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Abstract
The fashion industry is one of the largest industrial sectors with the opportunity to transform from a linear
take-make-waste approach, to a circular model that extends a fashion product’s lifespan and minimizes
nonrenewable resource consumption and landfilling of textiles. This paper examines New York City’s
circular fashion stakeholders and collaborations that seek novel ways of closing the loop of the fashion
value chain. The stakeholders’ current strategies and main challenges are analyzed after an overview of
New York City’s legacy of fashion manufacturing, in order to assess opportunities for collaborations on
technological and policy interventions. While innovations such as digital product identification have great
potential to increase feedback loops and transparency throughout the fashion product value chain, it is
crucial to understand the context in which to apply these technologies and assess policy and regulatory
incentives that need to be accompanied. This paper provides an explorative overview of the experiences
in New York City to guide policy makers, organizations, and individuals interested in understanding the
practices, challenges, and opportunities in applying circular economy principles to the fashion industry.
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Introduction

Today’s fashion industry is one of the sectors that has the greatest opportunity to
transform from a linear take-make-waste approach, to a more circular model. The main
challenges in the fashion industry include the significant amount of resource consumption,
growing clothing sales but declining utilization, complex and opaque supply chains and labor
practices, unsustainable practices of clothing being burned, landfilled, stockpiled in warehouses,
and unsafe disposal of clothing that releases microfibres to the ocean.
Increasingly cities have become the context for the spectacle of fashion retail and
consumption of global brands that transcend locale (Breward and Gilbert 2006). As Gilbert
(2000) observes, making “a city fashionable is now a common and often explicit aim of urban
policy” in boosting tourism, attracting residents to live and do business, and as part of the global
competition between cities (Williams 2018). Processes of fashion branding and city branding
have become co-dependent (Rocamora 2009) as the power of fashion has become a “signifier of
urban modernity and world status” (Yusuf and Wu 2002). However, this concept is problematic,
as production now predominantly takes place elsewhere and fashion has become less about the
distinction of product, and more about the “theatre of retail” (Williams 2018).
As Williams writes, there has been a disconnection between the production and
consumption of fashion with the advent of globalized supply chains -- New York, London, Paris,
and Milan foreground “spectacles of fashion as a commercial, consumerist sport” as garment
districts have become a fraction of their former size (2018). One’s connection with the object
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becomes more transient, and one’s attachment to them lessens as supply chains have become
more complicated and opaque; and thus fast fashion items are often thrown away or forgotten.
In the face of the unsustainable path that the fashion industry has evolved on, the circular
economy (CE) model is discussed as a paradigm shift that the fashion industry must strive for.
The concept of the circular economy is gaining momentum as a guiding framework to implement
systems-level strategies and policies to transition towards sustainable production and
consumption of materials and resources that combat the negative effects of contemporary
consumerism.
Urban environments are where the spectacle of fashion displays the cities’ ethos in action
and where collaboration between the public, private, and nonprofit sectors can occur. As cities
are also where planning policies and economic development tools work to incentivize
transformation in values and culture, this paper seeks to explore the enablers of circular economy
at the urban scale through the case study of New York City in order to guide policy makers,
organizations, and individuals interested in understanding the practices, challenges, and
opportunities in applying circular economy principles to the fashion industry.
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Literature Review

The Global Fashion Industry’s Linear System
The predominant, fast fashion clothing system operates in an almost linear way, as 98
million tons of non-renewable resources (including oil to produce synthetic fibers, fertilizers to
grow cotton, chemicals to produce, dye, and finish fibers and textiles) are extracted to produce
clothes that are often utilized for a short period, after which materials are largely lost to landfill
or incineration (EMF 2017). In fact, studies have shown that more than half of the fast fashion
produced is disposed of in under a year (McKinsey and Company 2016).
In the United States alone in 2017, almost 15.4 million metric tons of textile wastes were
generated, of which 66 percent was landfilled (EPA 2020). Figure 1, the global material flows
diagram for clothing in 2015, shows that 97 percent of materials (53 million tons) used is virgin
feedstock (EMF and Circular Fibers Initiative 2017). 73 percent of these materials are landfilled
or incinerated, only 12 percent are recycled into lower-value applications, and less than 1 percent
of clothing is recycled into the same or similar quality applications, which is known as
closed-loop recycling (EMF and Circular Fibers Initiative 2017).
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Figure 1: 2015 Global material flows for clothing, Ellen MacArthur Foundation & Circular Fibers Initiative. (2017).

There are numerous negative environmental impacts from the clothing industry’s
unsustainable practices – the greenhouse gas emissions from textiles production totaled 1.2
billion tons of CO2 equivalent in 2015, which is more than those of all international flights and
maritime shipping combined (EMF 2017). Alarmingly, the textile industry could use more than
26 percent of the carbon budget associated with a 2°C pathway by 2050 if it continues down its
current path (EMF 2017). The use of substances of concern in textile production also has
negative effects on farmers, factory workers, and the environment. For example, 20 percent of
industrial water pollution globally is attributable to the dyeing and treatment of textiles (EMF
2017). Microfiber pollution is also a tremendous issue – studies have estimated that around half a
million tons of plastic microfibers shed during the washing of plastic-based textiles such as
polyester and nylon end up in the ocean each year (EMF 2017).
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Accompanied by falling costs, streamlined operations, and rising consumer spending,
worldwide clothing utilization has decreased by 36 percent, while clothing production has
doubled from 2000 to 2014, and the average number of garments purchased each year by the
average consumer increased by 60 percent (Figure 2) (McKinsey & Company 2017). Fast
fashion brands can produce new collections as often as every two weeks, half of which is
estimated to be disposed of in under a year (Smits and Cunningham 2020). Another study cites
that customers miss out on $460 billion of value each year by throwing away clothes they could
continue to wear, as some garments are estimated to be discarded after seven to ten wears (EMF
2017). This unprecedented trend is driven by a growing middle-class population and increased
per capita sales in mature economies across the globe due to the fast fashion phenomenon, which
has resulted in a quicker turnaround of new styles and increased number of collections offered
per year, often at lower prices (EMF 2017).
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Figure 2: Growth of clothing sales and decline in clothing utilization from 2000-2015, EMF. (2017).

There are also many well-documented social issues within the fashion industry.
Currently, the $1.3 trillion global clothing industry employs more than 300 million people along
the value chain, while the production of cotton accounts for almost 7 percent of all employment
in some low-income countries (EMF 2017). There has been evidence of modern slavery and
child labor in factories across the world, in addition to reports of dangerous working
environments due to unsafe processes and hazardous substances involved in production
processes. Dhaka’s Rana Plaza garment factory collapse in 2013, in which over 1,000 workers
were killed, is an example of societal impacts associated with the clothing value chain that has
drawn international attention and calls for change (EMF 2017). The negative impacts of the
industry are becoming more transparent to customers, which can affect regulatory trends and
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reputational risks that could affect the profits of businesses if they fail to respond. The next
section seeks to uncover how to reverse the effects of the oversaturated and oversized fashion
system and build a better understanding of how fashion can be designed in the context of a
circular economy.

The Circular Economy Paradigm
Integration of the circular economy model through better lifecycle management practices
is gaining traction globally in recent years, as numerous studies have focused on explaining
circular economy practices as a paradigm and its relationship with sustainable development and
zero waste goals (Geissdoerfer et al. 2017). In 1990, Pearce and Turner introduced the concept of
the circular economy into mainstream economic theory in their textbook on environmental
economics, in which they addressed the linkage between the environment and the
production/consumption economic model. Their proposed circular scheme involves the
environment which provides amenity values, as a resource base and sink for economic activities,
and as a fundamental life-support system (Pearce and Turner 1990).
The circular economy framework also builds on several schools of thought such as
Cradle to Cradle’s two material cycles (EMF 2017). Cradle to Cradle was first coined by Walter
Stahel in the 1970s to describe a holistic industrial, economic, and social framework that seeks to
create systems that are not only efficient but also essentially waste-free (Lyngaas 2016). A
circular economy, as defined by the Ellen MacArthur Foundation, is a system that is regenerative
and restorative by design with the aim to eliminate the concept of waste. The Ellen MacArthur
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Foundation captures the essence of the circular economy in the butterfly diagram (Figure 3),
which captures the flow of materials, nutrients, components, and products, whilst adding an
element of financial value (EMF 2017).
The US Chamber of Commerce Foundation considers sustainability as an umbrella term,
consisting of the vision set by the World Commission on Environment and Development’s
Brundtland Report of 1987: "Sustainable development is development that meets the needs of the
present without compromising the ability of future generations to meet their own needs” (U.S.
Chamber of Commerce Foundation 2019). The World Commission on Environment and
Development encouraged the UN to establish the UN Program of Action on Sustainable
Development to carry out the directives outlined in the report, which are grounded in and
focused on the biosphere (the left-hand side of the system diagram in Figure 3).
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Figure 3: Outline of a Circular Economy, Ellen MacArthur Foundation. (2017).

