ABSTRACT
WOODSON, JENNIFER MICHELE. Benchmarking a Sustainable Textile Footprint. (Under
the direction of Dr. Trevor Little and Dr. Lisa Parrillo-Chapman).

There is currently a great deal of pressure being exerted by consumers, branded
apparel companies, and government for apparel and textile manufacturers and retailers to
implement environmentally sustainable initiatives. These pressures are not likely to subside
in time, as the impact of current industry practices on the earth has become more apparent in
recent years. Being able to enter the sustainable market, and remain globally competitive is a
prime concern for companies in the textile industry.

There is currently a lack of definitive guidelines for sustainable initiatives in the
textile industry. Therefore, there is an undeniable need for a comprehensive tool that will
provide information on sustainable practices and allow a company to benchmark itself.
There is also a need for a sustainability metric that a company can utilize to assess and
benchmark itself in a valid manner.

The objective of this research was to provide companies in the textile industry with a
method to both assess and benchmark themselves in regard to their environmental sustainable
initiatives.  After gathering and analyzing information from primary and secondary
resources, a metric was developed which allows companies to assess and benchmark
themselves in regard to their environmental sustainability practices. The metric was
developed from the American Apparel and Footwear Association’s Restricted Substance List
and the Institution of Chemical Engineers’ Sustainable Development Process Metrics. The

Delphi method was utilized to complete this research. This method allowed the researcher to



identify industry experts who were then asked to voluntarily participate in the study. These
experts evaluated the metric and provided valuable feedback via e-mail and survey response.
Following the general evaluation, three companies were selected to participate as case study
companies based on the representative’s knowledge of sustainability, and on the sustainable
initiatives implemented at the company. The headquarters for each case study company was
visited as part of the research. During the visit there was a discussion and review of the
proposed sustainability metric, a site tour, a review of the sustainable initiatives already in
place at the company, and those sustainable initiatives to be implemented in the near future.

After reviewing all of the data, the proposed metric was refined, and can now be
implemented in the textile and apparel industry. The final metric is in Microsoft® Excel
format, and contains eleven worksheets which a company should complete annually. The
metric utilizes value added, termed “Sustainable Textile Value Added” for this study, to
normalize the data input by companies. Normalizing the data allows for companies to be
compared within, and across, industries regardless of size or other factors that could
potentially skew the data.

Although there is currently resistance in regard to completing such verification
worksheets, such assessments are necessary in order to move toward the achievement of
sustainability. It was unanimous amongst all participants that the metric would be a viable
way in which to evaluate the sustainability of suppliers and retailers in the textile and apparel

supply chain.



Specifically, the objectives of this research were:
1. The development of a comprehensive sustainability metric.
2. The assemblage of resources to be utilized in a database that would allow textile and
apparel companies to access specific information relating to:
a. Definitions associated with sustainability
b. Case Studies of companies implementing sustainable initiatives
c. Sustainability Metrics
i. Metrics currently available
ii. Metric proposed by the researcher
d. Related Scholarly Articles
3. To provide case study examples of successful sustainable practices within the textile

supply chain.
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CHAPTER |

INTRODUCTION

Sustainability in the global textile industry, while a topic of discussion for many
years, has recently become a primary concern for manufacturers, retailers, and consumers
alike. Sustainability is most commonly referred to as the Triple Bottom Line (TBL). The
three aspects that make up the TBL of sustainability are: social, economic, and
environmental. The social aspect of the TBL has well defined guidelines, with minimal
ambiguity. Along with the globally recognized organizations that audit and certify facilities
as being socially responsible (Table 1), there are also stringent government regulations
mandating the ethical treatment of employees (Global Reporting Initiative, 2006; Laufer,
2003; Worldwide Responsible Accredited Production, 2008). The economic aspect of the
TBL has been thoroughly researched, and is connected to the strategic management of a
company (Lankoski, 2006; Porter & Linde, 1995; Schaltegger, 2006). The implementation
of the social and the economic aspects of the TBL are in striking contrast to the
environmental aspect, which lacks clear definitions or guidelines. In addition, it is unclear to
many companies how environmentally sustainable initiatives will affect the economic
sustainability of their company.

While many industries have well defined sustainability metrics in place the textile
industry lacks a comprehensive metric in which to assess the sustainability initiatives that
have been put in place. While there are a myriad of sources providing standards, restrictions,

or certifications, no one metric has come to be recognized as the definitive metric for the



textile industry. The sustainability metrics that currently are available do provide insight to
the most important aspects of the TBL that should be addressed and evaluated on a regular
basis.

Currently, there is significant disagreement and debate about how to measure or
quantify environmental sustainability. Within the textile industry, companies are faced with
a myriad of labeling programs, third party certifications, and guidelines from various sources
that do not always overlap. In recognizing the importance of sustainability, companies are
attempting to implement more sustainable practices, although more structure and guidance is
necessary in order to push this movement forward. There are several tools and metrics
currently available that companies can use to assess their sustainable initiatives such as
SAMI, Icsp, and IChemE. There are also many third party organizations, such as Oeko Tex®,
Blue Sign, and Eco Label that have created standards, and can certify a company as being
sustainable based on organization specific test methods. Unfortunately, none of the available
standards or metrics are completely agreed upon.

Beyond the disagreement of how to measure sustainability, there is also a lack of
knowledge about the concept of sustainability. Companies new to the concept of
sustainability are finding themselves surrounded by a myriad of definitions for words such
as: green, sustainable, organic, and eco-friendly, amongst others. In its purest form,
sustainability is taking from the earth only those resources that are easily renewable, while
doing no harm to the environment. This allows for the needs of the current generation to be
met without affecting the potential needs of future generations (Coster, 2007; Cutteridge, n.d;

Government of Western Australia, 2003; World Commission on Environment and



Development, 1987). The consumption of resources should occur at a rate no faster than
which they can be replenished, and waste should be created no faster than it can be
disintegrated (Cutteridge, n.d).

While the above definition does provide an accurate denotation of sustainability, it is
more applicable in a quixotic world, which is not the one in which we live. While this
definition is one to strive for, a more applicable definition is necessary for use in our world
today. Defining other words associated with sustainability, such as green, eco-friendly, and
organic is also necessary for companies to be able to accurately assess their sustainable
initiatives.

Another aspect of sustainability that is currently still in its infancy is the ability to
measure and evaluate a company’s sustainable initiatives. Measuring sustainability will not
have a significant impact until companies are assessed in such a way that comparisons can be
made across industries. Through the implementation of a successful metric, a company
pursuing a more sustainable system can then benchmark itself.

The road to achieving sustainability is in the making, and regardless of what a
company may say, the destination has not yet been reached. The need for a comprehensive
understanding of sustainability has been reached, and this necessitates a tool which can
accurately and effectively measure sustainability. Not until there is substantial agreement on

the nuances of sustainability can it be achieved.



Purpose of Research

Problem Statement

There is currently not a definitive set of guidelines that a company can utilize to
benchmark themselves in regard to their sustainable initiatives (Coster, 2007). The absence
of definitive guidelines is due to a number of factors, such as 1) a lack of knowledge of
harmful substances, 2) disagreement on the potency of chemicals or other substances, 3)
disagreement or lack of knowledge on how the environmental effects should be calculated
and interpreted, and 4) failure to normalize the environmental data so that data is comparable
across industries (W. G. O’Neal, T. Little, L. Chapman, personal communication, November,
2009).

While there are many eco-labeling programs and third party certifications available
for textile products such as Oeko Tex®, Nordic Swan, and Eco Label, this only puts many
textile companies, who may be new to the idea of sustainability, in a vulnerable position.
Being able to discern what the best practices are, and being able to implement those
practices, is of the utmost importance for the success of a company pursuing sustainability.

The need for a comprehensive tool that will allow a company to benchmark itself, and
provide information on sustainable practices is necessary. There is also a need for a
comprehensive metric that a company can use to assess itself in a valid manner. The said
metric system should consider the most salient aspects of environmental sustainability. The

concept of sustainability needs to be accurately defined and explained, along with other



vocabulary associated with sustainability, so that companies can truly understand what it is

they are attempting to accomplish.

Significance of Study

This research is significant to the textile industry because there is a great deal of
pressure being exerted by consumers, branded apparel companies, and government on textile
and apparel manufacturers to produce more sustainable products. These pressures are not
likely to subside in time, as there is significant evidence indicating that if current industry
practices do not become more sustainable, future generations will lack the resources to
sustain life. Being able to enter the sustainable market, and remain globally competitive, is
of a prime concern for companies in the textile industry.

Textile processing in other countries, where regulations are either minimal or not
enforced, can affect the potential profits of a company that is forced to follow specific
supplier guidelines when compared to those who do not follow such guidelines. This is a
result of many retailers seeking out the least expensive supplier. This ultimately leads to a
trickle-up effect where all parts of the textile supply chain, so as to maintain profits, must
find the least expensive supplier, as opposed to finding the most environmentally sustainable
one.

As there are more initial costs associated with sustainable production that would be
passed on to customers, many retailers would have more interest in the profit margin than in

the impact certain production practices may have on the environment. This type of “not in



my lifetime” behavior only encourages those in the supply chain to seek the least expensive
route, and thus turn a blind eye to the negative environmental impacts. Companies that do
incorporate sustainable initiatives into their production processes generally have higher
priced products. This may translate into the loss of customers because of the drive to lower
costs and increase profits by the majority of retailers. In theory, sustainable practices should
provide companies with a competitive edge, and possibly lower production costs, but
retailers and other producers in the supply chain must join the pursuit of sustainability for
this to hold true.

To increase the capabilities of sustainable initiatives there is a need for
benchmarking. Benchmarking, is the process of determining what company, or companies,
have implemented what can be deemed the best practice in regard to certain sustainable
initiatives (Lowe & Ponce, n.d.). Benchmarking allows a company to determine the
effectiveness of its sustainable initiatives (Lowe & Ponce, n.d.). Benchmarking should be
considered on a case by case basis, as a company that excels in one particular initiative, may

perform poorly in a different initiative.

Specific Objectives

The objective of this research is to provide companies in the textile industry with a
method to both assess and benchmark themselves and their suppliers in regard to
environmental sustainability. For companies that source textile products, and who are

committed to sustainability, the capability to benchmark their suppliers is essential. This is



to be achieved after researching both primary and secondary resources. Through researching
the different initiatives of companies attempting to be sustainable, and gathering information
from primary resources, a sustainability metric is to be developed. The metric will allow
companies to be assessed and benchmarked in regard to their environmental sustainability
practices.

It is important that those companies that have a sincere interest in sustainability have
pertinent information at hand. A deliverable from this research is the assemblage of
scholarly articles, case studies, definitions related to sustainability, links to internet websites
associated with the TBL, and other related information that is deemed helpful in regard to
achieving sustainability for use in a database to be created in the future. The database could
provide companies with access to information that will aid in being able to implement
sustainable practices, and which will allow the said companies to gauge their progress in
regard to sustainability.

Specifically, the objectives of this research are:

1. Development of a comprehensive sustainability metric.

2. Assemblage of information for a textile/ apparel specific sustainability database:

a. Definitions
b. Case Studies
c. Sustainability Metrics
d. Related Scholarly Articles
3. To provide case study examples of successful sustainable practices within the textile

supply chain.



CHAPTER II

LITERATURE REVIEW

Sustainability

Sustainability is an initiative that has recently made its way into the vocabulary of a
greater part of not just our nation, but the world over as can be seen by the recent surge of
global retailers implementing new sustainable initiatives, or working to make consumers
more aware of the sustainable initiatives that are already in place (Wal-Mart Stores, Inc.,
2009; Levi Strauss & Co., 2008; Nike, Inc., 2009; Patagonia, Inc., 2010).

There is one definition of sustainability that is commonly referred to which can be
found in the Brundtland Report (World Commission on Environment and Development,
1987) (also referred to as Our Common Future). The definition states:

Sustainable development is development that meets the needs of the present

without compromising the ability of future generations to meet their own

needs. It contains within it two key concepts:

1. The concept of ‘needs’, in particular the essential needs of the world’s
poor, to which overriding priority should be given; and
2. The idea of limitations imposed by the state of technology and social
organization on the environment’s ability to meet present and future
needs.
Unfortunately, the concept of just what sustainability means, how to accomplish

sustainability, and how to measure sustainable efforts, is neither agreed upon nor fully

understood. A review of the current literature will clarify a number of the misunderstandings



associated with sustainability, and provide a clearer path as to what research needs to be

conducted so that forward progress in achieving sustainability can be realized.

The Triple Bottom Line (TBL)

Sustainability is commonly referred as the Triple Bottom Line (TBL) (Ranganathan,
1998; Martins, Mata, Costa, & Sikdar, 2007; Krajnc & Glavi¢, 2005). The TBL of
sustainability consists of: social, economic, and environmental issues. Figure 1 depicts how
all three aspects of sustainability must work together in order to achieve true sustainability.
When only two of the three aspects work together either exceptional socio-environmental
performance, socio-economic performance, or eco-efficiency will be achieved. When social,
economic, and environmental performance are all a part of a company’s initiative,
sustainability can be achieved.

The social aspect of the TBL has become increasingly more detailed as companies
work diligently to present a particular image to consumers and key stakeholders (Levi
Strauss & Co., 2008; Nike, Inc., 2009; Patagonia, Inc., 2010). Issues such as wages, number
of minorities in management positions, number of hours employees work, and other ethical
issues are all part of the social aspect of the TBL (Azapagic, et al., 2002; Global Reporting
Initiative, 2006). Economic sustainability considers the finances of a company, examples of
this include: profits, losses, investments, and other financial information (Azapagic, et al.,
2002). The environmental aspect of sustainability is the part of the TBL that is the least

understood and the least agreed upon. This aspect considers the effect a process, product, or



service has on the environment. Indicators for the environmental aspect of the TBL include:
emissions into the air, effluents dumped into bodies of water, waste produced, chemicals
utilized that may pose human health risks, and any other issue that may pose a threat to the
environment, an ecosystem, or human health (Azapagic, et al., 2002; Global Reporting

Initiative, 2006).

Socio-Environmental

Social
Performance

Economic
Performance

Integrated Sustainability
Measures

Environmental

. . Performance Eco-Efficiency
Socio-Economic E

Figure 1. Visual Depiction of the Triple Bottom Line

Note. From “Sustainability rulers: Measuring corporate environmental and social

performance” by J. Ranganathan, 1998, Sustainable Enterprise Perspectives, pp.2.
Defining the TBL: Social

The Brundtland Report, also referred to as Our Common Future (World Commission

on Environment and Development, 1987) stressed the need for equal opportunities.

Businesses should have policies set in place that allow an employee to “earn enough to live
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in dignity and in harmony with the environment” (Schmidheiny, Chase, & DeSimone, 1997).
There are several organizations that have identified important social issues. These
organizations include, but are not limited to: Worldwide Responsible Accredited Production
(WRAP), Occupational Safety and Health Administration (OSHA), and Business for Social
Responsibility (BSR). Many of the issues identified by these organizations are in accordance
with current laws, or other regulations, such as minimum working age and maximum
working hours per day. There are also issues that are ethical, and for a company to maintain,
or create, a positive image to society as a whole should be followed. An example of a
voluntary ethical issue would be providing housing for workers. Organizations that provide
details for social compliance are noted in Table 1. While the social aspect of the TBL
continues to be improved, the standards and other restrictions set forth are straightforward

with little to no room for misinterpretation, error, or forgiveness for failing to comply.

Table 1

Organizations Involved in the Social Aspect of the TBL

Organization Country Recognition
Worldwide Responsible Accredited Production | Global
(WRAP)

Occupational Safety and Health Administration | USA
(OSHA)

Business for Social Responsibility Global
(BSR)

Social Accountability International Global
(SAI)

International Labour Organization Global
(ILO)

11



Defining the TBL: Economic

The economic aspect of the TBL, similar to the social aspect, is straightforward.
Essentially, if a company is economically sustainable, it will continue to operate (W. G.
O’Neal, personal communication, November, 2009). The company’s balance sheet, and
other financial data, can be utilized to assess the sustainability of a company (Azapagic, et
al., 2002). The Institution of Chemical Engineers (IChemF) sustainability metric includes
items associated with profit, value, tax, and investments (Azapagic, et al., 2002).

When relating sustainable initiatives to the economic sustainability of a company the
opinions are varied. Lankoski (2006) studied the relationship between environmental
performance and economic performance, and concluded that increasing the environmental
performance of a company can vyield increased profits, to a certain threshold, after this
threshold has been reached, and environmentally sustainable initiatives continue to be put in
place, the profits will begin to decline (Figure 2). This curve indicates that companies that
report large cost savings or increased profits after implementing new sustainable initiatives
are likely on the far left of this curve, and thus their environmental performance was
exceptionally poor from the beginning. According to Lankoski (2006), companies who are
taking this initiative are likely to improve their company image and thus gain more market
share and more loyal customers.

Lankoski (2006) also presented a marginal environmental profit curve (Figure 3) that
indicates a “win-win” area. The “win-win” area is where a company can realize profits while

implementing new environmentally sustainable initiatives. At point e* both the
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environmental profits and the environmental performance are at their fullest potential. After

this point, the environmental performance continues to be enhanced, while the environmental

profits begin to decline. Lankoski states, “it “‘pays to be green’ only up to the optimal level of

environmental performance with regard to each environmental issue” (2006).

On the contrary, Porter and van der Linde (1995) state that the implementation of

sustainable initiatives will incite technology development that will ultimately yield higher

productivity, optimal resource usage, and less waste. The new innovations that result from

the initial sustainable investments will result in enhanced environmental performance, which

will ultimately be realized as cost savings.

Impact on
Economic
Performance

'y

Environmental Profit Curve

>
« Environmental
e
performance (e)

Figure 2. Environmental Profit Curve

Note. From “Environmental and economic performance: The basic links”, by L.
Lankoski, 2006. In S. Schaltegger, & M. Wagner (Eds.), Managing the business case for
sustainability: The integration of social, environmental, and economic performance,
pp.43, UK: Greenleaf Publishing Ltd.
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Figure 3. Marginal Environmental Profit Curve

Note. From “Environmental and economic performance: The basic links”, by L. Lankoski,
2006. In S. Schaltegger, & M. Wagner (Eds.), Managing the business case for sustainability:
The integration of social, environmental, and economic performance, pp.43, UK: Greenleaf
Publishing Ltd.

Defining the TBL: Environmental

The environmental aspect of the TBL is relatively new when compared to the amount
of time and effort allotted to the social and economic aspects. Many of the issues addressed
in the environmental portion of the TBL fall under one or more of the following categories:
Energy, Material, Water, Land, Atmosphere, or Aquatic (Azapagic, et al., 2002; Global
Reporting Initiative, 2006; Schmidheiny, Chase, & DeSimone, 1997). The energy category

is energy utilized—both renewable and nonrenewable forms and energy created. The
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materials category is the type of materials that are utilized, whether or not those materials are
recyclable, and the amount the materials utilized (Azapagic, et al., 2002; Wal-Mart Stores,
Inc., 2009; Global Reporting Initiative, 2006). Materials may be part of the product, process,
or both the product and the process. The water category is the amount of water utilized, and
whether or not it is internally recycled (Azapagic, et al., 2002; Wal-Mart Stores, Inc., 2009;
Global Reporting Initiative, 2006). The land category is how much land is utilized by the
company and its associated activities, and how much land is restored by the company; this
category also is associated with the biodiversity of the land where the facilities are located
(Azapagic, et al., 2002, Global Reporting Initiative, 2006). The atmosphere category is the
emissions that are produced as a result of the company’s product or process. The emissions
may contribute to human health effects, ozone depletion, smog, global warming, or any other
atmosphere related issue (Azapagic, et al., 2002, Global Reporting Initiative, 2006). The
aquatic category is the effluents discharged as a result of the company’s product or process.
Aguatic acidification, aquatic oxygen demand, ecotoxicity to aquatic life, eutrophication, and
any other issue related to the sustainability of bodies of water are addressed in this category
(Azapagic, et al., 2002, Global Reporting Initiative, 2006).

An aspect of the environmental portion of the TBL that overlaps with several of the
other aspects is that of abiotic resource depletion. This refers to the use of non-renewable
resources such as crude oil and iron ore (Wimmer, Zist, & Lee, 2004). Ultimately, if
substitutes are not found for these non-renewable resources, the current life-style that many

societies are accustomed to will change drastically (Wimmer, Zist, & Lee, 2004). As the
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definition of sustainability states resources should be available for generations to come,
abiotic resource depletion is a prime concern.

The problems associated with defining the environmental aspect include, but are not
limited to: a lack of knowledge of harmful substances, disagreement on the potency of
chemicals or other substances, disagreement/ lack of knowledge on how the environmental
effects should be calculated and interpreted, how to normalize the data so that data is
comparable across industries (W. G. O’Neal, T. Little, L. Chapman, personal
communication, September, 2009).

While these hurdles do exist in regard to sustainability, it is widely recognized that a
company should strive to be more sustainable, and thus reduce their impact on the
environment. This is evident by the number of companies currently working on their
sustainable initiatives (Wal-Mart Stores, Inc., 2009; Nike, Inc., 2009; Patagonia, Inc., 2010;
Ranganathan, 1998). Although Wal-Mart Stores, Inc. did not start the drive towards
sustainability, it is striving to propel environmental sustainability forward. As a “big box”
retailer, Wal-Mart Stores, Inc. is an influential retailer and is working on setting standards for
its suppliers—an initiative that will likely be duplicated by others in the retail sector (Wal-

Mart Stores, Inc., 2009).
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The TBL Hierarchy/ Framework

The hierarchy for the TBL has little variation across different sustainable indices. For
example, the Global Reporting Initiative (GRI) and the Institution of Chemical Engineers
(IChemF) both have frameworks that consider all aspects of the TBL (Global Reporting
Initiative, 2006, Azapagic, et al., 2002). Examples of these hierarchal structures are provided
in Figure 4 and Figure 5, respectively. The GRI framework has a primary focus on the social
aspect of the TBL, as the social section is listed first and also is the only aspect that has sub-
headings.  Alternatively, the 1Chem® metric places the greatest importance on the
environmental aspect of the TBL, which can be seen in Figure 5 as the environmental section
is listed first. In a personal interview with an apparel retail industry professional (T. Hill,
personal communication, July 15, 2009), the hierarchy of the TBL was stated in the
following order with the aspect of the greatest importance being listed first: social, economic,
and environmental. It was also stated that this order is not as it should be, and that the
environmental aspect of the TBL needs the most attention. The social aspect is well
accounted for in both the GRI and IChem® frameworks. Other frameworks that have been
established by private organizations or within a company itself also cover the social portion
of the TBL well—this is largely due to the concern about a company’s image within society.
The environmental and economic aspects have more gray areas and thus lack definitive

sections.
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Global Reporting Initiative

Social Environmental I Economic
] ] ]
Labor Practices and Decent Work Environmental I Direct Economic Impacts

Human Rights

_I Society
—I Product Responsibility

Figure 4. Hierarchical Structure of the GRI Sustainability Framework

Note. From “An overview of sustainability assessment methodologies”, by R. Kumar Singh, H.R. Murty, S.K.
Gupta, & A.K. Dikshit, 2009, Ecological Indicators, pp.193.
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The Institution of Chemical
Engineers
Sustainable Development
Progress Metrics

Environmental Indicators Economic Indicators Social Indicators

I Resource Usage | I Profit, Value, and Tax I I Workplace I
I Emissions, Effluents, and Waste | I Investments I I Society I
I Additional Environmental Items | I Additional Economic ltems I I Additional Social Items I

Figure 5. Hierarchical Structure of the IChem® Sustainability Framework

Note. From “An overview of sustainability assessment methodologies”, by R. Kumar Singh, H.R. Murty,
S.K. Gupta, & A.K. Dikshit, 2009, Ecological Indicators, pp.194.
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In interviews with several different textile manufacturing companies (R. Fariole,
personal communication, November 6, 2009; C. Carlile, personal communication, October
28, 2009; S. Maggard, personal communication, July 15, 2009) it became evident that
environmental issues are not receiving a great deal of attention because of the perceived cost
increases associated with doing business in a more sustainable fashion. This indicates why
there is a difference between the frameworks presented in literature, and those that are being
implemented in the textile industry. While industry sees the economic aspect of the TBL as
the ultimate bottom line (Chambers, Simmons, & Wackernagel, 2000), those in literature
have proposed a ‘Russian Dolls’ model that places the economic aspect of the TBL as an
aspect that social and environmental aspects are reliant on, but it is not the paramount priority
(Chambers, Simmons, & Wackernagel, 2000). This proposed ‘Russian Dolls’ model places
the environmental aspect of the TBL as that of top importance, with social and economic to
follow. Figure 6 depicts the industrial hierarchy and the *‘Russian Dolls’ proposed hierarchy
of the TBL.

It should be noted that the proposed ‘Russian Dolls’ hierarchy of the TBL a
simplified depiction of where industry is currently focused, and where it should be focused.

All aspects of the TBL must present in order to achieve sustainability.
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Figure 6. Environment, Society, and Economy: The industry hierarchy and the proposed
‘Russian Dolls’ hierarchy of the TBL
(@) The industry hierarchy of the TBL (b) the proposed ‘Russian Dolls’ hierarchy of the TBL
Note. From “Linking economics, quality of life and the environment” by N. Chambers,

C. Simmons, & M. Wackernagel, 2000, Sharing nature's interest: Ecological footprints
as an indicator of sustainability. London, U.K.: Earthscan Publications Ltd.

Pressures for Sustainability

Pressures to become more sustainable on all aspects of the TBL are increasing,
largely due to the negative media coverage of companies that are not following sustainable
practices. Media coverage, both positive and negative, exacerbates the pressures put on
companies to pursue sustainable initiatives (DeSimone, & Popoff, 1997). The increased

visibility of “watchdog” groups that monitor sustainable practices is another added pressure
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for companies. Many companies feel that they can attract new, environmentally conscious
customers, by pursuing key sustainable initiatives. Consumers are becoming more educated
about sustainability, and are thus scrutinizing current available products. In addition,
customers are demanding new, sustainable products; this new demand for new product
development in the area of sustainability is acutely felt by the textile industry (Intertek Group
plc., 2010; Schmidheiny, Chase, & DeSimone, 1997).

Another pressure that is imposed on textile companies is the perceived value of the
brand or company, and the reputation it currently holds (Leahy, 2007). GAP and Levi
Strauss & Co. are two global apparel retailers who are working to maintain their brand image
after it was recently discovered that a supplier located in Lesotho, Africa—one which both of
the companies utilize—was dumping waste at unsecured sites and thus creating dangerous
conditions for the local population (McDougall, & Watts, 2009).

As many companies are becoming more sustainable, their suppliers are being
requested to produce sustainable goods (S. Maggard, personal communication, July 15, 2009;
Schmidheiny, Chase, & DeSimone, 1997). This trickle-up effect of sustainable products and
processes can be exemplified by Wal-Mart Stores, Inc., a “big box” retailer, who is currently
asking what sustainable initiatives its suppliers have in place. This practice is referred to
supply chain auditing—companies asking for information about suppliers’ environmental
and social sustainability practices (Schmidheiny, Chase, & DeSimone, 1997; Wal-Mart
Stores, Inc., 2009).

The government also has environmental regulations that are becoming increasingly

more stringent (Maxwell & Vorst, 2003). The American Apparel and Footwear Association
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(AAFA) has developed a Restricted Substance List (RSL) that is updated regularly with
substances that have been banned, or have restricted use, in countries around the world
(American Apparel and Footwear Association, 2009). Another organization that seeks to
ensure that all governmental regulations are being followed by a company is the Worldwide
Responsible Accredited Production (WRAP) organization. While WRAP is primarily
focused on the ethical treatment of employees it does consider the environmental aspect, and
as part of the certification, the facility being evaluated must comply with all government set
environmental standards (Worldwide Responsible Accredited Production, 2008). If
companies wait until there is a government regulation in place to begin implementing
sustainable initiatives they will likely miss many potential opportunities in regard to market
share and profits associated with sustainable initiatives (DeSimone & Popoff, 1997).

Beyond the government regulations and the demand by consumers, companies are
searching for ways in which they can cut costs (Maxwell & Vorst, 2003). Implementing
sustainable manufacturing processes has the potential to yield substantial cost savings for
companies. For example, Mehalik (2000) discovered that Rohner, a textile manufacturing
company, created a significant amount of unnecessary waste during the manufacturing
process. This waste comprised seventy—five percent of Rohner’s environmental costs
because of the disposal fees (Mehalik, 2000). This indicates that, changing to a more
sustainable manufacturing process was not only good for the environment, but was also good
for the company’s bottom line. Referring back to Lankoski’s research (2006), Rohner’s
substantial cost savings indicate that it was likely producing inefficiently, and was thus at the

far left of the Economic Performance/ Environmental Performance curve (Figure 2).
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The “bandwagon effect”, as termed by the researcher has also been playing a key role
in many companies movement toward sustainability. As companies are beginning to
recognize that the sustainability movement is not simply a trend, more and more companies
are implementing their own sustainability initiatives so as to remain competitive. This is
largely being seen in retailers across many industries (Wal-Mart Stores, Inc., 2009; Nike,
2009).

An important consideration that must be made when a company is choosing a route to
sustainability is that of the key stakeholders. While this may pose a unique challenge to a
company, the sustainable initiatives implemented by a company should be presented to those
key stake holders as providing long-term value for the company and its shareholders
(Chambers & Lewis, 2001; Schmidheiny, Chase, & DeSimone, 1997). Further, by having
these important individuals on board for the sustainability initiatives, there will likely be less

resistance when new initiatives are proposed.

