throughout the supply chain oeshwhereas other impacts were
negligible, and were therefore excluded. For exarmplixicity potentials were usually
the most significant impacts of shoe designs immiotthe model, but radiation
potential was never a resulting impact.

Finally, because these characterization factorsgad the most substantial impacts,
Simple Shoes’ designers could use these them tw kioav their products were
causing the most harm in hopes of mitigating thggact. In addition, Deckers
management preferred these factors to others betae are easy concepts for
consumers to understand. Deckers marketing strat@gives covering concepts in a
simple manner. Human health, water, land, andraicategorical impacts that fit into
this strategy (for details on the characterizatamtors, see Box Al).
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Interpreting the Outputs

There are 4 sections in which the outputs are aysul and evaluate@omparing
Shoe Design to a Cotton Satire Shoe, Environmémiadhct of Shoe Components,
Total Environmental Impagctand finallyTranslation of Global Warming Potential and
Energy Required to Produce Shoes

Part 1: Comparing Shoe Design to a Cotton Satire Ste (scoring system)

Figure A6: A comparison of two shoes. The units are in impa€iCotton Satire
impact equivalents

B Shoe 1 Wl Shoe 2

HTP -
GAR100
FAETF
EP-

AP -

The first graph will compare in the impact of theme designs entered into ECOSTEP
to a “standard shoe” (See Figure A6). For the psepmf this model, a traditional
shoe has been defined as a Satire - cotton lowefiepker. The impact of the standard
shoe in all impact categories is “1”. Thereforegh# results of your shoe are higher
than one in an impact category, then your shoaltagher impact than the traditional
shoe. Similarly, if your shoe has an impact lessitbne in an impact category, than it
has a lower impact than the standard shoe. Furtirerrif your shoe has an impact of
two, then it has twice the impact of the standéweksfor that category.
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Part 2: Environmental Impact of Shoe Components

Figure A7. Impacts of shoe components across different imgeteigories.

100,04
50,04
0.0
7004
£0.04
5004
4004
3004
2004

1004

B Accessories B Assembly W Disposal
O Tranzportstion @ Upper

O Lining

O Reinforcemert O Sale

0.0+

AP [kg S02-Equiv.]

FAETP [ky DCE-Equiv] HTP [kg DCB-Equiv ]

EP [kg Phosphate-Equiv]

GAWP00 [ke ©O2-Eqquiv]

After seeing the impact of complete shoes, you mayt to find out which parts of
the shoe contribute the largest environmental ingpg@ee Figure A7). This is what
Part 2 is all about! In this section, the impaceath shoe is broken down by shoe
section, followed by their impact categories. Tie@ture allows you pinpoint the area
of highest impact, change that aspect of the slnmthen view the results to see if
the impact is reduced.
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Part 3: Total Environmental Impact

Figure A8: Total impact of designed shoes in percentageaifajlemissions

H Shos 1 Bl Shoe 2
HTP -
P00 -

FRETPA
Er
TETR
POPCR -=
PO
MAETP =
AP E
:l | L] 1 L T
0.0e-13 0.58-13 1.0e-13 15813 20813 25613

This section explains Part 1 of the report but orenscientific detail (Figure A8). The
graphs in this section show the impact of the slasgsart of global world emissions
(at 2001 levels). In other words, this section shtive shoe’s contribution (in
percent) to the overall environmental impact frdhihaman activity in the world. As
you would expect, the impact from one pair of she@gERY small (notice that the
x-axis is in percentage of overall global emissinri®”-13). While this section may
not be used regularly, having this section allowesuser to see what impact
categories the shoes contribute the most.
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Part 4: Translation of GWP and Energy used to prodee shoes

Part 4 allows for a translation of the environmeéimtgoacts into the simplest terms
possible. First, the impacts of global warming aaslated into light bulb per year
equivalents (how much greenhouse gases are releatgts of greenhouse gases
generated a light bulb). This allows the user teeheaframe of reference to the shoe’s
environmental impact.

Next, the energy used to make the shoes is estimBite more energy used to make
shoes, the higher environmental impact the shedylikas, especially in global
warming potential and acidification potential.

Additional Information

Thank you for using ECOSTEP. If you have any furtiigestions about the model,
please sehttp:/fiesta.bren.ucsb.edu/~footprint/team.html
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APPENDIX B: LIFE CYCLE ASSESSMENT

Life Cycle Assessment

LCAs have proven increasingly popular tools as awess of environmental issues
has become more prominent. LCA was developed dan@d 960s when natural
resource scarcity first became a major concerngBAS, 2006). The Coca-Cola
Company was the first major firm to conduct a védum analysis and its approach
became the basis for current LCA projects in théddinStates. The company
determined that plastic bottles were less energnsive than glass bottles due to the
weight difference and its effect on transportagdficiency (ecomii.com, 2009).
Interest in LCAs waned during the next decaded thwiissue of solid waste became
prominent in the late 1980’s (US EPA, 2006). Consaver methodological
inconsistencies were voiced by manufacturers, wladho the development of a
standard LCA approach created by the InternatiStedardization Organization
(ISO) in 1997. These standards have been reviseg timaes since their inception
and are now in the 2006 edition. ISO 14040 and 44f@dte that a comprehensive
LCA consists of four stages: goal and scope déimjinventory analysis, impact
assessment, and interpretation.

Goal and Scope

Goal and scope is the phase in which the prodwstésyis defined. The goal of an
LCA states and justifies the aim or objective & gtudy, the intended application of
the results. It also states the people involveti #ie study such as the stakeholders,
the initiator, and the practitioner. The scoperi &A defines the temporal,
technological, and geographical coverage of theystu

While determining the scope of the LCA, the funetibunit and reference flows must
be defined. The functional unit describes the prinfanction(s) fulfilled by the
product or system (USEPA, 2006). This unit sengetha unit of comparison that
assures that one or more alternative productsstesys can be treated as functionally
equivalent. Careful selection of the functionaltwmil improve the accuracy and
outputs of the study. Having defined the functiaumait, the amount of product or
products necessary to fulfill the function mustgoantified. The result of this
guantification is the reference flow (Guinee, 2001)

Inventory Analysis

The life cycle inventory analysis is essentiallg thata collection stage of a scientific
study (ISO 14040). The processes within the systeamdaries are assessed for their
inputs and outputs. These inputs and outputs areldmentary and intermediate
flows that are tracked throughout the productis $fages. The elementary flows of
the system are the energy and material flows dyrér@m the environment or directly
entering the environment, such as extracted cahtarbon dioxide. Intermediate

-B1-



flows are energy and material flows within the protdsystem, such as product parts.
These flows are quantified to determine the poa¢etivironmental impacts
associated with the functional unit (Guinee, 2001).

Two challenges of the inventory analysis are det@ng and justifying which
processes are to be included and excluded, anchtiba of elementary flows if a
process has more than one economic output (Gu20€4,). For example, recycling
processes require assumptions concerning the atloaaf environmental impacts.
Recycled products that enter other supply chaimgs peoduced car tire made into
shoe sole) present the challenge of where to addba environmental impact of the
original product (ecodesignguide.dk, 2005). To addrallocation, the LCA may
include the additional system of the alternativenemmic output, or decide and justify
where to draw the boundary of the study (Nylandle2003).

Impact Assessment

A life cycle impact assessment (LCIA) is aimed adlerstanding and evaluating the
magnitude and significance of the potential envinental impacts of a product
system (1ISO14040). It is the phase in which thelte®f the inventory analysis are
further processed and interpreted in terms of enmrental impacts. According to
ISO 14040, the mandatory elements of an impacsassnt include these elements:

- the selection of impact categories, category irndisaand characterization
models

- classification, or assignment of LCI results to aupcategories

- characterization, or calculation of category inthcaesults.

Choosing a comprehensive set of robust scientiffgaict indicators is one of the
main challenges of an LCA because the chosen itwdt&cto include in the study and
these decisions must be justifiable. The model@sylts are calculated in the
characterization step and an optional normalizagemes to convert the impact
results into a percent contribution to a worldwidleegional total. Finally, the
category indicator results can be grouped and veeigb include societal preferences
of the various impact categories.

According to 1ISO14044, various impacts are clasgifnto broad categories that are
relevant and appropriate for the goal and scopbeof. CA (for example, climate
change). A category indicator, representing thentfiable amount of impact
potential, can be located at any place betweeh@ieesults and the category
endpoints (for example, kg CO2 equivalents). Tlaeescurrently two main impact
assessment methods: (1) problem oriented impaessisent (IA) methods stop
guantitative modeling before the end of the imgathway and link LCIA results to
defined midpoint categories (or environmental peais) like acidification, and (2)
damage oriented IA methods, which model the catfsetehain up to the endpoints
or environmental damages, link LCIA results to emidpcategories such as loss of
biodiversity.
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Environmental mechanisms, or impact pathways, mestnderstood by the
conductor of the LCA in order to translate a sysseenvironmental impacts. Impact
pathways consist of linked environmental processesexpress the causal chain of
subsequent effects originating from an emissioextraction (environmental
intervention). For example, sulfur dioxide emissi@me the source of an impact
pathway, which reacts with water to form acid rdihis rain deposits onto land and
water bodies which may lead to the pathway’s midp@n acidified lake. If the lakes
pH balance decreases, fish mortality may incredsehafinally leads to the pathways
endpoint - a loss in biodiversity.