The circular economy is a model for sustainable growth grounded in the technosphere
(the right-side of the system diagram in Figure 3), a human construct designed to support and
manage the conversion and cycling of raw materials for human consumption through intentional
design interventions. The model goes beyond the current linear economy’s extractive
take-make-waste industrial model, and aims to redefine economic growth through a
take-make-reuse model. Circular economy business models, such as resale, disassembly, reuse,
recycling, reverse logistics, digital tracking, and take-back programs, require organizations to
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identify, sort, and maximize each product’s use to retain their highest value and continuously
reuse their composite materials (EMF 2017).
United Nations Department of Economic and Social Affairs Under-Secretary-General Liu
Zhenmin recently emphasized the major impact a transition of this kind could have on achieving
the 2030 Sustainable Development Goals, stating that “the global shift towards a circular
economy holds tremendous potential. Most notably, it can act as an engine to accelerate the
implementation of the Sustainable Development Goals” (UN DESA, 2018). Other studies have
referred to value creation through the supply chain (Schenkel et al 2015), circular business
models (Bocken et al 2014), and to the paradigm of reduce, reuse and recycle (Shivonen and
Ritola 2015).
These understandings of a paradigm shift stand in contrast against the entrenched linear
economic activity model that began during the industrial revolution with the exploitative
technological innovations that ignored the limits of environmental damage caused by depleting
the planet’s resources (Prieto-Sandoval et al 2018). A number of authors have claimed research
on conceptual development is required, and that it is a major undertaking to scale up these
innovations to challenge the dominant socio-technical practices required to change consumption
and production models currently at play (Morone and Navia 2016).
In the absence of federal leadership to advance the circular economy in the U.S., one
change that has helped further mainstream circular economy practices and policies in the U.S. is
China’s “National Sword” policy, which changes China’s rules for accepting exports of mixed
waste as raw materials, including bans on various plastic, paper and solid waste, and plastics
such as PET, PE, PVC and PS (TOMRA 2019). “The market shift will have fundamental and
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long-lasting impact on the circular economy ecosystem,” as investment firm that focuses on
circular processes, Closed Loop Partner, states (2019). China and Europe have been the primary
leaders in advancing circular economy policies in recent years. Promoting a circular economy
was identified as national policy within China’s 11th Five-Year Plan starting in 2006. McDowall
and Geng observed that the “Chinese perspective on the circular economy is broad, incorporating
pollution and other issues alongside waste and resource concerns, [while] Europe's conception of
the circular economy has a narrower environmental scope, focusing on waste and resources and
opportunities for business” (2017).
The European Commission adopted a new Circular Economy Action Plan, one of the
main building blocks of the European Green Deal agenda for sustainable growth. With measures
along the entire life cycle of products, the plan is being developed through collaboration with
businesses and stakeholders to ensure that the resources used are kept in the EU economy, as
“half of total greenhouse gas emissions and more than 90% of biodiversity loss and water stress
come from resource extraction and processing” (European Commission 2020). The European
Commission views the circular economy as “a precondition for achieving the climate-neutrality
target by 2050 and halting biodiversity loss,” and posits that it will have net positive benefits in
terms of GDP growth and jobs' creation, since applying ambitious circular economy measures in
Europe can “increase the EU's GDP by an additional 0.5% by 2030 creating around 700,000 new
jobs” (European Commission 2020).
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The Circular Fashion Economy
A circular economy for the fashion industry is an industrial economy where “clothes,
textiles, and fibers are kept at their highest value during use and re-enter the economy
afterwards, never ending up as waste” (EMF 2017). Along with the systematic literature reviews
that consolidated the definitions and principles of a CE (Kirchherr et al. 2017; Geissdoerfer et al.
2017; Ghisellini et al. 2016), scholars and practitioners generally agree that the circular economy
is an industrial economy that is restorative and regenerative by intention and design, where
biological components return to the biosphere and technical components are collected for reuse,
recycle, repair, and remanufacture (EMF 2017). As Stahel (2016) states, “reuse what you can,
recycle what cannot be reused, repair what is broken, remanufacture what cannot be repaired.”
The circular economy, hence, aims to achieve a paradigm shift to reduce the demand for virgin
materials in production and consumption cycles and decouple economic activity from
environmental pressures.
Under this “new textiles economy,” as coined by the Ellen MacArthur Foundation,
clothes, fabrics, and fibers are kept at their highest value during use, and re-enter the economy
after use, providing a growing population with access to high-quality, affordable, and
individualized clothing, while regenerating natural capital, designing out pollution, and using
renewable resources and energy (EMF 2017). Figure 4 from the brand Kenneth Buddha Jeans,
offers one way of conceptualizing the biological and technical spheres of a circular or Cradle to
Cradle garment industry (2014). In theory, a circular fashion industry would be distributive by
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design, circulating value among enterprises of all sizes in the industry and capture opportunities
missed by the current linear system.

Figure 4: Circular garment industry systems diagram, Kenneth Buddha Jeans. (2014).

Changing customer demands is influencing fashion brands and retailers, and companies
that do not respond risk being left behind. Sustainable fashion has become a driver of purchasing
decisions, driven in part, by the concern, activism, and rising spending power of Generation Z
consumers. In fact, Millennials and Gen Z consumers represent $350 billion of spending power
in the US (McKinsey & Company 2019). Within this group, an estimated 74% prefer buying
from “conscious brands” and are willing to pay more for a product that offers complete
transparency. Another indicator of growing public concern about the topic is the growing number
of internet searches for “sustainable fashion,” which has tripled between 2016 and 2019
(McKinsey & Company 2019). As the fast fashion phenomenon rises, youths are taking to the
streets to demand climate justice.
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Policymakers and businesses are feeling the pressure to respond with the launch of
initiatives such as the UN Alliance for Sustainable Fashion. Brands are responding by
announcing bold ambitions to create a circular economy for fashion -- H&M is committing to
use 100% recycled and sustainably sourced materials by 2030, C&A is considering making 50%
of their products C2C-certified within a decade, and Target is aiming for 100% sustainability
sourced cotton by 2022 (Gueye 2019). Furthermore, companies are realizing the economic
benefit of avoiding the negative externalities of the fashion industry, which is estimated to be
around $192 billion in 2030, if the fashion industry were to address the environmental and
societal issues of the current status quo according to the Pulse of the Fashion Industry r eport
(Boston Consulting Group 2017).
Multilateral political action has also changed the framework within which apparel
companies operate as regulations have become stricter. The 2015 G7 Leaders Declaration agreed
to “promulgate industry-wide due diligence standards in the textile and ready-made garment
sector,” which drove the 2017 OECD Due Diligence Guidance for Responsible Supply Chains in
the Garment and Footwear Sector (Butler 2019). The 2019 G7 summit has also recently
established the Fashion Pact, in which 32 major apparel companies have agreed to set shared
environmental-sustainability objectives. Sustainable sourcing, one major component of material
sustainability, was also on the agenda of more than half of the sourcing executives’ agenda in
McKinsey’s 2019 survey. However, this varied greatly by region -- in Europe, 70 percent of
companies fully agreed that responsible and sustainable sourcing was on the CEO agenda, while
in North America, it was 35 percent (McKinsey & Company 2019).
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National governments in main production countries and consumer markets have also
tightened their policies. China continues to tighten its environmental policies in its 13th
Five-Year Plan 2016-2020; France’s circular economy law is expected to come into force as
early as 2021; the Dutch government aims for 50 percent of materials to be reused by 2030 and is
looking into introducing producer responsibility for textiles; while in Turkey, the Zero Waste
Campaign was extended to textile products in 2019 (McKinsey & Company 2019; Government
of Netherlands 2020). Growing consumer and regulatory attention on this topic indicates that
sustainability is increasingly viewed as a competitive advantage in the fashion industry.
New business missions, innovation and research on technological development that
employ principles of CE in their operations have been responding to these regulations as they
serve as the potential drivers of the CE transition at various scales of implementation. As product
and supply chain transparency are key to the enforcement of a circular economy, digital material
identification innovations are discussed to play a fundamental role in establishing data on the
location, condition, and availability of the products in question (EMF 2016). This data
infrastructure would lie at the center of governing supply chain and opportunities for value
creation based on the circular economy model, which enables businesses to become more
efficient as well (Askoxylakis 2018). In fact, businesses are already seeking markets at the
intersection between circular economy and digital identification, especially in the context of
cities (EMF 2016).
Considering the circular economy transition in terms of digital identification and material
supply chain tracking innovations encourages new ways of rethinking the organization of the
fashion value chain. First, the circular economy model incentivizes reverse logistics such that the
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values of the materials and components at their end-of-life are fully recovered. Second, new
business models such as sharing or product as service systems could be developed. Third,
processes of designing, making, and using fashion products would encourage maximization of
value retention across the supply chain, thereby extending the product lifetime. Fourth,
end-of-use options are optimized by allowing for novel end-of-life processes and knowledge
formalization on product disassembly and upgrading.
Acknowledging these theoretical advantages of applying circular economy principles in
the fashion value chain and deploying supply chain transparency schemes, what are the main
challenges experienced by circular fashion's stakeholders and in what ways could they be
overcome? The existing and emerging governmental, nonprofit, and for-profit actors, their
business models, policies, and technology solutions in the case of NYC provides a useful lens to
address such a question.
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Methods
As one of the fashion capitals in the world market, New York City is a useful case to
examine the stakeholders and their collaborations that seek novel ways of closing the loop of the
fashion value chain. These actors include upcycling designers and second-hand clothes shops,
waste collectors, and technology developers. The insertion of circular economy in the City’s
OneNYC 2050 agenda and the New York City Department of Sanitation’s (DSNY) Zero Waste
goals serves as an anchoring discourse that brings together the various initiatives and
stakeholders to rethink the entire lifecycle of fashion products, beginning from the design
process to how used items are collected at their end-of-life. Disrupting the existing system to
make the transition towards a circular one accompanies many challenges. From a policy
perspective, it is crucial to take a close look at the city’s history of garment production in context
of its current challenges so that the city’s infrastructural and regulatory interventions account for
these issues and parallel its sustainability vision and plans.
New York City serves as the U.S’s fashion capital and hosts diverse economic industries
and entrepreneurial activities. New York City’s historic Garment District was once home to the
largest group of clothing manufacturers in the world. The City is also home to the largest
sanitation department in the world -- the New York City Department of Sanitation (DSNY),
which collects more than 10,500 tons of residential and institutional garbage and 1,760 tons of
the recyclables – each day (DSNY 2020). Increasing awareness of the fashion industry from both
consumers and producers makes New York City a suitable research site on the topic of circular
fashion. Policies and business practices that are taken in New York City could also be transferred
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elsewhere in the U.S. if successful, as New York City is notorious for its complex and
competitive conditions.
The paper aims to address the following questions: 1) what is New York City’s legacy of
fashion manufacturing, 2) what are the current circular fashion initiatives taking place in New
York City, 3) who are the actors, 4) what challenges do the actors face and, 5) how would
emerging technologies and policies address their challenges? To answer these questions,
secondary data from consultancy reports, working papers, and academic journal articles that
apply the principles of circular economy to the fashion industry are analyzed. In order to assess
how these theoretical principles unfold in practice, semi-structured interviews were conducted
with city government officers, apparel producers and designers, nonprofit collectors,
manufacturers, resellers of post-consumer apparel waste, academics, and businesses working on
circular fashion initiatives.
The paper first explores the spatiotemporal changes of clothing manufacturing in the
Garment District. Then it examines key stakeholders involved in activating the circular economy
in fashion, and is followed by comparative case studies of best practices. The paper then
provides an analysis of major challenges faced by the stakeholders and opportunities for
innovation, research, and policy interventions. The aim of the paper is to understand circular
fashion practices as an emerging phenomenon that will change the current unsustainable system.
A systemic perspective of fashion consumption, design, businesses, waste management, and
legislation needs to be taken into account to incentivize tight collaboration between different
stakeholders and to foster creative networks of business, design, and policy experimentation.
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New York City’s Garment District
Rise of New York City’s Garment District
New York’s Garment District has influenced the development of New York’s urban
landscape throughout time, linking immigrant and women’s history, environmental, consumer,
and design history (The Gotham Center for New York History n.d.). The district’s roots trace
back to the manufacture of clothing for slaves working on the Southern plantations in the early
1800s (Fougere 2015). It was more efficient for slave owners to buy clothes from producers in
New York than for them to spend time and labor making the clothes for themselves. Tailors
produced other ready-made garments for sailors and western prospectors during slack periods in
their regular business (The Gotham Center for New York History n.d.).
Prior to the mid-nineteenth century, the majority of Americans either made their own
clothing, or if they were wealthy, purchased "tailor-made" customized clothing. However, by the
1820s, a number of ready-made garments of higher quality were being produced for a broader
market (The Gotham Center for New York History n.d.). The production of ready-made clothing
completed its transformation to an "industrialized" profession with the invention of the sewing
machine in the 1850s, the innovation of high-rise buildings dedicated to manufacturing and
showrooms, and a new subway system that helped the apparel industry skyrocket (Fougere
2015). The need for thousands of ready-made soldiers' uniforms during the American Civil War
helped the garment industry to expand further. By the end of the 1860s, Americans bought most
of their clothing rather than by making it themselves (The Gotham Center for New York History
n.d.).
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Garment production thrived by the middle of the 19th century as thousands of
immigrants, mostly Germans, Italians, Eastern European Jews, and Central Europeans arrived in
the tenement houses of the Lower East Side, skilled in the production of making clothes and
armed with relevant business experience (Fougere 2015). The tailors began at home doing the
work for themselves, then hiring a few workers and forming small enterprises that specialized in
various components of manufacturing such as designing and buying fabric, cutting fabric, and
sewing (The Gotham Center for New York History n.d.). In the early twentieth-century a largely
Eastern European immigrant workforce powered the garment trades.
With an ample supply of cheap labor and a well-established distribution network, New
York was prepared to meet rising demands. During the 1870s, the value of garments produced in
New York increased six-fold. By 1880, the city produced more garments than its four closest
urban competitors, combined (The Gotham Center for New York History n.d.). In 1900, most of
the clothes in the United States were made below 14th Street, in the tenement neighborhoods of
New York, and the value and output of the clothing trade was three times that of the city's second
largest industry, sugar refining.
New York's function as America's culture and fashion center also helped the garment
industry by providing constantly changing styles and new demand -- in 1910, 70 percent of the
nation's women's clothing and 40 percent of men's clothing was produced in New York. Figure 5
shows the concentration and distribution of men’s and women’s wear manufacturing that
stretched from Canal Street to 59th Street, and in the Brooklyn Broadway Triangle and
Downtown Brooklyn areas in blue and red, respectively. The city’s garment industry expanded
from 562 manufacturing firms in 1880 to over 1,800 firms in 1900, establishing New York City