Company Image

Currently, companies are under the constant scrutiny from their customers,
employees, and key stakeholders (DeSimone & Popoff, 1997). Over the last thirty years
these bodies have become increasingly aware of environmental issues, and currently this
awareness is remaining incredibly high (Schaltegger, 2006; DeSimone & Popoff, 1997), thus
indicating that the movement toward sustainability is not merely a trend that will fade in

time. The reputation a company has in regard to environmentally sustainable initiatives can
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effect more than just sales—recruitment, retention, and employee morale can also be affected
by the company’s sustainable initiatives (DeSimone & Popoff, 1997).

Listening to the current customer demand for sustainable products is pushing
companies to take more sustainable initiatives. Unfortunately, there are issues in regard to
pricing, and the willingness of a customer to pay the higher price associated with items
produced in a more sustainable fashion (Cotton Incorporated, 2007). By participating, or not
participating, in sustainable initiatives a company’s brand image and reputation can be
greatly affected (Lowe & Ponce, n.d.; DeSimone & Popoff, 1997).

Companies are in no position to compromise on the different aspects of the TBL,
especially when their customers are expecting truly sustainable products (Schmidheiny,
Chase, & DeSimone, 1997). Therefore, if a company’s suppliers are not up to par, or cannot
fulfill a company’s sustainability requests, that particular supplier may not be given the
opportunity to be a supplier for that company in the future. Referring back to the apparel
retailers who have a contracted factory in Lesotho (McDougall, & Watts, 2009); the retailers
associated with this factory are taking corrective action, and are showing zero tolerance for
their supplier in Africa. Restoring the brand image, and showing customers the company’s
stance on such social issues can help to increase the value of the brand. Again, this is why
supply chain auditing is becoming increasingly popular (Schmidheiny, Chase, & DeSimone,
1997).

Not all companies have concerns about their image in regard to sustainability. There
are apparel retailers and textile manufacturers that have taken a proactive approach to

sustainability. These companies are at the forefront of implementing sustainable initiatives—
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they are well aware of the impact they have on the environment, and are taking proactive
action to lessen their environmental impact as much as possible. These companies are
working to achieve complete sustainability (Patagonia, Inc., 2010; Patagonia, Inc., n.d,;

Unifi, Inc., n.d.).

Environmental: What is Sustainability

Sustainability

Sustainability, as defined by the TBL previously, is still an ambiguous term that is not
truly understood or agreed upon by individuals or organizations (Schmidheiny, Chase, &
DeSimone, 1997). Sustainability must be well defined in order to have a viable metric (Pope,
Morrison-Saunders, & Annandale, 2005). In its purest form, sustainability is taking from the
earth only those resources that are easily renewable, while doing no harm to the environment.
This allows for the needs of current generation to be met without affecting the potential
needs of future generations (Coster, 2007; Cutteridge, n.d; Government of Western Australia,
2003; World Commission on Environment and Development, 1987). The consumption of
resources should occur at a rate no faster than which they can be replenished, and waste
should be created no faster than it can be disintegrated (Cutteridge, n.d). While the
preservation of human population is an important part of sustainability, maintaining
biodiversity is also an important part of sustainability (Cutteridge, n.d; Government of
Western Awustralia, 2003; Chambers & Lewis, 2001). By taking these aspects of

sustainability into account, natural resources should be abundant for many generations, and
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this will also allow for the quality of life for both current and future generations should not
be compromised (Government of Western Australia, 2003). Sustainability is not a concept
that should merely reduce the impact on the environment, but rather should change the
impact in a positive way (Government of Western Australia, 2003). This involves going
further back in the supply chain and considering manufacturing processes all the way through
to the end of the product’s lifecycle (W. G. O’Neal, T. Little, L. Chapman, personal
communication, August, 2009).

The UNEP-FI/ SBCI’s Financial and Sustainability Metrics Report (Lowe & Ponce,
n.d.) has divided the different levels of sustainable practices into five groups: 1) regulation,
2) good practice, 3) green, 4) sustainable, and 5) regenerative. “Regulation” is meeting basic
government or industry regulations—it is the minimum that any company can do in regard to
sustainability. This implies that a company is compliant, and nothing more. “Good practice”
is slightly better than regulation, and is when a company does have initiatives in place in
regard to sustainability, although minimal. “Green” is when a company has an improvement
in their environmental performance when compared to the “good practice” level.
“Sustainable” is when the overall impact on the environment is null. “Regenerative”, which
is the top level in this report, is actually restoring the environment’s natural ecosystems
(Lowe & Ponce, n.d.). Table 2 provides a snapshot of the five levels of sustainable practices
proposed by UNEP-FI/ SBCI’s Financial and Sustainability Metrics Report.

The Organization for Economic Cooperation and Development (OECD)
(Schmidheiny, Chase, & DeSimone, 1997) has determined nine areas to be important in

regard to sustainability: 1) air pollution control, 2) water and wastewater treatment, 3) waste
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management, 4) contaminated land remediation, 5) energy management, 6) environmental

monitoring, 7) environmental services, 8) noise and vibration control, and 9) marine

pollution control. Other sources that define what focal areas of sustainability should be are

similar to those stated by the OECD (Azapagic, et al., 2002; Global Reporting Initiative,

2006).

Table 2

UNEP-FI/SBCI’s Five Levels of Sustainable Practices

Group Group Group
Number Name Description
. Meeting basic government or industry regulations. This is the
1 Regulation o . T
minimum that any company can do in regard to sustainability.
Good Implies compliance, and nothing more. Initiatives are in place
Practice in regard to sustainability, although minimal.
Improvement in environmental performance when compared to
3 Green « P
the “Good Practice” level
4 Sustainable The overall impact on the environment is null
. The top level, involves restoring the environment’s natural
5 Regenerative
ecosystems

Note. From “UNEP-FI/SBCI's financial and sustainability metrics report: An
international review of sustainable building performance indicators and benchmarks”,
by C. Lowe, & A. Ponce, (n.d.), pp.13. Retrieved from
http://www.unepfi.org/fileadmin/documents/metrics_ report_01.pdf.

Currently, it is highly unlikely that a company is completely sustainable. Although

sustainability has not yet been achieved, the movement toward sustainability is still of prime

importance, and certain initiatives must be implemented in regard to production which
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includes design, manufacturing, disposal of waste, procedures for how particular issues are
handled. This is not limited to manufacturing processes, but should also include practices
such as the printing of e-mails and the treatment of wastewater in the manufacturing process
(Government of Western Australia, 2003). As Jonathan Porritt, a Chairperson of the UK
Commission on Sustainable Development stated, “sustainable development is a process, not
a scientifically definable capacity; it describes the journey we must undertake to arrive at the
destination, which is of course sustainability itself” (Cutteridge, n.d); participation from
everyone—the globe over—is necessary to achieve sustainable development (Schmidheiny,

Chase, & DeSimone, 1997).

Eco-

When considering the ecological aspects of sustainability there are three different
ecological problems that must be considered: 1) production ecology, 2) human ecology, and
3) disposal ecology (Muthu Manickam, & Ganesh Prasad, 2005). Production ecology is the
effect the manufacturing process has on the environment and on the general population
(Muthu Manickam, & Ganesh Prasad, 2005). In the manufacturing process all aspects of
production must be considered, such as harvesting the fiber, yarn and fabric formation,
dyeing and finishing, and final product assembly. Human ecology is how the final product,
whether it be apparel, home furnishings, or some other finished good, effects the health of a
human being (Muthu Manickam, & Ganesh Prasad, 2005). For example, there are many

substances that have been banned by certain governments around the world, as there is
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significant evidence that these substances have an adverse effect on people or the
environment. For example, chlorinated paraffins cannot be used in the European Union as it
is toxic to aquatic life and are a potential carcinogen (American Apparel and Footwear
Association, 2009). Disposal ecology is defined as how the waste, which can be solid or
liquid, from a production process effects the environment (Muthu Manickam, & Ganesh
Prasad, 2005). There are many instances, where production facilities attempt to keep
production costs as low as possible by compromising environmental standards (W. G.
O’Neal, personal communication, January, 2010).

“Eco-friendly” textiles have been described in a variety of contexts, ranging from the
manufacturing process to the dyeing and finishing process to the final product. Yet there is
no one definition that clearly and effectively conveys precisely what “eco-friendly” means.
For the purposes of this research eco-friendly textiles will be defined as those textile products
that contain no substance that can have a negative impact on the environment. Therefore,
these products should be biodegradable, and should not contain toxic substances or
substances that are known to be hazardous to the environment (Muthu Manickam, & Ganesh
Prasad, 2005).

Also associated with the prefix “eco” is the Ecological Footprint (EF). This
figurative footprint is utilized to represent the size of land, generally measured in hectares,
that humans utilize to both cultivate a fiber, such as with farming cotton or extruding
polyester, and to represent the amount of land necessary to accommodate the waste
associated with this product (Coster, 2007; Hoekstra, 2009; Chambers & Lewis, 2001). The

waste in this case consists of both byproducts in the manufacturing process, and also the
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waste generated at the end of the life of the product, generally in the form of landfill space.
In 2005 the estimated EF for the world was 17.5 billion hectacres; forests necessary to
counteract the carbon emissions produced by humans accounted for over half of the
aforementioned EF (Hails, Humphrey, Loh, & Goldfinger, 2008). To lower the impact of this
eco-footprint, manufacturers need to be eco-innovative, and thus change how manufacturing
processes are performed. By changing the processes to be more sustainable, both economic
and environmental performance can increase (Huppes & Ishikawa, 2009).

Similar to the eco-footprint is the Water Footprint (WF), which is the amount of
freshwater utilized by manufacturing processes that create goods or services for the general
population (Hoekstra, 2009). The WF is divided into three parts: blue, green, and grey WF.
Blue WF is freshwater that has naturally evaporated while being utilized in manufacturing
processes. Green WF is amount of water that has evaporated from *“green water resources
such as rainwater that is stored in the soil” (Hoekstra, 2009). Grey WF is the amount of
water that is polluted because of manufacturing processes, or any other process associated
with the production of a specific product. Grey WF can be determined by calculating the
amount of water necessary to dilute the polluted water to an acceptable level as determined
by the governing standard (Hoekstra, 2009).

The carbon footprint is another term used to describe the mass of carbon dioxide
emitted as a result of an activity, product, or process (Wiedmann, & Minx, 2008). This
“footprint” is described as how much of an impact a company or person has on the
environment throughout the production of a particular product or activity (Patagonia, Inc.,

2010; Wiedmann, & Minx, 2008). Formerly, the actual production of products was
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considered to be one of the stages of the entire manufacturing process that had the least
impact on the environment. This statement is no longer valid due to the current practice of
off-shore production which requires products be shipped or flown, thus utilizing significantly
more fuel, and increasing the carbon footprint of the product on the environment (Coster,
2007).
Eco-efficiency is another term associated with sustainability, and is often considered

to play a significant role in regard to achieving sustainability (Chambers & Lewis, 2001).
Eco-efficiency can be defined as reducing the impact of a product or process on the
environment—the entire lifecycle of a product should be considered when determining the
eco-efficiency of a product as materials and resources utilized throughout a product’s life
will have an impact on the environment (Chambers & Lewis, 2001). The entire life cycle
must be considered because many products have more environmental effects due to their
usage, and not their production, such as with washing machines and dryers (Chambers &
Lewis, 2001). Seven guidelines have been identified that can aid in achieving eco-efficiency
(DeSimone, & Popoff, 1997):

1. Reduce the material intensity of goods and services

2. Reduce the intensity of goods and services

3. Reduce toxic dispersion

4. Enhance material recyclability

5. Maximize sustainable use of renewable resources

6. Extend product durability

7. Increase the service intensity of products
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Eco-efficiency, often understood as “getting more from less” (Chambers, & Lewis,
2001; Schmidheiny, Chase, & DeSimone, 1997), can be utilized in both design and
manufacturing as it is a way companies strive to create more value products that also have a
lesser impact on the environment (Schwarz, Beloff, & Beaver, 2002). Becoming eco-
efficient allows for a smooth transition from traditional manufacturing and production to
more sustainable processes (Schmidheiny, Chase, & DeSimone, 1997). This can often be
linked to Six Sigma and Lean Design, for manufacturing companies. The World Business
Council for Sustainable Development (WBCSD) utilized the following equation to determine

the eco-efficiency of a product or process (Verfaillie, & Bidwell, 2000):

product or service value

Eco — efficiency = - -
I Y environmental influence

In this case, “product or service value” may include the number of products sold or services
provided (Verfaillie, & Bidwell, 2000). The *environmental influence” may consider
energy, materials, and water usage, or other emissions created as a result of either the
production of the product, or the use of the product, or service (Verfaillie, & Bidwell, 2000).
All materials utilized must be considered when determining eco-efficiency, as many
renewable resources are being depleted at a much faster rate than that in which they can be
renewed (Chambers, & Lewis, 2001).

When companies begin to produce in a more eco-efficient manner, there is the

potential for a “rebound effect” (Figge & Hahn, 2004). This effect occurs when a company
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becomes more competitive because it is producing more eco-efficiently, and is thus able to
realize economic growth. As the company grows it produces more products, which translates
into a greater consumption of resources. By consuming more resources the company has a
greater environmental impact and thus the economic growth over-compensates the eco-
efficiency, and ultimately leads to a lower eco-effectiveness (Figge & Hahn, 2004). A

graphical representation of the “rebound effect” can be seen in Figure 7.
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Figure 7. Graphical representation of the rebound effect in which eco-efficiency leads to
economic growth ultimately to decreased eco-effectiveness

Note. From “Sustainable value added—measuring corporate contributions to sustainability
beyond eco-efficiency” by F. Figge & T. Hahn, 2004, Ecological Economics, pp.178.
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Green

Green is a generic term that is synonymous with eco-friendly. Green products are
generally considered to have a lesser impact on the environment than their more traditional
counterparts. Many companies have been accused of “greenwashing” when marketing their
products at retail (Laufer, 2003). “Greenwashing” is when a company falsely touts how a
product has a lesser impact on the environment than its more traditional counterparts; this
often includes stating that a product is environmentally friendly or sustainable, when in
actuality it is not so (TerraChoice Environmental Marketing Inc., 2009). Many consumers
have become more aware of the concept of “greenwashing”, which has led to the
recommendation of utilizing third party certifications (TerraChoice Environmental Marketing
Inc., 2009; Laufer, 2003; M. Wentz, personal communication, July 16, 2009). Credible and
well recognized third party certifications, and their corresponding labels, are expected to
provide consumers with assurance and confidence in the sustainable products being
purchased (TerraChoice Environmental Marketing Inc., 2009; M. Wentz, personal
communication, July 16, 2009). This is likely the reason why many retailers are now
requiring their suppliers to obtain a third party certification (R. Fariole, personal

communication, November 6, 2009).
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Organic

Organic and “all-natural” fibers are often perceived to be more sustainable than their
current mass produced or synthetic counterparts. Organic is another term that has received
several different definitions from several different organizations. The demand for products
made from organic cotton is rising (Organic Exchange, 2009; Rupp, 2010). A generally
accepted definition of an organic crop are those crops that do not utilize pesticides,
insecticides, herbicides, or fertilizers that can be considered toxic, and the field in which the
crops are planted has not utilized these products for a minimum of three years (Coster, 2007;
Nimon, & Beghin, 1999). The Global Organic Textile Standard (GOTS) is an international
third party certification organization that has developed a protocol for determining if a
product is truly organic (International Working Group on Global Organic Textile Standard,
2009).

While it is perceived that organic cotton may not have as large of an impact on the
environment as modern cotton, one of the biggest problems faced by organic cotton farmers
is the low crop yield, which can be anywhere from 20%-50% lower than that of the non-
organic cotton yields (Coster, 2007). Another issue that arises with the utilization of organic
cotton for textiles is that the costs associated with production are significantly higher, as
there are often more production steps necessary to make the organic cotton suitable for
manufacturing processes (W. Oxenham, personal communication, June, 2009).

This increase in the cost of manufacturing, which is ultimately passed off to the final

consumer, greatly deters the demand for products made with organic cotton. The average
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mark-up for apparel that is made from organic fibers, compared to apparel manufactured
from traditionally grown fibers, is 33.8% (Nimon, & Beghin, 1999). Although the increase
in price has deterred some customers, the Organic Cotton Exchange has documented
increasing numbers in organic cotton product sales. In 2007, U.S. sales for organic cotton
products (it should be noted that products may not be 100% organic cotton, but a blend of
both organic and conventional cotton) were $3.5B, sales for 2009 and 2010 are forecasted to
be $4.5B and $6.8B, respectively (Coster, 2007). Wal-Mart Stores, Inc., in 2006, purchased

the greatest amount of organic cotton (Coster, 2007).

Environmental Compliance

Environmental compliance is the minimum amount of work that a company must do
in regard to its impact on the environment to avoid fines or citations. Beyond government
enforcement, companies must, at a minimum, be environmentally compliant so as to keep up
with customer demands and maintain their image within the industry. While all
manufacturing facilities located in the U.S. must follow strict environmental guidelines as set
forth by the government, going beyond the requirements generally only occurs when there
are associated cost savings or when there is a payback period of no more than five years (R.
Fariole, personal communication, November 6, 2009). In 1990 the “Pollution Prevention
Act” was passed (U.S. Environmental Protection Agency, n.d. a). This act stated a hierarchy
for dealing with pollution; in descending order of what should be done: pollution should be

either prevented or reduced in such a way that both people and the environment are not
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adversely affected, recycled in a way that is safe for the environment, treated in a way that is
safe for the environment, or disposed of in a way that will have a minimal impact on the
environment (Weeks, Martin, & Tunkel, 2002; U.S. Environmental Protection Agency, n.d.
a). Also, the Securities and Exchange Commission (SEC) requires U.S. companies, and non-
U.S. companies that are listed on the U.S. stock exchange, to disclose company practices
which effect the environment that could ultimately affect the company’s market value

(Schmidheiny, Chase, & DeSimone, 1997).

Labeling and 3rd Party Certifications

Eco-labels, also called “Type I” labels according to 1SO 14024, are a form of
certification. Eco-labels generally have a series of tests which are conducted on items that a
company desires to have certified (Wimmer, Zist, & Lee, 2004). These tests are designed to
be in compliance with, though often surpass, local government regulations. Supporting
documents are usually necessary as well when obtaining product certification. Eco-labels
have the potential to impact the consumer market, provided there is a high level of awareness
among the customer base (Wimmer, Zist, & Lee, 2004).

Eco-labels and third party certifications, formerly done as a voluntary act on the part
of the manufacturers, are now becoming mandatory and are being imposed by brands and
retailers (S. Maggard, personal communication, July 15, 2009; T. Copeland, personal
communication, October 27, 2009; R. Fariole, personal communication, November 6, 2009).

These brands and retailers are feeling the pressures from society, and are forecasting that this
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current green trend will not be ephemeral (Wal-Mart Stores, Inc., 2009). Eco-labels are
utilized to convey to customers that a particular product has met the environmental standards
set forth by the evaluating third party during its manufacturing process (Coster, 2007). Third
party certifications and eco-labels can help increase how a customer perceives the potential
benefits or quality of a product, and can thus lead to an increase in sales and profits (Karl, &
Orwat, 1999).

As there are many third party companies that perform evaluations and accreditations
it is increasingly important that a credible company be utilized (Coster, 2007). Often these
companies will have either national or global recognition as can be seen with Oeko Tex® or
Bluesign®. Many of these eco-labels are constructed on a hierarchy where the product being
evaluated can receive different levels of accreditation. Examples of this hierarchy include
the Oeko-Tex® sustainability certification program in which a certification can be Oeko-Tex®
Standard 100 for textiles at any point in construction—from fiber to final product, Oeko-
Tex® Standard 1000 for the actual production facilities, or Oeko Tex® 100plus which is a
combination of the previous two (Oeko Tex®). Examples of well recognized eco-labels and
their associated logos can be found in Table 3.

There are organizations that provide guidance to companies in their sustainability
initiatives. Programs such as the Public Environmental Reporting Initiative (PERI), the
Coalition for Environmentally Responsible Economies (CERES), and those provided by the
United Nations Environment Program (UNEP) allow for transparency in sustainable
initiatives. Companies can participate in the PERI and UNEP programs on a voluntary basis,

and as standards are made to fit many different industries there is a lack of specificity, thus
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making it difficult to make comparisons across different industries or even between different
companies within the same industry (Schmidheiny, Chase, & DeSimone, 1997).

Third party eco-labels are not the only form of labeling utilized. “Self-declared
Environmental Claims” and “Environmental Product Declaration” are other types of labeling
that are often not regulated—at least not to the extent of third party labels (Lee, & Uehara,
2003).  “Self-declared Environmental Claims”, also called “Type II” environmental
declarations according to ISO 14021, are those claims made by a company about a particular
product that have not been verified or certified by a third party (Lee, & Uehara, 2003). There
are twelve claims, identified in Table 4, which ISO 14021 has identified as commonly being
associated with the said claims (Lee, & Uehara, 2003).

It is claims such as these—which lack any verification, and thus likely contain a
significant amount of “greenwashing”—that have led to consumer confusion as to what
products are truly sustainable (Wimmer, Zust, & Lee, 2004). Although regulations have
been implemented in many places around the globe (Wimmer, Zist, & Lee, 2004), the actual
follow-through has yet to be determined.

Wimmer, Zust, & Lee (2004) have researched the final portion of eco-labeling which
is “Environmental Product Declaration” (EPD), also termed “Type III” environmental
declarations by the ISO standard. The EPD considers how a product affects the environment
in every stage of its life cycle. This information is audited by a third party, as mandated by
ISO 14040, to ensure the validity of the statements being made about the product. In Table

5, a comparison is made of all three types of labels.

40



Table 3

Examples of 3" Party Labels and Their Corresponding Logos

Label and Country Logo
EU Eco-label
(EU member countries)
=
Ecolabel
www.ecolabel.eu
Oeko Tex®
(various)
NCE e
IN TEXTILE !
Tagted tor harmiul subsbanos
oceendng o Osks-Tex Siandord 100
Test Mo, 00000000 Inshiuie
Bluesign
(various) The
independent
industry
TExTile
standand
bluesign
Green Seal
(USA)
S
&y
& /
@ Q
,‘s‘"
CERt®

Note. From “Green textiles and apparel: Environmental impact and strategies for
improvement”, by J.D. Coster, 2007, Textile Outlook International, November-
December 2007.
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Table 3 Continued

Label and Country Logo

GOTS
(various)

Blue Angel
(Germany) %@f,g I-}'p'
S %
/Q ¢
% $
' ff{MWELW‘L“'\G
Eco Mark
(Japan)
Nordic Swan

(Denmark, Finland,
Iceland, Norway, and
Sweden) ///
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Table 4

“Self-declared Environmental Claims™; twelve claims identified by ISO 14021 that have not
been verified or certified by a third party

Claim Number Claim
1 Recyclable
2 Recycled Content
3 Reduced Resource Use
4 Recovered Energy
5 Waste Reduction
6 Reduced Energy Consumption
7 Reduced Water Consumption
8 Extended Life Product
9 Reusable and Refillable
10 Designed for Disassembly
11 Compostable
12 Degradable

Note. From “Best practices of ISO 14021: Self-declared environmental claims”, by
K.M. Lee, & H. Uehara, pp.26, 2003, Suwon, Korea: Center for Ecodesign and LCA,
Ajou University.
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Table 5

Different Types of Environmental Labels and Declarations, Advantages, Disadvantages, and Application Areas

Item

Typel

TypeIl

Type ITI

Generic Name

Eco Labeling

Self-declared Environmental
Claim

Environmental Product
Declaration

¢ Credibility through third
party

market needs

* Tool for inter-business
competition

Target Retail Consumers Retail/ Industrial/ Institutional Industrial/ Institutional/ Retail

Audience Consumers Consumers

Communication | Environmental Label Text and Symbol Environmental Profile Data

Method Sheet

Scope Whole Life Cycle Single Aspect Whole Life Cycle

Use of LCA No No Yes

Advantage * Easily identified * Market Oriented * Detailed data via common
* Quick decision * Flexible approach to method

* Credibality via scientific
quantitative data

Disadvantage * Only uses a symbol (logo) * Relatively low credibility ¢ Complicated LCA
¢ No detailed information # Need to face consumers analysis
# No linkage to company s directly (no third party) » Insufficient background
unique effort * Claim 15 about a single data
1ssue or limated * Not easy to comprehend
Application * Home use products/ * Products in general * Products for industrial use/
Area Simple function products/ Relatively complicated
Low priced products and high priced products/

Durable products

Note. From “Ecodesign implementation: A systematic guidance on integrating environmental considerations into product

development”, by W. Wimmer, R. Zust, & K. Lee, 2004. In Kauffman J. M. (Ed.), Netherlands: Springer.
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Current Sustainability Metrics

Measuring and monitoring a company’s sustainability practices is necessary so as to
determine what actions need to be taken immediately and which initiatives need to occur
long-term (Schwarz, Beloff, & Beaver, 2002; Mehalik, 2000). Therefore, the periodic
measurement of a company’s sustainability practices is critical. Sustainability metrics are
utilized to monitor progress, and are not directly intended to be used as a means for a
company to be sustainable. Rather, the metrics are a way for a company to gauge their
progress toward becoming sustainable (Kumar Singh, Murty, Gupta, & Dikshit, 2009;
Schwarz, Beloff, & Beaver, 2002). In addition, these metrics are a quantifiable way to
communicate sustainability progress to key stakeholders (Lowe & Ponce, n.d.). For
example, a metric that measures consumption and emissions, can indicate where there may
be severe environmental risks, and this metric can also indicate how effective a new process
is in regard to its sustainability (Schwarz, Beloff, & Beaver, 2002).

Sustainability measurements can also measure the proactive measures a company
takes in regard to environmental restoration (Lowe & Ponce, n.d.). A sustainability metric
can aid decision makers in determining if a proposed initiative will in fact meet the
requirements to be deemed sustainable (Pope, Morrison-Saunders, & Annandale, 2005;
Chambers, & Lewis, 2001). Defining what makes a practice sustainable or not sustainable
has been a challenge for those creating the following metrics, but must be considered

nonetheless (Pope, Morrison-Saunders, & Annandale, 2005). For the above reasons, a
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sustainability metric should be reliable, quantifiable and comprehensible (Martins, Mata,
Costa, & Sikdar, 2007; Chambers, & Lewis, 2001).

To create a viable sustainability metric, there must be a substance reference point to
which all other substances are evaluated against in each particular category of concern. For
example, IChem® has created a sustainability metric where, within each category there is at
least one item that has been given a potency factor (PF) value of one, and it is against this
value—which corresponds to its impact on the environment—that the other items in each
category are given their respective values, which may be above or below the value of one
(Azapagic, et al., 2002).

A sustainability indicator provides valuable information to both manufacturers and
retail companies. Analyzing this information, according to Berke and Manta (1999), can aid
in determining the current state and the potential future state of the environment, providing
signals to where damage could occur in any of the TBL categories, and in making decisions
and developing strategies that will yield the largest benefit to the desired category.
Currently, there are many metrics available, some are more comprehensive than others, but
there is no one credible source that can be utilized to measure sustainability (Chambers, &
Lewis, 2001). Facilitating the dissemination of information will enable the industry to
progress toward sustainability much more quickly (Chambers, & Lewis, 2001).

A framework has been developed by the Organization for Economic Co-Operation
and Development (OECD) (1998), an organization based in Paris, France, which indicates
how the flow of information, and the responding decisions, is cyclical (Figure 8). In this

Pressure-State-Response (PSR) model, the effect of human activities, which require energy,
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transport, industry, agriculture, and other resources exert “pressure” on the environment
which effects the “state” of air, water, land/soil, wildlife, and other natural resources.
Society then creates a “response” to the effected environment via environmental regulations
and guidelines. The resulting actions affect the indicators that were originally measured, and

as new information is made available appropriate changes are made.

I Pressure I I State I I Response l
Indirect Pressures Direct Pressures State of the Environment Economic and
and of Natural Resources Environmental Agents:

Human Activities:

¢ Energy Pollutant and Waste Conditions and Trends: I.nfonnat'ﬁn *  Admimistrations

¢ Transport ¢ Generation e A water * Houscholds

e Industry . * Land & Soil — + Enterprises

e Agriculture Resource Use e  Wildlife Decisions

e Others * Natural Actions » National

Resources

* International

Figure 8. OECD Pressure-State-Response (PSR) Model
Note. From “Towards sustainable development: Environmental indicators”, by the

Organization for Economic Co-Operation and Development, 1998, France: OECD
Publications.
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The Environmental Protection Agency (EPA), along with the Office of Pollution
Prevention and Toxics (OPPT), has introduced a “Sustainable Futures Initiative” which
utilizes several computer-based software tools (U.S. Environmental Protection Agency,
2008). Chemicals are tested for the potential negative effects they may have on both human
and environmental well-being. An incentive created to go with this new initiative is that
participating companies, who are also required to report to TSCAS5, can receive a faster
review process of the chemicals deemed low hazards (U.S. Environmental Protection
Agency, 2008).