Category endpoints (or consequences) must be figehfor this impact category. For
example, climate change endpoints are loss of camiynand loss of biodiversity. A
suitable category indicator that clarifies the @aakthe environmental impact must
be defined. In the case of climate change, thegoagandicator is radiative forcing
(in watts/meterd. LCI results explain what contributes to the @ador and must be
identified. A characterization model converts tesigned LCIA results to the
common unit of the category indicator. The chamzd¢ion model for climate change
was developed by the Intergovernmental Panel am&é& Change (IPCC) and
describes the global warming potential of differgrégenhouse gases. This
characterization model is used to derive the charaation factor, or the potential
environmental harm. The characterization factarliohate change is Global
Warming Potential for a 100-year time horizon (GMW@)lfor each greenhouse has
emission to the air (in kg carbon dioxide equivélanemission).

Interpretation

Life cycle interpretation is the final phase of tmmplete LCA and aims to check the
results of inventory analysis and impact assessagaihst the goal and scope
definition of the study. This phase is when allicke and assumptions made during
its course are evaluated in terms of soundnesastoéss, consistency, and
completeness. If the assumptions are determinbd smund, overall conclusions are
drawn, limitations are recognized, and recommendatare made (ISO14044). The
main elements in the interpretation phase are atluation of results and the
formulation of the conclusions and recommendatafrthe study.

Sensitivity and uncertainty analyses study thecefb variations in process data,
boundary, allocation choices, modeling choicesa@hédr variables. The objective of
the sensitivity analysis is to assess the relighalnd robustness of the indicator
results. A consistency check determines whetheassamptions, methods, models
and data are consistent with the goal and scopieedfCA study and with each other.
Examples are consistency in data quality alongoduat life cycle or between
different product systems, regional and temporpées allocation rules and system
boundaries, and impact assessment. Using thignetation, conclusions can be
made based on the significant findings and thdiustness.
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APPENDIX C: BUILDING THE GABI MODEL

Introduction

This appendix outlines the technical details fatding the ECOSTEP model in the
GaBi4 LCA software. As such, this section is inteth@olely for readers interested in
a step-by-step direction for building the LCA modslwell as the user interface.
Such readers may be future Bren master’s projectpg working with Deckers or
other companies exploring the incorporation ofeaifile GaBi model into their
decision-making process.

Creation of a GaBi model begins with conceptuatjzime organizational structure of
the various plans and processes. Hierarchicaltsteiallows certain aspects of
model-building, such as parameterization, to bé barrectly into GaBi. Parameters
serve various functions, and they are created as@ghinated to different parts of the
GaBi model calculations depending on their purp@s®&e the GaBi model was built
and parameterized, a user interface was creatad lseport, an extension of the
GaBi software. ECOSTEP interface was configuredgufie various features offered
in the I-report extension.

Outline

» GaBi Plan Organizational Structure

» Hierarchies and Types of GaBi Parameters

» Parameter Implementation in ECOSTEP: An Example

» Parameter Explorer and I-Report: Making ECOSTERsibtes
» Configuring the Parameter Explorer

» Subsets: The Face of ECOSTEP

* Indexing: Finishing Touches to ECOSTEP
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GaBi Plan Organizational Structure

The GaBi plans were layered for the calculationseg@xecuted correctly. planis a
schematic of the manufacturing of the materialrodpct in question. A plan may
contain any number of processes representingftheyicle phases of the product:
material production, assembly, transport, use,rangcling and disposal. Plan
hierarchies allow for visual categorization of sltoenponents, allowing for easy
navigation when building the model. Also, the hiehges allow the modeler to
identify and isolate specific sub-plans that mayehealculation errors. ECOSTEP
only consisted of the two plan hierarchies sedfiguire C1.

Figure C1: Flow chart of the hierarchical structure of GaBirpd

Master Plan: Upper Hierarchy

Component
Plans: Lower

Hierarchies

Upper
Plar

Lining
Plar

Shoe
Sole Parts Assembly |::> Transport

Plar

Accessory
Plar

Disposal

Reinforce-
ment Plan

The lower level is comprised of tisboe component planswhich calculate how
much of each material is needed for the shoe. libhe somponent plans are nested
within the upper mode, dMaster Plan, which is where the assembly, transportation,
and disposal occur. The Master Plan combines alpaments in th&ssemblyox,

and the resulting shoe pair is transported and dirsgposed.
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While it was possible to create the model in alsipdan, the sheer number of
material processes that needed to be displayed thedenpractical. Therefore,
related processes were categorized into the loar@ponent plans that ultimately
converged in the master plan.

Hierarchies and Types of GaBi Parameters

The GaBi model was set up to allow for input vaoias. The change in inputs results
in the cascading of changes in the calculatiomefanvironmental impact based on
how much of which material are required for thesgroshoe. Varying inputs were
reflected by the mass of intermediate flows chaggithe model. The change of the
elementary flows occurs throughout the productesysiConsequently, the varying
elementary flows affect the environmental impadégary calculations. To allow
user inputsparametersvere utilized extensively. The advantage of usiagameters
is that a single value can be utilized in multiplens and processes in the model.
According to the defined value of the parameteancfe in calculations will cascade
throughout the model. ECOSTEP allows the user tp namerous parameters to
accurately build different types of shoes in vasiouaterials.

In GaBi it is important to understand that there uaree hierarchiesf parameters -
global, plan,andprocess- and to be able to use each appropriately. Hadignt
parameters are critical for referencing importaadties and equations at one or more
points in the model. Parameters in GaBi can refar@me another and calculated
values can be passed from process to processnomplan to plan (Figure C2).
However, global parameters cannot be defined byhangarameter; they are only
defined by numerical values as determined by tlee us
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Figure C2: Flow of information among different hierarchies it a GaBi model, as
indicated by arrows.

Global Parameters

Master Plan
Parameters H 4} m

Component Plan
Parameters a

Processes
Parameters \/

q >

The arrows indicate the flow of information thahdze passed from different
hierarchies in the model. The curved arrows inéi¢that parameters can be passed
within the same hierarchy as well. As the figurews$, all parameter values, except
for global parameter values, can be defined byreratlement in the model. The
properties of the different parameter hierarchressammarized below:

* Global parameter values can be referenced by any plan or procebawthe
GaBi database, but cannot be defined by any paesnmethe database

* Plan parameterscan be referenced by plans or processes.

* Process parametersan only be referenced within the process, other
processes within the plan, or by the plan itself.

Parameters can also be categorized depending vsaite: value, formula, and
conditional parameters. Regardless of the usagamaders can be referenced by one
another, given that they are defined in the appatghierarchy.

Value parametersare the most straightforward type of parametee Wdue
parameters simply represent numbers that were r@chiirough measurement,
research, or provided by the client. Value paramseige extremely useful when

-C4-



certain values need to be disseminated to mulpigtes of the model (e.g. mass to
area ratio of a fabric) for the purpose of caldala. Value parameters can act like
placeholders in various parts of the model caleutat Then, the parameter can be
varied depending on the need of the user, andbtineulas that reference the
parameter will change accordingly. A majority oé$le parameters were mass to area
ratio values found through measurement or reseAdiitionally, researched values
such as volume density of foams and metals weteopaalue parameters. Since area
and volume density and other value parameters wagé by all component plans and
some processes in the master plan, most were draaiglobal parameters. However,
there were some values that were largely irrelegatdide of a plan such as the
volume of an arch cookie. These were created aspgaeameters in th®oleplan. As
long as the value can be correctly referencederSible plan, it is inconsequential
where the value is created.

Another essential function value parameters fulillhat they act as place keepers for
future inputs made by users, such as the percestage of the upper by a certain
material. These values need to be left flexiblehsd the user can input the
appropriate value, and the model can referenceahe to make the correct
calculation.

Instead of single valuegrmula parameters contain equations that calculate
necessary values for the model. Formula paramettasence value parameters (and
conditional parameters) extensively. Formula patamsere very powerful tools
because they can be used to calculate any valuestheeded in the model. The only
disadvantage is that values calculated in formalameters become “fixed” in the
model. That is, formulas cannot be altered by tb@H EP user interface. However,
the value parameter referenced in the formulagearhanged, altering the resulting
calculation of the formula parameter. Formula paiams were used extensively in
calculating essential factors of shoes, such aaréwe volume, and ultimately mass of
various shoe components. The resulting values passed on and referenced in
calculations further down the chain of the model.

Although correct calculations can be made throuajhevand formula parameters,
they cannot determine whether certain values azessary for the user. How does the
model know that the user wants the mass of cotidmat hemp? How does the
model know that it should calculate the area ofesm’'®9 low-top sneaker? These are
essential factors to consider in the calculatiéims.these purposes, thenditional
parameter is the cornerstone of the ECOSTEP model. Conditiparameters, while
technically identical to value parameters, intragltiee flexibility needed for a
predictable model. These parameters are simplyenvhtégers where each number,
depending on the parameter, is assigned a sptasfdo alter calculations in the
model.
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Essentially, conditional parameters allow for ameatatical expression of a decision
tree. By utilizing if-then statements, the modekvadle to calculate the correct values
by following the chosen “branches.” These conddigrarameters were referenced
extensively in formula parameters to create fldiibin the aforementioned formula
parameters. Conditional statements allow the mimdedlculate different results
depending on certain criteria (conditions) as aeteed by the inputs. Conditional
parameters were used in formula parameters by ufsingn statements. If-then
statements work by verifying whether a certain ¢omal is true. If the condition is
true, a certain value (or parameter) is used; otise; a different value is used.
However, GaBi parameters cannot be defined by nonemical values. You cannot
simply enter the wordottoninto the formula; instead, you must enter a nuocagri
value or a pre-defined parameter. This is wheretmglitional parameters are
incredibly useful. For example, in the formula &datilate the upper surface of the
shoe, the model can use a conditional parametieathoe style: low top, high top,
or sandal. It was decided that the baseline ar@astibe upper would be a men'’s size
9 low-top sneaker, which was measured to be 74requehes. However, depending
on the defined value of the conditional paramethiesmodel made additional
calculations (Figure C3).