20

as the hub of the U.S. ready-to-wear industry, as the working and middle class consumer base
expanded (Municipal Art Society 2011).

Figure 5: Map of New York City showing distribution of women’s wear industries in red
and men’s wear industries in blue, New York Public Library Collections. (1922).
Source: https://digitalcollections.nypl.org/items/5fd4ec98-a874-f139-e040-e00a18060b1f
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As the Garment District grew, concerns over working conditions increased. Garment
manufacturers often toiled in crowded tenement apartments, in small rooms, or behind locked
doors in unsanitary and dangerous conditions and were prevented from taking breaks or leaving
early (Fougere 2015; Municipal Art Society 2011). The Triangle Shirtwaist Factory fire in 1911,
which killed 146 people, most of whom were young immigrant women as young as 14, brought
attention to their plight in New York’s new loft-style factories, resulting in the mostly female
International Ladies’ Garment Workers’ Union (Fougere 2015). Attention on workers’ rights
during this time resulted in protections for the burgeoning workforce such as the New York State
Factory Act of 1892, which required a minimum of 520 cubic feet of air for each worker, and the
1901 Tenement House Act, which pushed garment production out of the cramped working
conditions of tenements into regulated commercial loft buildings (Municipal Art Society 2011).
Fears of the clothing industry encroaching upon Fifth Avenue provoked some New York
businesses to stop working with the garment sector unless they moved to a particular area of the
city. Thus, by the mid 20th century, most of the clothes sold in the United States came through
the blocks between 34th Street and 42nd Street, between Fifth and Ninth Avenues. Locating near
Pennsylvania Station and the transit lines in Midtown gave manufacturers access to employees
moving to new residential developments in the outer boroughs and to out-of-town buyers
(Robbins 2009). In the early 20th century, the industry succeeded by copying designs from Paris
and simplifying them to be replicated on a mass scale. Manhattan’s Garment District thus
became home to the largest group of clothing manufacturers in the world by 1931.
New York did not gain prestige as a design center until World War II when the Nazis’
occupation of Paris cut the city off from the rest of the world, as the fashion magazines began
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highlighting American designers for their ready-to-wear pieces (Municipal Art Society 2011).
The Garment District was at its peak by the 1960s, as New York Fashion Week began and the
area started producing 95 percent of clothing in the US (Fougere 2015; Municipal Art Society
2011).

Decline of New York City’s Garment District
Manhattan's Garment District is where the majority of the city's major fashion labels
operate showrooms and execute the fashion process from design and production to wholesaling.
While historically known as the center of textile manufacturing, global trends have changed the
way the fashion industry in the Garment District functions. Over the last 50 years, New York’s
garment manufacturing sector has experienced a steady decline within the city overall, and
within the Garment District itself, as manufacturing began moving out of the city, while
designers, showrooms and distribution centers have remained in the district (Municipal Art
Society 2011). Rising rents, developer interests in turning prime Manhattan properties from lofts
into luxury condos and the cost of union labor made it less attractive to make clothes
domestically than in emerging markets overseas, as retailers demanded more and more
inexpensive products that could be produced elsewhere (Fougere 2015).
As domestic manufacturers became less competitive in the global marketplace, small
cutting and sewing rooms, as well as zipper, button and supply stores in the Garment District
have been struggling to keep up. The unions have negotiated for regulations such as the
Multi-Fiber Agreement (1974-1994) to protect domestic industry by limiting imports. However,
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their efforts could not combat the push to increase profit margins by manufacturing offshore,
often in unregulated sweatshops, and union membership declined in the 1990s (Soyer 2005;
Municipal Art Society 2011).
The World Trade Organization opened borders to more countries and trade agreements
became more favorable for foreign countries to bring their products to the U.S. through the
Agreement on Textiles and Clothing (1995-2005), which freed textile and garment products from
import quotas, causing manufacturers to move facilities overseas, as mass retailers and design
houses cut costs by having their clothes cut and sewn abroad (World Trade Organization 2020;
Fougere 2015). In 1970, the Garment District employed 173,304 workers locally, but by 1987,
only 105,000 remained in the industry (Soyer 2005).
The International Ladies’ Garment Workers’ Union requested the city to study the
advantages of a central garment center to determine how the apparel firms could be expected to
withstand development pressures during this time. The Department of City Planning’s study
found that the industry was vital to the economic diversity of the city, and was especially
important as a source of employment for minorities (Municipal Art Society 2011). Furthermore,
the study found that firms depend on proximity with manufacturers to maintain relationships and
be efficient.
In 1987, New York City government created the Special Garment Center District zoning
to help preserve garment manufacturing, as 69 percent of the space in the center was
characterized by apparel uses and manufacturing comprised 41 percent of total employment
(Department of City Planning 2018). The zoning mandated 8.7 million square feet of space to be
conserved for manufacturing and apparel-related uses to inhibit building conversions by
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requiring buildings to commit space within mid-block buildings to apparel production activities
(Figure 6).
The district allowed the underlying manufacturing M1-6 zoning regulations to apply on
the Avenues, but created a Preservation Area (P1 to P2 on the diagram to the left in Figure 6)
that restricted existing buildings on side street blocks to retail, wholesale showroom and
industrial uses (Department of City Planning 2018). Office conversions were permitted on the
restricted side streets only with a Chair Certification from the City Planning Commission and a
restrictive declaration whereby property owners agreed to preserve an equal amount of space for
manufacturing uses in perpetuity (Department of City Planning 2018). However, these efforts
have been reactive to the decline of fashion manufacturing and was not enough to help preserve
manufacturing jobs.

Figure 6: Special Garment Center District Zoning in 1987 (left),
with Amendments passed in 2018 (right), Department of City Planning. (2018).
Source: www1.nyc.gov/assets/planning/download/pdf/plans-studies/garment_center/adopted-zoning-text.pdf
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The City’s use of zoning as a job retention tool did not achieve its goal. Manufacturing
continued to decline at the same pace after the zoning was enacted as it did before the
preservation measures were in place. Over the past 30 years, the city has offered tax incentives to
revitalize the Garment District as a hub for the fashion industry, but these efforts have seen only
moderate success. As fashion manufacturing declined in Manhattan’s Garment District, many
buildings that once housed these large facilities have been converted to office space. Between
1990 and 2000, the district's population grew from 2,500 to 10,281, as accountants, lawyers,
public relations, and high-tech companies moved into the area (Bahney 2015). The district today
is divided equally between fashion and non-fashion companies. This phenomenon has been
revisited by policy makers, fashion industry representatives, manufacturing and union
representatives, and owners of property in the district, but the fate of garment manufacturing in
the district remains uncertain.

New York City’s Garment District Today
The fashion industry is essential to the vitality of New York City. In 2010, the fashion
industry accounted for 4.6 percent of the country’s total fashion employment, almost equal to
financial services (5.6 percent of the nation’s finance jobs) or media and entertainment (5.1
percent) (Municipal Art Society 2011). However, wholesale and retail are the most profitable
areas of the fashion industry in the Garment District and garment manufacturing has been
steadily declining. Today, garment manufacturing comprises 30 percent of the city’s
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manufacturing jobs (NYC EDC n.d.). In February 2017, Mayor Bill de Blasio's office revealed
that it was planning to rezone the Garment District and remove some of the outdated restrictions,
and in 2018, the City Council adopted the Special Garment Center District text amendment with
modification (the diagram to the right in Figure 6).
The plan recognizes that the 66,000 jobs across industries is expected to grow to 72,000
by 2021, and that though fashion office space has only grown by 17 percent in the past five
years, 60 percent of the area’s jobs have become nonprofit, healthcare, entertainment, and IP
services (Department of City Planning 2018). Thus zoning changes include lifting the 1:1
preservation requirement that prevented as-of-right office conversions and led to disinvestment
in building infrastructure and non-zoning tools to curb hotel development, preserve
manufacturing space through a customized tax incentive program that requires property owners
to provide long-term affordable leases for fashion manufacturers (Department of City Planning
2018). The City has also pledged funding support for public-private acquisition of a building to
permanently house garment production, such as an annual budget of $2.5 million for the next 10
years to support the Steering Committee's goals to improve the economic vitality of the district
(Department of City Planning 2018).
Understanding the city’s land use planning and economic development tools help to
highlight the importance of coordination between stakeholders to help to foster a circular fashion
ecosystem, supportive of small garment manufacturers. The Special Garment Center District text
amendment package included a plan to develop a 211,000 square-foot garment production hub at
the Made in NY Campus in Brooklyn's rapidly gentrifying Sunset Park district, using the
city-owned Bush Terminal to provide lower-cost space to apparel industry brands (Ewen 2018).
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New industry entered the Garment District on a much smaller scale, and many fashion designers
and production companies have moved to Brooklyn Navy Yard and Industry City in Sunset Park,
where there is a friendly environment for small production facilities. The Made in NY: Fashion
fund has provided $2.5 million to emerging NYC-based designers to design and manufacture,
embellish, or finish 75 percent of their products locally since 2015 (NYC EDC n.d.).
Advertisements promoting the local garment manufacturers operating in Brooklyn often appear
on the streets of Brooklyn to draw awareness to the local businesses (Figure 7).

Figure 7: Made in NYC Advertisements in Brooklyn, Photograph by Author. (2020).