While not necessarily a sustainability metric, in 2002 the U.S. EPA introduced the
PBT Profiler, which is part of their “Sustainable Future’s Initiative” (U.S. Environmental
Protection Agency, n.d. b). The development of the PBT Profiler was a joint effort from the
EPA, the American Chemistry Council, the Chlorine Chemistry Council, the Synthetic
Organic Chemical Manufacturers Association, and Environmental Defense (Weeks, Martin,
& Tunkel, 2002). “A PBT is a chemical that persists (P) in the environment, has the potential
to bioaccumulate (B) in the food chain at relatively high levels, and is toxic (T)”, because
these chemicals accumulate in the environment they pose a real health threat to both people
and the environment (Weeks, Martin, & Tunkel, 2002). Only chemicals which exceed the
EPA criteria in the P, B, and T categories are considered to be PBTs. PBT chemicals are not
always found at the site where they were originally utilized during a manufacturing process;
if dumped into a river or stream, these chemicals can be found many miles from their original
source (Weeks, Martin, & Tunkel, 2002). The effects of PBT chemicals, which are difficult

to treat after they have been created, have been recognized globally, and action is being taken
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to avoid the use of raw materials that contain PBTs (Weeks, Martin, & Tunkel, 2002).

The EPA’s PBT Profiler allows companies to assess the raw materials they utilize
throughout the manufacturing process. The software estimates the persistence,
bioaccumulation and, toxicity of a chemical distribution, and compares it to EPA criteria
(U.S. Environmental Protection Agency, n.d. b). S.C. Johnson & Son, Inc. created a
screening system for new raw materials, and utilized the PBT Profiler as part of the screening
process. By taking this step, S.C. Johnson & Son, Inc., and other companies, can avoid
pollutants rather than have to clean them up post manufacturing—ultimately, this can save
time and money (Weeks, Martin, & Tunkel, 2002).

Another model associated with the EPA and OPPT’s Sustainable Initiative is the
Pollution Prevention (P2) Framework (Chun, Nabholz, & Johnson Wilson, 2001). This
framework utilizes Structure Activity Relationship (SAR) predictions and considers the
properties of different chemicals, and then provides an estimate of how the chemical will
react in the environment and how it will affect the health of people (Chun, Nabholz, &
Johnson Wilson, 2001). In an experiment with algae growth, designed to test the validity of
the SAR prediction, it was found that the SAR predictions were reliable by 87-91% (this
value is dependent on the inclusion of two results that were considered to be inconclusive)
(Chun, Nabholz, & Johnson Wilson, 2001). When considering the aquatic effects of certain
chemicals the SAR predictions consider several potential effects. In comparison,
experiments can usually only yield results for one or two potential aquatic hazards (Chun,

Nabholz, & Johnson Wilson, 2001).
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ISO 14001 Environmental Management Systems is a certification utilized in
industries that require the identification of the aspects of a company’s operations which may
have an effect on the environment (Wei, n.d.). When considering the different activities that
a company performs that may affect the environment there are four categories that are under
consideration: 1) material usage, 2) energy consumption, 3) water usage, and 4) pollutant
releases” (Wei, n.d.). The materials usage category was developed to provide information
when monitoring or assessing the amount of raw material used to create a product, and how
much of that raw material remains in the final product. Energy consumption is associated
with the use of all types of energy, including coal, gas, nuclear, et cetera. Water
consumption is associated with the amount of water utilized in the manufacturing of a
product, and also how much wastewater is created during the manufacturing process.
Pollutant releases considers all forms of pollution and all areas that may be potentially
affected (Wei, n.d.). This includes polluted water, waste generated that goes to a landfill, air
pollution, or other waste that may have an adverse effect on the environment (Wei, n.d.).

One way the United States government regulates pollution output is through the
Toxic Release Inventory (TRI) (Form R). Required for most industries, companies are
expected to provide a complete account of the emissions they created in the previous year.
To be able to quantify these values for the TRI report, many companies utilize a scale that
considers both the frequency and the severity of the pollutants they are emitting (Weli, n.d.).

The Institution of Chemical Engineers (IChemF), which is based in Rugby, U.K., has
also developed a set of sustainability metrics (Azapagic, et al., 2002). It is from the IChem"®

metric that all of the following information has been obtained. This comprehensive set of
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metrics, which can be utilized in process industries, considers all aspects of the environment
in regard to sustainability. The metrics in the IChemF report are divided into three groups,
which parallel the concept of the TBL: Environmental Indicators, Economic Indicators, and
Social Indicators.

The Environmental Indicators of the IChem® framework are used to indicate the
resources a company utilizes to create a product (inputs), and the how the company’s
manufacturing processes effect the environment via waste or pollution (outputs). The water,
energy, land, and other raw materials necessary to create a product measured and recorded.
The factors contributing to the Environmental Burden (EB), expressed as the weighted value
of emissions produced, are also measured and recorded; these measures include emissions
produced during the manufacturing process that have an impact on the air, the water, or the
land. The Economic Indicators are the financial parts of a company, many of which can be
found on a balance sheet such as, profits, investments, taxes, and value of assets.

The Social Indicators are used to evaluate the treatment of employees at a particular
facility. The social aspect, which evaluates both direct and indirect effects the company has
on society, requires information to be input about the health and safety of employees.
Factors such as, wages, number of hours worked per week, benefits, and promotion rate are
all part of the social indicators. Beyond considering the employees at a company, the
IChem® framework also measures how, and how much, a company contributes to society.
This portion of the metric considers, among other aspects, if the company has been involved
in a lawsuit, and what the company does to better both its employees and the people in the

local community, such as implementing education programs or mentoring programs.
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For each section of the IChemF sustainability framework there is a corresponding
appendix. The appendices allow for more accurate measures to be taken. The different
substances found in the framework are all given values that correspond to the impact they
have in a particular category. At least one substance is given a “potency factor” (PF) rating
of 1 and other substances are ranked against that particular substance in regard to its
particular impact. For example, in the “Global Warming” section of Appendix A, Carbon
Dioxide (CO,) is given a “potency factor” of 1. The company should determine how many
tons of CO, are emitted into the environment during a specified period of time. The number
of tons, multiplied by the potency factor, yields the final EB value. In this same section,
Nitrous Oxide (N,O) is given a PF value of 310, thus indicating that N,O emissions, as a
contributor to global warming, are three hundred ten times more potent that CO, (Azapagic,
etal., 2002). The appendices of the IChemF sustainability metric provide values for many of
the substances, both commonly and uncommonly, found as a product of a manufacturing
process.

Schwarz, Beloff, and Beaver in the U.S. (2002) have developed a framework for a
sustainability metric. This framework, which considers all three sections of the TBL, gives
special consideration to the environmental portion. Five indicators are identified as key areas
where measurements should be taken, the five areas are: 1) material intensity, 2) energy
intensity, 3) water consumption, 4) toxic emissions, and 5) pollutant emissions (Schwarz,
Beloff, & Beaver, 2002). Each of the five indicators is expressed as a ratio, with the impact

of the indicator being the numerator and the denominator being the output of the particular
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indicator (this can be represented in either physical or financial values). For consistency, all
values are normalized to represent one pound of product (Schwarz, Beloff, & Beaver, 2002).

Upon calculation of the various indicators related to this framework, the interpretation
of the final values comes from how high or low they are. A high value is indicates that the
process may be working inefficiently, or that there may be an area where there is room for
improvement. Alternatively, a low value indicates that the particular process has a lower
impact on the environment, or that the process has a particularly large output, and is thus
working efficiently (Schwarz, Beloff, & Beaver, 2002).

In the U.K. the Sustainability Assessment Model (SAM), is framework that can be
utilized to determine the how well a particular project or initiative is performing in regard to
sustainability (Cutteridge, n.d). The SAM framework considers four main areas in regard to
sustainability: 1) economic, 2) resources, 3) environment, and 4) social (Cutteridge, n.d;
Cavanagh, Frame, & Lennox, 2006). All measurements taken for these areas, regardless of
their initial units, are converted into monetary units; this allows for easy comparisons
between the different areas. Ultimately, a measure deemed the SAMI, which is a culmination
of the values from all the different areas, is determined and is presented as a percent where a
higher value indicates a process is more sustainable (Cutteridge, n.d).

In Dublin, Ireland, Maxwell and van der Vorst (2003) are working with members of
the processing industry to develop improved sustainable product development methods. The
goal for this process, which has been deemed the “Sustainable Product and Service
Development” (SPSD) method, is to create a cost effective product that is more sustainable,

and fulfills the need of the consumer (Maxwell, & Vorst, 2003). The SPSD method takes the
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TBL into consideration and also considers the entire life of a product, not only the
manufacturing process (Maxwell, & Vorst, 2003). The SPSD method dictates that in order
for products and services to be deemed sustainable, they must fit the following criteria 1)
have technical feasibility, 2) fulfill consumer requirements, 3) fulfill market demand, 4)
maintain quality, 5) consider economic, social, and environmental impacts, 6) be functional,
and 7) comply with government legislation and/ or other industry specifications or
requirements (Maxwell, & Vorst, 2003). Ultimately, this method should yield cost savings to
the company, a reduced impact on the environment, and a functional product to the consumer
(Maxwell, & Vorst, 2003). The SPSD method also considers whether a function can be
accomplished via a product, a process, or a combination of the two; a combination is a
Product Service System, or PSS. The SPSD process, depicted in Figure 9, first determines if
a product should be produced as a product, a service, or a PSS (Maxwell, & Vorst, 2003).
Next, the life cycle stages and supply chain linkages are determined. After these
determinations have been made, the most effective sustainable processes, which consider all
aspects of the TBL, are incorporated into the process.

Ireland has also developed a method to determine how the impact a product or service
has on the environment can be reduced (Maxwell, & Vorst, 2003). This initiative, which is
run by the Environment Unit of Enterprise Ireland, is designed to yield Environmentally
Superior Products (ESPs). This strategy is similar to the SPSD strategy in that a superior
product is to be developed in a sustainable manner after considering all the elements in the

supply chain, not just the product itself (Maxwell, & Vorst, 2003).
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Can it be produced by a
SERVICE?
PRODUCT?
PSS?

Optimise sustainability impacts of each option
with traditional criteria

Determine the supply chain companies involved in
the development of the Product or PSS proposed

Determine optimum target companies for direct SPSD
implementation and role of all supply chain companies

‘h

OEM & relevant supply chain companies optimise
sustainability impacts for all remaining lifecycle
stages (raw materials to end of life) and develop
specification

Figure 9. SPSD Process Summary

Note. From “Developing sustainable products and services”, by D. Maxwell, & R. V. D.
Vorst, 2003, Journal of Cleaner Production, 11, pp.886.
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Another assessment tool is the Tool for the Reduction and Assessment of Chemical
and other environmental Impacts (TRACI) (Bare, Gloria, & Norris, 2006). TRACI was
developed in the U.S. and is a compilation of several different assessment models that
considers, according to location, how various emissions effect both human and
environmental health (Bare, Gloria, & Norris, 2006). When relating TRACI to the TBL, this
assessment tool does not consider the economic aspect—only the environmental aspect and
the human health portion of the social aspect. While TRACI does consider several different
areas of potential human and environmental impact, such as human cancer and ozone
depletion, it is not a completely comprehensive tool as there are many recognized potential
impacts that are not included as part of the model, such as pathogens and radiation (Bare,
Gloria, & Norris, 2006).

A composite sustainable development index (Icsp) has been developed in Slovenia by
Krajnc and Glavi¢ (2005) which utilizes the concept on the TBL. There are several steps
involved in calculating the value of the lcsp. Initially, the sustainability indicators are
selected and then grouped and assigned a number depending on what aspect of the TBL they
fall into. Indicators are then judged and assigned either a “+” or “=” symbol depending on
whether the indicator has either a positive or negative impact, respectively. Next, indicators
are weighted using a pair-wise comparison method to assign the indicators appropriate
weights. The indicators are then normalized so that more accurate comparisons can be made.
After this, sub-indices are determined and are ultimately incorporated into the Icsp
framework. When the Icsp is utilized in industry a higher final value means that the

company has made more substantial movements toward sustainability. A web chart of the
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final values provides a simple depiction of what aspects of a company are in the most need of
sustainable initiative. An example of this web is provided in Figure 10 (Krajnc, & Glavic,
2005). Problems with this model include the potential subjectivity of the person or group

that is selecting and evaluating the indicators.
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Figure 10. Representation of the Icsp of the Case Companies for Year 2003 Using
Normalized Values of Indicators

Note. From “How to compare companies on relevant dimensions of sustainability”, by
D. Krajnc, & P. Glavi¢, 2005, Ecological Economics,55, pp.561.
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Ecological Footprint Analysis (EFA), which originated in the U.K., is a way for a
company to monitor its sustainability practices and to determine the environmental impact of
a particular process (Chambers, & Lewis, 2001). EFA considers the ‘carrying capacity’ of
the Earth—this approach considers how much of the Earth each person is allotted and how
much each person is actually utilizing (Chambers, & Lewis, 2001). EFA places more
importance on materials/ resources utilized and energy consumption than on the wastes
produced by a company (Chambers, & Lewis, 2001); this is done because it is assumed that
when the “Ecological Footprint” is reduced, the amount of pollution produced will also be
reduced. The EFA analysis consists of seven steps: 1. Data Scoping, 2. Data Collection, 3.
Assembling a footprint table, 4. Calculating the Ecological Footprint, 5. Normalization, 6.
Refining the footprint—sensitivity analysis, 7. Environmental management systems—using
the footprint (Chambers, & Lewis, 2001). The EFA methodology accounts for the utilization
of resources regardless of whether they are renewable or not; the utilization of materials
along with the outputs from either the production of a product or the product or service itself
can measured and provide a Material Intensity per Unit Service (MIPS), which was
developed by the Wuppertal Institute (Chambers, & Lewis, 2001). While the EFA does not
consider the social aspect of sustainability, it can be linked with other sustainability metrics
to account for that portion of the TBL.

Table 6 shows several of many sustainability metrics that have been developed all

over the globe. The table also indicates what aspects of the TBL each metric address.
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Table 6

Sustainability metrics available and the aspects of the TBL that each addresses

Metric Country of Origin Social Environmental Economic

OECD France X

IChem*® U.K. X X X

SAM U.K. X X X

SPSD Ireland X X X
TRACI U.S.A. X X

lcsp Slovenia X X X

UNEP-FI/ SBCI France X X
EFA U.K. X

Current State of the Industry

Currently, the textile industry has found itself in a difficult position in regard to
sustainability because participating in sustainable initiatives could affect the competitiveness
of a company in a negative way (Coster, 2007). Consumers are demanding more sustainable
products, and while surveys show that consumers are willing to pay the price premium that is
associated with sustainable products (up to 10% more than the price of the traditional
product) (Allwood, Laursen, Rodriguez, & Bocken, 2006), the true purchasing choices of
these consumers has yet to be adequately evaluated. Additionally, consumers expect the
sustainable product to perform equally well as the traditional product. For example, in
Cotton Incorporated’s 2006 Lifestyle Monitor™ Environment Survey of 6,800 US
consumers, it was found that environmental friendliness was the least important

consideration made by consumers when they purchased apparel as only 2% of men and 4%
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of women look specifically for “environmentally friendly” apparel (Cotton Incorporated,
2007; Coster, 2007).

Many companies argue that when their environmental performance is improved it is
at the cost of their economic performance as sustainable initiatives are often perceived to be
associated with higher costs (Lankoski, 2006). It is also believed by some companies that by
participating in sustainable initiatives, productivity will decrease. This is not completely
false; when a company makes the transition from their current production or manufacturing
processes to more sustainable practices there may be interruptions which hinder productivity
(Lankoski, 2006).

In order for this current view to change, scholars such as Porter and van der Linde
(1995) state that as the demand for more environmentally sound practices increases, research
in this area will ultimately lead to the development of more environmentally friendly
practices. This new body of knowledge will ultimately lead to a cost savings for those
participating in sustainable practices. Cost savings incurred after sustainable initiatives have
been implemented may include lower environmental taxes and lower liability costs. Also, a
sustainable manufacturer is less likely to receive fines for violating environmental
regulations, as they should always be in compliance. This makes a manufacturer a lower risk
when being considered for capital loans or insurance (Lankoski, 2006). Porter and van der
Linde (1995) also note that a manufacturer may be able to improve a product by participating
in more sustainable activities, which in turn may allow the company to charge a premium for

the product.
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Although there are several different valid sustainability metrics available, none are all
inclusive (Chambers, & Lewis, 2001). Also, while many companies do consider the
emissions and effluents as a result of a manufacturing process, the actual flow of materials,
energy, and resources are often overlooked (Chambers, & Lewis, 2001). There is also a need
for a comprehensive tool or database that can allow a company to evaluate itself based on all
aspects of the TBL, provide feedback when necessary, allow companies to rate or benchmark
themselves, and report their current sustainable initiatives (Lowe & Ponce, n.d.; Chambers,
& Lewis, 2001). It is also recognized that a comprehensive framework and sustainability
metric are necessary for companies to properly evaluate themselves in regard to
sustainability, and to be able to benchmark themselves against other companies in the
industry (Krajnc, & Glavic, 2005).

While there is no all encompassing framework, a valid sustainable metric will allow a
company to determine where action should be taken in regard to sustainable initiatives, and
impact of the initiatives on the economic viability of the company. A metric that could be
utilized internationally would allow for the whole world to work together to achieve
sustainability. Currently, companies are reporting and measuring their individual sustainable
initiatives, but there is a need for national and international sustainability frameworks so that
international standards can be created, and all companies will have to, at the very least,
comply with these international standards (Lapkin, 2006). Figure 11 depicts the hierarchy of
sustainability frameworks, and indicates that with an internationally accepted sustainability

framework, everyone in the world would be working toward the same goal.
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Figure 11. Hierarchy of sustainability platforms, indicating the need for international
frameworks

Note. From *“Sustainability performance indicators”, by A. Lapkin in Renewables-

Based Technology: Sustainability Assessment (pp.40), Eds. J. Dewulf & H. Van
Langenhove, 2006, West Sussex, England: John Wiley & Sons Ltd.

While sustainability is the ultimate goal, it cannot be achieved without the
participation of companies across the globe (Schmidheiny, Chase, & DeSimone, 1997). As
stated previously, in order for a sustainability metric to be successful, the metric needs to be

comprehensive enough to be utilized by all companies in the textile industry; this leads to the
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need for a metric that has globally recognized standards. Achieving sustainability will
require a change in the way many people and businesses think about the topic—a more
holistic view is necessary—seeing how the different aspects of the TBL work together to
contribute to sustainability (Schmidheiny, Chase, & DeSimone, 1997). In this regard,
companies must understand that reaching sustainability is a process, and thus must set goals
that are achievable given the constraints of the industry (Schmidheiny, Chase, & DeSimone,
1997).

Communication is a key to achieving sustainability. It should be recognized that
communicating successful sustainable initiatives with other companies will greatly expedite
the process of achieving sustainability (Schmidheiny, Chase, & DeSimone, 1997). Also
important is communicating to the consumer the importance of products produced in a
sustainable way (Schmidheiny, Chase, & DeSimone, 1997).

The demand for sustainable products is increasing, and companies that take advantage
of that market, and demand sustainable products from their suppliers, will likely find

themselves with a competitive edge (Schmidheiny, Chase, & DeSimone, 1997).
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CHAPTER 11

PROCEDURES AND METHODOLOGY

After a thorough review of the literature and of the sustainability metrics currently
available, and after gathering input from both professionals and advocates involved with
textiles and/or sustainability, an initial metric was proposed. In this research, a “bottom-up”
approach was utilized to develop the proposed sustainability metric. The bottom-up
approach was accomplished by receiving input from the companies and manufacturers
themselves (Kumar Singh, Murty, Gupta, & Dikshit, 2009), and moving up to other sources
including third party certification organizations, government regulations, and other sources
that were able to provide input in regard to sustainability metrics or sustainability initiatives.
By utilizing the knowledge of the key stakeholders in the development of the sustainability
metric, the design of the metric itself and the inclusion of certain key factors the final metric

was enhanced.

Development of the Proposed Sustainability Metric

Initially, several metrics were reviewed, including IChem®, BRIDGES, SPSD,
TRACI, SAM, and Icsp. While all of the metrics addressed many of the same topics in
regard to environmental sustainability, including energy, water quality, waste, effluents,
emissions, material usage, and air quality. It was the IChem® metric that was found to be the

most comprehensive and applicable to the textile and apparel industry. The IChem® metric
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includes information on exactly what should be measured in regard to all aspects of the TBL,
but has a strong focus on the environmental aspect. The IChem® metric collects specific data
for the: energy usage and export, material usage, water usage, land usage, atmospheric
emissions, aquatic impacts, and impacts to land—imposed on the environment because of a
product or service a company provides. Within the IChem® metric, there is an appendix of
the potency factors of various substances that may be found in emissions, effluents, or other
by-products of a particular product or service. These potency factor values give weight to the
substances, and when multiplied by the number of tons emitted, yield an “environmental
burden” value, to be utilized in the worksheet portion of the metric itself.

After all values have been entered, the data is normalized by dividing the final values
in each section of the worksheet by the value added that is provided via the product or
service from the company. Value added is created when the benefits from a product exceed
the costs associated with producing that product. This normalizing factor allows for
companies to be compared to one another—within or across industries. By normalizing the
values with the value added of the company, comparisons can be made between large and
small companies. In essence, the value added creates a level playing field for all those
receiving scores based on their sustainable initiatives. Therefore, a company will need to
take appropriate measures to ensure it creates the highest possible value-added and the lowest
possible emissions.

Value added can be difficult to calculate as there are a myriad of accounting
adjustments that can be made to change inputs on a company’s value sheet. Adjustment of

these values may skew results, and thus enable a company to appear more sustainable than
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they actually are. Though there are different accounting methods utilized, utilizing value
added as a normalizing factor is, at present, the best option. For more information on an
appropriate method in which to calculate value added see the section “Normalization of
Collected Data Values”. Another possible factor that could be utilized to normalize the data
is that of production. This could be segmented as pounds of production, yards of production,
or number of final products. While these values may be more easily accessible, it is likely
that the data may become skewed due to the fact that different sections of the supply chain
may have significantly different methods of production. Production values would not allow
for comparisons to be made outside of one specific segment of the textile production process.

The American Apparel and Footwear Association (AAFA) frequently releases an
updated Restricted Substance List (RSL) (American Apparel and Footwear Association,
2009). This list contains various substances that are known to be either restricted or banned
from textiles, apparel, or footwear in various countries. The AAFA’s RSL does not provide a
Potency Factor for the listed substances; therefore, these values have been temporarily left
blank in the proposed sustainability metric. The Chemical Abstracts Service (CAS) number
is provided with all of the AAFA RSL substances, and is provided for many of the IChem*®
substances. The CAS number is a distinct way in which substances can be identified. With
over fifty-two million substances in its database, both organic and inorganic, the CAS
number system is an effective way in which to reference substances.

All aspects of the environmental portion of the IChem® metric, and the American
Apparel and Footwear Association Restricted Substances List were entered into a Microsoft®

Excel worksheet to provide a comprehensive sustainability metric for the textile industry.
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The Microsoft® Excel worksheet was broken down into a total of twelve worksheets,

to be completed in the following order:

=

Reference-Values-AIR
2. Reference-Values WATER
3. Pesticides

4. Asbestos

5. Dioxins & Furans

6. Flame Retardants

7. Other

8. Economic Worksheet

9. Environmental Worksheet
10. Final Values

11. Report Sheet

12. Reference-Other (no values need to be entered on this sheet)

Worksheets

The worksheets in the Microsoft® Excel document of the proposed sustainability metric were
developed from the information found in the IChem® “Sustainability Metrics” (Azapagic, et
al., 2002) and the AAFA “Restricted Substance List” (American Apparel and Footwear
Association, 2009). The worksheets were developed to be both comprehensive in regard to

measuring sustainable initiatives and user-friendly for entering and calculating values. The
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only values required to be entered into the proposed metric are the output of each chemical—
all other calculations are automatically computed via formulas that have been entered into
each worksheet. There are a total of twelve worksheets, eleven of which require data entry.

Instructions for completing the proposed metric can be found in Appendix A.

Reference Values- AIR

In the “Reference Values-Air” worksheet, substances that are known to have a
negative impact on the atmosphere, or human health, are listed. This worksheet was
developed utilizing information from both the IChem® sustainability metric and the AAFA-
RSL. While a Potency Factor has not yet been developed for several of the substances found
in this worksheet, the amount of each substance utilized, or found on a final product, should
still be recorded. This eliminates to potential for error, and will allow evaluators to see the
Final Report as complete.

The listing is broken down into what specific impact the chemicals have on the
atmosphere. The listings are: Atmospheric Acidification, Global Warming, Human Health
(Carcinogenic) Effects, Human Health (Skin) Effects, Stratospheric Ozone Depletion, and

Photochemical Ozone (Smog) Formation.
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Atmospheric Acidification

Atmospheric Acidification is the “increase in proton or hydrogen ion concentration in
water due to acidifying gases such as NOy and SOy. Acid rain is the most common carrier
causing acidification. Fish Kills in lakes, dying trees in forests, and corrosion of old buildings
are the results of acidification” (Wimmer, Zust, & Lee, 2004).

The PF values for “Atmospheric Acidification” were determined by IChemF, taking
into account the potential for such substances to release gases that are known to contribute to
acid rain or acid in other bodies of water. In this case, sulphur dioxide has been determined

to be the substance on which the other PF values are determined (Azapagic, et al., 2002).

Global Warming

Global Warming, also known as the “greenhouse effect” (DeSimone, & Popoff,
1997), is the rise in temperature in the atmosphere that is a result of the release of greenhouse
gases. Common greenhouse gases are CO, and methane. These gases trap heat in the
atmosphere that has been reflected from the surface of the earth resulting in climate changes.
The climate changes have been linked to such environmental issues including drought,
flooding, and changing biodiversity (Wimmer, Zist, & Lee, 2004, DeSimone, & Popoff,

1997).
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The PF values for “Global Warming” were determined by IChemF, and are based on
an “integrated time horizon” of 100 years. In this case, carbon dioxide has been determined

to be the substance on which the other PF values are determined (Azapagic, et al., 2002).

Human Health (Carcinogenic) Effects

Human Health, or carcinogenic, effects are those negative effects that a particular
substance can have on the physical health of a human. While carcinogens—those substances
which have been linked to cancer—are of a prime concern, there are other effects that must
also be considered such as birth defects or other bodily mutations. These effects all have a

negative impact on the quality of life for a human being.

Human Health (Skin) Effects

The health (skin) effects associated with disperse and azo dyes has led to many forms
of these dyes being banned in Germany (Platzek & Kratke, n.d.). Although rare, there are
documented cases of contact allergies associated with disperse dyes (Platzek & Krétke, n.d.).
Generally, these cases were attributed to tight-fitting apparel, such as leggings, that were
dyed with disperse dyes; these dyes could penetrate the skin easily, which would cause an
allergic reaction (Stahlmann, Wegner, Riecke, Kruse, & Platzek, 2006). Further, due to the

possibility that azo dyes could produce carcinogenic aromatic amines, these dyes have also
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been banned in Germany (Platzek, & Krétke, n.d.). There is also speculation that these dyes
can bioaccumulate which can impact human health, plant life, and wildlife.

The PF values for “Human Health Effects” were determined by IChem®, and were
derived from the Occupational Exposure Limits (OEL)—a standard in the UK set forth by
the Health and Safety Executive. In this case, benzene has been determined to be the
substance on which the other PF values are determined (Azapagic, et al., 2002). It is noted
by IChemF that to determine the PF for other substances that may be added to this list, first
take the reciprocal of the OEL value, which should be in mg/m® form and divide that value

by the reciprocal for the OEL value for benzene (0.0625) (Azapagic, et al., 2002).

OELbenzene )

PFsubstance (Human Health (Skin) Ef fects) — (OEL
substance

Stratospheric Ozone Depletion

Stratospheric Ozone Depletion is when the concentration of the ozone in the
stratosphere is decreased because it has been broken down by chlorinated compounds. As
the ozone is depleted potentially harmful radiations are able to pass through the atmosphere
more freely, this includes UV rays, which are known to cause skin cancer and have been
linked to the mutation of vegetation (Wimmer, Zust, & Lee, 2004; Organization for

Economic Co-Operation and Development, 1998).
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The PF values for “Stratospheric Ozone Depletion”, were determined by IChemF, and
are based on the ability of a substance to deplete the upper atmosphere, or stratospheric
ozone. In this case, trichlorofluoromethane (CFC-11) has been determined to be the

substance on which the other PF values are determined (Azapagic, et al., 2002).

Photochemical Ozone (Smog) Formation

Photochemical Ozone Formation, more commonly known as smog, occurs when
there is an increase in the ground level concentration of ozone. Smog has been linked to
problems with the human respiratory system and the slowing of plant growth (Wimmer, Zist,
& Lee, 2004).

The PF values for “Photochemical Ozone Formation” were determined by IChem",
and are based on “the potential of substances to create ozone photochemically”. In this case,
ethylene has been determined to be the substance on which the other PF values are
determined (Azapagic, et al., 2002). In this section there are substances that have been given
a negative PF value. These particular substances are known to reduce the amount of
photochemical ozone formation.

Tons emitted per year for each of the substances should be entered into the
appropriate field, and the Microsoft® Excel sheet, as formulas have been entered to calculate
final values, will display an “Environmental Burden” value. The “Environmental Burden”

value is then automatically entered into the corresponding fields throughout the Microsoft®
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Excel document. To avoid error, if the tons emitted for a particular substance is nil, then a

zero should be entered in the appropriate field.