Figure C3: Flowchart of the decision tree expressed usingtemnsin GaBi.
- 2

74in
X

low-top?
yes l(:I_)f %
74in? high-top?

yes (1.11)% % (0.13)

82.14in° 9.62in°

Using conditional statements, a formula paramedarke set up to calculate the
correct area of a shoe upper. Since conditionarpaters are technically identical to
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value parameters, and therefore not “fixed”, usarsfreely change their values on
ECOSTEP. As this example shows, conditional pararaetilow ECOSTEP to be the
flexible, predictable model that is required by dhient.

Parameter Implementation in ECOSTEP: An Example

Once the concepts of parameterization and the nuadi@llations are grasped, actual
development of ECOSTEP is as simple as creatingppeopriate type and hierarchy
of parameters and ultimately assigning them tacthveectintermediate flows
Intermediate flows are the valuable materials admonents that are transformed
into the product. While these flows are not con®ddo have environmental impacts
in the modeper se producing these materials result®iementary flowbeing
extracted or released into the environment, causipgcts. A running example can
best illustrate the process of building a flexiGlaBi model. Here, a simple plan of
producing a shoe upper will be shown with the felloy choices:

*Men’s or women’s shoe
 Low-top or high-top sneaker
» Conventional cotton or organic cotton for the shpper

Depending on the above decisions made by the theefinal type and amount of
shoe upper material will vary.

Initial setup of the conceptual GaBi plan and the pbal parameters

GaBi operates strictly by linking the output flofvane process to the input of
another process. Breaking this connection by faudinameterization can lead to
errors. For example, the upper component sub-gamiore than ten materials with
which the upper can be manufactured, and a prasesed to attribute the
environmental burden of the extraction of the raatemal. For the purpose of
illustrating the concept, a simple choice betweem materials will be shown (Figure
C4). In this example, a central “hub” is createcevehall the available materials
converge.
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Figure C4: Simplified flowchart of the conventional and organotton processes
connected to a hub, with the correctly chosen rnateaving the hub.

Conventional

Cotton N

Chosen
material

Hub :>

Organic
Cotton

Here, two materials—conventional cotton and organiton—are connected to the
hub, or the material mixer. Each box representptheess necessary to produce the
material represented by the name of box. The “Cotimeal Cotton” process
represents all necessary raw material extractidniaa pollutant release required to
produce a certain amount of conventional cottoms €kplanation is sufficient but
highly simplistic; each process data is highly defsnt on a series of assumptions
and clearly established system boundaries. Theohud®ess is the “material mixer”
that has all the necessary parameters to ensuredbe of the chosen material is
correctly calculated.

The foundations for setting up the correct cal¢otet begin with first creating the
conditional parameters as global parameters. Aitiondl parameter must be created
in the model for each choice that must be availabtée user. The choices for men'’s
and women’s shoe, and the style of shoe will beigets global parameters so that
they can be called up anywhere in the database, e mass to area ratio of cotton,
assumed to be the same between conventional aadioig this example, will be
defined in the global parameter.
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Flgure C5: Screenshoof the global parameter configuration menu on (

[} Test Global Parameters [Global parameter] -- DB Global para.. E]@.
Object  Edit VWiew Help
DEE s RE RS2
Hame: |Tes|: Global Parameters @
Shiork keskgp
Pararneter |'u'a|ue |Standar|Cn:nmment |
__|mens_womens ] 0%  O=men's; 1=women's
_shu:ue_style ] 0%  |0=low top sneaker; 1=high top sneaker
adens_cot 0.z 0 % area density of cotton i inZ
System: Mo changes. Lask change: Swstem, 1/26/2010 §:45:06 PM

Creating equation parameters in jlan and referencing global parameter

Using these conditional global parameters, the garaplculations can cascade dc
to the plan. The conditional, orthen statements, is expressed in GaBi by
following equation:

if (condition;Valuel;Value?)

The formda is such that if thconditionis found to be true, thevaluelis used in th
equation; if theconditionis not met, thealue2is used instead. In the glok
parameters above, two conditional parameters dneedefor calculating the upp:
area. Inthe model, the choice of a women’s shoe must be madeat the baselir
area of 74 scare inches must be reduced by 7 pel. Also, hightop shoes hav
greater upper area, due to ankle area coveragefdhe, if the shoe style choice
high top, the model musncrease the upper area by 11 pel. To correctly execut
this calculation, the following equation is us

Area,, .= 74xif (men:_womens= 01,093 xif (shoe_type= 01111

By multiplying the two conditional parameters tdgat the correct upper area of ¢
combination of men’s and wcen’s, and low top and high top shoe can be caled
in the model. The calculation of the actual shogeuarea is handled in the pl

parameter, which is accessed by clicking [P} icon in the main plan windo'
(Figure C6).
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Figure C6: The equation for upper area calculation expregs€&hBi plan parameter

@& Planparameter

BEX]

Fixed parameters

|Objeu:t Parameter |Formula value |Standar|Cc:mment

Ohbject | oK |
@ Al -l
Free paramekers ;H
|OI::jeu:t Parameter Formula Yalue Standar|Cu:umment
[ Mew area_shoe 74*iF{ ] testgp.mens_womens=0; 1 ;0,93 Y*if{ [x] testgp.shoe_style=0;1;1.11) |74 area of shoe in in2
[ Mew mak_pper 0 0 % O=conventional cotkon; 1=organic cokton
E@{Upper Material  weight_upper 0 0%  weight of upper component in kg
Eﬁ%Upper Material  weight_cony ] 0%  weight of conventional cotton in kg
E@%Upper Material  weight_org ] 0%  weight of organic cotton in kg

B
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The arrow in the image indicates the formula pataméat calculates the area of the
shoe using the equation previously mentioned abbwve first conditional statement
deals with men’s/women’s. Global parameteans_womensas created to represent
this choice. As mentioned abowkEs men’s and. is women’s. The conditional
statement reads:

“if the shoe is a men’s shoméns_womens 0), then multiply the baseline by 1 (no
change); otherwise multiply by 0.93. Also, if theoe style is low topshoe_style=
0), then multiply by 1 (no change); otherwise npljtioy 1.11.”

Because it was measured that a women'’s sneakes tef@ approximately 93
percent of a men’s sneaker, this factor was useddte the shoe upper if
mens_womens=The same concept appliessiwoe typeif shoe type={low top
sneaker), then no change; if otherwise (high tegakar), multiply by 1.11. Through
measurement, the upper area of a high-top sneakefaund to be about 111 percent
of a low-top sneaker. Conditional statements cao bé nested, so that unlimited
number of choices can be introduced, much likesiieeitrees having multiple
branches:

If (shoe type= 0}1;if (shoe type= 1111,013)

Here, when thehoe_typg@arameter is not equal to 0, then instead of giainglue,
the equation calls for another conditional formifidhe shoe type choice is not a low
top, then the equation asks whether the shoeighattp Ehoe_types 1). If it is, then
the multiple of 1.11 is used as in the example abtwnot, then another multiple,
0.13, is used to multiply with the baseline are@4étquare inches. By nesting the if-
then formula, a string of options can be offeredgf@ertain decision, much like a
decision tree.

The parameter containing the equation to calcubeeorrect shoe area has been
namedarea_shodhighlighted in red in Figure C6) in the plan paeter window.

The current global parameter setting results irctiveent shoe area as the baseline
area of 74 square inches. However,dahea_shodormula parameter is dependent on
the underlying global conditional parameterans_womersndshoe_styleAlso, the
plan parametemat_upperhighlighted in blue in Figure C6) is the condit&d
parameter between conventional and organic cotethe “comment” column
explains, 0 means conventional and 1 means orgattian. This choice will
determine which process, conventional or organitboowill be triggered in the
model.
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Creating flows in processes and assigning valuesloalated in formula
parameters

This sample plan has determined the shoe uppeaacematerial choice; the model
is now ready for creating parameters at the proleees, then assigning the
calculated values to flows. The material mixer psEmust now be set up to
calculate the correct material and its mass usiagtea calculated in the plan
parameter above. When a new process is createdlamathere will be no flows or
parameters when its details are accessed. It isriamt to recognize that there must
be one input flow for each material under consitiena In this case, two materials,
conventional and organic cotton, are consideredrdtbre, there must be two flows
that must be created under the input frame (Fi@Qute Since the intended output of
this process is a single material - cotton uppas one output flow needs to be
created.