Mayor Bill de Blasio’s plan aims to create a large fashion center split between Industry
City and the Made in NY campus at the Brooklyn Navy Yard, along with the neighboring Bush
Terminal, and nearby Industry City. Bush Terminal is what remains of an original parcel of land
with the same name that decades ago was divided into two parcels: one parcel was sold to the
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city and retained the Bush Terminal name, and the other parcel remained privately owned and
was renamed Industry City. Together, the two adjacent spaces are creating New York City’s
second largest fashion hub after Manhattan's Garment District. The 36-acre Made in NY Campus
at Bush Terminal aims to provide affordable, best-in-class industrial facilities for garment
manufacturing, film and media production, and related services and industries starting in 2021
(NYC EDC n.d.). The hub provides small white-box spaces ranging from 2,000 to 40,000 square
feet for twenty-five to thirty-five companies working in pattern making, marking and grading,
cutting and sewing, and sample making (NYC EDC n.d.).
Many garment manufacturers currently benefit from the Fashion Manufacturing
Initiative, a public-private partnership fund established by the New York City Economic
Development Corporation’s (EDC) and the Council of Fashion Designers of America (CFDA) to
strengthen fashion’s design, manufacturing, and educational sectors (Made in NY 2020). It
started as a $6 million fund and has scaled to become a $14 million partnership that encompasses
Innovation Grants, Workforce Development, Local Production Stabilization, a searchable online
production database to connect designers and local factories, and other programs and
collaborations (NYC EDC n.d.).
The Innovation Grant has invested $3.5M from 2013-2019 to allow 33 NYC-based
fashion contract manufacturers to purchase equipment, make capital and technology upgrades,
and to receive relocation grants (CFDA 2020). The Workforce Development program provides a
talent pipeline and opportunities for fashion manufacturing (NYC EDC n.d.). CFDA recently
launched a partnership with the Industrial Sewing and Innovation Center, a national sewn trades
institute to assess the NYC fashion manufacturing and workforce sector, then to execute on
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programming in partnership with manufacturers to provide opportunities for technical
instruction, on-the-job training through apprenticeships, and advanced technology training.
In October 2019 EDC and CFDA announced the launch of the Local Production Fund,
which matches designers with NYC-based manufacturers who have received credits to be used
for production runs of participating designers. The fund builds off investments in technology
made through the Fashion Manufacturing Initiative Grant Fund, and is intended to bolster use of
the technology, build stronger relationships and consistent production for NYC manufacturers.
This initiative is part of the package passed by the City Council in December 2018 to support
manufacturers in the Garment Center and allow it to achieve its potential as a mixed-use
neighborhood with manufacturing, office, whole, and showroom space (Wright 2019). These
initiatives highlight the broad range of tools implemented and collaborations the City has taken
to support local garment manufacturers. The next chapter will explore New York City’s textile
reuse sector and the emerging sustainability trends in spaces such as the Garment Center and the
Brooklyn Navy Yard.
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New York City’s Circular Fashion Ecosystem
Textile Waste & Reuse in New York City
In the year 2017, New York City residents discarded 3.1 million metric tons of waste,
according to DSNY’s 2019 Reuse Sector Report. This amounts to throwing out 1,990 pounds of
material for the average household each year, of which 120 pounds is composed of textiles
(DSNY 2019). 181,436 metric tons of clothing, shoes, linens, and accessories were sent to
landfills in that year, which makes up 6 percent of the city’s residential curbside waste stream
(Figure 8) (New York City Refashion Week 2020). Of these textiles, 1.1 percent are shoes,
rubber, and leather, 2.9 percent are clothing textiles, and 2.3 percent are non-clothing textiles
(DSNY 2017).

In schools, textiles make up only 0.8 percent of total aggregate discards by material
(DSNY 2017). NYC Housing Authority’s residential building refuse has around 7.7 percent of
textiles, equivalent to 10,979 tons. These statistics are available as DSNY has been conducting
waste characterization studies since the 1980s to understand the composition of the city’s
residential waste stream and to inform planning for sustainable management (DSNY 2019). The
2017 NYC Residential, School, and NYC Housing Authority Waste Characterization Study was
done over three seasons: spring, summer, and fall, and builds on previous waste characterization
methodologies conducted in 1990, 2005 and 2013. The 2017 annual textile waste is alarmingly
equivalent to the height of the Empire State Building, or the length of 4,500 subway cars (New
York City Refashion Week 2020).
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The amount of residential textile waste generated has fluctuated slightly from 2005-2017.
Residential textile waste increased by a third between 2005 and 2013 (110 pounds per
household, or 4.8 percent of aggregate discards by material category in 2005 and 123 pounds per
household in 2013, or 6.2 percent) and stayed relatively steady between 2013 and 2017 (126
pounds per household, or 6.3 percent) (DSNY 2017). The amount of improperly disposed textiles
in residential curbside refuse has stayed at around 51 pounds from 2013 to 2017 (DSNY 2017).

Post-consumer waste does not take into account pre-consumer commercial textile waste,
which is estimated to be forty times that of residential waste (Schrieber 2017). Pre-consumer and
industrial/commercial textile waste is difficult to measure as most businesses have private waste
removal contracts and haulers are not required to report tonnages picked up, to characterize its
contents, or to disclose the destinations of these materials, as the burden of disposal often falls on
municipalities (Schrieber 2017). This is substantial considering the existence of an array of
programs to encourage donation or recycling offered to residents.

Reusing textiles not only decreases the amount of material sent to landfills, it also saves
natural resources such as water and petroleum, reduces disposal costs for the local government,
businesses and residents, and creates jobs. According to the Department of Environmental
Conservation, the number of jobs that would be created state-wide if each New York resident
recycled one additional pound of textiles per week is over 6,700 (NYS DEC n.d.). Furthermore,
diverting 200 million pounds of clothing waste is equivalent to reducing greenhouse gas
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emissions by 461,388 metric tons, or keeping 98,798 cars off the road for one year (New York
City Refashion Week 2019).

New York City’s Circular Fashion Stakeholders
In New York City, circular fashion strategies are practiced by various stakeholders along
the fashion value chain, as illustrated in Figure 9 (Kim and Wu 2020). The actors represented are
by no means exhaustive, but they are active and visible in circular economy events, panel
discussions, and online news on the topic of circular fashion. Actors placed above the value
chain arrow are considered to be in the industrial or manufacturing side of circular fashion.
Upcycling Designers or Brands take pre- or post-consumer textile waste and make higher value
fashion products with novel design. Post-consumer waste could also be recycled to become
resources for fiber production (Textile Recycler). Innovation is also seen in the introduction of
new, biodegradable raw material (Biodegradable Resource).
Actors placed below the value chain arrow provide services in circular fashion. Clothing
Swaps and Repair Shops extend the life cycle of clothes among consumers and communities.
Second-Hand Retail brands collect, sort, and resell used clothes. Product as Service or Sharing
Platforms rent clothes. Fabric scraps are also collected from fashion manufacturers and resold by
actors in Resource Recovery. Local government actors and technology providers are crucial in
the entire process of making fashion circular. The following sections discuss these actors in more
detail by providing specific examples.
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Figure 9: Stakeholders in NYC and key strategies practiced in making fashion circular, Kim and Wu (2020).

Government’s Role in Enforcing Regulations, Supporting Technology, and Catalyzing
Collaborations
The City of New York’s sustainability plan, OneNYC 2050, outlines goals and strategies
of building a strong and fair city. One goal is to achieve a nearly 30 percent additional reduction
in greenhouse emissions and reaching Zero Waste by 2030 while creating quality jobs (City of
New York 2019). Additional goals as part of joining the C40 climate action pledge on achieving
Zero Waste include reducing per capita waste generation 15 percent by 2030, reducing disposal
to both landfills and waste to energy at least 50 percent by 2030, and increasing diversion rates to
at least 70 percent (Rosengren 2019). The OneNYC sustainability plan goals that are related to
the fashion industry are the following: 1) Stabilize and expand the city’s industrial sector, 2)
continue to support the city’s creative sector, and 3) achieve carbon neutrality and 100 percent
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clean electricity (City of New York 2019).
As the world's largest sanitation department and primary governmental actor in the
circular fashion ecosystem, DSNY regulates businesses, collects post-consumer residential
textile waste, and supports research and development for implementing circular economy
principles. An interview with Kate Kitchener, Chief of Staff of the Bureau of Recycling and
Sustainability at DSNY revealed that the main focus of the Zero Waste program is on organic
waste, which makes up 34 percent of the waste stream. However, Kitchener is also working to
advance extended producer responsibility (EPR) for printed paper and packaging in New York
State through organizations such as the New York Product Steward Council and the Product
Stewardship Institute advocacy group. Gregory Anderson, Assistant Commissioner for Policy
and External Affairs at DSNY, also believes that DSNY can use its weight to influence decisions
up and down the chain by collaborating with supply chain players who do not necessarily think
they are involved in waste management.
Farah Albani, Policy Advisor at NYC Mayor's Office of Sustainability, is also working on
EPR legislation for packaging and hopes to tie it to other sectors such as construction, hazardous
wastes, and potentially textiles in the future. Albani expressed that as a strong and influential
market, New York City has great potential to work with companies to make informed policies, to
lead the way for other cities to help shift financial and management responsibility of waste
products upstream to the producer, and away from the public sector, by providing incentives to
producers to incorporate environmental considerations into the design of their products. She also
shared that she believes material transparency standards will help drive the market and give
people tools to participate in the circular economy, which she notes, is often designed outside the

36

government.
Currently, if textiles comprise 10 percent or more of a business’s waste, the organization
is required by law to recycle it. However, enforcement is challenging as there are no audit
requirements. DSNY is also responsible for picking up residential waste and conducting waste
characterization studies every five years. The department has a robust reuse program that tracks
72 nonprofit reuse organizations through their DonateNYC partnership, in which nonprofit
partners are asked to submit materials reuse data on a biannual basis. The nonprofits are divided
into categories such as retail (thrift stores, cooperative retailers such as flea markets), repair
(shoe or clothing repair at dry cleaners), clothing rental, and social services (clothing or
community center drop offs) (DSNY 2019). A majority of the 72 nonprofits receive food and
clothing donations. In fact, DSNY’s recent study revealed 24 percent of the city’s rental reuse
sector is made out of clothing rental entities, in which 11 percent are online and virtual entities
(DSNY 2019).
Another service that DSNY offers is the RefashionNYC clothing collection program,
available in residential buildings with 10 or more units, institutions, schools, and businesses.
Currently, the program covers 2,000 buildings out of NYC’s total of 40,000 buildings, according
to DSNY (2019). This is relatively low compared to the 14,000 buildings enrolled in the
electronics recycling program, as the New York Disposal Ban in 2015 made it illegal to dispose
of certain types of electronic equipment in landfills, waste-to-energy facilities, trash, or at
curbside for trash pickup (DSNY 2019).
RefashionNYC is a collaboration between DSNY and nonprofit thrift stores Housing
Works, Goodwill, and Salvation Army. It has witnessed growing interest over the years-- in
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2019, the department collected nearly 5 million pounds (2,500 tons) of textiles, diverting a total
of 9,500 tons of textiles from landfills since the start of the program. DSNY is on track to meet
their commitment to expand the service to 2,000 buildings by June 2020, with 1900 buildings
currently enrolled in the program in July 2019, up from 1,700 in June 2018 (DSNY 2019). The
Foundation for New York’s Strongest is also planning to produce more long-term textile-focused
programming with the private sector to support DSNY’s Zero Waste goals (DSNY 2019).
The #WearNext Campaign from March 4 to June 9, 2019 is another successful program
related to RefashionNYC. It was a low-budget campaign created by Ellen MacArthur Foundation
and the New York City Economic Development Corporation (EDC) that presented a textile-drop
off map with 1,100 clothing reuse and recycling locations, which coincided with the launch of
about two dozen additional drop-off points (Figure 10). It is insightful to note that the majority of
thrift stores and private textile drop-off locations are in Manhattan, Brooklyn, and Queens, while
publicly accessible donation bins and textile recycling at farmers' markets are well distributed
throughout New York City.
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Figure 10: NYC’s 1,100 textile drop off locations, Kim and Wu. (2020). Data source: New York Department of
Information Technology & Telecommunications and DSNY. (2020).