Reference Values- WATER

In the “Reference Values- WATER” worksheet, substances that are known to have a
negative impact on water, and the biodiversity associated with water, are listed. This
worksheet was developed utilizing information from the IChem" sustainability metric and the
AAFA-RSL. While a Potency Factor has not yet been developed for several of the
substances found in this worksheet, the amount of each substance utilized, or found on a final
product, can still be recorded. This eliminates the potential for error, and will allow
evaluators to see the Final Report as complete.

The listing is broken down into what specific impact the chemicals have on water.
The listings are: Aquatic Acidification, Aquatic Oxygen Demand, Ecotoxicity to Aquatic
Life-Metals, Ecotoxicity to Aquatic Life-Other, and Ecotoxicity to Aquatic Life-

Eutrophication.

Aquatic Acidification

Aquatic Acidification occurs when a body of water loses its capacity to neutralize
acid in the water. Most aquatic acidification is a result of acid rain, which is a result of air

pollution. Aquatic acidification can affect both plant and animal life in bodies of water such
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as algae, fish, and insects. Certain species are not tolerant of certain levels of acid, and thus
their population is decreased (Sullivan, 2005,).

The PF values for “Aquatic Acidification” were determined by IChem®, and are
determined by calculating the “mass of hydrogen ion released by unit mass of acid [or] the
number of hydrogen ions released divided by the molecular weight” of the substance. In this
case, the positive hydrogen ion (H+) has been determined to be the substance on which the
other PF values are determined, though pH values can also be utilized (Azapagic, et al.,

2002).

Aquatic Oxygen Demand

Agquatic Oxygen Demand is the amount of oxygen required by the species living in
the water. This includes both plant and animal life. While these species generally do not
require a high oxygen demand, bacteria, especially that from organic material creates a high
oxygen demand in the body of water. When certain waste is dumped into these bodies of
water, the waste acts as food for the bacteria, thus exciting the growth of the bacteria. This
ultimately disrupts the ecosystem balance as there is not enough oxygen to support the
natural plant and animal life of the aquatic system. (Butkus, & Manous Jr., 2005)

The PF values for “Aquatic Oxygen Demand” were determined by IChemF using the
stoichiometric oxygen demand (StOD). The StOD value is the highest amount of dissolved
oxygen that effluents discharged into bodies of water will remove. The tons of oxygen

necessary to accommodate the dissolved oxygen requirements of a ton of a particular
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substance is a common way to refer to the StOD. In this case, oxygen has been determined

to be the substance on which the other PF values are determined (Azapagic, et al., 2002).
Ecotoxicity to Aquatic Life (values for sea water conditions) - Metals

Ecotoxicity to Aquatic Life occurs when the effluents, generally from industrial
processes, are ultimately found in bodies of water. These effluents are toxic to the species
living in the water (Jahan, 2005). In the textile industry, metals that can be found in certain
types of dyes are known to be toxic to both freshwater and marine life.

The PF values for “Ecotoxicity to Aquatic Life-Metals” were determined by IChem®,
and were derived from the Environmental Quality Standard (EQS). In this case, copper has
been determined to be the substance on which the other PF values are determined (Azapagic,
et al., 2002). To determine the PF of a substance the reciprocal of the EQS for that substance

is divided by the reciprocal for the EQS of copper (Azapagic, et al., 2002).

1
/EQSsubstance
Y

EQSCOppeT‘

PFgypstance (Ecotoxicity to Aquatic Life—Metals) —

Ecotoxicity to Aquatic Life (values for sea water conditions) - Other Substances

Ecotoxicity to Aquatic Life occurs when the effluents, generally from industrial

processes, are ultimately found in bodies of water. These effluents are toxic to the species
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living in the water. In the textile industry, surfactants and detergents are known to be toxic to
both freshwater and marine life. (Jahan, 2005)

The PF values for “Ecotoxicity to Aquatic Life-Other” were determined by IChem",
and were derived from the Environmental Quality Standard (EQS). In this case,
formaldehyde has been determined to be the substance on which the other PF values are
determined (Azapagic, et al., 2002). To determine the PF of a substance the reciprocal of the
EQS for that substance is divided by the reciprocal for the EQS of formaldehyde (Azapagic,

et al., 2002).

i

EQSsubstance

1
/EQSformaldehyde

PFsubstance (Ecotoxicity to Aquatic Life—Other) =

Ecotoxicity to Aquatic Life (values for sea water conditions) - Eutrophication

Eutrophication occurs when there is an increase in the nutrient concentrations, or
biomass, in bodies of water. This increase in nutrients, which is largely a result of over-
fertilization, results in an increase in algae growth which can change the taste of water, and in
bodies of saltwater can cause red tide—red tide kills “aquaculture” and other aquatic life
(Wimmer, Zlst, & Lee, 2004; Azapagic, et al., 2002).

The PF values for “Ecotoxicity to Aquatic Life- Eutrophication” were determined by
IChem®, and the substances found on this portion of the metric are known to cause
eutrophication. In this case, phosphate has been determined to be the substance on which the

other PF values are determined (Azapagic, et al., 2002).
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Tons emitted per year for each of the chemicals should be entered into the appropriate
field, and the Microsoft® Excel sheet, as formulas have been entered to calculate final values,
will display an “Environmental Burden” value. The “Environmental Burden” value is then
automatically entered into the corresponding fields throughout the Microsoft® Excel
document. To avoid error, tons emitted for a particular chemical is nil, then a zero is entered

in the appropriate field.

Pesticides

While pesticides are designed to improve the quality and quantity of food for the
population there are serious side-effects that are related to pesticides. Pesticides can have a
negative impact on the atmosphere, the soil, water sources, and human health (Levine, 2007).
Pesticides that drift or evaporate can impact the environment in the following ways: 1)
decline in air and water quality, 2) loss of beneficial insects and plants through off-site drift,
3) regional and long-range transport and degradation of soil, plant, and surface water quality,
4) accumulation and transfer of pesticide residues to sensitive wildlife and potential
disruption of the food chain, and 5) degradation of the global atmosphere and loss of natural
protective zones such as stratospheric ozone (Levine, 2007). Pesticides are also known to
have negative health effects on those who breathe in air that is contaminated with pesticides.
Potential health effects include: asthma, cancer, birth defects, and stunted mental and

physical growth in children (Levine, 2007).
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The “Pesticides” worksheet, which utilizes information from the AAFA-RSL, is
applicable to those growing natural fibers, such as cotton. While a Potency Factor has not
yet been developed for the substances found in this worksheet, the amount of each substance
utilized should still be recorded. For companies that do not utilize pesticides in their
production process, a zero should be entered into the appropriate field. This eliminates to

potential for error, and will allow evaluators to see the Final Report as complete.

Asbestos

Asbestos is the name given to a group of substances that were formerly utilized in
products that needed to resist heat and/or corrosion, and includes a variety of naturally
occurring and chemically altered minerals (U.S. Department of Labor, Occupational Safety
and Health Administration, 2002). Until 1972, asbestos was commonly utilized for building
insulation. Symptoms associated with inhaling asbestos go unnoticed for as long as fifteen
years. Asbestos can be potentially fatal to human health, and can cause debilitating health
problems, such as cancer associated with the lungs and other organs (U.S. Department of
Labor, Occupational Safety and Health Administration, 2002).

The “Asbestos” worksheet utilizes information from the AAFA-RSL, and thus does
not contain values for the Potency Factor. While a Potency Factor has not yet been
developed for the substances found in this worksheet, the amount of each substance utilized,
or found on a final product, should still be recorded. This eliminates to potential for error,

and will allow evaluators to see the Final Report as complete.
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Dioxins & Furans

Dioxins and Furans, which have been detected in air, water, and soil, are the
unintentional byproduct as the result of a process such as burning waste or creating
herbicides (Agency for Toxic Substances and Disease, n.d.). As these substances are known
to build up in the fatty tissues of animals, consumption of contaminated foods is the
predominate way in which humans are exposed to Dioxins and Furans (Agency for Toxic
Substances and Disease, n.d.). These substances are suspected of being carcinogens to
humans, and can also change the hormone levels and cause skin related diseases, such as
chloracne (Agency for Toxic Substances and Disease, n.d.).

The “Dioxins & Furans” worksheet of the metric was developed from the AAFA-
RSL. This worksheet contains Groups 1, 2, 3, 4, and 5 included for reporting. While a
Potency Factor has not yet been developed for the substances found in this worksheet, the
amount of each substance utilized, or found on a final product, should still be recorded. This
eliminates to potential for error, and will allow evaluators to see the Final Report as

complete.
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Flame Retardants

Brominated Flame Retardants (BFRs) are a commonly used flame retardant as they
are inexpensive, and highly effective. There are five BFRs that are commonly used
(Birnbaum, & Staskal, 2004):

1. Tetrabromobisphenol A (TBBPA)

2. Hexabromocyclododecane (HBCD)

3. Decabromodiphenyl ether (DBDE)

4. Octabromodiphenyl ether (OBDE)

5. Pentabromodiphenyl ether (pentaBDE)

While Flame Retardants are designed to aid in saving lives and minimizing fire
related injuries, there are rising concerns about the persistence, bioaccumulation, and toxicity
to both wildlife and people (Birnbaum, & Staskal, 2004). Currently, there are many
unanswered questions about the issues related to Flame Retardants, though research is
ongoing as there is significant evidence as to the potential negative human health and wildlife
impacts (Birnbaum, & Staskal, 2004).

The “Flame Retardants” worksheet was developed from the AAFA-RSL. While a
Potency Factor has not yet been developed for the substances found in this worksheet, the
amount of each substance utilized, or found on a final product, should still be recorded. This
eliminates to potential for error, and will allow evaluators to see the Final Report as
complete. If flame retardants are in no way a part of the manufacturing process or final

product, a value of zero should be entered in the appropriate fields.
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Other

The “Other” worksheet in this metric contains other substances that do not necessarily
fit into any of the other portion of the metric. This list was developed from information from
the AAFA-RSL. While a Potency Factor has not yet been developed for the substances
found in this worksheet, the amount of each substance utilized, or found on a final product,
should still be recorded. This eliminates to potential for error, and will allow evaluators to

see the Final Report as complete.

Economic

The “Economic” worksheet requires information for the following:
e Sales
e One of the Following:
o0 Cost of Goods, Raw Materials, and Services Purchased
0 Units Created
This worksheet has been developed so that the company representative completing
the report should first answer the question: “Do you know the cost of goods, raw materials,
and services purchased for your company? In other words, do you know the value added of
the product or service you provide?”. A drop down menu is provided and the respondent
should select “YES” or “NO”. If the response is “YES”, which is the favored response, the

worksheet will ask for the cost of goods, raw materials, and services purchased. If the
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response is “NO”, the worksheet will ask for the units created. If “units created” is utilized,
the units should also be noted on the report (i.e. yards, meters, tons, et cetera). Although the
value added can be calculated using the number of units created, it is far more accurate to use
financial values to normalize the data. Also, by using the value added, comparisons can be
made more easily within and across industries.

The two values utilized to normalize the data, which should be on any company’s
balance sheet, will yield the VValue Added. The Value Added is a normalizing factor for the
other worksheets in this metric—this can be calculated using either financial values or values
related to the amount of production, though the financial values provide more accurate data.
Normalizing the data allows companies to be compared to one another both within and across
industries. The Value Added is calculated via formulas entered into the Microsoft® Excel
worksheet, and is utilized in multiple worksheets in this document. By dividing the values
that have been entered in to the proposed metric by the value added, the final values become
normalized and can be utilized to compare companies within and across industries in regard

to their sustainability efforts.

Environmental Worksheet

The “Environmental Worksheet” requires that all information about how a company’s
product, process, or service effects the environment. Information from the two Reference
sheets (AIR and WATER), and the following substance specific worksheets (Pesticides,

Asbestos, Dioxins & Furans, Flame Retardants, and Other) is automatically entered into this
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worksheet, as there are Microsoft® Excel formulas in the associated cells. The main
categories in this worksheet are broad, with more specific data requests included in each
category. The main categories in this worksheet are: Energy Imports, Energy Exports,
Material Usage, Water Usage, Land Usage, Atmospheric Impacts, Aquatic Impacts, and

Impacts to Land.

Energy Imports

Energy Imports in the energy that the company must pay for. This is an important
factor as many of the energy resources utilized are non-renewable. Examples of energy

imports include: natural gas, oil, coal, steam, and nuclear power.

Energy Exports

Energy Exports is the amount of energy that the company sends back to the main
grid. Generally this occurs when the company creates energy from one process and is able to
capture that energy so that it may be utilized. This could also occur if the company has
installed instruments to capture natural energy such as solar panels or windmills. Essentially
any energy that is not used by the company, and is sent to the main grid can be considered

exported energy.
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Material Usage (excluding fuel and water)

The Material Usage of a company is calculated considering the materials utilized in
all processes of the company. This includes the raw materials utilized—which includes the
materials that are utilized for packaging. Recycling is part of the material usage considered
in this section. Recycling is defined as “the reuse of material in a production process that
diverts it from the waste stream, except for recycling within industrial plants and the reuse of
materials as fuel” (Organization for Economic Co-Operation and Development, 1998).
Therefore, recycled materials are those that the company recycles from other processes
performed by the company. Materials recycled from the consumer are also considered—this
is common when companies have “take-back” programs such as for apparel or carpet.
Finally, hazardous waste should be considered separately from all other waste values.
Hazardous waste poses a threat to the environment, human, and/ or wildlife; the type of

hazard that the waste poses should be described with accurate detail.

Water Usage

Water Usage considers the amount of water that is utilized throughout the company.
In the proposed metric, Water Usage is broken down to be measured as the amount of water
utilized for cooling processes, the amount of water utilized in other manufacturing
processes, and other water utilized—this could be water that is supplied to general company

facilities. The sum of all of these water usage values equals the total water usage. The
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amount of water recycled by the company is also considered in this section, and should be

subtracted from the total water usage value. The final value is “Net Water Consumed”.

Land Usage

The Land Usage of a company is the amount of land that is occupied by any part of
the company, regardless of the reason. For example, if a spinning company has an off-site
agricultural site in which it grows natural fibers, the amount of land occupied by this site
must be included. Other land that is affected by the company’s activities should also be
accounted for in this section, and the effect should be described. An example of land

affected by the company would be deforestation.

Atmospheric Impacts

The Atmospheric Impacts measured in this portion of the proposed metric, are those
from the “Reference Values-AIR” worksheet: Atmospheric Acidification, Global Warming
Burden, Human Health Burden (carcinogenic), Human Health Burden (skin effects), Ozone
Depletion, and Photochemical Burden (smog). In this section the various burden values are
normalized by dividing the total value by the value added of the company. By normalizing

the data using value added, it is now read as the amount of burden per value added.
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Aquatic Impacts

The Aquatic Impact in this portion of the metric, are those from the “Reference
Values-WATER” worksheet: Aquatic Acidification, Aquatic Oxygen Demand, Ecotoxicity
to Aquatic Life-Metals, Ecotoxicity to Aquatic Life-Other, and Eutrophication. In this
section the various burden values are normalized by dividing the total value by the value
added of the company. By normalizing the data using value added, it is now read as the

amount of burden per value added.

Impacts to Land

The Impacts to Land is the amount of waste disposed of by the company. As waste is
generated as every stage of the supply chain, hazardous and non-hazardous waste should be
measured, and the hazardous waste value should be accompanied with the appropriate details
about the type of hazard posed by the waste, and on whom (humans/ wildlife/ water/ soil/ air)
the waste effects. The amount should be provided in tons per year—if a different unit or time
frame is utilized, the appropriate changes should be made in the worksheet so as to reflect the
accurate values.

This worksheet calculates total values for the final report. The units in this worksheet
must be given careful attention so as to avoid error. Total values, and other pertinent values,

will be utilized in the Final Values worksheet and the Report Sheet. The said values are
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automatically entered into the appropriate fields, as Microsoft® Excel formulas have already
been entered.

Final Values

The “Final Values” worksheet is composed of many of the values found in earlier
worksheets, which are automatically entered as Microsoft® Excel formulas are already in
place. There are values that will need to be entered manually, and due care should be taken
to ensure that a numerical value has been entered for all portions of the worksheet.

This worksheet has the following main categories:

e Energy

e Material (Excluding Fuel and Water)
e Water Usage

e Land Usage

e Atmospheric Impacts
e Aquatic Impacts

e Impacts to Land

e Profit/ Value

e Pesticides

e Asbestos

e Dioxins & Furans

e Flame Retardants

e Other
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Report Sheet

The “Report Sheet” is the final document that requires data to be entered. This sheet
is formatted so that data entered from previous worksheets is automatically entered. This
worksheet is also formatted so that after all data has been entered, it can be easily printed.
Basic information, including representative name, date, and time frame must be entered in
this worksheet.

Reference-Other

The “Reference-Other” sheet in the workbook is for maintaining the workbook only. This

sheet is not to be altered by those completing the other portions of the metric.

Survey Methodology

To select companies for the case studies, the Delphi method was utilized. In the
Delphi method, industry experts are selected by an advisory committee and asked to
voluntarily participate in the study. Industry professionals were initially identified by the
advisory committee and later by the recommendation from other industry professionals. On
December 9 and 10, 2009 the American Association of Textile Chemists and Colorists
(AATCC) hosted the “Fashion Trends, Technologies, and Sustainability in Denim and
Garment Wet Processing Symposium” in Long Beach, California. This symposium proved

to be an excellent way in which to meet and speak with industry professionals in regard to
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the sustainable initiatives of the companies they represent. In order to cover as many aspects
of the textile industry as possible, companies from different parts of the supply chain were
asked to participate in this study. The companies that participated in the evaluation of the
proposed sustainability metric are involved with one or more of the following:

e Textile Manufacturing
e Dyeing and Finishing of Textiles
e Apparel Retail
e 3" party Certification Company
A protocol was developed (Appendix B) which states, step-by-step, how all aspects of

the research was intended to be conducted. This protocol was submitted to the IRB of North
Carolina State University along with all other necessary supporting documents. Due to the
nature of the study being primarily based on interviews, the IRB approved the submitted

exemption request.
Step 1: Establishing Communication with Identified Companies
First, e-mail communication was utilized to contact company representatives. The e-
mail stated the purpose of the research, and asked to be able to talk with a company

representative about the sustainable initiatives being pursued at the company. The complete

e-mail template can be found in Appendix C.
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Step 2: Conducting Preliminary Interviews

The next step was to conduct preliminary interviews with the identified companies
either via phone, e-mail, or at the company site. The majority of interviews were conducted
as phone interviews. A set of open-ended questions was developed (Appendix D) to aid in
guiding the interviews and to keep the conversation on the topic of sustainability. The
preliminary interviews, which were informal, were designed to provide the company
representative with more detailed information about the project and the focus of the research,
and to gather information about the sustainable initiatives being pursued at the company.
The interviews also were utilized to briefly describe ITT’s fellowship program.

A total of twelve companies and organizations were initially interviewed. This initial
set of interviews allowed for information to be gathered about sustainable initiatives from the
following types of companies:

e Computer/ Technology Manufacturers

e Hospitality

e Textile Manufacturing (Weaving and Knitting)
e Textile Wet Processing

e Apparel Retailers

e Research and Development of Apparel Retailers
e Third Party Certification Organizations

e Trade Organizations

e Not for Profit Textile and Fiber Related Organizations
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During the interview, general questions were asked about the sustainable initiatives
being pursued, or already initiated, at the company. These questions were designed to gather
information on how well developed the company’s sustainable initiatives are, and how well
the company’s employees understood the concept of sustainability. As the companies
interviewed were from several different places in the textile supply chain, not all of the
questions developed were posed to every company interviewed.

Notes were taken throughout the interview and a debrief of the interview was
promptly compiled, which including a brief background of the company and the information
from the interview.

Following the initial interview, an e-mail thanking the company representative for
their time and input was sent. A template of this e-mail can be found in Appendix E. The e-
mail also stated that when the time came to perform the case studies the company would be

contacted for more detailed information.

Step: 3: Industry Evaluation of Proposed Metric

After the initial interviews were conducted and the compiled sustainability metric was
completed a letter was e-mailed to the companies in the textile industry (Appendix F) asking
for their review of the proposed sustainability metric. The companies were only asked to
review the metric for its applicability and comprehensiveness in regard to the textile industry.
A survey (Appendix G) was sent with the metric for the companies to use as an evaluation

tool. No more than one week after the evaluation of the proposed sustainability metric was
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returned, an e-mail thanking the company representative for their time and input, was sent to

the company representative.

Step 4: Determination of Companies for Case Studies

The companies that were utilized for the case studies were chosen based on the
information provided from the initial interview. The goal of the case studies was to
determine the applicability of the proposed sustainable metric to the textile industry.
Therefore, companies that stated they had no formal sustainability initiatives in place were
eliminated as potential candidates for the case studies. In order to represent as many sectors
of the textile supply chain as possible, it was predetermined that at least one company would
be selected from each sector. A total of five companies were determined to be suitable
candidates for the case studies, though only three were able to participate. The company
names have been masked and designated with capital letters, the letter associated with the
company is random, and holds absolutely no significance as to the name or associations of
the company. Table 7 lists the case study companies and the sector of the textile supply

chain with which they are associated.
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Table 7

Place in Textile and Apparel Supply Chain of Case Study Companies

Company Place in the Supply Chain
A Outdoor Apparel Retailer
B Filament Yarn Manufacturer
C Integrated Textile Manufacture
(yarn production, fabric production, dyeing, and finishing)

Case Study Methodology

Companies selected to voluntarily participate in the case study research were notified
via e-mail (Appendix H). The representatives were provided with details about what the case
study and associated visit would entail.

The selected companies were asked to review the metric, paying close attention to the
various details of the metric. A site visit was then scheduled. The purpose of the site visit
was to be able to truly understand the unique culture of the company, to discuss the proposed
metric, and to see firsthand the various sustainable initiatives that have been implemented at
the site. A series of guiding questions were utilized (Appendix 1) to obtain a clear and
concise understanding of how, why, and to what extent sustainable initiatives were

implemented at a company.
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After visiting the company site and meeting with the appropriate company
representatives, a debrief of the events, and other information was compiled. A formal case
study report was then completed by the researcher. After the completion of the case study
reports, they were distributed to their respective companies for review to ensure that all
information from the interviews and site visits was interpreted correctly. After the
completion of the study, a final letter was mailed, thanking the case study participants for

their participation and offering the research results (Appendix J).

Data Analysis

After all site visits had been completed and the survey associated with the metric was
reviewed, all the available data was scrutinized to ensure no detail was missed. Comparisons
of the collected data were then made so as to determine industry best practices in regard to
sustainable initiatives. A case study of each company, documenting the sustainable
initiatives that have been put in place by the company, their history with sustainable
initiatives, and their proposed future sustainable initiatives, was compiled. Information for
the case study was obtained from the various interviews with company representatives, the
site visit, responses from the survey, and any other information found via the company

website, annual report, or other similar data sources.
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Metric Refinement

Following the industry evaluation of the proposed metric, and the subsequent case
studies, the proposed sustainability metric was refined. A majority of the amendments were
made in the “Economic” worksheet, for calculating value added.

Items necessary to calculate a more accurate value for STVA (Sustainable Textile
Value Added) were added to the “Economic” worksheet. With the new items necessary for
input, the normalization of data should be more accurate, and should thus allow for more
accurate comparisons to be made within and across industries.

The substances contained within the metric were also amended so as to include
substances that were recommended by those who participated in the industry evaluation of
the proposed metric. Although survey respondents suggested the removal of several
substances, no substances were removed from the proposed metric, as all were determined to
be applicable in different sectors of the apparel and textile industry. All substances that were
added to the proposed metric were first reviewed by the advisory committee to ensure that
the appropriate action was being taken.

Another aspect of the proposed metric that also underwent amendments was the
information sheet that all respondents are expected to read prior to entering values into the
metric itself. This information sheet is utilized to introduce the respondent to the proposed
metric, to define any industry or metric specific jargon, and to provide instructions for
completing the metric. The information sheet could also be utilized as a reference sheet for

respondents who are completing the metric.
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CHAPTER IV

RESULTS AND DISCUSSION

To properly evaluate the proposed metric, all of the sources of feedback were
considered. This included information gathered from the survey, site visits, interviews, and
e-mails. A total of thirty-two companies were asked to evaluate the proposed metric. A total
of four companies completed the survey that was designed to provide feedback about the
proposed sustainability metric. An additional four companies provided feedback via e-mail
about the applicability of the proposed metric. The total number of respondents was eight.
The overwhelming response was that the metric was at least one of the following: too long/
involved, requires values to be input that are either not known or not measured, not familiar
with all substances listed, potential for respondents to enter false data, reluctance from
companies to share financial data. Table 8 shows the number and percent of respondents
who provided feedback about the proposed metric. It should be noted that not all of the
respondents considered all of the responses listed, as that portion of the survey was designed
for free response.

While the general response was that the proposed metric required too many details
that are not easily accessible, all six case study company representatives felt that the metric

would be an effective way to measure a company’s sustainability, and that of its suppliers.
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Table 8

Respondent feedback to the proposed sustainability metric

Metric Feedback Number of Percent of
Response Respondents* | Respondents*
1 Too long/ involved 2 25%

5 Requires values to be input that are 5 62 5%

unknown or are not measured
3 Not familiar with substances listed 5 62.5%
4 Potential for false data entry 2 25%
5 Reluctance to share financial data 4 50%

Note. Not all respondents considered all of the responses listed, as that portion of the
survey was designed for free response.

Although acquiring the values required to complete the metric would likely be time
consuming task, after the metric is completed the first time, subsequent metric submissions
should be significantly less difficult, as the procurement of necessary data would already
have been established (W. G. O’Neal, personal communication, March, 2009).

Upon implementation of the proposed metric, the infamous “green-washing” will
eventually be eliminated. As companies must enter exact values for the listed chemicals, the
final sustainability score could not be altered, and would thus provide a true representation of
the sustainability of a company. Also, comparing companies within or across industries
could incite the implementation of new sustainable initiatives and thus propel the movement

toward sustainability at a significantly faster rate than what is currently being experienced.
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Case Study: Company A

Background Information

Company A is a privately held, outdoor clothing retailer that is well-known for its
proactive stance towards sustainability and environmentalism. Company A was founded by
a rock climber who began the business by making the tools necessary for climbing.
Currently, the company’s market includes outdoor enthusiasts as well as fashion conscious
consumers. With retail locations primarily on the West coast, Company A caters to a niche
market of outdoor enthusiasts including those who participate in rock climbing, alpine
climbing, surfing, running, hiking, yoga, and fly fishing amongst many other outdoor
activities.

Company A has established a premium pricing strategy for its products. Part of this
strategy is due to the increased costs of producing more sustainable goods. For this reason,
Company A works to explain to the customer what is in the product that makes it a sound
purchase. Company A also works to have customers understand the brand, and the
sustainable initiatives that are the cornerstone of the company.

Company A operates at the grassroots level, and considers the environment,
biodiversity, and the ethical working conditions with every action it takes including, but not
limited to, building new facilities, running current facilities, and sourcing. Company A has
made efforts to monitor the process of the manufacture of goods to ensure prescribed
practices are being followed, and that there is a minimal impact on the environment.

Employees and representatives of Company A are completely engaged in the initiatives set
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forth, and are active in the sustainability movement. Company A is also dedicated to
providing research grants to grassroots organizations which seek to improve the state of the

environment.

Proposed Metric Feedback

Company A provided feedback for the proposed sustainability metric via survey and
interviews. A total of three company representatives participated in the evaluation of the
metric, including a “Strategic Environmental Materials Developer”, and two representatives
who work with sourcing and supply chain management. The feedback can be divided into
four sections: general formatting, substances, applicability of proposed metric, and other

recommendations.

General Formatting

In regard to formatting, Company A emphasized the need for questions in the metric
to be clear and concise so as to avoid any confusion for the respondents and to ensure that the
same data is being provided from all participating companies. It was also recommended that
the time frame for which the data is being collected should be stated upfront, and in the
instructions sheet, and not only on the final report sheet. In regard to the time frame, it was
also recommended that a time frame be provided along with every question that requires data

entry. Specific terms and phrases should be defined for the respondent, and no assumptions
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should be made as to the respondent’s knowledge about the substances or related jargon
included in the proposed metric. Each heading should also be accompanied with a brief
description of what data will be necessary to report, and the heading itself should be

explained.

Substances

The substances found in the proposed metric did create difficulty for Company A
representatives in both understanding and completing the metric. It was noted that
substances could be an ingredient in a chemical, such as a dye, or could be a by-product of a
process, thus making an accurate measurement of such substances difficult.

Substances found in the proposed sustainability metric were reviewed by Company
A. In the “Reference Values-AIR” worksheet the substances: grain dust, hardwood dust,
rubber fume, rubber process dust, and softwood dust were indicated to not be applicable to
Company A, and were noted to not likely be found in the apparel or textile industry.
Company A recommended that caprolactam, dimethylformamide, and dimethylacetamide be
added to the “Reference Values-AIR” worksheet. In the “Reference Values-WATER’
worksheet, it was recommended to include: BOD, silver, chlorinated compounds, and AOX
adsorbable organic halogens. In the “Pesticides” worksheet, it was recommended to include:
aldecarb (aldicarb), endosulfan, phorate, and methamidophos. Company A recommended the
inclusion, in the “Other” worksheet, the following substances: perfluorooctanoic acid

(PFOA), fluorotelomer alcohols (FTOH), and triclosan. In all of the worksheets that listed
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substances for the proposed sustainability metric, it was noted that the company
representative was not familiar with every substance listed.