After the flows are created, parameters must b&tedeunder the “Parameters” pane
on the top of the process detail window. Formulapeeters must be used to
correctly calculate the mass of the required amotinbtton. Names must be
assigned to each parameter under the “Parametee’ ggathe top. Also, it is

important to input a factor dfin the “Factor” column that appears once parameters
are created. Once parameters are created, “Al@sims become available in the
input/output panes. A drop-down menu is createccémh parameter created, and the
correct parameter must be assigned to the apptefioav. The two input flows,
conventional cotton and organic cotton, will beigissd to the formula parameters
weight_conmandweight_org respectively. These formula parameters will caleula
the correct mass of cotton as determined by thditonal parameters. The one
output flow, the shoe upper component, will begssil with the parameter
weight_uppelFigure C7).
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Figure C7: Screenshot of process editing window with the patamcreation pane showing the calculation andjassj
of the correct value to the pqopriate inpt flow

i Upper Material -- Process instance

=%

Scaling factor:

Eree parameters

Local name: |LI|:||:|er Matetrial sl M image

@i Local settings lﬂ LCC l

== Cancel | Ok

1 W Fixed |

%

Parameter Forrula |'u'g e |5I:andar |C|:|mment
:l_ weight_cony [] testgp. adens_cot *if{ 3 Test Plan'.mat_upper=0; (2 'Test Plan'.area_shoe; 073 100000, 0148 weight of conventional cotkon in kg
T weight_org [] testgp. adens_cok*iF{ 53 'Test Plan'.mat_upper=1; 23 'Test Plan'.area_shae; 03/ 1000 |0 weight of organic cotton in kg
weight:upper wizight_comny +weight_org 0.0143 weight of upper component in kg

Fixed parameters

Inputs IShu:uw only valuables Outputs IShu:uw all Flawws -
|P.Iias Fla |Quantity Ao |F'.Iias |FI|:|w |Quantity |P.m|:|unt |Llnit M

® weight_cony Corventional Cotkon [Flows]  Mass jweight_upper Upper [Flows] Mass 0.0148 ko ( b3 ,
® Iweight_aorg Crganic Cakkon [Flows) Mass

Crata qualiby

T echnigue Location Time

|N|:| staternent ﬂ |N-:| statermnent j |N|:| statemnent j

[Erouping

M atian Tupe Enterprize Uzer defined

- |F'r|:u:esses - |e:-cterna| - | -

.
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Also, it is important to check the “Tracked?” colanwith anX (highlighted in green

in Figure C7); otherwise, the flows will not be sfered intermediate materials that
can get passed between processes. GaBi will insteadnize the flows as an
elementary flow. In GaBi, elementary flow is nohealered a valuable material, and
is assumed to be a raw material that is extraatedl@ased directly into the
environment. Only tracked flow, or the intermediaduable flow, can be passed
along the product chain.

The creation of parameters and assignment to tlieatdlow can only occur in the
Database Proces®atabase Process is the detail of the processdhdte accessed
from the main database window (titled “GaBi4”) ght-clicking on the process in a
plan and selecting “Details.” The worD8 Processan be seen on the window label.
While formulas can be created at the DB Procesdavin(preset GaBi processes
often do), it is critical that any formula thatliges plan parameters and process
parameters from other processes within the @lemnot created in the DB Process,
but rather in thérocess Instancd he Process Instance can be access through the
plan where the process is being used. Insteadjloif-ciicking to access the DB
Process, the process is simply double-clicked.Wdwels “Process Instance” should
now be visible in the window label, as in the imadpeve. Since this example uses
plan parameters, the formula must be input fronPteeess Instance. The equation
calculating the material weight is expressed de\id:

Weight ..., = adens_cotxarea_ shoe

The global paramete@dens_cots referenced in this equation as the conversotof
from area to weight of cotton. The plan paramatea_shogewhich is calculated in
the plan parameter window, is also referenced amitiphed with the conversion
factoradens_catTheweight_uppeis a simple formula parameter that adds the two
previous parameters to find the total weight ofrémsulting cotton upper, which is
0.0148kg or 14.8g. This should have already besigred to the output flow.

However, if this equation is applied to batkeight_comandweight_org both
parameters will calculate the amount of cotton edethus there will be double-
counting of the required mass. The process mustvdlie choice of choosing either
conventional or organic cotton. Therefore, the ¢omull parametemat_upperfrom
the plan parameter (Figure C6) is used to “switithtbe material that is not chosen.
To do so, the above equation is altered:

Weight ...x = If (mat_upper= X;adens cotxarea_shoeg0)

If the desired cotton material is conventionalntias dictated by the “comments”
column of Figure A5.6, the conditional parametext_uppemust be set to 0. In the
formula parameteneight_conythe value of X in the above equation is set 1890.
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the if-then statement dictatespifat_uppeis 0, then the weight of the cotton will be
correctly calculated in thweight_conyparameter. This calculated value will then be
automatically assigned to the conventional cottguut flow. In the formula
parameteweight_org the value of X will be 1. Therefore, wharat_uppels 0, then
the equation in the parameter will return a valtie,@s dictated by the if-then
statement. The calculation of the weight of orgamitton has effectively been
“switched off”, because the material choice hamb#exided to be conventional
(mat_upper =0).

Testing the conditional parameters by changing thehoices in conditional
parameters

To determine whether the process is respondingcibyrto the conventional/organic
and men’s/women’s choices, the appropriate paraseii# be adjusted. The global
parametemens_womensill be changed from O to 1, to indicate a womestise
(Figure C8).

Figure C8: Choices changed to women’s shoe, high-top in ¢lp@ameter window
as circled in red

o |
[*} Test Global Parameters [Global parameter] -- DB Global para... E]@
Object  Edit  Wiew Help

O & & | & & ?
Mame: |Test Global Parameters @
Shiork keskap
Parameker |'u'a|ue |5tandar|Cu:umment |
adens_cok 0 % area density of cotkon ininZ
MEns_Womens 0 % O=men's; 1=women's
shoe_skyle 0 % O=low kop sneaker; 1=high top sneaker
System: Mo changes, Lask change: Swystem, 1/27/2010 5:47:33 PM

Also, the plan parametenat_uppemill be changed from 0 to 1, to indicate a high-
top sneaker (Figure C9).
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Figure C9: The area of shoe upper changed from the
circled in red

baseliii¢ sfluare inches,

& Planparameter

BER]

@ Al [l

Free parameters ‘H
|Ohject |Parameter |FDrmuIa ‘I,Halﬂe—"--.,]_Standar|Camment
=3 Test Plan area_shoe  74*if{ [x] testap.mgh: 76,39 area of shoe in in2
[E=3Test Plan mak_upper 1 ""\ED=chventiDnaI cokton; 1=organic cokton
E@iUpper Material  weight_conw [x] testgp.adens_cot’0 weight of conventional cotton in kg
E@iUpper Material  weight_org [x]testgp.adens_cot’0.015274 weight of organic cotkon in kg
E@EUpper Material weight_uppr:é@%'Upper Material'.we0.015278 weight of upper component in kg

As expected, the calculated area of the shoe typmén’s high-top sneaker) changes
from 74irf to 76.39ifi (Figure C9). The change in the surface area o$tioe upper
cascades to a change in the calculation of the ofagsgtton within the “hub” process.
By changing the material choice to organic cottoat( upper =1), the equation for

conventional cotton can be switched off, and thea&égn
switched on (Figure C10).

Figure C10: The amount of cotton needed is increase

for organic cotton can be

d to 1ardveight _conv

parameter is switched off, whileeight_orgis switched on, circled in red

}&} Upper Material -- Process instance
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Local name: |Upper IMaterial

ﬁl_| Mo image

E@E Local settings IQ |_|:|:]

1 Iv Fixed

Sealing factor:

Free parameters

Parameter |Farmula

= Cancel oK

Jino alocaion) 7]
[

<

Fixed parameters

|alue |standar]camment
__weight_conv  [x] testgp.adens_cot *if{ [ 'Test Plan'.mat_upper= Test Plan'.area_shoe; 031000 0 weight of conventional cotton in kg
weight_org [%]) testgp.adens_cat *if{ [ 'Test Plan'.mat_upper =1;[F3 Test Plan'.area_shoe; 03/ 1000 weight of organic cottan in kg
:weight_uppar weight_conv+weight_org 0.015278 weight of upper component in kg

Inputs IShow only valuables - - | Dutputs ISth all Flows -
|nlias Flow |Quantity ‘Amnunt |Llnit ‘Tra |nhas ‘Flnw |Quantity' |Amnunt |Unit |TI’E|

 [weight_cony Conventional Cotton [Flows]  Mass ] kg ES ﬂweight_upper Upper [Flows] Mass 0.015278 kg £
E‘wemhtﬁrg Organic Cotton [Flows] Mass kg ES

Data quality

Technigque Location Time

|No statement ﬂ |No statement j |No statement j

Grouping

Mation Type Enterprize User defined

| ﬂ |P|ocesses ﬂ |external j | ﬂ
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While this is a simple example with limited matéghoice, this technique allowed
for the flexibility needed to have a predictive nebthat correctly calculates the
required material of any style of shoe. By utilgi@very type of parameters at all
levels, ECOSTEP was created under the framewottkeoplan hierarchies.

Parameter Explorer and I-Report: Making ECOSTEP Posible

Once the sub-plans are connected with the mastar pith parameters referencing
one another correctly, the underlying GaBi modelasplete. However, the
challenge of creating a simple user interface ramadit this point, the only way to
change the material choice is to change the camditiparameters in the model
directly in the master and sub-plans. It is cumies and impractical for a designer
to learn the inner working of the GaBi model to make appropriate changes.
Moreover, clients without the proper GaBi licens@mot access or change the
models.

To avoid these problems, GaBi provides Ba@ameter Explorefeature that allows

the modeler to compile dilee parameters the model. Free parameters include all
parameters created in the model that are not fayesl formula; that is, value and
conditional parameters at all levels. Parameteloegpallows the user to view all the
available parameters in one window, alter the patara as needed, and run scenario
analyses of the results.

In essence, I-Report is simply an additional Ga&Bitdire that integrates the Parameter
Explorer with customized environmental impact répBcoSTEP is reality simply an
I-Report file that uploads a Parameter Exploreffigomation, allowing the designer

to input the necessary information regarding a $leeg analyzed easily. The
Parameter Explorer is also coupled with environmlenmpact results that are

valuable and informative to the client.