EDC’s work also encompasses investing in the Brooklyn Army Terminal and the
Brooklyn Navy Yard’s Made in New York City Campus, which contribute to incubating circular
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fashion business opportunities. There are multiple fashion industry companies such as Fabscrap
and Algiknit, pioneering circular initiatives to reuse and recycle scrap fabric and develop
biodegradable materials respectively, in Brooklyn Army Terminal. This is one example in which
EDC’s targeted solutions help to support local circular fashion innovators. EDC aims to provide
an environment to incubate and pilot ideas for circular practices in these hubs. At the World
Circular Circular Economy Forum held in June 2019, Lindsay Clinton, Executive Vice President
of EDC shared that their circular economy industry strategy is to 1) encourage business model
innovation, 2) support technology, and 3) catalyze collaboration (2019).

Figure 11: Brooklyn Army Terminal Campus, Photograph by Author. (2020).

In an interview with Nicole Spina, Senior Project Manager of Smart & Sustainable Cities
at EDC and Sonia Park, Assistant Vice President Creative and Applied Tech at EDC, they shared
that the Brooklyn Army Terminal has seen an organic growth of circular economy-related
companies. They are also planning to incubate more early stage circular companies and
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encourage startups to pilot their technology at the campus. However, they also cited challenges
such as the complexity and time to build up a circular supply chain that can test, iterate, and scale
is difficult for many startups, especially to compete with lower prices in markets overseas. They
have also just set up a rolling Made in New York Garment Manufacturing Hub Request for
Expressions of Interest form for fashion industry innovators, thought leaders, and local
manufacturers to consider their location in Brooklyn until June 2020 (Figure 12).

Figure 12: Made in NY Campus Renderings in Sunset Park, nArchitects and WXY. (2019). Source:
https://www.6sqft.com/wxy-reveals-renderings-of-the-citys-just-announced-136m-fashion-and-film-complex-in-sun
set-park/ and https://www.6sqft.com/see-the-design-for-the-new-made-in-ny-campus-in-sunset-park/.

Spina and Park also expressed that EDC is keen on growing an ecosystem of
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entrepreneurship and community to contribute to Mayor Bill de Blasio’s 2017 plan to create
100,000 “good-paying jobs,” with annual salaries of $50,000 or more within 10 years. EDC’s
role of assisting garment manufacturers to catch up with fashion industry stakeholders overseas
by upgrading machinery may help spur the industry. EDC is also considering setting up
procurement guidelines and continuing potential partnerships with the Ellen MacArthur
Foundation in future iterations of the #WearNext campaign.

Nonprofits’ Role in Resource Recovery, Second-hand Retail, and Garment Production
Nonprofits in the circular fashion ecosystem primarily focus on setting up collaborations
for resource recovery. Global Fashion Agenda’s Copenhagen Fashion Summit, Fashion for
Good’s Accelerator program, the Sustainable Apparel Coalition’s Higg Index, which measures
environmental and social & labor impacts across the value chain, and the Ellen MacArthur
Foundation’s #WearNext campaign and Disruptive Innovation Festival, are just some examples
of platforms and programs that accelerate resource recovery in terms of providing tools to
collaborate, fund, develop, and measure circular fashion projects (Smits and Cunningham 2020).
Several previous studies conducted by DSNY revealed that reuse entities divert
thousands of tons of reusable materials from the waste stream and contribute significantly to the
sustainability of NYC by generating local jobs and avoiding emissions associated with
transporting materials across large distances (DSNY 2017). DSNY has supported reuse activities
since 1997 through the creation of a materials exchange (DSNY 2017). Fabscrap is one such
NYC-based nonprofit organization founded in 2017 (marked as an actor for Resource Recovery
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in Figure 9). Fabscrap collects pre-consumer, or industrial textile waste directly from the brands
that they work with, which are then sorted manually by volunteers.
Industrial textile waste is estimated to be 40 times that of residential waste, and Fabscrap
has only started working with design and sampling houses, which represent 255 brands in NYC
(Fabscrap 2018). Fabscrap’s 2018 annual report states that in 2017 and 2018, 241,418 tons of
fabric was collected, of which 97 percent of incoming fabric waste has been diverted from
landfill, including 45% reused and 52% recycled (Fabscrap 2018). Fabscrap recently opened a
shop in Chelsea, where they resell textiles and showcase clothes that are designed with the
reused textiles. The accessible location in Manhattan contributes to raising awareness on circular
fashion initiatives.
In an interview with Camille Tagle, Co-Founder of Fabscrap, challenges such as the lack
of sorting technology and standardization were brought up. The lack of standardization results in
the blends and forms of textile waste that get collected, which is a challenge for their operations,
which rely on volunteers to remove stickers, headers, staples, and to sort the collected fabrics.
Currently, Fabscrap only sorts for 100% cotton, 100% polyester, and 100% wool for reuse, sold
on their online store. Proprietary material and small scraps are also collected to be shredded as
insulation, carpet padding, furniture lining, and moving blankets (Fabscrap 2018).
Tagle also shared that small firms are more flexible for process adaptation to integrate
fabric reuse into their manufacturing process. However, they may face challenges in having a
lack of capacity for reverse logistics and implementing producer responsibility. Fabscrap has
also just started working with design and sampling houses, and Tagle speaks of the lack of
clients’ and even industrial professionals’ awareness of the accumulation of not only
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post-consumer waste, but also post-industrial waste on the production side of the fashion
industry that is more problematic.
Goodwill, Housing Works, and Salvation Army are some of the main nonprofit
organizations that collect post-consumer textile waste and sell second-hand items in their retail
stores at various locations across NYC (Second-Hand Retail in Figure 9). In 2018, Goodwill
collected 38 million pounds of clothing, of which around a third were resold (Goodwill 2018). In
collaboration with DSNY’s RefashionNYC program, these organizations enhance consumer
awareness of second-hand shopping, thrifting, and the mindset that fashion does not always have
to involve new items. Items that do not sell in the retail stores of these nonprofit organizations
are sold or donated to brokers or graders who sell to overseas markets in countries like Haiti,
where used clothing and textiles supply local enterprises with materials to repair and sell (NYS
DEC n.d.; NYC Recycles 2014).
Custom Collaborative is another nonprofit working in the circular economy sphere
through the use of deadstock fabric. The Harlem-based nonprofit serves women from
low-income and immigrant communities through a worker-owned cooperative model, by training
and supporting their development in the fashion industry as designers, entrepreneurs, pattern
makers, and seamstresses. The nonprofit uses at least 90% repurposed and upcycled deadstock
fabric from fashion brands once the season is over. Riverside Church’s 1,200 square foot
community center has become a classroom and office for Custom Collaborative, while
production work happens in their 4,000 square foot East Harlem space. Their main clients are
small independent brands that need quick, local production capacity for samples and smaller
production runs of up to 200 units in a given order, or ethically-minded designers.
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Custom Collaborative also operates as a business incubator by offering workshops such
as advanced pattern making and leatherworking, and supports women who want to form
independent businesses focusing on techniques such as tailoring alterations. It has hosted seven
14-week training classes and graduated 12 students thus far, primarily targeting immigrant
communities who do not have work authorization and face barriers to employment for entry level
jobs because of reasons such as lack of childcare opportunities or personal finance skills.
Currently they are placing three fellows as assistants at Mara Hoffman through the pilot
apprenticeship X One Program that allows them to explore technical design, computer-aided
design softwares, patternmaking, and learn product life cycle management softwares. The
graduates also produce small capsule collections and sell their garments at pop-up stores.
Tessa Maffucci, Strategy Director of Custom Collaborative, shared that their biggest
constraint is physical work space for the cooperative to scale their programs and expand as a
community resource enterprise. Another challenge is the unpredictability of using deadstock
fabric, as they cannot anticipate material and quantity. However, Maffuci also shared that the
variety and limitations allow the students to be creative. They are also in discussion with a
development partner in the Garment District to potentially open up a 2,000 square foot work
space by taking advantage of the city’s tax abatement program for developers within the historic
boundary that sublet or gift space to garment manufacturers. This is one example in which the
City’s targeted solutions will help to support local circular fashion manufacturers.
When asked about the potential to use the Bush Terminal space that will open for tenants
in January of 2021, Maffuci cited that $13-50 / square foot for rent is still quite high. They are
looking for potential funding to lease a space there, as there is greater opportunity to acquire
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advanced manufacturing equipment, bigger cutting devices, and spaces for innovation. Finally,
Maffuci is optimistic about the potential for the fashion industry to look towards the food
industry in seeking transformations towards regulation and business practices that improve
transparency and accountability in the future.