Company A indicated that the “Economic” worksheet of the proposed metric may be
“too simplified” in order to get the necessary data. It was also noted for the “Environmental”
worksheet, that the sources for purchased energy should be broken down, so that renewable
energy purchases such as solar, wind, and geothermal energy can be captured in the collected
data. For the waste portion of the “Environmental” worksheet, Company A recommended to
break that section down as well, into the method of waste disposal, such as recycling,
landfill, and incineration as each method will have a different impact on the environment.

For the “Report” worksheet of the proposed metric, Company A indicated that an
alternate form of measure, such as per meter of textile or per garment, may be desirable for

some companies in the industry, and should thus be considered.

Applicability of the Proposed Metric

While it was agreed that the detail of the proposed metric would be a viable way in
which to measure and benchmark the sustainability of a company, it was also noted that the
metric could be “overwhelming or discouraging” for the respondents. Also, it is highly
unlikely that any one person would be able to complete the metric; being able to contact
those who do know the appropriate values may be difficult to reach. Company A noted that,

these two potential problems could lead to respondents entering false or inaccurate data.
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Another potential problem with the proposed metric, mentioned by Company A, is
that if participating companies report values for the various items that are measured, it is
possible for a company that measures more of its output could have a lower score compared
to a company that does not measure as many items, so simply enters a value of data. This
selective data entry has the potential to greatly skew the data results.

Company A suggested that an onsite audit or some other method of testing and
verification would be necessary in order to validate the data reported by companies. It was
also noted that this metric may not be applicable to all aspects of the textile and apparel
supply chain such as garment construction. Also, for processes that involves the use of glue
or other adhesives the available data, if any at all, may not be sufficient for evaluating the

company in regard to its sustainable practices.

Other Recommendations

Company A provided other recommendations in regard to the sustainability metric.
One recommendation was to consider the potential future of the proposed metric. For
example, “How can one market the proposed metric to the consumer?”. Another point was
how to get the value from the metric to the consumer, such as creating a label that is
associated with the metric, and is provided to those companies who meet a predetermined
standard associated with the metric. In this case, there could also be levels, or tiers, to the

metric which could be associated with an increased level of sustainability.
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Defining a value for which a company can set as a goal was another recommendation
from Company A. By setting a range of values that could be considered unacceptable,
acceptable, exemplary, and et cetera would allow for a more appropriate, and valid way in
which to benchmark the participating companies. By setting these ranked values, it will also
cater to the labeling recommendation, and provide incentive for companies to strive to

implement more sustainable practices.

Company Sustainable Initiatives

When sourcing, Company A has an in-house set of criteria for the various materials
and substances that are utilized as a part of the company’s products; this criteria varies
according the material or substance in consideration. Company A also utilizes a
questionnaire to evaluate the companies used for sourcing goods and services. As a brand
member of Blue Sign, Company A considers consumer and worker health and safety.
Resource efficiency and environmental impacts such as emissions, effluents, and ground
contamination are a part of the Blue Sign evaluation. While it is not required, Company A
does place value on its suppliers, products, or processes that have been third party certified as
having a lesser impact on the environment than the more traditional counterparts.

For fibers that are utilized in Company A’s products the impact on the environment is
also considered. 100% organic cotton, 100% chlorine-free merino wool, recycled and
recyclable polyester, and hemp are all commonly utilized to create durable, sustainable

products. Data for a variety of products has been obtained in regard to the amount of CO,
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emissions, in a type of Life Cycle Analysis (LCA) report. Data is collected from suppliers
via a simple questionnaire which is specific to the suppliers place in the supply chain. This
data is presented on Company A’s website in an interactive medium, which can be easily
understood by consumers. In this regard, Company A shows where its practices have lead to
a lesser environmental impact, and also where there is room for improvement.

Company A aides other companies in diverting waste from landfills, and also has
established a program that encourages customers to deposit apparel that has completed its
useful life so that it may be recycled. Company A ensures that materials, even at the
corporate level are recycled when possible. Along with the recycling program, Company A
also participates in the “1% for the Planet” program in which a minimum of 1% of company
net revenue is donated to environmental organizations all over the world. Company A has
also founded a program that aims to “create, protect, and restore” “wildways”, or the paths
that animals utilize in their migration patterns.

Company A has also taken steps to be more sustainable that could often go
overlooked. Employees are provided with business cards that have been created from post
consumer waste, and utilize soy-based inks. Large windows are found throughout the
buildings so that natural light can be used instead of electric light, when possible. Bicycles
are loaned to employees to encourage a CO,-free commute to work. Solar panels in the
parking lot are placed in such a way to absorb maximum energy, and provide shade and
cover for the cars in the lot. In the cafeteria, glass plates and traditional silverware are
utilized as opposed to paper plates and plastic utensils. Also, in the cafeteria a bin for food

waste is provided so that it can be utilized for composting. When Company A is looking to
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open a new retail location, scouts seek out old, abandoned buildings that, with minimal
improvements and renovations, can provide a useable retail venue. Often these buildings
have historical or other value specific to location. An example of this is the retail location
that is near the company headquarters, which was formerly a slaughterhouse.

The distribution center for Company A, which is located in Nevada, has no air
conditioning, but was constructed in such a way, that it takes in the cold night air and utilizes
it to keep the facility cool during the day. The distribution center has also received a silver
LEED certification.

While Company A has no specific strategy for its sustainable initiatives, one
representative stated that Company A is “firing on all fronts” in regard to sustainable
initiatives. As Company A is considered a leader in the sustainability movement, there have
been missteps from which Company A has made improvements—Company A is “not afraid
to bump into reality” when it comes to pursuing sustainable initiatives that may not always
pan out as had been initially anticipated. Company A also emphasizes the need for
transparency in sustainable initiatives, as without transparency the movement toward

sustainability becomes debilitated.
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Case Study: Company B

Background Information

Company B, founded in 1971, is a publicly held global producer of multi-filament
polyester and nylon textured yarns. Company B has created partnerships with branded
apparel that lead to the creation of unique branded yarns. As there are numerous applications
in which polyester and nylon yarns can be utilized, each type of yarn is accompanied by
several variations that provide the desirable properties depending on the end-use.
Automation has been incorporated into a majority of the processing that takes place at
Company B, this automation, coupled with the quality of the yarns produced, has allowed
company B to maintain global competitiveness.

According to Company B, the focus of the company involves the manufacture of
partially-oriented yarn (POY), the texturing, air-jet texturing, twisting, and beaming of
polyester yarn, and the texturing and covering of nylon, filament yarns. Company B also is
able to package dye yarns, though this is a minor part of the business. It is through these
processes that Company B adds value to its yarns, and is thus able to differentiate itself from
its competitors.

Company B has a “Code of Conduct” that is enforced to maintain a healthy
environment for employees to work. The ethical treatment of employees is a priority for
Company B, and the “Code of Conduct” prevents anything, but such treatment. While the
“Code of Conduct” covers the social aspect of the TBL, Company B also has substantial

initiatives in place for the environmental aspect of the TBL. Company B continues to seek
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out new practices and technology that has a lower environmental impact than the current
practices and technology. There are four “ideals” that lead the movement toward
sustainability:

1. One Common Goal

2. Responsibility and Commitment

3. Sustainable Textile Solutions

4. Integrity and Authenticity

Company B has also launched a branded yarn that is produced from recycled materials such

as soda/ soft drink bottles. The above “ideals” and the recycled, branded yarn are both

discussed further in the “Company Sustainable Initiatives” section.

Proposed Metric Feedback

At the site visit, the researcher met with the “Corporate Product Development
Manager”. In regard to the proposed sustainability metric, Company B agreed that there is a
need for one industry agreed upon, comprehensive sustainability metric. The lack of
transparency and communication was noted by Company B to have negatively affected the
inertia to move toward sustainability, and also noted that it is at the end of the supply chain
where the sustainability movement is truly driven. Company B recommended having the
yielded product, or output, as the main item considered, as opposed to considering the

input—using a standard unit of mass for all participants. For instance, the value in pounds of
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a particular chemical required to make one pound of fabric. Company B stated that waste
should still be considered, but not in the same way as the final product.

Company B stated that the items that are measured are generally done so because of a
customer request. Therefore, it is likely that most companies would not readily have values
for the items listed unless those items are already being measured because of a customer
request.

Company B also noted the following hypothetical situation. A responding company
that is already performing well in regard to environmental sustainability, with minimal room
for improvement, may have a positive score initially. Though in subsequent reports, this
company may not appear to be proactive due to the limited number of potential
improvements, thus translating to sustainability scores that have a minimal percent increase
from one year to the next. In contrast, a company that is performing poorly would have an
initial poor score, but in subsequent reports would appear to have implemented more
sustainable initiatives than the former company, because of the large jumps in score change
percentages, even though the latter company may still be lagging behind in regard to
sustainable initiatives.

The Economic aspect of the TBL is a main consideration for Company B, as the
potentially large costs associated with obtaining the necessary data to complete the proposed
metric, were also noted. These costs could be substantial, and possibly not feasible, for a
company. Companies may be reluctant to pay for the collection of data, as it will inevitably
become public if the end goal is to use the metric as a benchmarking tool. The representative

also noted that there should be value associated with completing the proposed metric, which
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should translate to a market value for consumers—some people will pay more for sustainable
products.

In regard to the substances listed in the proposed metric, the company representative
admitted to not being familiar with all of the substances. It was also noted that for the dyeing

aspect of production it may be incredibly difficult to obtain data.

Company Sustainable Initiatives

Company B, which considers itself to be ahead of many other companies in the industry
in regard to implemented sustainable initiatives, has four self-proclaimed “ideals” that it
utilizes to make forward progress toward sustainability. The four “ideals” include:

1. One Common Goal

This ideal states that, the more companies and people who actively participate
in sustainable initiatives, the faster the movement toward sustainability will occur,
and with a larger impact. To this end, Company B encourages all aspects of the
supply chain to be more proactive in regard to implementing and following
sustainable initiatives.

2. Responsibility and Commitment

This ideal states that, to be sustainable means to be completely dedicated to
implementing sustainable initiatives in every aspect of the supply chain. This also
implies taking a more holistic approach when making a LCA—considering the cradle

to cradle approach as opposed to the cradle to grave approach. This ideal also states
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that giving back to the community, and to organizations who work to preserve the
environment. Company B is a member of “1% for the Plant”, for which it allots a
minimum of 1% of its net revenue to the “1% for the Planet” organization so that
funds may be distributed to proactive groups and organizations which seek to
preserve or restore the environment, biodiversity, or any other aspect of Earth which
needs attention in this regard. Four years ago, Company B set a goal to produce
twenty million pounds of recycled yarn by 2010, and hopes to double that production
rate in the next couple years.
Sustainable Textile Solutions

Company B has made a commitment to continue the innovation of its products
and processes so as to lower its impact on the environment, and move toward
sustainability. Company B utilizes ETAD (the Ecological and Toxicological
Association of Dyes and Organic Pigments Manufacturers) approved dyes so as to
maintain with regulatory standards and ensure consumer safety. Company B has also
made partnerships with companies further down the supply chain to create a
combined effort in diverting materials from the waste stream.
Integrity and Authenticity

This ideal states that Company B will make appropriate considerations before
implementing a new sustainable initiative. By implementing sustainable practices in
the move efficient and effective manner, Company B seeks to be the benchmark in
the textile industry. It is through transparency of its sustainable practices that

Company B intends to maintain its place as a leader of the sustainability movement.
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As previously noted, Company B has created a branded yarn that is produced from
recycled materials. Polyester yarns can be produced from 100% post-consumer waste, or a
hybrid of both pre-consumer and post-consumer waste, and the nylon yarns can be produced
from pre-consumer waste. The recycled yarn diverts materials from landfills, helps to
conserve the Earth’s resources by eliminating many of the energy intensive processes
necessary when making yarn from virgin polyester. The recycled yarns can also be produced
S0 as to possess certain performance factors, such as moisture wicking or UV protection.
This yarn is made using a unique, proprietary process that “ensures it’s better than other
recycled yarns available today”. This unique process allows for the yarns to be verified as a
product from Company B as the use of a special technology allows for Company B to
“fingerprint” its yarns.

Various third party certifications are utilized at Company B to provide customers with
the assurance that their yarns are better for the environment than their more traditional
counterparts. Company B receives an annual certification ensuring the recycled content
claims of their products are accurate. The Oeko Tex® 100 certification is also utilized by
Company B, thus ensuring that products are free of harmful levels of restricted chemicals and
substances. Company B will also test final products to determine if their yarns were utilized,
and a certification must be obtained in order for the product to be able to use the branded
yarn name in advertising, hangtags, or other media.

Company B has sustainable initiatives that go beyond producing yarn from pre- and
post- consumer waste; shipping containers are continuously repaired and reused, water and

energy are reclaimed, and biosolids are donated to local farmers for use as fertilizer. There is
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also an on-site recycling facility, where Company B recycles plastic, office paper, corrugated
boxes, paper tubes, batteries, and wood pallets. Company B owns it’s a fleet of trucks for
transporting goods; these trucks use ultra-low sulfur diesel fuel, which lowers emissions, and
reduces the amount of ash, released into the environment. Sponsoring an annual “Earth Day”
event, Company B teaches children at local schools about the importance of recycling and
other ways to take care of the Earth. Company B also plants trees at local schools to lead by

example in displaying interest in the well-being of the Earth.
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Case Study: Company C

Background Information

Company C, with its beginnings dating back to 1865, is a privately owned company
that is involved in many aspects of the textile supply chain, including: production of yarn,
weaving and knitting of textiles, dyeing and finishing of textiles, chemical production for use
on textiles and other mediums such as plastics, and research and development in regard to
textiles, chemicals, and their respective applications. With over 45 manufacturing locations
in the world, and more than 2,000 patents, Company C considers itself to be a leader in the
innovation, research, and development of textiles and their related applications. As
Company C continuously seeks to improve its products and processes it has become globally
recognized as a supplier of superior quality products. Textiles developed are utilized in a
variety of applications including, but not limited to, automotive, hospitality, medical,
industrial, military, and recreation. Considering the number of applications that utilize
textiles and chemicals from Company C, there are also a number of necessary performance
characteristics that must be a part of the products, these characteristics include, but are not
limited to, flame resistance, impact resistance, soil/ stain resistance/ release, moisture
wicking, thermal, dust-free, and durable.

Company C goes to great lengths to ensure the safety and the ethical treatment of its
employees. Work-related accidents are monitored at all of Company C’s facilities, and
proactive action is taken to limit the number of potential future accidents. Company C makes

investments in its employees by offering various continuing education classes in which every
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employee is required to participate. The surrounding community is also considered by
Company C as it hosts events on both the community and national level, and works to

promote environmental stewardship.

Proposed Metric Feedback

During the site visit, the research met with two company representatives, the
“Director of Corporate Engineering” and the “Director of Corporate Environmental”.
Company C provided feedback about the proposed metric from an engineering perspective.
It was agreed that the need for one, comprehensive metric and environmentally sustainable
standard is necessary. The feedback can be broken down into three main sections: value

added as a normalizing factor, substance, and other recommendations.

Value Added as a Normalizing Factor

Company C felt that it would likely be quite difficult to have companies report their
value added as they may not actually know the value of items, such as profits. Alternatively,
companies may be reluctant to report such values lest the information become public.

The volume of each active facility is another factor noted to potentially skew data
results. For instance, if one facility is running at 100% utilization, while another is running
only at 50% utilization and both have the same costs in regard to overhead, then the value

added of the two facilities will be effected, thus effecting the final sustainability values. For
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this reason, Company C recommended taking the fixed overhead costs out of the formula to
determine the value added. Using only the variable costs would likely yield more accurate
results than when the fixed costs and variable costs are included in the formula. Also, for the
calculation of value added, there should be a set formula that all companies are required to
utilize for determining their value added. By having a set formula, the comparison of

companies could be conducted in a more rational fashion.

Substances

The substances that had been derived from the AAFA RSL do not have a
corresponding PF as the other substances do, which were derived from the IChem®
sustainability metric. Therefore, Company C recommended that there needs to be a method
which indicates how values for particular substances can be determined.

It was also noted that often in manufacturing processes several different products will
go through the same machine, so determining plant values would be possible, but considering
the growing movement toward LCA, differentiating on a SKU level would make determining
such specific substance values difficult.

Another recommendation by Company C was that of considering the consumption of
particular substances and chemicals to predict the discharge values, as opposed to using the
production values. It was also noted that often chemicals are components of other chemicals
or substances, or may only be trace substances, and therefore tracking of all of the elements

of a particular substance would be necessary.
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When considering the specific substances listed in the proposed sustainability metric,
Company C found several that were not applicable to the textile industry. In the “Reference
Values- AIR” worksheet, dimethoxybenzidine, grain dust, hardwood dust, polychlorinated
biphenyls (PCBs), softwood dust, and wool process dust were not a part of any of their
manufacturing processes. The same response was also recorded for the entire “Pesticides”
worksheet.

Company C found no other problems with the proposed metric via the survey, and
stated that if necessary, the metric could be completed without difficulty. Company C also
felt that the proposed metric would be a suitable way in which to evaluate the sustainable

practices of its suppliers.

Other Recommendations

Company C noted that a company that has multiple manufacturing plants or facilities,
such as itself, could lead to the resulting metric data being skewed. Though, this would only
happen if the entire companies were being evaluated against one another; making evaluations
on a plant by plant basis could be easily accomplished.

In regard to the metric overall, Company C questioned if it could be possible to make
comparisons within and across each worksheet of the proposed metric—as many of the
worksheets are further subdivided into their specific environmental impacts. For example, if
1,000 pounds of acetone is emitted into the air, and 1,000 pounds of acetone is dumped into

the water and the same PF value is utilized to calculate the EB for both the water and air
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environmental burdens, the resulting data may not be accurate as certain substances may be
more potent in the water than in the air or vice versa. By having different values for the
different forms of emission, Company C stated that other companies would be able to
determine a better way in which to emit substances. This could then, in turn, be considered
in regard to the economic value of the EB that is on the “Report Sheet” worksheet of the

proposed metric.

Company Sustainable Initiatives

With initial pressure from architects, interior designers, and those in the automotive
industry, consideration for the environment is a prime concern for Company C. This
consideration began several decades ago, with environmental policies dating back to the
1960s such as, energy conservation programs and the construction of wastewater treatment
plants prior to requirement, and environmental metrics from the 1950s. In 1990 Company C
began to implement numerous sustainable and environmental initiatives at all levels of the
company, and now considers itself a leader in the movement toward sustainability. The
definition of sustainability from the Brundtland Report was adopted by Company C, and the
subsequent Environmental Policy set forth by Company C has made this company a leader in
the sustainability movement. Although regulatory requirements are recognized to affect
where a company will place its facilities, and thus affects international competitiveness,
Company C believes its patents help to give the company a competitive edge that surpasses

that of companies being able to produce at a lower cost.
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An internally developed scorecard is utilized to monitor and evaluate all of Company
C’s facilities in regard to both short-term and long-term sustainability goals. This self-
assessment scorecard, which considers compliance, management systems, process
capabilities, audits, and education, is based on manufacturing processes, not final products.
After completing the assessment, facilities are given a rating a green, yellow, or red
depending on their assessment score with green being the best score and red being the worst
score. As there are no financial incentives linked with the scorecard, management is deterred
from making decisions that will only be beneficial in the short-term, though there is an
indirect pressure to be evaluated as a green facility, as all facilities can see all other facilities’
rankings.

Forty-three of Company C’s forty-five locations send zero waste to the landfill. In
addition, all of Company C’s manufacturing locations have received an ISO 14001
certification. A requirement to maintain the certification is that the company show
continuous environmental improvements, such as lowering resource consumption and
generating less waste. In 2008 Company C sent less than one-tenth of one percent of its solid
waste to a landfill. Company C sponsors such events as the “Greenbuild International
Conference and Expo”.

Company C maintains compliance with, and often exceeds, the government set
regulations in regard to environmental concerns. Company C is working diligently to
completely eliminate all waste from air, land, and water—reducing energy consumption by
5% per year is a goal set by Company C. By completely eliminating the use of chlorinated

solvents, Company C has greatly reduced its consumption of CFCs—a substance known to
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deplete the ozone. Products from Company C do not contain substances that are not
biodegradable, such as metallic dyes. Other accomplishments include the carpet sector of the
company reducing both water and energy consumption in the United States by more than one
half since 1995, reducing emissions globally by 22% over the past three years, and saving
cardboard as a result of packaging reductions.

Recycling and reusing are another important part of Company C’s sustainable
initiatives. Coal ash is utilized in building materials and biosolids from wastewater treatment
are utilized for fuel. In the office, recycling bins are found in a variety of places, which led
to almost zero waste in regard to office supplies. Fountains located at the company’s
headquarters are utilized to cool water that is then used for the air conditioning system.
Water from facilities that are near one another are pumped back and forth, and continuously
reused. Company C has partnered with organizations such as “Habitat for Humanity” to
provide gently used carpet—used carpet that is being replaced by a company—for use in
housing projects; this initiative helps to keep carpet out of landfills.

Education is another important aspect of the sustainable initiatives at Company C, as
efforts are made to educate employees about ways to help maintain and protect the natural
environment. Company C also partners with high schools and universities to explore and
develop programs that will increase environmental awareness. To help guide employees, and
to raise awareness about sustainability, Company C launched its own sustainability program.

Maintaining biodiversity is another important aspect of Company C’s sustainable
initiatives. The company headquarters are located within a nationally recognized public

arboretum, thus indicating its forward thinking in regard to the environment. Company C
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also has initiated a program to educate the community about the value of trees; Company C
also plants and maintains over one million trees in the world, thus showing its dedication to
the environment.

Company C has been certified by the Leonardo Academy for Cleaner and Greener®
Energy and Emissions as being carbon negative—meaning more carbon is captured and
offset, than is actually emitted by the company. This certification is not a result of
purchasing carbon credits, but is largely due to the number of trees planted around company
facilities, the use of alternative fuels, and the continuing efforts to conserve and reduce
energy consumption. Company C receives 10% of its energy from hydroelectric plants, and
receives methane from local landfills. The carpets produced by Company C contribute to
LEED certification for buildings. Company C has obtained a LEED registration for Existing
Buildings (EB) for its corporate headquarters, and the showrooms are LEED Gold certified.

Life Cycle Analysis (LCA) is also considered at Company C, and new products are
evaluated in regard to their entire lifespan before any production of the new product takes
place. Considering products from cradle-to-cradle, instead of cradle-to-grave, is an initiative
being continuously improved upon by Company C, and the purchase of LCA software is
being considered.

In the carpet production sector of Company C, PVC has been completely eliminated
from use in production and all carpets are certified by the Carpet and Rug Institute as “Green
Label Plus” meaning the emission of volatile organic compounds (VOCSs) is extremely low,
thus improving indoor air quality. Also in the carpet sector, Company C has sent zero waste

to the landfill since 1999. This is partly attributed to its carpet renewal system in which
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Company C seeks to renew, reuse, or recycle its produced carpet. All carpet produced by

Company C has been certified to NSF 140 by the “Sustainable Carpet Assessment Standard”,

“SMaRT” by the Consensus Sustainable Product Standard Platinum, carbon negative by

Leonardo Academy’s “Cleaner and Greener

»® and improved indoor air quality by CRI

“Green Label Plus”.

Along with having certifications from the aforementioned organizations, Company C

is affiliated with the following organizations, which are primarily concerned with the

preservation of the environment:

Alliance for Sustainable Built Environments (ASBE)- Founding Member
U.S. Green Building Council (USGBC)- Founding Member

Institute for Market Transformation to Sustainability (MTS)- Founding
Member

Carpet America Recovery Effort (CARE)- Founding Member

International Facilities Management Association (IMFA)- Founding Member
International Design Center for the Environment (IDCE)

American Society of Interior Designers (ASID)

International Interior Design Association (1IDA)

Scientific Certification Systems (SCS)

Leonardo Academy for Cleaner and Greener Energy and Emissions

Carpet and Rug Institute (CRI)

World Green Building Council (WorldGBC)

The Building Owners and Managers Association (BOMA)
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Though already well recognized for the safety of its transportation trucking fleet, in
2006, Company C joined the SmartWay*" Transportation Partnership. This partnership
considers the environmental impact of transportation and how that impact can be monitored
and lessened by setting and working toward achievable goals.

Company C also utilizes benchmarking to achieve many of its sustainable initiatives.
By closely evaluating companies across all industries that are performing exceptionally well
in regard to their environmental stewardship, Company C is able to adapt and implement
many of the initiatives that have been previously mentioned at their own facilities. While
Company C continues to work on its own sustainable initiatives, those of its suppliers are not
considered—suppliers are not asked about their sustainable initiatives or of the sustainability
of their products. Although Company C does not hold its suppliers accountable for their
environmental impact, design for the environment (DFE) is part of Company C’s
sustainability strategy. Therefore, all new products to Company C are evaluated in regard to
their potential environmental impact, and if necessary, alternative products are suggested.

By taking these steps toward sustainability, Company C has received numerous
awards and recognition for its environmental stewardship, including the “Recycler of the
Year” in 2008 from the South Carolina Department of Commerce, the “Sustainability Mentor
of the Year” in 2008 from The Partnership for a Sustainable Georgia, and the “Business
Recycling Program Award” in 2007 from the Carolina Recycling Association, amongst many

others.
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While a number of specific products have been Oeko Tex® certified, as per customer
requests, Company C has identified an opportunity in regard to sustainable products:
developing sustainable products which have no known trade-offs. It has been recognized by
Company C that many products that are regarded as more environmentally sustainable often
have drawbacks such as having lower durability, decreased performance, or higher costs. For
this reason, Company C is working to develop products that are environmentally sustainable,

and perform just as well, or better, than their traditional counterparts.
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Results

In utilizing the research methods noted in the “Procedures and Methodology” section,
the proposed metric received a thorough review from several different perspectives including
apparel retail, yarn manufacture, fabric manufacture, dyeing and finishing, and academia. It
was agreed that the metric would be suitable to evaluate those in the textile supply chain in
regard to their sustainability initiatives. Many of the respondents noted the level of detail
required to complete the survey and noted that it would be quite difficult to acquire all of the
necessary values for the substances listed. It was also noted, that the “Economic” worksheet,
which calculates the value added of a company to use as a normalizing factor, would need
more detail in order to achieve accurate results. For this reason, the “Economic” worksheet

of the metric was amended so as to more accurately determine the value added of a company.

Metric Amendments

Normalization of Collected Data Values

The data values collected from the proposed metric must be normalized so that values
are comparable within and across industries. Those who evaluated the metric noted the over-
simplified calculation for value added. Therefore, it was necessary to utilize more specific
formulas to calculate the value added, which is an essential aspect of the proposed metric.

By normalizing the data small and large companies can be compared with one another. For
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the proposed sustainability metric, value added was utilized as the normalizing factor. For
the purposes of this research value added will henceforth be “Sustainable Textile Value
Added” (STVA). STVA is the value added (benefits of the product minus the costs
associated with producing the product) to a textile or apparel product while keeping the
overall TBL impacts constant.

The method utilized to determine STVA will be considered from an accounting
perspective. STVA for the purposes of this research will not incorporate the potential use of
accounting adjustments. In this case, STVA is the difference between the company’s net
operating profit after tax (NOPAT) and the cost of capital (COC) as a weighted average in
dollars (Grant, 2003; Abdeen & Haight, 2002). STVA, as adapted from Grant’s (2003)

formula, is as follows:

STVA = NOPAT — $cCOC
Where:
STVA= Sustainable Textile Value Added
NOPAT= Net Operating Profits After Tax

COC= Cost of Capital

The NOPAT value is utilized because economic profit is directly related to the need
or want of a product or service offered by a company (Grant, 2003). Another reason the
NOPAT value is utilized is that the annual interest tax subsidy received from outstanding

debt (this value is the corporate tax rate multiplied by the company’s interest expense) is
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factored in to the $COC formula (Grant, 2003). To determine the value of NOPAT value of
tax adjusted earnings before interest and taxes (EBIT) can be used (Grant, 2003). The
formula for NOPAT using EBIT is:
NOPAT = EBIT x (1 —t)
= (S—COGS —SG&A —D) x (1 —1t)
Where:
EBIT x (1 — t)= the unlevered company’s NOPAT—this indicates
the company’s earnings before interest and taxes.
S= Sales
COGS= Cost of Goods Sold
SG&A= Selling, General, and Administrative expenses
D= Depreciation
To determine the dollar cost of capital, the percent cost of capital is multiplied by the

amount of invested capital (Grant, 2003). The formula is as follows:

$coc = [%COC] X Capital
=700 apita
Or $coc=cocxc

Where:
$COC=dollar Cost of Capital
%COC= percent Cost of Capital
C= Total net operating capital
COC= Weighted average cost of debt and equity capital (expressed as
required rate in decimal form)

Capital=the amount invested in capital
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The percent cost of capital is determined by taking the weighted average of the
company’s of the following two items: after-tax cost of debt and equity capital (Grant, 2003).
The formula for percent cost of capital is as follows:

%COC = [Debt Weight x %After Tax Debt Cost + Equity Weight
X % Cost of Equity]
Alternatively,

COC = After tax Debt Cost x Debt Weight + Equity Cost X Equity Weight

To determine the cost of capital, one of two methods can be utilized: the “Asset”
approach or the “Sources of financing” approach (Grant, 2003). Using the “Asset” approach
the net operating assets is the beginning value. To that, add the net plant, property, and
equipment, intangibles, other assets, the LIFO reserve, accumulated goodwill for
amortization, bad-debt reserve, capitalized research and development, cumulative write-offs
of special items, and present value of operating leases (Grant, 2003). The resulting value is
capital.  Alternatively, beginning with the book value of common equity, add equity
equivalents: preferred stock, minority interest, deferred income tax, and equity reserve
accounts (Grant, 2003). Also add the debt and debt equivalents: interest-bearing short-term
debt, current portion of long-term debt, long-term debt, capitalized lease obligations, and
present value of operating leases (Grant, 2003). The resulting value is capital. Table 9 and

Table 10 show the procedures to obtaining a value for capital.
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Table 9

“Asset”” Approach Steps to Calculating Capital

Procedure Accounting Item

Begin Net (short-term) operating assets

Add Net plant, property, and equipment
Intangibles

Other assets

LIFO reserve

Accumulated goodwill amortization
Bad-debt reserve

Capitalized research and development
Cumulative write-offs of special items
Present value of operating leases

Equals Capital

Note. From Foundations of economic value added, by J.L. Grant, 2003. (Second ed.).
Hoboken, New Jersey: John Wiley & Sons, Inc.
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Table 10

“Sources of Financing” Approach Steps to Calculating Capital

Procedure

Accounting Item

Begin

Book value of common equity

Add

Equity Equivalents:
Preferred stock
Minority interest
Deferred income tax
Equity reserve accounts

Add

Debt and Debt Equivalents:
Interest-bearing short-term debt
Current portion long-term debt
Long-term debt
Capitalized lease obligations
Present value of operating leases

Equals

Capital

Note. From Foundations of economic value added, by J.L. Grant, 2003. (Second ed.).
Hoboken, New Jersey: John Wiley & Sons, Inc.