Within the model, the conditional parameters repnéag material choices are
numerical integers (e.g. parametegns_womens defined as 0 = mensand 1 =
womens). While conditional parameters are very paweools, it is not practical to
require users to change numerical values of canditiparameters to the correct
integer on the parameter explorer. Designers simvalyt to choose a men'’s shoe,
they should not have to know to set the paranmatsrs_womens 0. For this
purpose, theubsefeatures are extensively utilized in Parameter &qplto further
simplify the user inputs. Subsets assign non-nwaknames to free parameters as
needed. This allows the user to select the cocaatitional parameter via a pull-
down menu instead of having to change a numeradalev

Configuring the Parameter Explorer

The Parameter Explorer can compile all free pararaatreated within the plan or
process, as well as the global parameter. Moredvean reference any plan or
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process parameters from splans nested under the master plan. This funi
allowed the sulplans and the mas plan to work together. The Parameter Expls

function is accessed by clicking on I8 icon in the Master Plan window.

A window will open with the upper left tab set teet“Parameter” tab. All paramete
available to change are shown here. Scenaric be created under the “Scenaris
tab to the left of the “Parameter” tab. By defaaltScenario group 1” will b
activated with the scenario “New.” These nameshmanhanged as needed. |
example “Scenario group 1” can be renamed to “E&F8Tand “Nev’ changed tc
“Shoe 1.” Initially, there will be no parameterdesged for scenario analys
therefore, the necessary parameters need to leskfeom the list of availabl
parameters. To browse the available parameter§GhBi object” column is
sekcted. Once the gray box is clicked, another windaWopen for selecting th
appropriate GaBi object from which to select theassarparameters (FigurC11).
A GaBi object range from global parameters, plant-plans, and processes at
levels.

Figure C11: GaBi selectiorwindow with the global parameter selected tc
displayed in the parameter explc

Scenarios ]Parameter] Plan ]

DE object settings Basic settings (valid For all Scenatios)
Scenario group 1 AliasGrouping |GaBi ohject |Parameter value (Comment:

Basic settings {valid for all Sce...

[Flés New
@ Select object E]@
Subset
: Upper |GaBi object |Parameter
=1 [x] Global parameter [) taster model glabal papamﬂ

+-[] Master Pratice Plan Parameters
[) Input Stuff
[] Master model global papameters:
[] Shoe Design

Cancel || [o]4

Once a GaBi object is selected, any parameteraatefvithin the object can |
displayed on the Parameter Explorer. Under thedipater” colurn to the right, the
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parameters are shown in a Fdown menu; there is also a choice for “all
parameters” within the object. This is a useful@pivhen creating many fre
parameters within one object. When “all free parans2 is selected, all glal
parameters created for ECOSTEPdisplayed (Figure C12)

Figure C12: All free parameters from global parameter GaBi ol

Scenarios

|5aBi object  |Parameter shoe 1 |shee 2 |cornment L
[ Master mosadens_cardb  |0.27524 0.27524 area density in gfin2

AliasGrouping
adens_cardboard

adens_carpet [ Master moradens_carpet  10.41 0.41 area density of carpet
adens_cotkon [] Master maradens_cotton  0.22371 0.22371 area density of cotton
adens_crepe [] Master maradens_crepe  |1.7325 1.7325 area density of 3mm cr
adens_hemp [x] Master maradens_hemp  0.17141 017141 area density of hemp ir
adens_jute [] Master maradens_jute 0.36667 0. 36667 area density of jute {co
adens_|atex [>] Master maradens_latex: 0.13476 0.13476 area density of latex ir
adens_linen [>) Master maradens_linen 0,1006 0.1006 area density of Flax line
adens_petFoan [*] Master maradens_petfoam 0,195 0,195 area density of PET Fo:

adens_redboard [*] Master maradens_redboard 1.4055 1.4053 area density of redboa
adens_rubbahyde [><) Master moradens_rubbahycD. 47641 0.47641 area density of rubbah
adens_rubber [x)Master moradens_rubber  |0.88312 0.86312 area density of rubber
adens_shpet [*] Master maadens_shpet 10,32 0.3z area density of SH-PET
adens_suede [] Master maradens_suede 1074 0.74 area density of 1.5mm
adens_synthetic [] Master maradens_synthetic 0. 15799 0.15799 area density of synthe
adens_wool [] Master maradens_wool 0.34419 0.34419 area density of wool in
area_mslowkop [>) Master mararea_mSlawtop 73,99 73,99 area of lowtop men's 9
area_rndsole [) Master mararea_mBsale 3362 33.62 atea of men's 9 sole in
dens_aluminum [] Master mardens_aluminum 2.7 2.7 density of aluminun in
dens_brass [<) Master modens_brass 5.575 3.575 average density of bra
dens_carpet [><) Master modens_carpet 0.12 0.1z density of carpet pad i
dens_coconut [<] Master mordens_coconut 12159 1.2159 density of coconut she
dens_copper [] Master mardens_copper  8.96 8.96 density of copper ingh
dens_crepe [] Master mardens_crepe 0.76694 0. 76694 density of crepe rubbe

It is important to note theonly value parametershould be displayed in tt
Parameter Explorer in this way. This includes “place keeper” parameters that w:
created for future user inputs. Incorporation @& tonditional parameters will |
discussed in the following section. As shown abadlve ,scenario “New” has be:
renamed “Shoe 1”, and another scenario named “Shmas created. New scenar
can be created from the left pane of the windowtdJp scenarios were createc
EcoSTEP to allow multiple comparisons if desirede TAlias/Grouping” columr
allows the parameters to be renamed only for tpgae of the scerio analysis; i
will not change the model in any way. Instead @f plarameter nanmens_wome|,
which is not sellexplanatory, the alias can be changed to a morerstahdabls
description, such as “Is the shoe a men’s or wosngmde?” This feature fiher
allows ECOSTEP to be u«-friendly. This process is repeated for the madtan pnd
the subplans to compile all the parameters needed for EE®

Subsets: The Face of EcCoSTE

While conditional parameters introduce the flexipiheeded in ECOSTEit is not
very useful to a designer, who does not want tmléaw to input the correct integ
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to get the desired result in ECOSTEP. TherefoeSubseteature within the
Parameter Explorer is used for every conditionahipeeter needed for ECOSTEFs
the name suggests, Subsets are sort -scenarios that can be incorporated into
main scenario group, i.e. ECOSTEP. Subsets asaigesto numerical values witt
a parameter, so that users can select these neonesa simple pu-down ment
instead of having to input a number. Subsets allow @ EP interface to be
simple as GaBi allows user inputs to be. Therefibis,the most essential feature
terms of usability.

A new subset is created by clicking on <New: Subset>tab on the ldfpane. Next
a name is given for the subset (e.g. “Men’s/Wonignkhen, a blank frame is shov
on the right pane. A new subset is created by-clicking on the blank space ont
left pane under the newlyreated subset tab, and selecting “Add sco.” Here,
naming is important because the user will be makisglection between the
scenario names. Then, the options to select GgBctshwill appear. Here, tt
conditional parameter that this subset will replacgelected. It is important thie
parameter in question is not already displayethénbain Scenario group. If a sing
parameter is displayed twice in the window, GaBi display an error. In thi
example, the global parame mens_womensill be selected (Figure C)3Then, ¢
numercal value will be displayed under the column of thieated scenario “Men’s
The default is 0, which is convenient since a ch@tmen’s shoe is set up to
mens_womens= the model. Another scenario is created, thenathtiomen’s”,
to represent women’s shoe in the model. Here, the value mushlaaged to 1, t
allow the model to perform calculations wrmens_womens=1

Figure C13: Subset “Men’s/Women’s” that will replace the condital paramete
men_women

SCenarios ]Parameter] Plan ]

DB object settings SCEnarios
EcoStep test Alias,Grouping |GaBi object  |Parameter Men's Wiomen's |[Comment

< Mew: Scenario group > MEn_WOmEn [x] Master momen_women 0 1 O=men; 1=women |

Subset: Men's/\Women's

[Flé Mer's
[Fl& women's

Once a subset has been createcan be referenced as a GaBi object on the |
EcoSTEP tab. When the conditional parameter idaiysd as a subset instead ¢
global parameter, the user can choose betweely easiérstandable choices wh
still harnessing the power of conditional rmeters (Figure C13).
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Figure C14: Subset “Men’s/Women’s” shown in parameter explongih the pul-

down menu displayed

Scenarios lParameter] Plan l

DB ohject settings

Basic settings (valid for all Scenarios)

EcoStep test Alias i Grouping |GaBi object Parameter talue (Commel
Basic settings {valid For all Sce...
[Flé shoe 1 z
Shoe 2
.‘ Scenarios
iz Grouping |GaBi object |F'arameter Shoe 1 |Shoez  |[Comm|
Men's/iiomen's Subset Men'sfomen's [Men's Wome *

adens_cardboard

adens_carpet

[*] Master moradens_cardboari, 27524
[] Master moradens_carpet

_jaread

0.41 area

Once all value parameters and conditional subsstsssary for calculation a
displayed in the main scenario group, it will laokich like the ECOSTEP us
interface, as displayed below (FigiC15).

Figure C15: EcoSTEHnNterface shown with extensive use of subsetsanebf

conditional parameters

Hows is the shioe assembled?

> Primary Upper
‘What is the primary material used for the upper?
What 9% of the upper does this material cover?

> Upper 2
wWhat 2nd material is used For the upper?
What 9% of the upper does this material cover?