Businesses’ Role in Extended Producer Responsibility, Material Innovation, and the
Sharing Economy
Businesses are drivers of new product development and innovation that adhere to circular
economy principles. According to one McKinsey report, the absolute number of mass-market
products made from sustainable materials has seen a five-fold increase over the past two years,
though the absolute number of mass-market products made from sustainable materials remains
low (2019). A survey of 64 participating sourcing executives, who are responsible for a total
sourcing value of more than $100 billion revealed that responsible and sustainable sourcing,
digitization of sourcing processes, consolidation of supplier bases, and end-to-end-process
efficiency are among their greatest priorities (McKinsey & Company 2019). Increasing the use
of recycled fibers is one of four innovation-led disruptions that the 2019 survey of apparel
company chief procurement officers believe will become prevalent throughout the industry by
2025 (McKinsey & Company 2019).
One successful case study in product development and extended producer responsibility
is Eileen Fisher (EF), a U.S.-based luxury fashion brand targeted at middle-aged female
customers (represents Upcycling Designers and Second-Hand Retail in Figure 9). Its line,
Renew, was first launched as Green Eileen, a take-back program for EF clothing, representing
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the role of businesses in implementing extended producer responsibility (EPR). In an EPR
model, producers bear the cost of collecting, treating, and recycling their end-of-life products.
EPR for the textile industry is not required in the U.S., hence EF’s initiative is voluntary.
In fact, the implementation of EPR policy for the fashion industry is uncommon, with the
exception of France where the first legal framework for managing textile waste using the EPR
policy was declared in 2007 (Bukhari et al. 2018). In EF’s EPR scheme, customers are
encouraged to bring back old EF clothes and receive a $5 reward card for each returned item.
The used items are sent to their warehouse in Irvington, NY, where staff members are involved
in manual sorting, cleaning, repairing, and selling EF’s returned clothes at a discounted price,
which are also available online. Items that cannot be resold are turned into one-of-a-kind pieces
in the Resewn Collection, or saved for recycling.
Eileen Fisher has been successful in reselling 65% of the items that they receive. The
warehouse also has its “R&D Lab,” where new product design ideas get tested for disassembly
and remanufacturing. Fabrics that are not reusable, such as those with high viscose or spandex,
are generally stockpiled and sent to be made into insulation through a partnership with a
department store or recycled as polyester PET chips, according to Cynthia Power, Director of EF
Renew. Power also shared that EF is looking to become more integrated on the production side.
One business example of creating biodegradable inputs in a circular supply chain is
AlgiKnit (Biodegradable Resource in Figure 9). Founded in 2016 and based in the Brooklyn
Army Terminal, Algiknit is a biomaterials company that creates highly durable yet rapidly
degradable yarns derived from a seaweed called kelp (AlgiKnit Press Kit 2019). This technology
is currently undergoing research and development. It has the potential to tackle the textile waste
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challenge because biodegradable textiles could be broken down to nutrients for the next
generation of AlgiKnit’s materials instead of contributing to harmful waste accumulation in
landfills (AlgiKnit Press Kit 2019).
The material can also absorb pigments using sustainable dye methods, reducing the need
for excess chemical, water usage. Kelp also does not require pesticides, fertilizers, and sequesters
carbon while filtering surrounding water (Algiknit Press Kit 2019). Other brands are also
exploring biodegradable products -- S.Cafe has been experimenting with mixing biodegradable
materials with recycled polyester (Figure 13), Achroma uses traceable dyes from non-edible
waste products of the agricultural and herbal industries, and Pili uses enzymes and
microorganisms to produce biotech dyes and pigments (Gueye 2019).

Figure 13: S.Cafe fabric made of coffee grounds and recycled polyester fiber RPET, Photograph by Author. (2020).

Another emerging practice among businesses is taking form among the sharing economy
in the fashion industry. U.S.-based ThredUp has become the world’s largest second-hand
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clothing market, reselling 100,000 items across 35,000 brands every day, while China’s YCloset
offers subscription membership to five million members and has observed that one piece of
clothing can be used by up to forty different people (Gueye 2019). Re-commerce of repaired
used merchandise has also become popular and gives companies two opportunities to make
money off of the same item. For example, The North Face Renewed is a collection of refurbished
clothing that takes previously worn, damaged, defective, or returned products and sends them to
The Renewal Workshop in Oregon, where they are professionally cleaned and repaired to Like
New or Great quality (The North Face Renewed 2020).
Currently, 30 to 50 percent of returned items never get restocked and an estimated 30
million units are warehoused, shredded, sent to landfill, or incinerated in the U.S. (Martinko
2018). The Renewal Project is working to change that by collaborating with around 20 clothing
brands to help them develop a more circular approach to garment collection through repair and
resell. The Renewal Workshop recently opened its second factory in Amsterdam in 2019 and
aims to divert 1 million pounds of clothing from landfill by 2025 (The Renewal Workshop
2020). Through the “clothing as a service” model, brands can generate multiple revenue streams
from a single item and strengthen customer relationships beyond the point of sale to inform
design. Consumers are offered personalization, variety, flexibility, and do not have the burden of
disposal or donation through the rental model.
Other smaller brands are offering subscription models -- for example, For Days offers
recyclable organic cotton pieces that can be swapped out to be recycled with a discount for a new
item (For Days 2020). However, more lifecycle analyses of the packaging and transportation
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impacts related to shipping online thrifters’ and rental shoppers’ packages must be conducted to
quantify the environmental impacts of fashion’s booming sharing economy. Rental platforms
offering designer clothing, such as Rent the Runway, can also induce more consumption, and
produce more carbon emissions through the use of industrial dry cleaning machinery, which
requires more energy than consumer laundry rooms (Cline 2019). There are also questions of the
scale and economics of logistics and profitability that traditional companies may not be inclined
to take the risks on. Nevertheless, rental platforms indirectly address overproduction by
increasing the lifespan of clothes and reducing demand. Greenbiz estimates that by 2023, the
resale market will be worth an estimated $51 billion and the rental market close to $2 billion, but
cautions that there is no shared long-term vision to guide the industry and few frameworks to
support its work (Smits and Cunningham 2020).
Some companies are increasing their digital presence to reduce the fashion industry’s
negative impact. Neo-ex, a digital clothing collection from Carlings, is an online store that
allows users to purchase a digital design by uploading a picture of oneself and have the item
made to fit the user’s image. The company’s digital collection targets young customers who are
keen to share one-time outfits on social media platforms like Instagram and was sold out within a
week (Gueye 2019). 3DLOOK is another direct-to-consumer company that uses machine
learning to predict fit based on the customer’s uploaded images, and enables on-demand
manufacturing for bands. Their aim is to reduce return rates of shopping online and promote a
body-centered fitting system. Many such businesses are working to drive and accelerate
experimentation in order to build the infrastructure for the transition towards circular business
models in fashion.
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Innovation and Research to Advance a Transparent Circular Supply Chain
The fashion sector has been proactive in finding ways to close the industry’s supply chain
loop with the aid of technologies. Innovations such as blockchain technology allows for the
development of data infrastructure on the fashion product’s material composition, transaction
history, and environmental impacts along the supply chain (Rusinek et al. 2018, Eon 2020). The
traceable resource unit could be assigned with unique identifiers such as universal product codes,
2-D barcodes, and radio frequency identifiers (RFIDs) (Franco 2017, Eon 2020). As these tags
get connected to sensors, stakeholders along the fashion value chain can have access to
information about the product’s condition, location, and availability, which facilitates reverse
logistics, product services systems, value retention, and efficient end-of-life processes.
When combined with separation and reprocessing technologies, these tags could also
inform recycling or product recovery partners about the specific material compositions and
production processes that were used for the product (Franco 2017). Lastly, as Rusinek et al
(2018) explain, blockchain platforms could be developed to include information on the product’s
legal and corporate social responsibility requirements. Table 2 summarizes innovation, research,
and policy levers to address main challenges within the circular fashion economy.
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Figure 14: Eon’s RFID Thread, Photograph by Author. (2020).

A key player in advancing the Internet of Things in the fashion industry is Natasha
Franck, founder and CEO of Eon. Founded in 2015 in NYC, Eon provides a digital identity
platform, in partnership with Microsoft, to generate and share data on fashion production,
consumption, and reuse across the life cycle of fashion products. Eon’s Circular ID Protocol,
which includes a product’s material passport through reading of an RFID thread (Figure 14), has
great potential to enhance the management of a product’s material components (material content,
dye process, thread type), commercial identification (categorizing brand, size, retail price), and
its end-of-life processes (with instructions on disassembly and recycling) (Figure 15).
Retailers and brands already have much of this data, but it is often lost after point-of-sale.
This material passport will allow a product’s details to stay with it through its whole life cycle, to
enable brands to automate resale and create a buyback price based on the Manufacturer
Suggested Retail Price and condition of the product. Customer data would be protected, as the
product data follows the General Data Protection Regulation, and merging customer data with
product data would be a violation. Eon’s Circular ID Pilot Version was launched in January
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2020, and the Circular ID Protocol Version 1.0 is set to be launched in January 2021. In Rosa
and her colleagues’ (2019) systematic literature review on the relationship between Industry 4.0
technologies and the circular economy, they find that there is a general consensus on the Internet
of Things being an enabler of circular economy, but, “the specific contribution that Internet of
Things can offer to the circular economy” is still an area for further research.

Figure 15. Eon material passport’s role in the apparel design and production ecosystem, Kim and Wu (2020); Eon
(2019).

There are numerous actors at play that can work to enable a more circular fashion
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ecosystem, as according to Waste Management, one of North America’s largest recyclers, textile
waste is one of the fastest growing components in the waste stream when compared to traditional
components such as paper, glass, or organics (Eon 2020). Table 1 summarizes a wider range of
strategies and case study examples from NYC and beyond.

Table 1. Strategies and case study examples of actors participating in making fashion circular, Kim and
Wu. (2020).
Actors
Government:
City, State,
National, and
International

Industry:
Businesses
and R&D

Strategies
Incentivize and establish minimum state
recycling and diversion rates. Set forth
minimum recycled content requirements
for a wide range of clothing products.

Case Study Examples
UN Alliance for Sustainable Fashion: platform
that works with member organizations and
businesses to promote sustainable manufacturing
practices (Fashion United Group 2020).

Establish procurement requirements
consistent with circular economy and
deep decarbonization goals, such as
banning the disposal and landfilling of
textiles through extended producer
responsibility, life-cycle assessment, and
disclosure requirements for a range of
products.

French Extended Producer Responsibility policy
for textiles: All legal entities putting garments,
footwear and household linens onto the French
market are held responsible for proper disposal of
their products (Bukhari at al. 2018)

Raise awareness and education on reuse.

Department of Sanitation’s RefashionNYC week,
WearNext campaign: tracks attendance, social
media analytics of circular fashion initiatives.

Increase transparency in the supply chain.

Eon: CircularID Protocol Pilot, a global protocol for
digital identification of products in the circular
economy.

Make effective use of biodegradable
inputs for clothing production and phase
out substances of concern (such as those
that release microfibers).

Algiknit: R&D on biodegradable yarn made of
kelp.

Offer take back or extended producer
responsibility programs.

Eileen Fisher Renew: Take-back program for
Eileen Fisher clothing of any condition. Customers
receive a $5 Renew Rewards card for each item.

Share knowledge with other
organizations.

Closed Loop Foundation & Closed Loop Fund:
Research and investment on film, electronics, glass,
and plastic recycling and food waste innovations.
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Transition to Product as a Service or
Sharing Platform-based circular business
models.

Rent the Runway: A subscription fashion service
that powers women to rent unlimited designer styles
for everyday and occasion.
For Days: Organic cotton T-shirt brand that allows
for a lifetime of swap-outs.

Design using upcycled fabric and create
clothing pieces for repair, reuse,
disassembly, and recycling.

The Renewal Workshop: Takes Discarded
apparel/textiles and turns them into renewed
apparel, upcycled materials or recycling feedstock.
Zero Waste Daniel: Clothing designer who uses
pre-consumer waste and other hard-to-recycle
materials, to create his line of genderless clothing
and accessories.

Apply for certificates and standardization.

Cradle-to-Cradle Fashion Positive Materials
Collection: Assessment and verification for circular
materials for apparel (Cradle to Cradle Products
Institute 2020).

Develop technology for chemical and
mechanized sorting.