When putting all of the formulas associated with STVA together, the progression is as

follows:

STVA = NOPAT — $COC
=EBIT X (1—-t) —COCXC

=[S — COGS — SG&A — D] x (1 —t) — COC X C

Two approaches can be utilized to determine the value of NOPAT where there are

accounting adjustments that need to be considered: a “Bottom-up” or a “Top-down”
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approach (Grant, 2003). In the “Bottom-up” approach, the beginning value is the net
operating profit before taxes (EBIT), whereas in the “Top-down” approach the initial value is
sales.

For the “Bottom-up” approach the beginning value is operating profit after
depreciation and amortization. To that value, add the implied interest on operating leases,
which may include the increase in the LIFO reserve, the increase in the accumulated good-
will amortization, the increase in the bad-debt reserve, the increase in capitalized research
and development, and/or the increase in cumulative write-offs of special items (those that are
commonly included as write-offs and not those that are considered an exception). This new
value is the adjusted operating profit before taxes. From that value, subtract the cash
operating taxes, and the resulting value is NOPAT (Grant, 2003).

Alternatively, the “Top-down” approach, the beginning value is sales. From that, subtract
the cost of goods sold, selling, general, and administrative expenses, and depreciation. To
that value, add the implied interest expense on operating leases, the increase in equity reserve
accounts, and any other operating income. The resulting value is the adjusted operating
profit before taxes. From that value, subtract the cash operating taxes. The resulting value is
NOPAT (Grant, 2003). It should be noted that after reaching the value of NOPAT, no
further accounting adjustments should be necessary (Grant, 2003). Table 11 and Table 12
show the necessary steps to arrive at NOPAT using the “Bottom-up” or “Top-down”

approaches, respectively (Grant, 2003).
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Table 11
“Bottom-up”” Steps to Calculating NOPAT

Procedure Accounting Item
Begin Operating profit after depreciation and amortization
Add Implied interest expense on operating leases

Increase in LIFO reserve

Increase in accumulated goodwill amortization
Increase in bad-debt reserve

Increase in capitalized research and development
Increase in cumulative write-offs of special items*

Equals Adjusted operating profit before taxes
Subtract Cash operating taxes
Equals NOPAT

*To the extent that write-offs are included in operating results rather than an extraordinary or
unusual item.

Note. From Foundations of economic value added, by J.L. Grant, 2003. (Second ed.).
Hoboken, New Jersey: John Wiley & Sons, Inc.
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Table 12
“Top-down” Steps to Calculating NOPAT

Procedure Accounting ltem
Begin Sales
Subtract Cost of goods sold

Selling, general, and administrative expenses
Depreciation

Add Implied interest expense on operating leases
Increase in equity reserve accounts
Other operating income

Equals Adjusted operating profit before taxes
Subtract Cash operating taxes
Equals NOPAT

Note. From Foundations of economic value added, by J.L. Grant, 2003. (Second ed.).
Hoboken, New Jersey: John Wiley & Sons, Inc.

Substances

For the substances listed in the metric, those who participated in the survey portion of the
research recommended several of the substances be removed, and several be added to the
metric based on their applicability to the textile and apparel industry. Although the survey
results suggested removing grain dust, hardwood dust, rubber fume, rubber process dust, and
softwood dust, no substances were removed from the proposed sustainability metric as there
are applications, such as in the furniture industry and the tire industry, where such substances

may be found. The following substances were added to the “Reference Values-AIR”
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worksheet: Caprolactam was added to the Photochemical Ozone (Smog) Formation section,
and dimethylformamide and dimethylacetamide were added to the Human Health
(Carcinogenic) Effects section. In the “Reference Values-WATER” worksheet, silver was
added to the Ecotoxicity to Aquatic Life (values for sea water conditions)-METALS section,
BOD was added to the Aquatic Oxygen Demand section, and chlorinated compounds and AOX
adsorbable organic halogens were added to the Ecotoxicity to Aquatic Life (values for sea
water conditions)-OTHER SUBSTANCES section. In the “Pesticides” worksheet, aldecarb
(aldicarb), endosulfan, phorate, and methamidophos were added. To the “Other” worksheet,
perfluorooctanoic acid (PFOA), fluorotelomer alcohols (FTOH), and triclosan were added.

Table 13 shows the substances that were added based on industry recommendation and

research, and the corresponding worksheet in the metric.
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Table 13

Substances Added or Removed to the Proposed Metric

Added/
Removed

Added

Added

Added

Added

Added

Added

Added

Added
Added
Added
Added
Added
Added
Added

Worksheet

Reference Values-
AIR

Reference Values-
AIR

Reference Values-
AIR

Reference Values-
WATER

Reference Values-
WATER

Reference Values-
WATER

Reference Values-
WATER

Pesticides
Pesticides
Pesticides
Pesticides
Other
Other
Other

Section

Photochemical Ozone (Smog)
Formation

Human Health (Carcinogenic)
Effects

Human Health (Carcinogenic)
Effects

Ecotoxicity to Aquatic Life-
METALS

Aguatic Oxygen Demand

Ecotoxicity to Aquatic Life-
OTHER SUBSTANCES

Ecotoxicity to Aquatic Life-
OTHER SUBSTANCES

Not Applicable
Not Applicable
Not Applicable
Not Applicable
Not Applicable
Not Applicable
Not Applicable
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Substance
Caprolactam
dimethylformamide
dimethylacetamide
silver
BOD
chlorinated compounds

AOX adsorbable organic
halogens

aldecarb (aldicarb)

endosulfan

phorate

methamidophos
perfluorooctanoic acid (PFOA)
fluorotelomer alcohols (FTOH)
triclosan



CHAPTER V

SUMMARY, CONCLUSIONS, & RECOMMENDATIONS

Summary of Research

Defining and measuring sustainability as it relates to the Triple Bottom Line is a
challenge for many companies who are seeking to implement sustainable initiatives. This
research sought to define sustainability and present a metric which can be utilized to evaluate
the sustainability of a company, and allow companies to benchmark themselves against
others in the industry.

The proposed metric was compiled from the sustainability metric presented by
IChem® and the AAFA Restricted Substance List. Within the metric there are a total of
eleven worksheets that require the input of information in regard to the company’s substance
output. The data is then normalized by using the value added of the company, thus allowing
for comparisons to be made within and across industries. For all of the substances associated
with IChem"® there are potency factors, a value relating the impact of a substance on the
environment in which it is emitted. The annual weight of each substance emitted by a
company is multiplied by the potency factor; the resulting value is the environmental burden.
To normalize the data, the environmental burden is then divided by the value added. On the
“Report Sheet” worksheet all of the normalized values are entered. The completed “Report
Sheet”, containing the normalized values, would then be submitted to a third party

certification company for review.
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The Delphi method was utilized to identify experts in the textile industry who have a
familiarity with the chemicals utilized in production and the resulting output. Many of the
experts were also familiar with sustainability as a growing concern amongst consumers, key
stake holders, and government officials alike. Initial interviews were conducted with
company representatives to learn about the various sustainable initiatives being implemented
at the company, and to what extent the initiatives are actually being measured.

Following the initial interviews, participants were asked to review the proposed
metric and provide feedback via an online survey. After review of the survey results,
specific companies were asked to participate in the case study research. Results from the
case studies would enable benchmarking of successful sustainability processes and
initiatives. Three companies agreed to participate as case study companies. A site visit was
made to all three case study companies and along with a tour of the facilities and a meeting.
At the meeting the proposed metric was discussed in more detail, at which time company
representatives were able to provide more concise feedback in regard to the metric and its
potential implementation. Also at the meeting, more information was presented about the
sustainable initiatives in place at the company, and the initiatives that will be implemented in
the next one to five years.

Following the meeting and site visit, a final case study report was compiled for each
of the participating companies. Utilizing the information from the preliminary interviews,

survey, and case study research the proposed metric was amended accordingly.
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Summary of Results

The proposed metric received a thorough review from several different perspectives
including apparel retail, yarn manufacture, fabric manufacture, dyeing and finishing, and
academia. It was agreed that the metric would be suitable to evaluate those in the textile
supply chain in regard to their sustainability initiatives. It was also noted in the metric that
the “Economic” worksheet, which calculates the value added of a company to use as a
normalizing factor, would need more detail in order to achieve accurate results. For this
reason, the “Economic” worksheet of the metric was amended so as to more accurately
determine the value added of a company.

For the substances listed in the metric those who participated in the survey portion of the
research recommended several of the substances be removed, and several be added to the
metric based on their applicability to the textile and apparel industry. No substances were
removed from the proposed sustainability metric. The following were added to the
“Reference Values-AIR” worksheet: Caprolactam was added to the Photochemical Ozone
(Smog) Formation section, and dimethylformamide and dimethylacetamide were added to
the Human Health (Carcinogenic) Effects section. In the “Reference Values-WATER”
worksheet, silver was added to the Ecotoxicity to Aquatic Life (values for sea water
conditions)-METALS section, BOD was added to the Aquatic Oxygen Demand section, and
chlorinated compounds and AOX adsorbable organic halogens were added to the Ecotoxicity
to Aquatic Life (values for sea water conditions)-OTHER SUBSTANCES section. In the

“Pesticides” worksheet, aldecarb (aldicarb), endosulfan, phorate, and methamidophos were
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added. To the “Other” worksheet, perfluorooctanoic acid (PFOA), fluorotelomer alcohols
(FTOH), and triclosan were added. Table 13 shows the substances that were added or
removed based on industry recommendation and research on each substance, and the
corresponding worksheet in the metric.

Another concern of the participants was that of confidentiality. This issue was
addressed by amending the instructions that accompany the metric to state that no proprietary
company data would become public; the value added normalizing factor would allow for
only resulting scores to be viewed.

Respondents also noted that there should be some type of third party verification to
ensure the validity of data entered into the proposed metric. Having a third party certification
is definitely a goal for this proposed metric, and with the progress that the Institute of Textile
Technology is making with its new sustainability initiative, CESTAB (Council for
Economically Sustainable Textiles and Apparel Businesses) the third party certification is
possible. Though determining the process for third party certification is beyond the scope of
this study, it is definitely a step to be taken after the metric has been implemented.

Those who evaluated the metric also recommended that the metric be tied to some
type of bottom line. For example, one company representative mentioned having a label
associated with the metric. The label could then become recognized as a standard utilized
throughout the textile industry. Having a label associated with the metric would allow for
consumers to quickly and easily identify those products and companies that are sustainable

not just as products, but the production processes as well. A triple Celtic knot with a ring
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around it was utilized as the foundation for the logo (Figure 12). All aspects, including
colors are significant in the logo.

Respondents were not knowledgeable about all of the substances listed, and noted
that it would likely require several different personnel to complete the metric. It was also
noted that requesting such information from a supplier, may be difficult, if not impossible.
To help companies with completion of the metric, it is recommended to create a manual,
which contains all pertinent data for the substances listed in the proposed metric, that could
accompany the metric (Appendix K).

It was unanimous that the metric would be a viable method in which to measure the
sustainable initiatives set forth by a company, and could force companies to be accountable
for their actions. The metric would allow for more transparency in the textile supply chain,
which is important in order to move toward sustainability, and this metric will allow for such
transparency. It will likely take those further down the supply chain to apply pressure on
their upstream suppliers in order for complete transparency.

Case studies allowed for more detailed insight in regard to the proposed metric, and
also provided a more clear perspective on what initiatives are currently being pursued and the
initiatives that will set in place in the next several years. A number of respondents, when
asked about why more sustainable initiatives have not yet been set in place, referenced the
return on investment (ROI). Most companies want to see a ROI in one year if possible, and
five years tends to be the maximum amount of time that a company will accept for a ROI.
By completing the proposed metric, and receiving a score, a company could see where to

focus their efforts in regard to sustainable initiatives. There are undoubtedly costs associated
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with implementing new sustainable initiatives, but there is also a ROI for such an investment.
When a company has sustainable practices in place, it will likely work in a more efficient
manner, thus limiting the amount of waste. This can result in substantial cost savings for a

company.

Conclusions

As then CEO of DuPont, Edgar Woolard, stated in 1990 (DeSimone, & Popoff, 1997):

“The green economies and lifestyles of the twenty-first century may be

conceptualized by environmental thinkers, but they can only be actualized by

industrial corporations. Industry has a next-century vision of integrated
environmental performance. Not every company is there yet, but most are trying.

Those that aren’t trying won’t be a problem long-term, simply because they won’t be

around long-term. That is the new competitive reality.”

There is a need in the textile and apparel industry for one, comprehensive standard for
sustainability. After completing this research, several conclusions have been made in regard
to the proposed metric.

1. Companies are not yet ready to become truly sustainable.
After completing the interviews with companies, reviewing the survey results,
and completing the case studies, it became quite clear that there is a sever lack of
communication between different sectors of the apparel and textile supply chain.

Although respondents felt the metric was a valid way to assess themselves and their

suppliers, it was also noted the potential difficulty in obtaining particular data about
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substances found in the products from their suppliers. This unnecessary disconnect is
creating large hurdles for companies working to implement sustainable initiatives.

Initially, case study companies were asked to complete the proposed metric so
the researcher could create real benchmarks, and evaluate the sustainability of the
company. All companies stated that completing the metric would be impossible due
to the time requirements and the lack of data. For this reason, the case study design
was amended to accommodate for the lack of quantitative data.

This research highlighted that many companies are not yet ready to achieve
true sustainability. It appears that companies are putting significant effort into the
marketing and public relations of the sustainable initiatives that they currently, or will
soon, have in place. These initiatives are likely the “low hanging fruit”—practices
that were simple, or obvious, to implement. It was stated outright, by several
company representatives, that if the ROl was greater than five years, the potential
initiative would likely not be implemented. This indicates that companies are not yet
ready, or willing, to become truly sustainable.

2. There is a need for an independent body to maintain the sustainability metric.
As there are many organizations available to evaluate the sustainable initiatives of
a company, there is a need for one, independent organization to maintain the
sustainability metric. This organization could make the metric more textile/ apparel
specific, and could determine the potency factor values for new substances that may be

added to the metric.
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3. The proposed metric would allow for a degree of transparency and could thus
stimulate other companies to pursue more sustainable initiatives.

The proposed metric, as it requires the input of detailed information in regard
to the outputs of a facility, can show the true sustainability of a company. This
transparency could be a marketable attribute for a company, as sustainable products
and manufacturing processes are increasing in demand. Transparency at this level
would allow for a customer, regardless of their place in the supply chain, to evaluate
their supplier. Another benefit of the transparency that is a result of completing the
metric is the potential elimination of “greenwashing”, which currently plagues the
retail industry, and has been capitalizing off of the recent resurgence of sustainability.

As the resulting values for the various categories in the proposed metric are
normalized by the value added of a company, companies can be compared to one
another regardless of size, revenue, or any other factor that could potentially skew the
data. A company that adds more value to its products, yet has the same substance
output as a competing company, will have a lower sustainability score. The lower the
final score for the items found in the proposed metric, the more environmentally
sustainable the company. The normalized data also respects the proprietary
information of a company such as revenue, profits, or other company specific data.

By utilizing the proposed metric as a standard in the textile and apparel
industry, the movement toward sustainability could be propelled at a rate faster than
the current rate. The scores of participating companies could be made publicly

available—this could be viewed by consumers and businesses alike—for companies
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that are seeking the most sustainable supplier the choice will be simple. By having
this data publicly available, it can spur companies to catch up to their competitors in
regard to their sustainability initiatives.

The proposed metric could allow for companies to self-benchmark, and thus be
able to gauge where they stand in regard to sustainable initiatives when
comparing themselves to other companies.

By allowing companies to have a snapshot view of how their company is
performing in regard to sustainability, it can be established where the focus of energy
and resources should be allocated. The proposed metric would also allow companies
to see where they stand in comparison to other companies in the industry. Being able
to benchmark themselves would allow companies to move forward in their
sustainable initiatives. As there would be a higher level of transparency, the proposed
metric could ultimately make companies more competitive, especially when
considering international competition.

As the proposed metric is both comprehensive and detailed, it is possible to make
valid assessments of companies, and hold those companies accountable for their
actions.

The metric, which contains substances that are known to have a negative
impact on the environment and/or human health, can be utilized to assess both current
and potential suppliers. Until retailers, governments, or any other authoritative body
apply pressure for supplied goods to be manufactured in a sustainable fashion, the

movement toward sustainability will continue dilatorily. With the use of the
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proposed metric, companies will be held accountable for their production processes,
which will again, make those companies who are more closely tied to sustainable
initiatives more competitive.

To ensure that the information entered in the metric is valid, it would be
necessary to have periodic third party audits. With all the correct measures in place,
it will be possible to hold specific companies in the supply chain accountable for their
manufacturing practices. This in turn, will eventually lead to the elimination of those
companies that are lacking in their sustainable initiatives.

The metric is lengthy and will require a significant amount of time and money to
complete.

As the proposed metric will take multiple personnel, and a significant amount
of time to complete, there may be some level of resistance. It should be noted that the
largest time requirements will be from the first time the metric is completed; all
subsequent reports should not be difficult to complete as knowing where, and from
whom, to obtain the necessary information will already be known. Companies may
resist, noting the perceived ROI of such an investment would be nil—this is untrue.

Referring back to Lankoski (2006), companies can expect to see an increase in
profits until the threshold has been reached where environmental performance
increases while economic performance decreases. While there will likely need to be
an investment to obtain and measure all the necessary substances found in the
proposed metric, there is usually a return when a company is operating in a more

sustainable fashion, and thus more efficiently. Companies serious about achieving
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sustainability must be willing to put forth the financial requirements necessary to
complete the proposed metric in order for there to be any type of return, or increase in
profits.

Limitations

There were several limitation associated with completing this study.
1. Limited participation
Thirty-two different companies were asked to participate in the evaluation of
the proposed metric. Four completed the online survey, three provided feedback
either via e-mail or phone, and three agreed to participate as case study companies.
The researcher feels that this is largely due to the complexity and length of the
proposed metric and the associated survey.
2. Time
As there was a limited amount of time in which to complete the study, limitations
were placed on the depth of research taken on topics not directly related to the
proposed metric.
3. Potential for bias
Although complete confidentiality for all companies participating in any part
of the study was ensured, there is still potential for bias from company
representatives. As “greenwashing” is prominent in the textile and apparel industry,
the company representatives may have not revealed what their company is not doing

in regard to sustainable initiatives, possibly due to large capital investments.
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Companies are often eager to show how they are doing better, though that does not
mean they are doing their best. No company that participated in the study actually
completed the metric to receive a score; therefore there is no way in which to verify
their substance outputs.
Lack of representation

Due to time constraints and lack of participation, the textile and apparel
industry as a whole was not represented in this study. While several different parts—
yarn manufacture, fabric formation, dyeing and finishing, and apparel retail—were
represented in the case studies there are many other facets of the apparel and textile
industry that were untouched. Examples of these include, completely vertically
integrated companies, companies that employee fewer than fifty people, upholstery
and the furniture industry, and natural fiber producers.
Triple Bottom Line

Due to time and resource constraints, all three aspects of the TBL (social,
economic, and environmental) were not fully studied in this research. It was
determined that the environmental aspect of the TBL was that which was the most
pertinent, as there is a substantial amount of ambiguity and uncertainty when
addressing the impact companies have on the environment. This in no way means
that the economic and social aspects of the TBL are unimportant—all are equally

important in order to achieve true sustainability.
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Recommendations for Proposed Sustainability Metric Implementation and Use

The researcher recommends that the proposed sustainability metric be implemented in
the textile and apparel industry. Although there would likely be a large initial investment,
subsequent reports will not be a labor, time, or financial intensive. The investment necessary
to complete the metric and to implement new, sustainable initiatives would be significant,
and would likely have a ROI of greater than five years. Companies working to truly achieve
sustainability must make the necessary investments. By monitoring the results from the
metric over time adjustments can be made as necessary, and a company can quantify their

sustainability efforts in a valid manner.

Confidentiality

A concern of the study participants was that of confidentiality. Ensuring that the raw
data entered into the proposed metric, especially the financial data, did not become public in
any form was necessary. This issue was addressed by amending the instructions that
accompany the metric. No proprietary company data would become public; the value added
normalizing factor would allow for only resulting scores to be viewed. None of the input

information would be able to become publicly available, only final sustainability scores.
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Third Party Certification

Respondents also noted that there should be some type of third party verification to
ensure the validity of data entered into the proposed metric. Having a third party certification
is definitely a goal for this proposed metric, and with the progress that the Institute of Textile
Technology is making with its new proposed sustainability initiative, CESTAB (Council for
Economically Sustainable Textiles and Apparel Businesses), the third party certification is
possible. Though determining the process for third party certification is beyond the scope of

this study, it is definitely a step to be taken after the metric has been implemented.

Governing Body

A organization that can maintain the proposed sustainability metric, develop potency
factors for new substances added to the list, and ensure that the metric is focused solely on
the textile and apparel industry is necessary. This body could also work to create more
transparency throughout the textile and apparel supply chain, so the completion of the metric
would not be as difficult. This organization could work to create international sustainability

standards so that all countries work together to achieve sustainability.
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Payback and Logo/ Symbol

Those who evaluated the metric also recommended that the metric be tied to some
type of bottom line. For example, one company representative mentioned having a label
associated with the metric. The label could then become recognized as a standard utilized
throughout the textile industry. Another respondent noted that there should be a form of
payback for completing the metric in order to make the pursuit worthwhile. Having a label
associated with the metric would allow for consumers to quickly and easily identify those
products and companies that are sustainable not just as products, but the production processes
as well.

A logo prototype was thus developed (Figure 12). For the logo a triple Celtic knot
with a ring around it was utilized as the foundation for the logo. The Celtic knot was chosen
because, as with all Celtic knots, there is neither a beginning nor an end. This is
representative of sustainability as there is never a stopping point if true sustainability is to be
achieved. The triple Celtic knot was chosen in particular as there are three main aspects to
sustainability: environmental, social, and economic—the triple bottom line. All three
portions of the knot are interwoven, with the center of the figure containing portions of all
three portions—this is the true sustainability for which companies should strive.

The colors utilized in the logo are also significant. The green is representative of the
green earth and as the three portions of the knot closely resemble the shape of leaves the
green is appropriate. Blue is representative of the clean water associated with a sustainable

environment. Garnet is the color representative of the ITT and the proposed CESTAB
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sustainability initiative, who could potentially be third party auditors. The garnet color is the
ring around the knot, thus signifying how the process to achieving sustainability is cyclical—
there is no beginning or end. This is appropriate for ITT and the proposed CESTAB, as the
organization is designed to act as a guide for those companies working to achieve true
sustainability. The logo is both simple and recognizable, two important factors when
considering consumers purchasing habits. The logo is also representative off all the aspects
of sustainability for which the companies are striving.

The third party certification of the metric could also have levels, such as bronze,
silver, gold, and platinum that a company could earn in regard to its sustainability
achievements. This again can be a marketable aspect for the logo, and would encourage
companies to continuously pursue their sustainability efforts. Each level would have values
for each section of the metric that must all be earned in order to be awarded the

corresponding level.

Manual

Respondents were not knowledgeable about all of the substances listed, and noted
that it would likely require several different personnel to complete the metric. It was also
noted that requesting such information from supplier, may be difficult, if not impossible. To
help companies with completion of the metric, it is recommended to create a manual that

could accompany the metric. An example of how the manual could look is found in
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Appendix K. The manual should contain all pertinent data for the substances listed in the

proposed metric, and should also have a list of further resources if necessary.

®

Figure 12. Logo for Use with Proposed Sustainability Metric

Implementation and ROI

It was unanimous that the metric would be a viable method in which to measure the

sustainable initiatives set forth by a company, and could force companies to be accountable

for their actions. Those who participated in this study also noted, that the metric would allow
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for more transparency in the textile supply chain. Having transparency throughout the supply
chain is important in order to move toward sustainability, and this metric will allow for such
transparency. It will likely take those further down the supply chain to apply pressure on
their upstream suppliers in order for complete transparency.

Case studies allowed for more detailed insight in regard to the proposed metric, and
also provided a more clear perspective on what initiatives are currently being pursued and the
initiatives that will set in place in the next several years. A number of respondents, when
asked about why more sustainable initiatives have not yet been set in place, referenced the
return on investment (ROI). Most companies want to see a ROI in year if possible, and five
years tends to be the maximum amount of time that a company will accept for a ROI. Also,
some of the initiatives that are being requested by retailers and other customers is perceived
to have absolutely no ROI, and often requires a substantial investment. An example of such
an investment is the request to have meters on all water pumps in a facility. In most cases the
producer is expected to cover all costs for such an investment—this has led to substantial
resistance from the manufacturing side of the textile supply chain.

By completing the proposed metric, and receiving a score, a company could see
where to focus their efforts in regard to sustainable initiatives. There are undoubtedly costs
associated with implementing new sustainable initiatives, but there is also a ROI for such an
investment. For example, by initiating a no-waste program there will be an investment such
as create recycling stations in offices, and coordinating the recycling process. The ROl will
come when waste is diverted from the landfill therefore the cost to dump is reduced. Also,

often when a company has sustainable practices in place, it will likely work in a more
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efficient manner, thus limiting the amount of waste. This can result in substantial cost

savings for a company.

Raising Consumer Awareness

Along with the logo that can be utilized to communicate the sustainability initiatives
of a company, there should be a significant effort put forth in educating consumers about
sustainability. As there is currently problems with “greenwashing” consumers need to be
educated about what sustainability means, why it is important, and what a company is doing
to work to achieve sustainability. This will allow consumers to make more sound decisions

when purchasing products that are being marketed as sustainable, or eco-friendly.

Lobby for Government Support

For sustainable initiatives to become an international standard, governing bodies must
support sustainable programs. With government support, companies will have more
incentive to pursue sustainable initiatives. More stringent government regulations will also
help to push the sustainability movement forward. This can ultimately lead to pan-national
sustainability standards. As sustainability remains a voluntary initiative, companies are slow
to initiate new sustainable practices, but with government support sustainability initiatives

may be implemented more quickly.
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Proceed with Caution

Companies beginning to pursue sustainable initiatives will likely become eco-efficient. The
eco-efficiency may give the companies a competitive advantage, which will translate into
increased sales. Due to the increase in sales, the company will begin to produce more goods,
and thus consume more resources. A company must be wary of the “rebound effect” (Figge
& Hahn, 2004) in which the increased economic growth over-compensates the eco-
efficiency, and ultimately leads to the company having a greater impact on the environment
(Figure 7). Therefore, companies who realize this competitive advantage should not produce

goods in excess in an attempt to gain more profit.

Recommendations for Future Work

As this study focused on the environmental aspect of the TBL, it would be highly
beneficial to continue the study, focusing on both the social and the economic aspects of
TBL, so as to create a metric that considers all aspects of the TBL. This would allow for one
complete sustainability metric to be created, and could ultimately become the standard in the
textile and apparel industry. To obtain feedback from companies in the industry, researchers
should identify and begin communication with industry experts as soon as possible so as to
receive as much insight as possible.

It is also recommended to conduct follow-up studies with the companies participating

as case study examples. This would make the study long-term, but would yield valuable
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results as one would be able to determine how a company becomes more (or less) sustainable
over a period of time. This would also allow for more industry feedback on the metric itself,
which could help to work out any potential faults within the metric.

To create a metric that can be utilized universally in the textile and apparel industry, it
is recommended to develop potency factors, and their corresponding formulas, that are

universally accepted.
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Instructions for Completing the Proposed Sustainability Metric

l. Introduction- Worksheet Format

a.

b.

Source- The source column states the original source from which the
information in each row came.

Substance- The substance column contains a list of substances that are
known to have an impact on the environment.