> Upper 3
‘What 3rd material is used for the upper?
What 9% of the upper does this material cover?

> Upper 4
What 4th material is used for the upper?

If none of the models Fit vour shoe, enter the approximate a
would wou like to look at the entire life cycle or only the

‘What % of the upper does this material cover as an overlay (

What % of the upper does this material cover as an overlay

What % of the upper does this materials over as an overlay

Subset
Subset

= Section 2: Shoe Upper (¥amp, Quarter, Tongue)

Subset

E@Ehssembly, Upper -
E@Ehssembly, Upper -

Subset

E@Ehssembly, Upper -
E@Ehssembly, Upper -

Subset

E@Ehssembly, Upper -
E@Ehssembly, Upper -

Subset

(] Master model glabal papam foot_caver

"Masterpcnt_UP1
Masterpcnt_OWUPL (10

Alias)Erouping |GaBi object |Parameter |5h|:|e 1
> Section 1: The Basic Information
Is it a Men's 9 Shoe or Women's 77 Subset Men [ Women \Womens 7
‘what kind of shoe would vou like to design? Subset Shoe Type Low Top Sneaker (74in2/6%i0 «

Lo Top Sneaker (74in2/63in2)
High Top Sneaker (32in2{76in2)
- Sandal {10inZ/inZ)
Construction Tyl sjipper (46inz/43inz)

Flat { - | 43in2)

Mid Calf Book {230inz/214inz)
KUnEEIDI-ﬁgh Book ¢ - [ #&1in2)

Materials Only

Upper 1 Makeria
100

Upper 2 Materia Synthetic Rubber

"Masterpcnt_IUP2 10
Masterpcnt_OWUPZ 0

Upper 3 Materia - Mone -

"Masterpcnt_UP3 i}
‘Masterpcnt_OWUPZ 0

Upper 4 Materia - Mone -

Indexing: Finishing Touches to ECOSTE|

If the current scenario group is linked to I-Report display, it will appear as a lo

list of questions and inputs in spreadsheet fotns. éxpected that designers may

want to see certain parts of the inputs that atemportant to them (e.g. the desigi
does not care about the sole mial). Therefore, the indexing feature of
Parameter Explorer was used to organize inputshiet@rchies

Indexing allows the user to display or hide cerfaants of the inputs depending
the needs of the user so that they are not ovemétkeWith nore than a hundre
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input lines. For example, if the designer only vgaiot assess the differences am
materials in the upper, the inputs for accessanesot relevant in the analy:

The concept is exactly like the folder system impaters. Undethe “Folders” view
in Windows, a list of folders will be displayed Wwit+” to the left of the folders
When these +’s are clicked, the folders and fimstained within it will be displaye(
The same logic is followed with indexing in the &aeter Explcer, except the file
will be parameter inputs. The process will be v@mgilar to creating folders, the
inserting whatever files or other folders neededuather indexinc

In the Parameter Explorer window, the “Alias/Gragdi column can be edited lore
a GaBi object is selected. When text is enteremlantow without selecting a Ga
object, the text in the cell becomes bold and bexoan“folder.” The folder can t
right-clicked and dragged to any row in the right parieerAatively, there is a
option to send the row to the very top or bottomikesfolder moves positions, t
parameters or other folders below the folder benoyed will be indented, to indica
that these objects have been indexed below therfddd the folder is moved, deft
indexing will happen automatically; however, obgecan be reorganized using
arrows that are now displayed in the two gray bdgdbe very left of the row:
These arrows indicate which direction an ot—folder, subset, or parame—can
be movedClicking the left arrow will move the object to gher index, and the rigl
arrow to a lower index.

The indexing came verified by accessing th-Report (if there is @ dongle availabl
to access I-Bport, GaBi analyst can be used instead) undéibalance calculation

menu. If the correct dongle is inserted into thenpater’s USB port, th [Rl icon
should be available; otherwise, the result of titeeking can also be seen in the G
analyst. In the report window, the le-most pull-down menu ahé top should be s
to “hidden.” When the “hidden” menu is set to “toffie Parameter Explorer pa
should appear. On the left pane of the Parameteloker pane, the scenario grc
EcoSTERshould be available as a tab. The ECOSTEP intedande acvated by
right-clicking on the tab and selecting “activate.” O the interface is activatec-
Report must exit from thedit mod: to read modeo verify the indexing. To go to tt

read mode, the ico ks ur-clicked (Figure C1§% In the read mode, theolders”
created in the Parameter Explorer should be vis#té®, parameters, subsets,
other folders nested inside should appear to gatsliindentec
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Figure C16: The indexes created shown in read mode«report

Alias)GErouping |Sh|:ue 1
- = section 1: The Basic Information
Is it a Men's 9 Shoe or \Waomen's 77 Wornens 7
|| what kind of shoe would wou like ko design? Low Top Sneaker (74in2/6%i02)
|| 1F none of the models fit wour shoe, enter the approximate a 0
| would wou like to look at the entire life cycle or only the Cnly Shoe Components
|| How is the shoe assembled? Yulcanized

- |= section Z: Shoe Upper (¥amp, Quarter, Tongue)
- | == Primary Upper

What is the primary material used far the upper? Cotkon
| what %% of the upper does this material cover? 100
| what % of the upper does this material cover as an overlay 10
: == Upper 2
Wb ok S e mbmwis] e e Eme B i CToankbsbis Okl

There is a * to the left of blders to indicate that line is a folder, and thaan be
collapsed to hide all object nested under it. Wien™-* is clicked, all objects unde
the folder should be hidden. For example, the ‘iBa@” folder iscollapsed (Figur:
C17).

Figure C17: Section 2, the upper inputs, hidden by clicking t-* beside the cell
indicated by the arrow

Alias) Grouping |5h|:ue 1
- |= Section 1: The Basic Information
|| Isit aMen's 9 Shoe or Waomen's 72 Wornens 7
|| what kind of shoe would vou like ko design? Low Top Sneaker (74inz/69i02)
| 1F none of the maodels fit wour shoe, enter the approximate a 0
| would voul like ko look at the entire life cycle or only the Cnly Shoe Components

How is the shoe assembled? Yulcanized
+ f= Section Z: Shoe Upper (¥amp, Quarter, Tongue)

- |= Section 3: ACCcessories

Wehat material is used for the laces? Crganic Cokkon
-] == Eyelets
| what material are used For the evelets and vents? Copper
] How mary evelets and vents are on this shoe? 12
-] >> Snaps
| what material is used For the snaps? - Mone -

The input rows for section 2, the upper, has bedamgsed and hidden. Section 3,
accessories, inputs are now visible for entry. Baating folders in ppropriate
sections and having them collapsed when EcoSTERt®pened, designers ¢
access only the desired components without beiegnelmed by hundreds of roy
(Figure C18).
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Figure C18: All but Section 1 hidden by indexi

Alias)Grouping |Sh|:ue 1

= Section 1: The Basic Information

|| Isit a Mer's 9 Shoe o Women's 72 Wormens 7

|| what kind of shos would wou like ko design? Low Top Sneaker (74n2/6%N2)
|| 1F none of the models Fit wour shoe, enter the approximate a 0

| would woll like ko look at the entire life cvcle or anly the Cnly Shoe Components

|| How is the shoe assembled? Wulcanized

= Section 2: Shoe Upper {(¥amp, Quarter, Tongue)

> Seckion 3: Accessories

= Section 4: Inner Lining and Foams (Inside layer of st
= Section 5: Non-visible Reinforcements

= Section 6: Sole

+]+]+]+]+]
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APPENDIX D;: MEASURED/ RESEARCHED GABI VALUE INPUTS

Parameter

Value Comments Reference
name
GP measurements —
adens_cardboard 0.2782#nass to area ratio in g/in2 | samples

mass to area ratio of carpet GP measurements - shoe
adens_carpet 0.41pad in g/in2 disassembly

mass to area ratio of cottor

(conventional & organic) in
adens_cotton 0.22371g/in2 GP measurements

mass to area ratio of 3mm | GP measurements —
adens_crepe 1.732%repe rubber in g/in2 samples

mass to area ratio of hemp| online research:
adens_hemp 0.17141n g/in2 www.envirotextile.com

mass to area ratio of jute | online research:
adens_jute 0.3666/7(cotton blend) in g/in2 www.alibaba.com

mass to area ratio of latex | GP measurements - shoe
adens_latex 0.1347@nsole in g/in2 disassembly

mass to area ratio of flax | online research:
adens_linen 0.100plinen in g/in2 www.fabrics-store.com

mass to area ratio of PET | GP measurements - shpe
adens_petfoam 0.1950am in g/in2 disassembly

mass to area ratio of

redboard in g/in2 (covers | GP measurements - shoe
adens_redboard 1.40%®alf of sole) disassembly

mass to area ratio of GP measurements —
adens_rubbahyde0.47641| rubbahyde in g/in2 samples

mass to area ratio of rubber GP measurements —
adens_rubber 0.8631verlay in g/in2 samples

mass to area ratio of SH- | GP measurements —
adens_shpet 0.32PET samples
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GP measurements - shoe
mass to area ratio of 1.5mmdisassembly; online

adens_suede 0.74uede/leather in g/in2 research

mass to area ratio of

synthetics (virgin & online research:
adens_synthetic| 0.15799ecycled) in g/in2 http://www.alibaba.com

mass to area ratio of wool iInGP measurements - shoe
adens_wool 0.34419g/in2 disassembly

area of lowtop men's 9 Measured and estimated
area_m9lowtop 73.9Bupper in in2 using best fit polynomia|