Lenzing Refibra: cotton recycling technology.
Valvan Baling Systems Fibersort: fiber sorting
machine.

Conduct a circle scan, establish baseline
and map out circular economy
opportunities and targets consistent with
city, state, and national requirements.

Circle Economy: Collaboration to launch Fibersort,
which automatically sorts large volumes of mixed
post-consumer textiles by fiber type. Based in
Amsterdam.
EnelX: Circularity Report for Milan-based fashion
brand Es’givien to create the ES957 Coat using 70
percent recycled input materials and
recommendations for energy efficiency
interventions on the entire production chain to
improve circularity score from 3 to 4 (EnelX 2019).

Consumers
and Nonprofit
Community

Demand brands to implement circular
economy principles, increase clothing
utilization, learn to repair garments.

Citizens Committee of NYC Reduce, Reuse,
Repair Grantee projects: Provides local support
for community projects. One example is Bed-Stuy
Clothes Swap, which is a group that leads
workshops to teach participants how to declutter
their closets, providing reused business clothes for
interviews, and showcasing artwork made with
upcycled fabrics and materials.

Contribute to resource recovery efforts by
urging brands to donate and buy
deadstock fabric.

Fabscrap: Nonprofit that provides convenient
pickup of unwanted textiles from NYC businesses.
Collaborates with Queen of Raw, a marketplace to
buy and sell sustainable and deadstock fabrics.
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Choose to shop second-hand and support
the local economy.

Goodwill: Nonprofit that aims to uplift local
communities of New York and Northern New
Jersey by using funds generated in its retail thrift
stores and donation centers to support employment
opportunities for people with disabilities and those
faced with obstacles to employment.
Housing Works: Nonprofit fighting AIDS and
homelessness through operation of a chain of thrift
stores.

Sell or donate clothing, request a
collection bin for your building / ask your
company's building management what
waste carter they use and if they have a
textile recycling partner.

RefashionNYC: NYC’s official clothing reuse
program in partnership with NYC Department of
Sanitation and Housing Works to make textile
donations as easy.
Wearables Collection: Collect from commercial
and residential buildings across NYC, partners with
schools and organizations for clothing drives, hosts
collect spots at 31 of GrowNYC’s weekly
Greenmarkets throughout the city, creates custom,
sustainable solutions for keeping overstock,
damages, and returns out of the landfill for apparel
brands.
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Challenges, Opportunities, and Policy Interventions
The actual implementation of circular economy principles in NYC accompanies many
challenges. Table 2 provides a summary of the main challenges, including a lack of awareness,
regulatory challenges, technological challenges for sorting and recycling, and market and
financial challenges that also present opportunities for innovation, research, and policy to
innovate and enable a circular fashion ecosystem in New York City.

Table 2. Summary of opportunities for innovation, research, and policy levers to address circular fashion
challenges, Kim and Wu. (2020).

Main
Challenges

Opportunities for Innovation and Research
Increases transparency in the supply chain for
both producers and consumers.

Lack of
awareness

Allows for impact assessment of greenhouse
gas emission curbed and water saved
throughout the product supply chain.
Develops data infrastructure to facilitate
implementation of extended producer
responsibility, life-cycle assessment, design
standardization, and disclosure requirements.

Regulatory
challenges

Technologica
l challenges
for sorting
and recycling

Facilitates supply chain traceability to
monitor legal compliances and corporate
social responsibility in the fashion industry.

Protects information on material composition,
production processes, and ways to repair,
disassemble, remanufacture, and recycle,
which allows for increased efficiency in the
sorting process of textile waste.

Opportunities for Policy
Raise awareness and education on reuse.
Increase accessibility of second-hand shops and
textile drop-off points.

Incentivize and establish minimum state
recycling and diversion rates.
Set forth minimum recycled content
requirements for a wide range of clothing
products.
Establish procurement requirements consistent
with circular economy and deep
decarbonization goals, such as banning the
disposal and landfilling of textiles through
extended producer responsibility, life-cycle
assessment, and disclosure requirements for a
range of products.
Support R&D in new sorting technologies and
knowledge exchange among circular economy
stakeholders.
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Support innovation incubation and acceleration
in biodegradable inputs for clothing production
and in phasing out substances of concern (such
as those that release microfibers).
Provides sales and circular transaction history
data to maximize value creation and material
recovery.
Market and
financial
challenges

Ease reverse logistics and inventory
management burden on budget-constrained
stakeholders through transportation and zoning
regulations.

Provides data infrastructure to develop new
markets and circular supply chains.
Enables forecasting of quantity, quality, or
timing of product take-back.

Lack of Awareness
First, stakeholders often raised the challenge of consumers and even clients and industry
professionals’ lack of awareness about the pollution impact of textile waste. On the production
side, businesses are often unaware of the economic benefits of making the transition to a circular
business model, or how much environmental impact the circular transition would bring about.
On the consumption side, similarly, consumers are often unaware of the clothing reuse sector,
especially when it is much easier to find a new item of clothing that can be purchased at low
cost. Hence, due to such lack of predictability and knowledge, it is difficult for businesses or
consumers (especially those under budget constraints) to make a new shift in their business
model or consumer behavior.
Innovation such as the digital identification data infrastructure could increase
transparency in the supply chain by, for instance, allowing for impact assessment of greenhouse
gas emissions curbed and water saved throughout the product value chain. In this way, producers
and consumers would be able to observe outcomes of their behavioral change towards
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circularity, which makes the transition process more predictable.
As many interviewees explained, it is much harder for established companies to change
their processes and they may not see the integration of technological solutions such as the
Internet of Things as a feasible investment for future practices. Hence, technological innovation
is not sufficient in increasing awareness on textile waste and the unsustainable practices of
fashion because deployment capacity and financial feasibility varies across stakeholders. This
signifies opportunities and necessity of local government involvement, exemplified by DSNY,
which has been active in raising awareness and education on textile reuse through events
programming, by supporting local nonprofits, and increasing accessible infrastructure such as
textile drop-off points and second-hand retail shops.
Although the Garment District in Manhattan has been in decline, grassroots groups like
the Garment District Alliance are working to create similarly affordable industrial spaces in the
Garment District. The Garment District Alliance, a nonprofit business improvement district
(BID), promotes the area as a strategic business location for fashion and non-fashion
related-businesses in order to bring profit into the area. The Garment District BID has organized
a Fashion Walk of Fame on 7th Avenue, Arts Festivals, and a Garment District Information
Kiosk located on 7th Avenue that provides sourcing information and industry-related services to
fashion professionals, students, hobbyists, visitors, and shoppers (Garment District Alliance
2019). Save the Garment Center is another campaign that was created by several members of the
fashion industry in an effort to preserve the concentration of fashion industry-related uses in the
district.
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Regulatory Challenges
The second challenge that stakeholders faced was lack of regulatory and enforcement
power in the textile industry. As mentioned above, EPR policy for the textile industry is not in
place in the U.S., while in France it has been enforced since 2007 and contributed to a threefold
increase in the collection and recycling rates of post-consumer textiles (Bukhari et al. 2018).
Hence, EPR policy could act as an effective policy incentive to strengthen the fashion reuse
sector. Interviewees also voiced that the lack of design standardization and related regulation
increases the variety of material blends and designs of fashion products, making it more difficult
to implement the circular economy principles at scale. Blends of synthetic and natural fibers,
together with different chemicals, make the sorting, separation, reprocessing, and reuse of textile
products extremely difficult, for which having eco-requirements implemented at the beginning of
the product’s design stage would be useful (Franco 2017).
The data infrastructure developed by digital identification schemes could facilitate
implementation of regulations such as EPR, design standardization, and disclosure requirements.
Digital identification not only provides benefits for the businesses in terms of cost savings and
efficient supply chain management, but it also facilitates monitoring of legal compliances and
corporate social responsibility in the fashion industry. However, as some interviewees raised, the
absence of data requirements for technologies such as Internet of Things and material passports
could increase the chance of greenwashing practices as there are no regulations on what
information should or should not be included. Hence, stricter regulations and government
policies are needed. Potential regulations to consider include establishing minimum state
recycling and diversion rates of textile, setting forth minimum recycled content requirements for
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government procurement products, and establishing design and data requirements. The Product
Stewardship Institute is one organization leading the way in this effort -- they have established
the first standards for collection of used textiles by facilitating a multi-stakeholder working
group in New York. The Textiles Coalition Workgroup Standards include common messaging,
data sharing, and the highest, best possible use of recovered scrap textiles by for-profit and
nonprofit collectors and processors (Re-Clothe New York 2016).

Challenges in Sorting and Recycling Processes
The lack of technology for textile sorting is one of the biggest challenges for stakeholders
that are directly involved in collecting and sorting textile wastes (such as actors in Resource
Recovery and Second-Hand Retail in Figure 9). Both pre- and post-consumer textile sorting are
manual, which is extremely inefficient as labels are often not attached to the garment, and the
worker must visually and physically inspect every item to determine fiber content of clothing and
cutting room scraps.
With a lack of appropriate sorting technology, as the rate of incoming textile waste
supersede those being sorted, inventory increases that requires additional storage area. Materials
that are not reused are often downcycled by being shredded into rough fibers and re-spun into
low quality yarns for insulation, carpet padding, or as moving blankets. However, the existing
technology for downcycling is such that Spandex, Lycra, and elastane fibers melt during the
shredding process, contaminating other fibers and complicating sorting and reducing diversion
options. The growing popularity and production of athleisure lines that emphasize fabric stretch
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is a mounting challenge to recycling options.
Technology such as the Internet of Things provides information on the product’s material
composition, production processes, and ways to repair, disassemble, remanufacture, and recycle,
all of which increase the efficiency of the sorting process. If incoming textiles are sorted fast, the
economic costs that come from renting storage space and staff hirings could be resolved as well.
Some interviewees also discussed that information and data requirements are different for every
stakeholder along the value chain of the fashion industry, which makes it challenging to agree on
a standardization protocol that would allow for building a robust data infrastructure system for
analysis. Hence, it remains to be seen whether digital platforms indeed could support the sorting,
reuse, and recycling processes across different actors. In the meantime, local government actors
could support R&D in developing new sorting technologies and knowledge exchange among
circular economy stakeholders.

One example is the EU-funded project Fiber Sort that can sort ~900 kg of post-consumer
textiles per hour, enabling a closed textiles loop (Circle Economy 2020). According to Natalia
Papu of Circle Economy, the consultant of the project, revealed that it was the industry partner’s
idea to come to Circular Economy to form a collaboration with six organizations including
Valvan Baling Systems, ReShare, Procotex, Worn Again Technologies and Smart Fibersorting.
Their collaboration allows them “to better understand these end-markets, assess the potential of
the sorted materials and validate the business case of automated sorting as a key enabler of
textile-to-textile recycling” (Circle Economy). Papu also noted that the sorting technologies are
emerging in an era where consumption cycles and disposal cycles are getting faster, where lower
quality textiles cannot be resold in the second hand market, and instead, must be sorted before
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reprocessed. In order to phase out substances of concern, innovation could also be supported in
developing biodegradable inputs for clothing production.