CAS number- The CAS number is the reference number for the stated
substance, as provided by the Chemical Abstracts Service (CAS). The
CAS number column is not in all portions of the metric.

Potency Factor (PF)- This value states how potent the stated
substance is when compared to a substance that has been given a value
of one. These values should not be altered for any reason. A PF is not
provided for all substances in the metric.

Emissions- This is where the Environmental Burden will be
determined, based on the Potency Factor and the number of tons
emitted of each substance.

Tons Emitted- This is to be filled in by a company representative.
The number of tons of the said substance emitted should be recorded
in the appropriate field.

Environmental Burden (EB)- This value is the impact of the stated
substance on the environment. This value is the product of PF and
Tons Emitted (PF x Tons Emitted).

Il.  Entering Data

a.

Data should be entered for the company you represent, and only the
processes that are in complete control of your company. If data is
entered for a specific site or process this should be noted on the Report
Sheet worksheet.

Data entered should be for a specific period of time (generally one
year), and should be indicated on the Report Sheet.

Values should be entered in all the appropriate fields. If a particular
substance is not applicable to your company, enter a zero (0). If a zero
is not entered, and the field is blank, you may be questioned about
each instance after review of the final report.

When determining the values for the substances, consider all
operations at your location.

Many of the calculations are computed in the Microsoft® Excel
worksheets automatically. It is your responsibility to ensure that the
correct values have been entered in all fields.
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10.

11.

12.

13.

14.

15.

The principal investigators will identify several experts in the field of textile
sustainability.

Preliminary questions are developed based on the literature review

These experts will be contacted via e-mail and phone by the investigator to request a
preliminary interview. Please see Attachment A.

Preliminary interviews with companies will be conducted (via phone or in person
depending on location) to determine the company’s level of sustainability. Please see
Attachment C.

Debriefing of notes from interviews are put into a Word document

Based on results from the preliminary interview, some of the initial participants will
be asked to participate in a more in-depth survey or case study. The survey will be
administered via e-mail while the case studies will involve the investigator traveling
onsite to the participant’s company to observe sustainable practices.

Development of sustainability metric and development of survey questions based on
this metric. Please see Attachment D for Survey Questions and Attachment H for
Proposed Sustainability Metric.

Development of questions for selected case study companies. Please see Attachment
E for Case Study Questions and Attachment F for Case Study Directions.

Contact with key personnel determining dates for company visits.
Survey administered.

Case study interviews with key personnel at selected companies. Key sustainability
factors are given to interviewees for ranking, and sustainable practices are observed.

Review and analysis of collected data.
Refinement of sustainability metric based on case studies and survey results.

Development of comprehensive definitions of key terms associated with
sustainability.

Data results presented to participating companies for review.
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Contact Name
Company

Address

City, State Zip Code

Date
Dear <Contact Name>:

This is Jennifer Woodson, | am an ITT Fellow, and graduate student, at North
Carolina State University. <State how contact information was obtained>.

I am currently working on my thesis research which involves sustainability
("Benchmarking a Sustainable Textile Footprint™). Initially, 1 am talking with different
companies in the textile and apparel industry about their current sustainable initiatives (how
far they have come along, where they have encountered problems, what has been successful,
et cetera). | would like to be able to talk to you and anyone else at <Company Name> about
the sustainable initiatives being pursued there.

I really appreciate your help. Also, any other contacts you may have, that you think may be
helpful for this research, would be greatly appreciated.

Thank you for your time. Have a great day!

Sincerely,

Jennifer M. Woodson

Graduate Student

ITT Fellow, North Carolina State University
MS Textiles

(e) jmwoodso@ncsu.edu

Trevor Little, Ph. D. Lisa Parrillo-Chapman, Ph. D. W. Gilbert O’Neal, Ph.D., P.E.
Professor—NCSU Professor—NCSU President—ITT
trevor_little@ncsu.edu lparril@ncsu.edu wgoneal @itt.edu
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Date:
Company:
Interviewee:
Title:
Contact Info:

e Understanding the Company

(0]

(elNelNe

Is sustainability part of your company’s mission?

If yes to the question above, why?

What percentage of the company’s effort is devoted to sustainability?

Do you set your own standard for sustainability or do you follow external
guidelines?

e Definition

o
o

o
(0}

Do you have a company definition of sustainability?

Do you consider your company to be “sustainable” according to this
definition?

Considering our definition, do you consider your company to be sustainable?
Would you make any changes to our definition of sustainability?

e Benchmarks/ Matrices/ Assessments

(0]

(0]

@]

e Action

O O0OO0O0O0

Do you have any metrics, benchmarks, or standards in place so as to rate the
sustainability of your company internally?

What type of benchmarks or matrices do you use for rating your sustainable
actions?

How often does your company re-evaluate their efforts at sustainability?
What practices are to be measured?

How are your sustainable practices and principles currently measured, and
how often?

How do you rank your partners and suppliers in regard to their sustainable
initiatives?

What areas of textile sustainability are well documented and already being
achieved?

What areas of textile sustainability still need to be worked on?

What are your textile sustainability practices and principles?

Can you explain any steps your company takes to be sustainable?

How have your sustainability efforts gained customer approval?

Can you describe any problems or frustrations with becoming a sustainable
company?
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Contact Name
Company

Address

City, State Zip Code

Date
Dear <Contact Name>:

This is Jennifer Woodson. | <met/ spoke> with you <insert date> in regard to my thesis
project “Benchmarking a Sustainable Textile Footprint”. | really appreciate you taking the
time to <meet/ talk> with me, and providing me with your perspective on the issue of
sustainability. 1 will be defining the scope of my project out very soon, and you will
probably hear from me soon thereafter so that I can get more specific data from you.

Thank you again for all of your help! Have a great day!

Sincerely,

Jennifer M. Woodson

Graduate Student

ITT Fellow, North Carolina State University
MS Textiles

(e) jmwoodso@ncsu.edu

Trevor Little, Ph. D. Lisa Parrillo-Chapman, Ph. D.  W. Gilbert O’Neal, Ph. D., P.E.
Professor—NCSU Professor—NCSU President—ITT
trevor_little@ncsu.edu lparril@ncsu.edu wgoneal @itt.edu
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Contact Name
Company

Address

City, State Zip Code

Date
Dear <Contact Name>:

The Institute of Textile Technology and the College of Textiles at NC State
University are conducting research to Benchmark a Sustainable Textile Supply Chain. A
methodology has been developed and we would like you to assist in refining the
methodology so that it can be applied within your firm and across the textile complex. This
methodology is being sent to a limited number of firms that are active in sustainability
programs and are at the forefront of programs and processes.

Your participation in this study is voluntary. You have the right to be a part of this
study, to choose not to participate or to stop participating at any time. The information in the
study records will be kept strictly confidential. Data will be stored securely on a password
protected server accessible only by the principal investigators. SLL encryption will be used
for transmitting results. No reference will be made in the research or subsequent presentation
or publications which could link you to the study. Information gathered from this research
will become part of the public domain. For this reason, please do not provide the investigator
with any information that you or your company considers propriety. There is no monetary
compensation awarded for participation in this study. However, one benefit of participating
in this study is the knowledge that you will have contributed your expertise and experience to
a greater body of work on the subject of sustainability. There are no foreseeable risks
associated with completing this study.

The goal of this research is to create a comprehensive sustainability assessment tool
that will also allow companies in the textile industry to self-benchmark. We would however,
like to have your input, so as to refine the methodology, and then make it available to the
textile complex

To participate in this study, please review the attached sustainability methodology
including metrics and the instructions sheet. The methodology is in Microsoft® Excel
format, and contains a total of twelve worksheets—only the first eleven require your review.
After completely reviewing the metric and instruction sheet, please complete the
corresponding survey no later than <insert date>.
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Your cooperation is greatly appreciated. If you have any questions concerning this
study, please contact me at jmwoodso@ncsu.edu. You may also contact any of my thesis
committee members listed below.

Additionally, if you are aware of any other people in the apparel/ textile industry that
may have an interest in this study please send an e-mail to Jennifer Woodson with the
following information: person’s name, company, and e-mail address/ contact information.

If you feel you have not been treated according to the descriptions in this form, or
your rights as a participant in research have been violated during the course of this project,
you may contact Deb Paxton, Regulatory Compliance Administrator, Box 7514, NCSU
Campus(919/515-4514), or Carol Mickelson, IRB Coordinator, Box 7514, NCSU Campus
919.515.7515).

Link to survey: http://www.surveymonkey.com/s/proposedsustainabilitymetric

Thank you for your time and participation in this research endeavor. Have a great day!

Sincerely,

Jennifer M. Woodson

Graduate Student

ITT Fellow, North Carolina State University
MS Textiles

(e) yjmwoodso@ncsu.edu

Trevor Little, Ph. D. Lisa Parrillo-Chapman, Ph. D. W. Gilbert O’Neal, Ph. D., P.E.
Professor—NCSU Professor—NCSU President—ITT
trevor_little@ncsu.edu  llparril@ncsu.edu wgoneal @itt.edu
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Respondent Information
Name of company you represent:
Title:
Years in Position:
[ 1-5years
6-10 years
11-15 years
16-20 years
20 or more years

N B I B A

Years with Company:
1-5 years

6-10 years
11-15 years
16-20 years

20 or more years

[ R

O O

Years in Industry:

1-5 years

6-10 years
11-15 years
16-20 years

20 or more years

O O0d

O Od

Company Information

1. In what part of the textile supply chain is your company? (check all that apply)

Retail Apparel
Yarn Manufacture
Fabric Manufacture
Dying/ Finishing
Certifications

0

2. Do you have any sites outside of the United States?
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Sustainability Initiatives

1. Does your company have any developed and formalized environmentally sustainable
initiatives currently in place? If yes, please explain.

2. Does your company have any sustainable initiatives to be set in place within the next
3-5 years? If yes, please explain.

3. Please describe, in your own words, how you think your company’s sustainable
initiatives compare to others in the industry. Please provide as much detail or
information as possible to validate your response.

Proposed Sustainability Metric

Before answering the following questions, please review the proposed sustainability metric
and the instructions sheet that has been sent as an attachment to your e-mail address. The
metric is in Microsoft® Excel format. There are a total of twelve worksheets in this
document—you will be asked to evaluate the first eleven worksheets. You are not required
to complete any of the worksheets to answer the questions.

1. Reference-Values-AIR (worksheet 1)

a. Are there any substances on this sheet that you feel are not applicable to your
industry? If yes, please list substances and explain.

b. Are there any substances that you feel should be included in this list? If yes,
please list substances and explain.

c. Is there anything you do not understand about this worksheet? If yes, please
explain.
2. Reference-Values WATER (worksheet 2)

a. Are there any substances on this sheet that you feel are not applicable to your
industry? If yes, please list substances and explain.

b. Are there any substances that you feel should be included in this list? If yes,
please list substances and explain.
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C.

Is there anything you do not understand about this worksheet? If yes, please
explain.

3. Pesticides (worksheet 3)

a.

Are there any substances on this sheet that you feel are not applicable to your
industry? If yes, please list substances and explain.

Are there any substances that you feel should be included in this list? If yes,
please list substances and explain.

Is there anything you do not understand about this worksheet? If yes, please
explain.

4. Asbestos (worksheet 4)

a.

Are there any substances on this sheet that you feel are not applicable to your
industry? If yes, please list substances and explain.

Are there any substances that you feel should be included in this list? If yes,
please list substances and explain.

Is there anything you do not understand about this worksheet? If yes, please
explain.

5. Dioxins & Furans (worksheet 5)

a.

Are there any substances on this sheet that you feel are not applicable to your
industry? If yes, please list substances and explain.

Are there any substances that you feel should be included in this list? If yes,
please list substances and explain.

Is there anything you do not understand about this worksheet? If yes, please
explain.
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6. Flame Retardants (worksheet 6)

a. Are there any substances on this sheet that you feel are not applicable to your
industry? If yes, please list substances and explain.

b. Are there any substances that you feel should be included in this list? If yes,
please list substances and explain.

c. Is there anything you do not understand about this worksheet? If yes, please
explain.
7. Other (worksheet 7)

a. Are there any substances on this sheet that you feel are not applicable to your
industry? If yes, please list substances and explain.

b. Are there any substances that you feel should be included in this list? If yes,
please list substances and explain.

c. Is there anything you do not understand about this worksheet? If yes, please
explain.
8. Economic Worksheet (worksheet 8)

Please respond to the following questions after selecting both “YES” and “NO” in the
first question of this worksheet, and reviewing the resultant information requests.

a. Are there any aspects on this sheet that you feel are not applicable to
calculating the Value Added of a company, product, or process? If yes, please
list and explain.

b. Are there any aspects that you feel should be included in this list? If yes,
please list and explain.

c. Is there anything you do not understand about this worksheet? If yes, please
explain.
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9. Environmental Worksheet (worksheet 9)

a.

Are there any aspects on this sheet that you feel are not applicable? If yes,
please list and explain.

Are there any aspects that you feel should be included in this list? If yes,
please list and explain.

Is there anything you do not understand about this worksheet? If yes, please
explain.

10. Final Values (worksheet 10)

a.

Are there any aspects on this sheet that you feel are not applicable? If yes,
please list and explain.

Are there any aspects that you feel should be included in this list? If yes,
please list and explain.

Is there anything you do not understand about this worksheet? If yes, please
explain.

11. Report Sheet (worksheet 11)

All values for this sheet are automatically entered based on the information provided

in previous sheets. There are three instances where a more detailed explanation may
be necessary.

a.

Are there any aspects on this sheet that you feel are not applicable? If yes,
please list and explain.

Are there any aspects that you feel should be included in this list? If yes,
please list and explain.

Is there anything you do not understand about this worksheet? If yes, please
explain.
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General Questions

12. Considering the proposed metric overall, was there any part of the metric you would
change? If yes, please list and explain.

13. Do you see any potential problems or issues with the proposed sustainability metric?
If yes, please list and explain.

14. If your company were asked to complete the proposed sustainability metric, do you
perceive there would be any difficulty? If yes, please list and explain.

15. Would this metric be an applicable measure to evaluate the sustainable practices of
your suppliers? If no, please explain.

The survey is now complete. Thank you for your time!
If you have any questions concerning this study, please contact Jennifer Woodson
via e-mail:
jmwoodso@ncsu.edu
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Appendix H: Letter Requesting Company Participation in Case Study
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Contact Name
Company

Address

City, State Zip Code

Date
Dear <Contact Name>:

The Institute of Textile Technology and the College of Textiles at NC State
University are conducting research to Benchmark a Sustainable Textile Supply Chain. A
methodology has been developed and we would like you to assist in refining the
methodology so that it can be applied within your firm and across the textile complex. This
methodology is being sent to a limited number of firms that are active in sustainability
programs and are at the forefront of programs and processes.

Your participation in this study is voluntary. You have the right to be a part of this
study, to choose not to participate or to stop participating at any time. The information in the
study records will be kept strictly confidential. Data will be stored securely on a password
protected server accessible only by the principal investigators. SLL encryption will be used
for transmitting results. No reference will be made in the research or subsequent presentation
or publications which could link you to the study. Information gathered from this research
will become part of the public domain. For this reason, please do not provide the investigator
with any information that you or your company considers propriety. There is no monetary
compensation awarded for participation in this study. However, one benefit of participating
in this study is the knowledge that you will have contributed your expertise and experience to
a greater body of work on the subject of sustainability. There are no foreseeable risks
associated with completing this study.

The goal of this research is to create a comprehensive sustainability assessment tool
that will also allow companies in the textile industry to self-benchmark. We would however,
like to have your input, so as to refine the methodology, and then make it available to the
textile complex

To participate in this study, please review the attached sustainability metric
instructions sheet, and complete the attached sustainability metric. This metric is in
Microsoft® Excel format, and contains a total of twelve worksheets—only the first eleven
require you to input information. After completing the metric, | will conduct a follow-up
interview either via the phone or as a site visit. | will contact you to schedule a time to
discuss the proposed sustainability metric with you. Please be prepared to partake in this
follow-up interview on or before <insert date>.
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Your cooperation is greatly appreciated. If you have any questions concerning this
study, please contact me at jmwoodso@ncsu.edu. You may also contact any of my thesis
committee members listed below.

Additionally, if you are aware of any other people in the apparel/ textile industry that
may have an interest in this study please send an e-mail to Jennifer Woodson with the
following information: person’s name, company, and e-mail address/ contact information.

If you feel you have not been treated according to the descriptions in this form, or
your rights as a participant in research have been violated during the course of this project,
you may contact Deb Paxton, Regulatory Compliance Administrator, Box 7514, NCSU
Campus(919/515-4514), or Carol Mickelson, IRB Coordinator, Box 7514, NCSU Campus
919.515.7515).

Sincerely,

Jennifer M. Woodson

Graduate Student

ITT Fellow, North Carolina State University
MS Textiles

(e) jmwoodso@ncsu.edu

Trevor Little, Ph. D. Lisa Parrillo-Chapman, Ph. D. ~ W. Gilbert O’Neal, Ph. D., P.E.
Professor—NCSU Professor—NCSU President—ITT
trevor_little@ncsu.edu lIparril@ncsu.edu wgoneal @itt.edu
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Appendix I: Sustainable Metric Case Study Guiding Interview Questions
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Respondent Information
Company Name:
Company Mask:
Title:
Years in Position:
Years with Company:
Years in Industry:
Company Information
1. What types of products does your company sell or produce?

2. Do you have any sites outside of the United States?

Sustainability Initiatives

1. Does your company have any developed and formalized environmentally sustainable
initiatives currently in place? If yes, please explain.

a. What is making these sustainable initiatives successful?

b. Is there more work/ money required to keep this system running when
compared to a traditional one? If yes, please explain.

2. Does your company have any sustainable initiatives to be set in place within the next
3-5 years? If yes, please explain.

3. Why are other sustainable initiatives not being pursued?

4. 1s your company evaluated by a 3" party in regard to environmental sustainability? If
yes, by whom?

5. Please describe, in your own words, how you think your company’s sustainable

initiatives compare to others in the industry. Please provide as much detail or
information as possible to validate your response.
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Proposed Sustainability Metric

Before answering the following questions, please review the instructions sheet, and complete
the proposed sustainability metric that has been sent as an attachment to your e-mail address.
The metric is in Microsoft® Excel format. There are a total of twelve worksheets in this
document—you will be asked to evaluate the first eleven worksheets. You are not required
to complete any of the worksheets to answer the questions.

1. Proposed Metric

a.

b.

e.

Is there anything you would add to the proposed metric?

Is there anything you feel is not applicable to the textile industry as a whole
within the proposed metric?

Did you have to pass this metric to multiple personnel for metric completion?

Do you feel confident that all the values and answers you provided in this
report are correct?

Do you have any other comments in regard to the proposed metric?

2. Evaluation of Company According to the Proposed Metric

a.

How did the company score according to the proposed metric?

b. Were any of the sections left blank or omitted? If so, why?

The survey is now complete. Thank you for your time!

If you have any questions concerning this study, please contact Jennifer Woodson

via e-mail:

jmwoodso@ncsu.edu
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Appendix J: Letter Thanking Case Study Participants
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Contact Name
Company

Address

City, State Zip Code

Date
Dear <Contact Name>:

Good afternoon! 1 would like to take a moment to thank you for participating in the
case study portion of my thesis research, “Benchmarking a Sustainable Textile Footprint”.
As the goal of this research was to create a comprehensive sustainability assessment tool that
will also allow companies in the textile industry to self-benchmark, your insight proved to be
extremely helpful. 1 was able to refine the proposed metric and feel confident that it could be
implemented in the textile and apparel industry.

As previously stated, the information in the study records will be kept strictly
confidential. Data will be stored securely on a password protected server accessible only by
the principal investigators. SLL encryption will be used for transmitting results. No
reference will be made in the research or subsequent presentation or publications which
could link you to the study. Information gathered from this research will become part of the
public domain. There is no monetary compensation awarded for participation in this study.

Thank you again for all of your help! Have a wonderful day!

Sincerely,

Jennifer M. Woodson

Graduate Student

ITT Fellow, North Carolina State University
MS Textiles

(e) jmwoodso@ncsu.edu

Trevor Little, Ph. D. Lisa Parrillo-Chapman, Ph. D. ~ W. Gilbert O’Neal, Ph.D., P.E.
Professor—NCSU Professor—NCSU President—ITT
trevor_little@ncsu.edu lparril@ncsu.edu wgoneal @itt.edu

191



Appendix K: Recommended Format for Manual to Accompany Proposed Metric
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Chemical Name:

Commonly Referred To As:

Other Names:

CAS Number:

Structure:

Description:

Known Environmental Impact:

Known Human Health Impact:
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Appendix L: Refined Sustainability Metric
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Reference Values-AIR

Source | Atmospheric Acidification
Emissions

Substance Potency Factor Tons Emitted Environmental Burden (EB)
IChemE | SO, 1.00 0
IChemE | Ammonia 1.88 0
IChemE | HCI 0.88 0
IChemE | HF 1.60 0
IChemE | NO, 0.70 0
IChemE | H,SO,4 mist 0.65 0

Total 0
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Source Global Warming
Emissions
Environmental Burden
Substance CAS Number | Potency Factor | Tons Emitted | (EB)

IChemE Carbon dioxide 1.00 0
IChemE Carbon monoxide 3.00 0
IChemE Carbon tetrachloride 1,400.00 0
IChemE Chlorodifluoromethane, R22 1,700.00 0
BOTH Chloroform 67-66-3 4.00 0
IChemE Chloropentafluoroethane, R115 9,300.00 0
IChemE Dichlrodifluoromethane, R12 8,500.00 0
IChemE Dichlorotetrafluoroethane, R114 9,300.00 0
IChemE Difluoroethane 140.00 0
IChemE Hexafluoroethane 9,200.00 0
AAFA-RSL | HFC-23-CHF; 75-46-7 0
AAFA-RSL | HFC-32-CH,F, 75-10-5 0
AAFA-RSL | HFC-41-CHsF 593-53-3 0
AAFA-RSL | HFC-43-10mee-CsH,F4 138495-42-8 0
AAFA-RSL | HFC-125-C,HF; 354-33-6 0
AAFA-RSL | HFC-134-C,H,F, 359-35-3 0
AAFA-RSL | HFC-134a-CH,FCF; 811-97-2 0
AAFA-RSL | HFC-152a-C,H,F, 75-37-6 0
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AAFA-RSL | HFC-143-C,HsF; 430-66-0 0
AAFA-RSL | HFC-143a-C,HsF; 420-46-2 0
AAFA-RSL | HFC-227ea-C;HF, 431-89-0 0
AAFA-RSL | HFC-236¢b-CH,FCF,CF; 677-56-5 0
AAFA-RSL | HFC-236ea-CHF,CHFCF; 431-63-0 0
AAFA-RSL | HFC-236fa-C;3H,Fs 690-39-1 0
AAFA-RSL | HFC-245ca-C3HsFs 679-86-7 0
AAFA-RSL | HFC-245fa-CHF,CH,CF; 460-73-1 0
AAFA-RSL | HFC-365mfc-CF5CH,CF,CHs 406-58-6 0
IChemE Methane 21.00 0
IChemE Methylene chloride 9.00 0
IChemE Nitrous Oxide 310.00 0
IChemE Nitrogen Oxides (NOx) 40.00 0
IChemE Pentafluoroethane, R125 2,800.00 0
AAFA-RSL | Perfluorobutane-C,F;, 355-25-9 0
AAFA-RSL | Perfluorocyclobutane-c-C4Fg 115-25-3
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AAFA-RSL | Perfluorohexane-CgFi4 355-42-0 0
AAFA-RSL | Perfluoroethane-C,Fg 76-16-4 0
BOTH Perfluoromethane-CF, 75-73-0 6,500.00 0
AAFA-RSL | Perfluoropentane-CsFy, 678-26-2 0
AAFA-RSL | Perfluoropropane-CsFg 76-19-7 0
AAFA-RSL | Sulfur Hexafluoride-SFg 2551-62-4 0
IChemE Tetrafluoroethane 1,300.00 0
IChemE Trichloroethane (1, 1, 1) 110.00 0
IChemE Trichlorofluoromethane, R11 4,000.00 0
IChemE Trichlorotrifluoroethane, R113 5,000.00 0
IChemE Trifluoroethane, R143a 3,800.00 0
IChemE Trifluoromethane, R23 11,700.00 0
IChemE Volatile Organic Compounds 11.00 0

0

Total
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Source Human Health (Carcinogenic) Effects
Emissions
CAS Potency Tons Environmental Burden
Substance Number Factor Emitted (EB)
IChemE Acrylamide 79-06-1 53.30 0
IChemE Acrylonitrile 107-13-1 3.60 0
AAFA-RSL 4-Amino Azobenzene 60-09-3 0
AAFA-RSL o-Aminoazotoluene 97-56-3 0
AAFA-RSL 4-Aminodiphenyl 92-67-1 0
AAFA-RSL 2-Amino-4-nitrotoluene 99-55-8 0
AAFA-RSL o-Anisidine 90-04-0 0
Antimony & compounds except stibine,

IChemE as Sb 7440-36-0 32.00 0
IChemE Arsenic & compounds except arsine as As | 7440-38-0 160.00 0
IChemE Azodicarbonate 123-77-3 16.00 0
IChemE Benzene 71-43-2 1.00 0
AAFA-RSL Benzidine 92-87-5 0
IChemE Berylium & compounds 8,000.00 0
IChemE Bis (chloromethyl) ether 542-88-1 3,200.00 0
IChemE Buta-1,3-diene 106-99-0 0.73 0
IChemE Cadmium & compounds 640.00 0
IChemE Cadmium oxide fume 1306-19-0 640.00 0
IChemE Carbon disulphide 136-23-6 0.50 0
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AAFA-RSL p-Chloroaniline 106-47-8 0
IChemE 1-Chloro2,3-epoxypropane 106-89-8 8.40 0
AAFA-RSL 4-Chloro-o-toluidine 95-69-2 0
IChemE Chromium (VI) compounds 320.00 0
IChemE Cobalt & compounds 160.00 0
IChemE Cotton dust 6.40 0
AAFA-RSL p-Cresidine 120-71-8 0
AAFA-RSL 2,4-Diaminoanisole 615-05-4 0
AAFA-RSL 4,4'-Diamino- 101-77-9 0
IChemE 1,2-dibromoethane 106-93-4 4.10 0
AAFA-RSL 3,3'-Dichlorobenzidine 91-94-1 0
IChemE 1,2-dichloroethane 107-06-2 0.76 0
IChemE Dichloromethane 75-09-2 0.05 0
Survey dimethylacetamide 127-19-5 0
AAFA-RSL 3,3'-Dimethylbenzidine 119-93-7 0
3,3'-Dimethyl-4,4'-diamino-
AAFA-RSL diphenylmethane 838-88-0 0
2-2'-Dichloro-4,4'-methylene dianiline
IChemE (MbOCA) 101-14-4 3,200.00 0
IChemE Diethyl sulphate 64-67-5 50.00 0
IChemE Dimethyl sulphate 77-78-1 3.80 0
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AAFA-RSL Dimethoxybenzidine 119-90-4 0
Survey dimethylformamide 68-12-2 0
IChemE 2-Ethoxyethanol 110-80-5 0.43 0
IChemE 2-Ethoxyethyl acetate 111-15-9 0.30 0
IChemE Ethylene oxide 75-21-8 1.70 0
BOTH Formaldehyde 50-00-0 6.40 0
IChemE Grain dust 1.60 0
IChemE Hardwood dust 3.20 0
IChemE Hydrazine 30-07-2 533.30 0
IChemE lodomethane 74-88-4 1.30 0
IChemE Isocyanates, all 800.00 0
IChemE Maleic anhydride 108-31-6 16.00 0
IChemE Man-made mineral fiber 3.20 0
IChemE 2-Methoxyethanol 109-86-4 1.00 0
IChemE 2-Methoxyethyl acetate 110-49-6 0.64 0
AAFA-RSL 4,4'-Methylene-bis-(2-chloroaniline) 101-14-4 0
IChemE 4-4'-methylenedianiline 101-77-9 200.00 0
AAFA-RSL 2-Naphthylamine 91-59-8 0
IChemE Nickel & inorganic compounds 160.00 0
IChemE 2-Nitropropane 79-46-9 0.80 0
AAFA-RSL 4,4'-Oxydianiline 101-80-4 0
IChemE Phthalic anhydride 85-44-9 4.00 0
IChemE Polychlorinated biphenyls (PCB) 1336-36-3 160.00 0
IChemE Propylene oxide 75-56-9 1.33 0
IChemE Rubber fume 26.70 0
IChemE Rubber process dust 2.60 0
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IChemE Silica respirable crystalline 53.30 0
IChemE Softwood dust 3.20 0
IChemE Styrene 100-42-5 0.04 0
AAFA-RSL 4,4'-Thiodianiline 139-65-1 0
AAFA-RSL 2,4-Toluenediamine 95-80-7 0
BOTH o-Toluidine 95-53-4 18.00 0
IChemE Triglycidyl isocyanurate (TGIC) 2451-62-9 160.00 0
IChemE Trimellite anhydride 552-30-7 400.00 0
AAFA-RSL 2,4,5-Trimethylaniline 137-17-7 0
IChemE Vinylidene chloride 75-35-4 0.40 0
IChemE Wool process dust 1.60 0
AAFA-RSL 2,4-Xylidine 95-68-1 0
AAFA-RSL 2,6-Xylidine 87-62-7 0