Calculations done in
area_m9sole 33.62area of men's 9 sole in in2 | ImageJ

density of aluminum in
dens_aluminum 2.7Yg/lcm3 online research

average density of brass in Measured from jeans

dens_brass 8.575/cm3 Zipper

density of carpet pad in GP measurements - shoe
dens_carpet 0.12g/cm3 disassembly

density of coconut shell in | GP measurements - shoe
dens_coconut 1.2159%/cm3 disassembly
dens_copper 8.96density of copper in g/cm3| online research

density of crepe rubber in | GP measurements —
dens_crepe 0.76694/cm3 samples

GP measurements - shoe

dens_EVA 0.12797 Density of EVAin g/cm3 | disassembly

density of latex & cork GP measurements - shoe
dens_latexcork 0.5397blend in cm3 disassembly

density of latex foam in GP measurements - shoe
dens_latexfoam | 0.20767/cm3 disassembly
dens_nickel 8.912density of nickel in g/ cm3 | online research
dens_nylon 1.1% density of nylon in g/cm3 online research
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density of PET in g/cm3
(average of amorphous an

)

dens_PET 1.41 crystalline) GP measurements
Density of polyurethane in | GP measurements - shg
dens_PU 0.13g/cm3 disassembly

be

density of car tire rubber,
synthetic rubber, recycled

GP measurements —

dens_rubber 1.Brubber in g/cm3 samples
GP measurements —
foot_cover 0 Foot cover in square footagesamples
cutting loss percentage of
loss_fabric 0.03 fabric Specification sheets
cutting loss pecentage of
loss_leather 0.15leather Specification sheets
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APPENDIX E: SHOE AREAS

Within the GaBi model, the shoes are defined netatib one particular shoe design.
Specifically the baseline model is the men’s low $neaker, which has an upper area
of 74 irfand a sole area of 33.6in

Upper Area Ratios (Baseline area

74 in?)
Shoe type Multiple Comment
Sandal 0.13 Ratio of Flippee:Tuba
Flat 0.61| Ratio of Flat:Satire
Slipper 0.62 Ratio of Slipper:Satire
Low top sneaker 1 Tuba (same upper area as Satire)
High top sneaker 1.11Ratio of Carwalk:Tuba
Mid calf boot 3.11 Ratio of Ugg:Satire
Knee high boot 4.08 Ratio of extrapolation:W7Satire
Mens 1

Ratio of mens Tuba:womens

Womens 0.93 Satire

Sole Area Ratios (Baseline 34 fi)
Sneaker 1
Non-Sneaker 1.25
Mens 1
Womens 0.77
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APPENDIX F: LCA ASSUMPTIONS

LCA Assumptions

In life cycle assessment, there are series of ib@cimaking processes that
substantially affect the resulting environmentagbauts of the model. Upon initial
discussion of the environmental impacts resulsoELCA report, it may seem self-
explanatory. However, many assumption and appraiomawere made which led to
the impact results. One such assumption is theidgaef the system boundaries,
which dictate what part of the product chain iduded in the assessment. In
addition, if an LCA software is being used for #ssessment, much like ECOSTEP
uses GaBi4 software, then decisions must be ma@ed®mg which data to use from
an array of options. Because LCA software canneags be expected to have the
exact data needed for the specific product, EcoSIfted uses data that are
considered to be similar or approximate to thermfation needed.

It is important to recognize the assumptions thatehind the LCA results to
develop a deeper understanding of the environmenfacts that result. To gain a
thorough understanding of the presented resultsugt be recognized what types of
information were included or excluded through agstions.

System Boundaries

In life cycle assessment, it is crucial to cleatbfine the system boundary of the
analysis: what goes in and what goes out. A prolifectycle typically has five
phases: material extraction, manufacturing, digtrdm, use and maintenance, and
finally disposal. This project diverges from thamodue to the nature of the product.
Since it is assumed that shoes rarely undergo erante and repair, the impact of
use phase is considered negligible. Therefors,akcluded from the analysis.

Within the manufacturing phases, the model alsaded on certain aspects of the
process. ECOSTEP does not include any inputs &fatility resource use beyond
those attributed specifically to the manufactugimgcess. Simple Shoes are
manufactured in factories that also produce othee $rands and it was not possible
to determine the proportion of Simple Shoes conptoether brands. Therefore,
facility components such as ambient heating, lighor building infrastructure were
not included.

Packaging, which is another portion of the manufi@at phase, is also excluded
from the LCA. This exclusion is more due to lackrdbrmation on the various types
of packaging; moreover, the current GaBi databasleeld sufficient data on the
disposal and recycling of cardboard and plastibe. groject aimed to focus primarily
on allowing designers to compare similar typeshafesdesigns under consideration.
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Therefore, packaging type and material was expeoteé similar and did not
contribute to determining relative differences bstw scenarios.

Adhesives and other additives, which are essefotidhe assembly process, were not
included in the model. One primarily reason adresgrere not includes was that the
data for producing the glue was not available en@aBi database. Also, the scope of
the model did not include assessing for how assgmplts of material and energy
vary depending on the type of materials used byldseggn. However, the potential
harm of using solvent-based glue was assessedBn &ecording to a 2009
Timberland CSR report, an average of approximat@lgrams of VOC (volatile
organic compounds) was emitted per pair of assadrdflees. While this is a
substantial amount of pollution to the air, it wasnd to be inconsequential when
comparing to the total human toxicity potentiatioé entire life cycle of the shoe.

The 70 grams of VOC emitted was estimated to keetlesn 1 percent of the harm
done by the electricity generation and coal-firedds attributed to the assembly
process.

Transportation beyond the distribution center was not considered. Because
Simple Shoes ships their product nation-wide, tee high uncertainty in modeling
transportation. Also, ECOSTEP focused on the elésniarthe supply chain that can
be controlled by the designer. The users of theahae expected to have little to no
control over where the manufactured products ane se

General Assumptions and Limitations in LCA Processg Data

Similar to how assumptions made in the ECOSTEP huadeaffect the resulting
environmental impacts, assumptions made when ¢iigethe LCA data for a
specific process can affect the results. PE anoheeot often draw their system
boundaries differently. For example, PE databased to exclude the building
infrastructure when considering a process, whit@reent database typically
incorporates the infrastructure. A truck transpostaprocess in PE considers only the
operation of the truck, while ecoinvent will algké into consideration the
construction and maintenance of the road systemr.eftre, ECOSTEP used PE
database processes whenever possible, utilizingwd data only when
unavoidable. Also, there was a need to comparerigonmental impact results with
the 2008 model, which used PE processes exclusively

The processes stored in GaBi databases are adsorefiion-specific, as denoted by
ISO geographic acronyms. For example, a procegzréatucing cotton may be
specific for China (denotedN). Therefore, the elementary flow emissions acaedint
for in GaBi associated with producing a certain animf cotton is specific to a
typical supply chain in China. The geographic sfp@ty of processes does not
necessarily denote the production of the mateami#he region; instead, it indicates the
resources needed to make the material availaltteeiregion. Therefore, a process for
cotton in Germany may require cotton sourcing flohina or Turkey. Because GaBi
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is developed in Germany, many of the processeagediin ECOSTEP have European
origins, although US inventory data are becomingenammmon. Also, inventory
data for Chinese industrial processes are very Aditeough Deckers may have
information regarding the material source origirgan not be modeled if the GaBi
database lacks processes with the appropriate ggugrorigin.

Proxy Processes Utilized in ECOSTEP Model

Due to the limitations posed by the LCA databasmestradeoffs must be made
between accuracy and abundance of options fordée li there is too much
emphasis in ensuring that the process used in tlielns specific to Deckers, then
there may not be enough material options to chtrose in the ECOSTEP interface.
Thereforeproxieswere often used as the next best process availatile database.
It is important not to select proxies without catefonsiderations of the implications
for selecting a process not specific to the prodlteetycle under analysis. When
interpreting the environmental impacts of the mpttedre needs to be an
understanding of why a certain result may vary fexpected values since this may
be due to the proxies used in the model. For exanifghe impact the transport
phase of the LCA model proves to be smaller thapeeted, then the LCA
practitioner would need to know how the proxy pssss for truck operation and fuel
production may have contributed to this result.

Often, data for only a generalized global averagpegss is available for a material,
so there are no options for selecting the corregtro If there are multiple options
and the correct geographic origin is unavailaldee background research may be
required to select the most likely scenario. Famegle, research was needed to
determine which truck emission standard from Eulism®mparable to the standard
in the United States. Sometimes, the desired nahisrsimply not available in the
database. In this case, there may be other practsseclosely reflect the type of
industrial activities that are needed for the dbimaterial. For example, one type of
plastic that is unavailable in GaBi may have venyilar inputs as another plastic
process that is available. If no information isikalae to choose a reasonably proxy,
the worst case scenario process that has the highgsct may also be used. Proxies
were utilized throughout the model, including dibges of the product life cycle.

Material Process Proxies Utilized in ECOSTEP

Simple Shoes often utilizes innovative materiaét tire often unavailable in the
GaBi database. For example, Simple Shoes plametogorate beeswax coated
materials in their future designs. This materialngvailable in the current database,
and can, therefore, not be modeled. However, reddemroxies were available for
some materials. Simple also utilizes lyocell fibehnjch is essentially rayon derived

" A complete summary of the proxies used in the H&Smodel is available at the end of this
Appendix.

-F3-



from hardwood (Patagonia, 2010). Process datgyémell was not available in GaBi
per se, but general data for rayon (viscose) wasadle; therefore, the viscose
process in GaBi was used as a proxy to lyocelhagproduction methods were
comparable. The viscose process in particular wskal average, which means that
the sourcing information for this material had begeraged from worldwide
production. Proxy processes were also used foeandmber, coconut shell, and
nickel.

The most commonly used proxy process in ECOSTERefabric weaving process.
This process is the production of woven fibers arr@any, including all the
transportation needed to make woven fabric aval#idre. As such, the incorporated
transportation in the process was used as a pomthettransportation needed within
China to deliver cotton fibers to the mill. The pess is set up so that there is an input
flow of a fiber and an output of a woven fabrictidugh the process is specific to
cotton, it was considered to be a sufficient printyall types of fibers available in
EcoSTEP, including natural and synthetic fiberdQ@hepa, e-mail correspondence).
That is, the activities which the process modetgiseral enough that it can be used
to produce textiles of any fiber in the model.

Transport Phase

Just as proxy material processes were often wiiz&EcoSTEP, geographic proxies
were used extensively in transport, assembly, apbdal. Again, this is mostly due
to the lack of LCI data from China, since the GpRicesses are primarily of
European origin. Because most transportation p re of Eurpean origin, they
are modeled to reflect the emission standardsysttebEU. Therefore, the diesel
truck emission standards of EU and the US were apeapso that the most
appropriate proxy can be selected for ECOSTEP.

ST

EcoSTEP only models transport that occurs betweeort of Yantian and the Port
of Long Beach, then to the distribution center anrillo. Therefore, only two
modes of transport are used, a cargo ship andfect@uck, along with the
associated fuel production processes. The GaBbds¢aonly offered one cargo ship
process, and it was a generalized, global averbg®,500 tonne cargo ship
operation. However, GaBi offered a vast array dfans when selecting trucks from
different capacities to emission standards. Thac@pwas assumed to be roughly 30
tonnes, since the 40-foot containers that all Seng¥loes products are transported in
are estimated to have a maximum capacity of 30ioteinnes (Emase, 2010).

The emission standards posed a greater challersgeict the appropriate proxy. The
emission standards specified in GaBi are Europtardards and US trucks clearly
have no requirement to follow these standardse&usttrucks in the United States
must follow a federal standard (DeiseINET, 2009igSion standards are usually
gauged on four factors: total hydrocarbons (TH@)bon monoxide (CO), nitrogen
oxides (NOx), and particulate matter (PM). Accogdia The Port of Long Beach,
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1994 was the average model year of heavy-duty $ruiskting the port in 2006;
therefore, the federal emissions standard appbicabinodel year 1994 was used to
compare with the EU emission standards given iniGEfRe comparisons of the US

and EU emission standards are summarized below:

Table F1: Summary of EU emission standards compared to US&&kdmission
standards applicable to 1994 model year truckg/kdvh)

Euro | Euro Euro Euro Euro Euro
US (1994) I Il 1 v \% VI
THC 1.8 11 11 0.66 0.46 0.46 0.13
CO 21.2 4.5 4.0 21 15 1.5 15
NOx 6.8 8.0 7.0 5.0 3.5 2.0 0.4
PM 0.10| 0.36 0.25 0.10 0.02 0.02 0.01

Although the US standard for carbon monoxide isrdtzcally higher than the
European standards, the other three criteria sagvay similar. Euro Il standard has
the closest target values for THC and NOx (hightkghn green). However, Euro 1lI
standard has the same target for PM as the USasthnthile Euro Ill has the same
target, it was not considered a viable proxy beeafshe low THC target, which
drives global warming and smog. Also, Euro | staddeas a slightly closer CO target
to the US standard than Euro II, but Euro | wasaooisidered because the relative
increase of the CO target from Euro Il and | wasssantially smaller than the
increase in the PM target from Euro Il to I. Theref Euro Il truck process was used
as a proxy for 40-foot trailer trucks operatingdalifornia. After the Euro Il truck
process was chosen, the process for diesel fuduption was needed. Fortunately, a
US-based process for diesel fuel production wasgadla, so it was utilized in
ECoSTEP.

While there are many processes available for trutiese was only one process, a
global average process, available for the contsimerA container ship process was
needed to transport the assembled shoe from the@Pdantian, China to Port of

Long Beach. A US-specific process on heavy fuetipotion was linked to the global
average process of a container ship. This was derexi acceptable because the ship
is assumed to refuel at US ports.

Assembly Phase

Like the transport phase, the assembly consistedlgfa few processes: electricity
and steam. Initial data was obtained for the repteant of machinery parts. However,
this data was not used for two reasons. Firsteaet weights included a high level
of uncertainty due to a lack of information on #pecific part. Second, when the
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amount of secondary inputs was determined for pagtof shoes, the weights were
insubstantial due to the high volume of shoes predun each factory every year.
Therefore, we assumed that only energy inputs woaitdribute significantly to the
model.

Instead of the indirect inputs in a factory, direnergy inputs were accounted for in
EcoSTEP, which included electricity to power theeasbly machines and steam that
is needed for some machines. Electricity is usqubteer the various machines
required to assemble the shoe components. In adddielectricity, press machine
and autoclave heaters require steam inputs. Clyrenal-fired boilers in the
factories supply the steam (J. Hadap, e-mail cparedence).

The power grid that supplies the electricity fosesbly was assumed to be China’s
average mix. China’s electricity mostly originafessm coal and hydroelectricity at
approximately 81% and 15%, respectively (Table R2)ypothetical scenario of
changing the electricity source from a China grid ta the US was conducted
because Deckers is exploring the option of moviregrtassembly efforts to the US.
In this scenario, the hypothetical factory was ae=iito have identical machinery
with the same energy input requirements as thecarrently in place in China.

Table F2: Comparison of electricity source mix between US @htha

Pr?foun?'on US Grid Mix | China Grid Mix
- coal 48.71% 81.01%
- oil 1.80% 1.03%
- gas 21.04% 0.93%
- biomass 1.14% 0.07%
- waste 0.51% 0.00%
- nuclear 19.24% 1.89%
- hydro 6.34% 14.80%
- geothermal 0.39% 0.00%
- solar PV 0.00% 0.00%
- solar thermal 0.02% 0.00%
- wind 0.80% 0.27%
- other sources 0.03% 0.00%
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The relative change in impacts was assessed fahiftdo a US power grid mix.
Acidification, eutrophication, global warming, ahdman toxicity potentials all see a
decrease in impacts by over 20%. However, theaa increase of 180% in the
freshwater ecotoxicity potential when shifting t&J& power grid mix. This increase
in FAET is likely attributed to the use of coal-be@thane.

End-of-life Phase

The disposal of the designed shoe has been draithasonplified in ECOSTEP.

Since the model was built for designers, a singhelfilling process was used for all
shoes designed. Since there were no GaBi landfiigsses for apparel products, the
disposal of inert materials (rather than municiaindustrial wastes) was chosen as a
proxy. The organic wastes in the municipal or indabwaste processes would have
resulted in inappropriately high levels of greerd®mgas emissions from
decomposition. Taking these factors into considanatandfilling of inert waste,

such as glass, was selected as a proxy for disgpadpair of shoe.
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Table F3: List of processes used.

Process Name

Component Use

Process type Region Proxy for Database
Upper Lining Accessories | Reinforcement]  Sole
Cotton production conventional
(10% H20) X X X X X Plant - PE
Organic Cotton production X X X X X Plant - PE
Hemp long fibre X X X Plant Germany PE
Jute fibres, irrigated system, at farm X X Plant India Ecoinvent
Viscose fibres, at plant X X Plant-derived Global Lyocell Ecoinvent
Fabric Production X X X X X Fabric weaving - Fiber weaving PE
Coconut fibre (Type bristle, brown) X Plant-derived Sri Lanka Coconut shell PE
Cork slab, at plant X Plant-derived Europe Ecoinvent
Leather (uncoated; 1 gm) X X X Animal-derived Germany PE
Wool, sheep, at farm X Animal-derived us Ecoinvent
Polyethylene terephthalate . )
granulate (PET, amorph) X X X X Plastic Europe ELCD/PlasticsEurop|
Polymer granulate u_nspezmc X X Plastic ) PE
sekundary (mechanical)
Nylon 6.6 granulate (PA 6.6) X X X X Plastic Europe ELCD/PlasticsEurop
Acrylonitrile (AN) PlasticsEurope X X Plastic Europe PlasticsEurope
Ethylene Vinylacetate Copolymer X X X Plastic us PE
Polyurethane flexible foam (PU) X X X Plastic Europe PlasticsEurope
Styrene-butadiene rubber mix X X Rubber Germany PE
(SBR)
Latex concentrate (60% Latex) X X Rubber, natural Thailand Crepe rubbe PE
Natural rubber (NR) X X Rubber, natural Germany PE
Aluminum sheet mix X Metal Europe PE
Brass X Metal Germany PE
Ferro nickel (29%) X Metal Germany Nickel PE
i 0,

Copper mix (99,999% from X Metal Germany PE
electrolysis)
Fuel oil heavy at refinery Fuel us PE
Deckers Contaimer ship / approx. Transport Global ELCD/PE-GaBi
GLO: Truck 28 - 32 t total cap. / 2211 Transport Global 40-ft US Truck ELCD/PE-GaBi
payload / Euro 2
Diesel at refinery Fuel us PE
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Power grid mix Power us PE

Steam from hard coal 84% Steam us Steam, China PE

Steam from natural gas 89% Steam us Steam, China PE
Disposal Europe Disposal PE

Landfill for inert matter (Glass)

Summary of processes used in ECOSTEP GaBi Model
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