Total 0
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Source Human Health (Skin) Efffects
Emissions
CAS Potency Tons Environmental Burden
Substance Number Factor Emitted (EB)

AAFA-RSL Disperse Blue 1 2475-45-8 0
AAFA-RSL Disperse Blue 35 12222-75-2 0
AAFA-RSL Disperse Blue 106 12223-01-7 0
AAFA-RSL Disperse Blue 124 61951-51-7 0
AAFA-RSL Disperse Orange 3 730-40-5 0
AAFA-RSL Disperse Orange 37/76 13301-61-6 0
AAFA-RSL Disperse Red 1 2872-52-8 0
AAFA-RSL Disperse Yellow 3 2832-40-8 0

0

Total
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Source Stratospheric Ozone Depletion
Emissions
Substance CAS Number | Potency Factor | Tons Emitted Environmental Burden (EB)

IChemE CFC-11 1.00 0
IChemE CFC-12 1.00 0
IChemE CFC-113 0.80 0
IChemE CFC-114 1.00 0
IChemE CFC-115 0.60 0
IChemE CFC-13 1.00 0
IChemE CFC-111 1.00 0
IChemE CFC-112 1.00 0
IChemE CFC-212 1.00 0
IChemE CFC-213 1.00 0
IChemE CFC-214 1.00 0
IChemE CFC-215 1.00 0
IChemE CFC-216 1.00 0
IChemE CFC-217 1.00 0
IChemE halon-1211 3.00 0
IChemE halon-1301 10.00 0
IChemE halon-2402 6.00 0
BOTH Carbon tetrachloride 56-23-5 1.10 0
AAFA-RSL | Chloroalkanes (C10-C13) 0
IChemE 1,1,1-trichloroethane 0.10 0
IChemE Methyl bromide 0.70 0
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IChemE HCFC-21 0.04 0
IChemE HCFC-22 0.055 0
IChemE HCFC-31 0.02 0
IChemE HCFC-121 0.04 0
IChemE HCFC-122 0.08 0
IChemE HCFC-123 @ 0.02 0
IChemE HCFC-124 ® 0.022 0
IChemE HCFC-131 0.05 0
IChemE HCFC-132 0.05 0
IChemE HCFC-133 0.06 0
IChemE HCFC-141 0.07 0
IChemE HCFC-141b ©® 0.11 0
IChemE HCFC-142 0.07 0
IChemE HCFC-142b @ 0.065 0
IChemE HCFC-151 0.005 0
IChemE HCFC-221 0.07 0
IChemE HCFC-222 0.09 0
IChemE HCFC-223 0.08 0
IChemE HCFC-224 0.09 0
IChemE HCFC-225 0.07 0
IChemE HCFC-225ca 0.025 0
IChemE HCFC-225¢b ® 0.033 0
IChemE HCFC-226 0.10 0
IChemE HCFC-231 0.09 0
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IChemE HCFC-232 0.10 0
IChemE HCFC-233 0.23 0
IChemE HCFC-234 0.28 0
IChemE HCFC-235 0.52 0
IChemE HCFC-241 0.09 0
IChemE HCFC-242 0.13 0
IChemE HCFC-243 0.12 0
IChemE HCFC-244 0.14 0
IChemE HCFC-251 0.01 0
IChemE HCFC-252 0.04 0
IChemE HCFC-253 0.03 0
IChemE HCFC-261 0.02 0
IChemE HCFC-262 0.02 0
IChemE HCFC-271 0.03 0
AAFA-RSL Pentachloroethane 76-01-7 0
AAFA-RSL 1,1,1,2-Tetrachloroethane 630-20-6 0
AAFA-RSL 1,1,2,2-Tetrachloroethane 79-34-5 0
AAFA-RSL 1,1,2-Trichloroethane 79-00-5 0
AAFA-RSL 1,1,1-Trichloroethane 71-55-6 0

0

Total
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Source | Photochemical Ozone (Smog) Formation
Emissions
Substance CAS Number | Potency Factor | Tons Emitted Environmental Burden (EB)

IChemE | Alkanes

IChemE | Methane 0.034 0
IChemE | Ethane 0.140 0
IChemE | Propane 0.411 0
IChemE | n-Butane 0.600 0
IChemE | i-Butane 0.426 0
IChemE | n-Pentane 0.624 0
IChemE | i-Pentane 0.598 0
IChemE | n-Hexane 0.648 0
IChemE | 2-Methylpentane 0.778 0
IChemE | 3-Methylpentane 0.661 0
IChemE | 2,2-Dimethylbutane 0.321 0
IChemE | 2,3-Dimethylbutane 0.943 0
IChemE | n-heptane 0.770 0
IChemE | 2-Methylhexane 0.719 0
IChemE | 3-Methylhexane 0.730 0
IChemE | n-Octane 0.682 0
IChemE | 2-Methylheptane 0.694 0
IChemE | n-Nonane 0.693 0
IChemE | 2-Methyloctane 0.706 0
IChemE | n-Decane 0.680 0
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IChemE | 2-Methylnonane 0.657 0
IChemE | n-Undecane 0.616 0
IChemE | n-Dodecane 0.577 0
IChemE | Cyclohexane 0.595 0
IChemE | Methyl cyclohexane 0.732 0
IChemE | Alkenes

IChemE | Ethylene 1.000 0
IChemE | Propylene 1.080 0
IChemE | 1-Butene 1.130 0
IChemE | 2-Butene 0.990 0
IChemE | 2-Pentene 0.950 0
IChemE | 1-Pentene 1.040 0
IChemE | 2-Methylbut-1-ene 0.830 0
IChemE | 3-Methylbut-1-ene 1.180 0
IChemE | 2-Methylbut-2-ene 0.770 0
IChemE | Butylene 0.703 0
IChemE | Isoprene 1.180 0
IChemE | Styrene 0.077 0
IChemE | Alkynes

IChemE | Acetylene 0.280 0
IChemE | Aromatics

IChemE | Benzene 0.334 0
IChemE | Toluene 0.771 0
IChemE | o-Xylene 0.831 0
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IChemE | m-Xylene 0.080 0
IChemE | p-Xylene 0.948 0
IChemE | Ethylbenzene 0.808 0
IChemE | n-Propylbenzene 0.713 0
IChemE | i-Propylbenzene 0.744 0
IChemE | 1,2,3-Trimethylbenzene 1.245 0
IChemE | 1,2,4-Trimethylbenzene 1.324 0
IChemE | 1,3,5-Trimethylbenzene 1.299 0
IChemE | o-Ethyltoluene 0.846 0
IChemE | m-Ethyltoluene 0.985 0
IChemE | p-Ethyltoluene 0.935 0
IChemE | 3,5-Dimethylethylbenzene 1.242 0
IChemE | 3,5-Diethyltoluene 1.195 0
IChemE | Aldehydes

IChemE | Formalhyde 0.554 0
IChemE | Acetaldehyde 0.650 0
IChemE | Propionaldehyde 0.755 0
IChemE | Butyraldehyde 0.770 0
IChemE | i-Butyraldehyde 0.855 0
IChemE | Valeraldehyde 0.887 0
IChemE | Benzaldehyde -0.056 0
IChemE | Ketones

IChemE | Acetone 0.182 0
IChemE | Methylethylketone 0.511 0
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IChemE | Methyl-i-butylketone 0.843 0
IChemE | Cyclohexanone 0.529 0
IChemE | Alcohols

IChemE | Methyl alcohol 0.205 0
IChemE | Ethyl alcohol 0.446 0
IChemE | i-Propanol 0.216 0
IChemE | n-Butanol 0.628 0
IChemE | i-Butanol 0.591 0
IChemE | s-Butanol 0.468 0
IChemE | t-Butanol 0.191 0
IChemE | Diacetone alcohol 0.617 0
IChemE | Cyclohexanol 0.622 0
IChemE | Esters

IChemE | Methyl acetate 0.046 0
IChemE | Ethyl acetate 0.328 0
IChemE | n-Propyl acetate 0.481 0
IChemE | i-Propyl acetate 0.291 0
IChemE | n-Butyl acetate 0.511 0
IChemE | s-Butyl acetate 0.452 0
IChemE | Organic Acids

IChemE | Formic acid 0.003 0
IChemE | Acetic acid 0.156 0
IChemE | Propionic acid 0.035 0
IChemE | Ethers
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IChemE | Butylglycol 0.629 0
IChemE | Propylene glycol methyl ether 0.518 0
IChemE | Dimethyl ether 0.263 0
IChemE | Methyl-t-butyl ether 0.268 0
IChemE | Halocarbons
IChemE | Methyl chloride 0.035 0
IChemE | Methylene chloride 0.031 0
IChemE | Methylchloroform 0.002 0
IChemE | Tetrachloroethylene 127-18-4 0.035 0
IChemE | Trichloroethylene 0.075 0
IChemE | Vinyl chloride 0.272 0
BOTH 1,1-Dichloroethylene 75-35-4 0.232 0
IChemE | cis 1,2-Dichloroethylene 0.172 0
IChemE | trans 1,2-Dichloroethylene 0.101 0
IChemE | Other Pollutants
IChemE | Nitric oxide -0.427 0
IChemE | Nitrogen dioxide 0.028 0
IChemE | Sulphur dioxide 0.048 0
IChemE | Carbon monoxide 0.027 0
Survey Caprolactum 105-60-2 0
Total 0
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Reference Values- WATER

Source Aquatic Acidification
Emissions
Environmental

Substance Potency Factor Tons Emitted | Burden (EB)
IChemE Sulphuric acid 0.020 0
IChemE Hydrochloric acid 0.027 0
IChemE Hydrogen fluoride 0.050 0
IChemE Acetic acid 0.020 0

Total 0
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Source Aquatic Oxygen Demand
Emissions
Environmental

Substance Potency Factor Tons Emitted | Burden (EB)
IChemE Acetic acid 1.070 0
IChemE Acetone 2.090 0
IChemE Ammonium nitrate in solution 0.800 0
IChemE Ammonium sulphate in solution 1.000 0
IChemE Chlorotrifluoroethanae 0.540 0
IChemE 1,2- dichloroethane (EDC) 0.810 0
IChemE Ethylene 1.000 0
IChemE Ethylene glycol 1.290 0
IChemE Ferrous ion 0.140 0
IChemE Methanol 1.500 0
IChemE Methyl methacrylate 1.500 0
IChemE Methylene chloride 0.470 0
IChemE Phenol 2.380 0
IChemE Vinyl chloride 1.280 0

Total 0
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Source Ecotoxicity to Aquatic Life (values for sea water conditions)-METALS
Emissions
Potency Environmental

Substance CAS Number Factor Tons Emitted | Burden (EB)
BOTH Arsenic 7440-38-2 0.200 0
BOTH Cadmium 7440-43-9 2.000 0
BOTH Chromium 7440-47-3 0.330 0
AAFA-RSL | Chromium (Cr6+)Cr(VI) 18540-29-9 0
AAFA-RSL | Chromium (Cr6+)-hexavalent 18540-29-9 0
BOTH Copper 7440-50-8 1.000 0
IChemE Iron 0.005 0
BOTH Lead 7439-92-1 0.200 0
IChemE Manganese 0.100 0
BOTH Mercury 7439-97-6 16.670 0
IChemE Nickel 7440-02-0 0.170 0
Survey Silver 0
IChemE Vanadium 0.050 0
IChemE Zinc 0.125 0

Total 0
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Source Ecotoxicity to Aquatic Life (values for sea water conditions)-OTHER SUBSTANCES
Emissions
Environmental
Substance Potency Factor Tons Emitted Burden (EB)
IChemE Ammonia 0.240 0
IChemE Benzene 0.170 0
IChemE Carbon tetrachloride 0.420 0
IChemE Chloride 0.500 0
IChemE Chlorobenzene 1.000 0
IChemE Chloroform 0.420 0
IChemE Cyanide 1.000 0
IChemE 1,2-Dichloroethane (EDC) 0.500 0
IChemE Formaldehyde 1.000 0
IChemE Hexachlorobenzene 166.670 0
IChemE Hexachlorobutadiene 50.000 0
IChemE Methylene chloride 0.500 0
IChemE Nitrobenzene 0.250 0
IChemE Nitrophenol 0.500 0
IChemE Toluene 0.125 0
IChemE Tetrachloroethylene (PER) 0.500 0
IChemE Trichloroethylene (TRI) 0.500 0
IChemE Xylenes 0.170 0
Survey Free chlorine 0
Survey AOX adsorbable organic halogens 0
0

Total
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Source | Ecotoxicity to Aquatic Life (values for sea water conditions)-EUTROPHICATION
Emissions
Environmental

Substance Potency Factor Tons Emitted Burden (EB)
IChemE | NO, 0.200 0
IChemE | NO 0.130 0
IChemE | Noy 0.130 0
IChemE | Ammonia 0.330 0
IChemE | Nitrogen 0.420 0
IChemE | POy(lII-) 1.000 0
IChemE | Phosphorus 3.060 0
IChemE | COD 0.022 0

Total 0
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Pesticides

Source Pesticides
Emissions
Potency Tons Environmental
Substance CAS Number | Factor Emitted | Burden (EB)
Survey Aldecarb 116-06-3 0
AAFA-RSL | Aldrin 309-00-2 0
AAFA-RSL | Chlordane 57-74-9 0
AAFA-RSL | Dichloro-diphenyl-dichloro ethane (DDD) 72-54-8 0
AAFA-RSL | Dichloro-diphenyl-dichloro ethylene (DDE) 72-55-9 0
AAFA-RSL | Dichloro-diphenyl-trichloro ethane (DDT) 50-29-3 0
AAFA-RSL | Dieldrin (5) 60-57-1 0
Survey Endosulfan 115-29-7
AAFA-RSL | Endrine 72-20-8 0
AAFA-RSL | Heptachlorine 76-44-8 0
AAFA-RSL | Epoxy-heptachlorine 1024-57-3 0
Halogenated biphenyls, including Polychloroinated | 1336-36-3,
AAFA-RSL | biphenyl (PCB) 53469-21-9 0
Halogenated terphenols, including Polychlorinated
AAFA-RSL | terphenyl (PCT) various 0
AAFA-RSL | Halogenated naphthalenes various 0
AAFA-RSL | Halogenated diarylalkanes various 0
AAFA-RSL | Halogenated diphenyl methanes 0

217




AAFA-RSL | Hexachlorobenzene 118-74-1 0
AAFA-RSL | Hexachlorocyclohexane (HCH, all isomers) 608-73-1 0

except gamma-hexachlorocyclohexane 0

(except linande [58-89-9] in medical products) 0
AAFA-RSL | Isodrin 465-73-6 0
AAFA-RSL | Kelevane 4234-79-1 0
AAFA-RSL | Kepone 143-50-0 0
AAFA-RSL | Lindane 58-89-9 0
Survey methamidophos 10265-92-6 0
AAFA-RSL | Methoxychlor 72-43-5 0
AAFA-RSL | Mirex 2385-85-5 0
AAFA-RSL | Monomethyl-dibromo-diphenyl methane 99688-47-8 0
AAFA-RSL | Monomethyl-dichloro-diphenyl methane 81161-70-8 0
AAFA-RSL | Monomethyl-tetrachloro-diphenyl methane 76253-60-6 0
AAFA-RSL | Pentachlorophenol (PCP), its salts and compunds 87-86-5 0
AAFA-RSL | Perthane 72-56-0 0
Survey Phorate 298-02-2 0
AAFA-RSL | Quintozene 82-68-8 0
AAFA-RSL | Strobane 8001-50-1 0
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AAFA-RSL | Telodrin 297-78-9

AAFA-RSL | Tetrachlorophenol (TeCP) its salts and compunds 25167-83-3

AAFA-RSL | Toxaphene 8001-35-2
2-(2,4,5-trichlorophenoxy) propionic acid, its salts

AAFA-RSL | and compunds 93-72-1
2,4,5-trichlorophenoxyacetic acid, its salts and

AAFA-RSL | compunds 93-76-5

Total
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Asbestos

Source Asbestos
Emissions

Substance CAS Number Potency Factor | Tons Emitted Environmental Burden (EB)
AAFA-RSL | Actinolite 77536-66-4 0
AAFA-RSL | Amosite 12172-73-5 0
AAFA-RSL | Anthrophyllite 77536-67-5 0
AAFA-RSL | Chrysotile 12001-29-5 0
AAFA-RSL | Crocidolite 12001-28-4 0
AAFA-RSL | Tremolite 77536-68-6 0

Total 0
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Dioxins & Furans

Source Dioxins and Furans
Emissions
Tons Environmental
Substance CAS Number | Potency Factor | Emitted Burden (EB)
AAFA-RSL | Group 1 0
AAFA-RSL | 2,3,7,8-Tetrachlorodibenzo-p-dioxin 1746-01-6 0
AAFA-RSL | 1,2,3,7,8-Pentachlorodibenzo-p-dioxin | 40321-76-4 0
AAFA-RSL | 2,3,7,8-Tetrachlorodibenzofuran 51207-31-9 0
AAFA-RSL | 2,3,4,7,8-Pentachlorodibenzofuran 57117-31-4 0
AAFA-RSL | Group 2 0
1,2,3,4,7,8-Hexachlorodibenzo-p-
AAFA-RSL | dioxin 39227-28-6 0
1,2,3,7,8,9-Hexachlorodibenzo-p-
AAFA-RSL | dioxin 19408-74-3 0
1,2,3,6,7,8-Hexachlorodibenzo-p-
AAFA-RSL | dioxin 57653-85-7 0
AAFA-RSL | 1,2,3,7,8-pentachlorodibenzofuran 57117-41-6 0
AAFA-RSL | 1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 0
AAFA-RSL | 1,2,3,7,8,9-Hexachlorodibenzofuran 72918-21-9 0
AAFA-RSL | 1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 0
AAFA-RSL | 2,3,4,6,7,8-Hexachlorodibenzofuran 60851-34-5 0
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AAFA-RSL | Group 3 0
AAFA-RSL | 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin | 35822-46-9 0
AAFA-RSL | 1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin | 3268-87-9 0
AAFA-RSL | 1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 0
AAFA-RSL | 1,2,3,4,7,8,9-Heptachlorodibenzofuran 55673-89-7 0
AAFA-RSL | 1,2,3,4,6,7,8,9-Octachlorodibenzofuran 39001-02-0 0
AAFA-RSL | Group 4 0
AAFA-RSL | 2,3,7,8-Tetrabromodibenzo-p-dioxin 50585-41-6 0
AAFA-RSL | 1,2,3,7,8-Pentabromodibenzo-p-dioxin 109333-34-8 0
AAFA-RSL | 2,3,7,8-Tetrabromodibenzofuran 6733-57-7 0
AAFA-RSL | 2,3,4,7,8-Pentabromodibenzofuran 131166-92-2 0
AAFA-RSL | Group 5 0
AAFA-RSL | 1,2,3,4,7,8-Hexabromodibenzo-p-dioxin 110999-44-5 0
AAFA-RSL | 1,2,3,7,8,9-Hexabromodibenzo-p-dioxin 110999-46-7 0
AAFA-RSL | 1,2,3,6,7,8-Hexabromodibenzo-p-dioxin 110999-45-6 0
AAFA-RSL | 1,2,3,7,8-Pentabromodibenzofuran 107555-93-1 0

0

Total
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Flame Retardants

Source Flame Retardants

Emissions

Tons Environmental

Substance CAS Number | Potency Factor Emitted Burden (EB)
AAFA-RSL | Bis (2,3-dibromopropyl) phosphate 5412-25-9 0
AAFA-RSL | Chlorinated Paraffins (C10-C13) 85535-84-8 0
AAFA-RSL | Decabromodiphenyl ether (DecaBDE) 1163-19-5 0
AAFA-RSL | Octa-bromodiphenyl ether (octaBDE) 32536-52-0 0
AAFA-RSL | Penta-bromodiphenyl ether (pentaBDE) 32534-81-9 0
AAFA-RSL | Polybrominated Biphenyls (PBBs) 59536-65-1 0
AAFA-RSL | Tris (2,3-dibromopropyl) phosphate (TRIS) | 126-72-7 0
AAFA-RSL | Tris (1-aziridinyl)-phosphine oxide (TEPA) | 545-55-1 0
0

Total
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Other

Source Other
Emissions
Tons Environmental
Substance CAS Number Potency Factor Emitted Burden (EB)
AAFA-RSL | Tributyltin (TBT) 56573-85-4 0
AAFA-RSL | Triphenyltin (TPhT) 668-34-8 0
AAFA-RSL | Dibutyltin(DBT) 1002-53-5 0
AAFA-RSL | Dioctyltin (DOT) 15231-44-4 0
AAFA-RSL | Dimethyl Fumarate 624-49-7 0
Survey Fluorotelomer Alcohols (FTOH) 0
AAFA-RSL | Perflurooctane Sulfonate (PFOS) 2795-39-3 0
AAFA-RSL | Pentachloropyridine 87-86-5 0
Survey perfluorooctanoic acid (PFOA) 335-67-1 0
Survey Triclosan 3380-34-5 0
Total 0
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Economic Worksheet

Source | Profit, Value, & Tax Amount/ Value Unit
Grant Operating profit after depreciation and amortization Sly
Grant Implied interest expense on operating leases Sy
Grant Increase in LIFO reserve Sly
Grant Increase in accumulated goodwill amortization Sy
Grant Increase in bad-debt reserve Sly
Grant Increase in capitalized research and development Sly
Grant Increase in cumulative write-offs of special items* Sy
Grant Adjusted operating profit before taxes 0 Sly
Grant Cash operating taxes Sly
Grant | NOPAT 0 Sty
Grant Book value of common equity Sly
Grant Equity Equivalents: Sly
Grant Preferred stock Sly
Grant Minority interest Sly
Grant Deferred income tax Sly
Grant Equity reserve accounts Sly
Grant Debt and Debt Equivalents: Sly
Grant Interest-bearing short-term debt Sly
Grant Current portion long-term debt Sly
Grant Long-term debt Sly
Grant Capitalized lease obligations Sly
Grant Present value of operating leases Sly
Grant Capital 0 Sly
Grant | STVA 0 Sy
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Environmental Worksheet

IChemE Electricity

IChemE Fuel Oil

IChemE Gas

IChemE Coal

IChemE Steam

IChemE Other (specify)
Total

IChemE Electricity

IChemE Fuel Oil

IChemE Gas

IChemE Coal

IChemE Steam

IChemE Other (specify)
Total
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IChemE Total raw materials used (including packaging) te/y

IChemE Raw material recycled from other company operations te/y

IChemE Raw material recycled from consumer te/y
Raw material used which poses health, safety, or environmental hazard

IChemE (describe hazard) tely

IChemE Water used in cooling tely
IChemE Water used in process te/y
IChemE Other water used tely

Total te/y
IChemE Water recycled internally tely
IChemE Net Water Consumed te/y

IChemE Land occupied by operation unit (include land needed for ALL activities) m?

IChemE Other Land Affected by unit's activities (describe effect) m?
Total m’

IChemE Land Restored to Original Condition m’/y
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Amount/
Atmospheric Impacts Value Unit
Atmospheric acidification burden per unit value added (EB=te/y sulphur
IChemE dioxide) #DIV/0! te/S
IChemE Global warming burden per unit value added (EB=te/y carbon dioxide) #DIV/0! te/S
IChemE Human health burden (carcinogenic) per unit value added (EB=te/y benzene) | #DIV/0! te/S
AAFA-RSL | Human health burden (skin effetcs) per unit value added
IChemE Ozone depletion per unit value added (EB=te/y CFC-11) #DIV/0! te/S
IChemE Photochemical burden (smog) per unit value added (EB=te/y ethylene) #DIV/0! te/S
Aquatic Impacts Amount/ Value | Unit
IChemE Aquatic acidification per unit value added (EB=te/y of released H+ ions) #DIV/0! te/S
IChemE | Aquatic oxygen demand per unit value added (EB= te/y oxygen) #DIV/0! te/S
IChemE Ecotoxicity to aquatic life per unit value added-metals (EB=te/y copper) #DIV/0! te/S
IChemE Ecotoxicity to aquatic life per unit value added-other (EB= te/y formaldehyde) | #DIV/0! te/S
IChemE Eutrophication per unit value added (EB= te/y phosphate) #DIV/0! te/S
Impacts to Land Amount/ Value | Unit
IChemE Total Hazardous Solid Waste Disposal (describe hazard) te/y
IChemE Total Non-Hazardous Waste Disposal tely
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Final VValues

Energy Amount/ Value | Unit
Total Net Primary Energy Usage Rate 0 Glly
Percentage Total Net Primary Energy Sources from Renewables %

Total Net Primary Energy Usage per unit of product 0 0

Total Net Primary Energy Usage per unit value added #DIV/0! ki/S
Material (excluding fuel and water)

Total Raw Materials used per unit weight of product kg/kg
Total Raw Materials used per unit value added #DIV/0! kg/$
Fraction of Raw Materials Recycled within Company kg/kg
Fraction of Raw Materials Recycled from Consumers kg/kg
Hazardous Raw Material per unit weight of product kg/kg
Water Usage Amount/ Value | Unit
Net Water Consumed per unit mass of product kg/kg
Net Water Consumed per Unit Value Added #DIV/0! kg/$
Land Usage Amount/ Value | Unit
Total Land Occupid+Affected for Value Added #DIV/0! m%/(S/y)
Rate of Land Restoration (restored per year/total) #DIV/0! (m?/y)/m?
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Atmospheric Impacts Amount/ Value | Unit
Atmospheric acidification burden per unit value added #DIV/0! te/S
Global warming burden per unit value added #DIV/0! te/S
Human health burden (carcinogenic) per unit value added #DIV/0! te/S
Ozone depletion per unit value added #DIV/0! te/S
Photochemical burden (smog) per unit value added #DIV/0! te/S
Aquatic Impacts Amount/ Value | Unit
Aquatic acidification per unit value added #DIV/0! te/S
Aguatic oxygen demand per unit value added #DIV/0! te/S
Ecotoxicity to aquatic life per unit value added-metals #DIV/0! te/S
Ecotoxicity to aquatic life per unit value added-other #DIV/0! te/S
Eutrophication per unit value added #DIV/0! te/S
Impacts to Land Amount/ Value | Unit
Hazardous Solid Waste per Unit Value Added #DIV/0! te/S
Non-Hazardous Solid Waste per Unit Value Added #DIV/0! te/S
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Value Added 0 sly
(Pesticides |Amount/Value |Unit |

Pesticides Use per Unit Value Added #DIV/0! te/S
(Asbestos |Amount/Value |Unit |

Asbestos Use per Unit Value Added #DIV/0! te/S
Dioxins&Furans | Amount/Value |Unit |

Dioxins & Furans Use per Unit Value Added #DIV/0! te/S
FlameRetardants | Amount/Value |Unit |

FlameRetardants per Unit Value Added #DIV/0! te/S

Other Chemical Use per Unit Value Added #DIV/0! te/S
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Report Sheet

Name of Company and Unit:

Contact Person:

Title:

Address:

Period covered by the report:

Signed:

Date:

Place:

Was this report completed for a(n): indicate one of the options below
Entire Company
Product/ Service list:

Process list:
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1 Profile: Statement Attached YES | | NO

2 Summary:Statement Attached YES | | NO

3 Vision & Strategy: Statement Attached YES | | NO

4 Policy & Organization: Statement Attached YES | | NO

5 Performance: Statement Attached YES | | NO

Resource Usage ‘ Amount/ Value | Unit
Total Net Primary Energy Usage Rate = Imports-Exports 0 Glly
Percentage Total Net Primary Energy sourced from renewables 0 %
Total Net Primary Energy Usage per unit weight of product 0 ki/kg
Total Net Primary Energy Usage per unit value added #DIV/0! ki/s
Total raw materials used per unit weight of product 0 kg/kg
Total raw materials used per unit value added #DIV/0! kg/s
Fraction of raw materials recycled within company 0 kg/kg
Fraction of raw materials recycled from consumers 0 kg/kg
Hazardous raw materials per unit weight of product 0 kg/kg

Describe Hazard:

Net water consumed per unit mass of product 0 kg/kg
Net water consumed per unit value added #DIV/0! kg/$
Total land occupied & affected for value added #DIV/0! m?/($/y)

Describe Effect:

Rate of land restoration (restored per year/ total) #DIV/0! (m?/y)/m?
Atmospheric acidification burden per unit value added #DIV/0! te/S
Global warming burden per unit value added #DIV/0! te/S
Human health burden per unit value added #DIV/0! te/S
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Ozone depletion burden per unit value added #DIV/0! te/S
Photochemical ozone burden per unit value added #DIV/0! te/S
Aquatic acidification per unit value added #DIV/0! te/S
Agquatic oxygen demand per unit value added #DIV/0! te/S
Ecotoxicity to aquatic life per unit value added: te/S
Metals #DIV/0! te/S
Other #DIV/0! te/S
Eutrophication per unit value added #DIV/0! te/S
Hazardous solid waste per unit value added #DIV/0! te/S
Describe Hazard:
Non-hazardous solid waste per unit value added #DIV/0! te/S
Pesticides Use per unit value added #DIV/0!
Asbestos per unit value added #DIV/0!
Dioxins & Furans per unit value added #DIV/0!
Flame Retardants per unit value added #DIV/0!
Other Chemicals per unit value added #DIV/0!
Additional Environmental Items
Statement Attached YES I:I NO I:l

‘ Profit/ Value ‘ Amount/ Value | Unit
Value Added 0 Sly
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