To learn from these lessons, policies and innovations should target infrastructure to
collect and sort textiles in order to create a viable value chain for textiles at their end-of-life.
Implementation of EPR for textiles can ensure corporations are held financially responsible for
textiles in the market. Tax incentives, mandated city-wide or regional reuse targets, or design
guidelines can also help to create more favorable conditions for a circular fashion ecosystem.
Collected taxes or fines could be used as innovation grants to handle textiles at their end-of-life.
As Papu suggests, there is an opportunity to build stronger local supply chains after textiles’
end-of-use through automated sorting technologies.

Market and Financial Challenges
Nonprofit organizations such as Goodwill and Housing Works fund the operational costs
with the revenue from clothing resale in their retail thrift stores. However, with the rise of fast
fashion, the quality of donated clothing declines and so does the price for individual items. This
is why higher profit rental and recommerce may not be financially viable for the lower market
segment. Thus, nonprofits must focus on procuring and sorting through donations to recover
clothing of highest quality for the current season, which is a manual, time-intensive process.
Mixed-fiber textile waste has little or no resale value unless it is sorted by fiber content, but
many nonprofits find it challenging to adapt to more advanced sorting methods because of added
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costs and a preference to reject pre-consumer textile waste (Schrieber 2017). Another burden on
cost comes from the lack of supportive infrastructure and markets for textile reuse. This research
indicates that stakeholders face obstacles in terms of rent cost for storage space and developing
their own reverse logistics, from hiring drivers to establishing textile drop-off and pick-up points.
Another market challenge is the economies of scale of the circular fashion ecosystem.
Lily Baum Pollans, Assistant Professor of Urban Policy and Planning at Hunter College who
examines institutional and infrastructural transformation of solid waste systems in U.S. cities has
expressed concern that large scale corporate actions are mostly greenwashing acts, and that
smaller scale circular loops are more feasible, as shipping materials and economies of scale do
not make sense as transportation route distances expand. Thus, it is important to account for the
transportation and packaging-related emissions of rental and repair business models that have
extensive shipping and packaging processes.
In terms of creating a market for local garment production, transitioning legacy
businesses into worker co-operative models has potential to boost local manufacturing and
worker rights in the transition to a circular economy. As co-operative business models are
inherently tied to local communities, these businesses contribute to social stability and promote
better stewardship over their local ecosystem when compared to traditional top-down business
models where decision makers are often far removed from the center of manufacturing (Cohen
2013; Morone and Navia 2016). The Main Street Employee Ownership Act of 2018 is one piece
of legislation that has amended the Small Business Act to expand the authority of the Small
Business Administration to guarantee loans for qualified employee trusts of a small business to
purchase the stock of that business.
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The goals for the Small Business Administration is thus to: 1) “increase investment in
transitions to employee-owned businesses, and 2) establish a Small Business Employee
Ownership and Cooperative Promotion Program to offer technical assistance and training on the
transition to employee ownership through cooperatives and qualified employee trusts” (H.R.
5236, 2018). New York’s Deputy Mayor for Strategic Policy Initiatives, J. Phillip Thompson has
been supportive of the Minority and Women-owned Business Enterprises Program and in
helping convert legacy manufacturers to co-operative models, which can help local garment
manufacturing co-operatives like Custom Collaborative expand and thrive.
Local government policies have opportunities to address these challenges through
transportation and land use regulations as well, which would ease reverse logistics and inventory
management burdens on budget-constrained stakeholders. Digital identification development
could also be promising; for the sorting and recycling partners, the product’s sales and
transaction history data allows for maximum value recovery of the materials. By enabling
forecasting of quantity, quality, or timing of product take-back strategies, stakeholders could find
opportunities for novel business models and market demands. Still, the implementation and
organizational change around digital identification could be challenging for small-sized
establishments under budget constraints. Re-training of staff, re-hiring, and investing in digital
infrastructure development all contribute to additional cost burdens.
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Conclusion
Conversations around Zero Waste and the circular economy are gaining traction in
Europe and increasingly in the U.S. across many sectors. The fashion industry has great potential
to adapt a circular approach, as $500 billion is lost each year due to clothing under-utilization,
while less than 1 percent of clothing is recycled back into garments today (EMF 2017). NYC’s
circular fashion ecosystem is growing with consumer and corporate awareness of the magnitude
of textile waste. However, mainstreaming regenerative practices, increasing transparency across
the supply chain, creating a more robust take-back market and infrastructure for sorting textile
waste will take tremendous consumer, corporate and political willpower and coordination.
Incremental steps taken by the various stakeholders introduced in this paper represent
improvements in closing the fashion value chain and operationalizing sustainable economic
development.
More importantly, the role of the government in setting incentives and policies is vital.
The Organization for Economic Cooperation and Development (OECD) Program on the
Economics and Governance of Circular Economy in Cities and Regions has conducted a survey
on the status quo of CE implementation at cities and regions (2019). The preliminary results of
the survey show that government intervention at the city and regional levels take place in the
form of setting visions, capacity building, procurement policies, pilots and experimentations, and
regulatory changes. Collaboration with both the business sector and consumers is crucial to raise
awareness and overcome cultural barriers. Overall, the various strategies of CE could take place
at a product-level through material design or technological interventions, at a firm’s value chain
level, or at a macro scale through policy setting. When thinking of a city or region that is
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circular, these various scales and levels of intervention must be examined in an integrated
manner (Campbell-Johnson et al. 2019; Williams 2019).
As demonstrated by NYC’s experience, there are many open challenges to transition the
fashion industry to more sustainable practices. The challenges and opportunities highlighted in
this paper demonstrate that aligning governmental initiatives set by the EDC and DSNY, to
circular business models, and innovations such as digital identification, have great potential to
increase feedback loops and transparency in helping consumers and businesses responsibly
handle fashion products throughout their value chain. Nevertheless, it is important to understand
the context in which to apply these technologies and assess policy and regulatory incentives that
need to be accompanied. Continuing from this explorative research, comparative case studies
with cities such as Milan and London that also have a high presence of fashion producers and
consumer base would be insightful. Understanding the dynamics of the informal sector, and how
pressures brought on by automation to the labor market are related to the circular fashion
ecosystem, are also potential areas of future research.
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Appendix A. Interview Schedule
Interviewee
Organization
Affiliation
NYC Economic
Development
Corporation

Department of
Sanitation NY

Sector

Date
September 25,
2019

Governmental
January 28,
2020 and
November 21,
2019
Governmental

September 9,
NYC Mayor Office of
Sustainability
Governmental 2019
November 22,
2019

Interviewee
Nicole Spina, Senior Project Manager of Smart & Sustainable
Cities at NYCEDC
Sonia Park, Assistant Vice President Creative and Applied
Tech at NYCEDC
Kate Kitchener, Director, Policy and Programs, Bureau of
Recycling and Sustainability
Gregory Anderson, Assistant Commissioner for Policy and
External Affairs at NYC Sanitation
Farah Albani, Policy Advisor at NYC Mayor's Office of
Sustainability

NYC Office for
Economic
Opportunity

Governmental

Caroline Bauer, Deputy Design Director at Mayor's Office for
Economic Opportunity

Eon

September 24,
Private /
Digital Identity 2019

Natasha Franck, Founder and Chief Executive Officer of Eon
Group, and Founder and Trustee to the CircularID™ Institute

Eileen Fisher
IBM

November 13,
Private / Brand 2019
September 25,
Private /
2019
Technology

Closed Loop Partners Private / VC

Cynthia Power, Director of EILEEN FISHER Renew
Jad Oseyran, Global Center of Competence for Circular
Economy at IBM Lead, Member of IBM Industry Academy

August 30, 2019 Paula N. Luu, Project Director at the Center for the Circular
Economy at Closed Loop Partners
January 28,
2020

EnelX

Private /
Energy
Solutions

Fabscrap

Nonprofit /
Fabric Reuse

November 11,
2019

March 3, 2020
Nonprofit /
Manufacturing
Custom Collaborative Co-op

Silvia Ruta, Sustainable Product Developer, Circular
Economy - Innovation & Product Lab
Camille Tagle, Co-Founder and Director of Reuse at
FABSCRAP

Tessa Maffucci, Managing Director of Strategy

January, 6, 2020

Circle Economy

Nonprofit /
Research

Hunter College

Academic

September 4,
2019

Lily Baum Pollans, Assistant Professor at Hunter Urban
Policy & Planning at Hunter College

Columbia University

Academic

September 4,
2019

Anthony Vanky, Assistant Professor in Urban Planning at
Columbia University in the City of New York

September 3,
2019

André Corrêa d’Almeida, Founder of ARCx Center Applied
Research for Change, Principal Consultant of Global Future
Group, and Adjunct Associate Professor, MPA in
Development Practice at Columbia SIPA, author of Smarter
New York City

Columbia University

Academic

Natalia Pau Carrone, Research Analyst - Circle Textiles
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Appendix B. Interview Protocol Questions
Governmental Interview Protocol
Questions for the individual
1. What is your job title?
2. How many years have you been in this position? How long have you been at this organization?
3. What are your primary roles and responsibilities?
Questions on background of organization
4. What is the mission of your organization?
5. How does your organization go about achieving its objectives?
6. How many employees/members does your organization have?
7. What are the opportunities for your organization?
Questions specific to Circular Economy (CE) practices
8. Does your organization have a working definition of CE? If so, what is it?
9. How do the principles of CE (reduced resource consumption, reuse, recycled, recovered, and
shared) provide opportunities for your organization and for policies?
10. What are the main challenges that your organization has experienced so far?
11. What questions have businesses and nonprofits pitched at your organization about CE?
12. In your opinion, what are some policies and/or regulations that would be helpful for your
organization/community in implementing CE practices?
Questions specific to operation of organization
13. Are there specific targets or goals that your organization aims to achieve?
14. What other institutions or actors do you mostly work with (for instance, through collaborations,
workshops, subcontracting work etc.)?
15. Do you rely on monitoring and evaluation to identify targets to track the progress of your
organization/community in implementing CE principles? If so, please elaborate.
16. One of the challenges for organizations adopting CE principles in their operations is how to make
it financially sustainable. How is your organization dealing with this challenge?
17. What is the long-term vision of your organization? What is your long-term vision for your city in
terms of sustainability?
18. What are your local, regional, national and international collaborations and challenges?

Business Interview Protocol
Questions for the individual
1. What is your job title?
2. How many years have you been in this position? How long have you been at this organization?
3. What are your primary roles and responsibilities?
Questions on background of organization
4. What is the mission of your organization?
5. How does your organization go about achieving its objectives?
6. How many employees/members does your organization have?
7. What are the opportunities for your organization?
Questions specific to Circular Economy (CE) practices
8. Does your organization have a working definition of CE? If so, what is it?
9. How do the principles of CE (reduced resource consumption, reuse, recycled, recovered, and
shared) provide opportunities for your organization?
10. How is CE embedded in your business model or advocacy plan?
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11. What are the main challenges that your organization has experienced so far?
12. In your opinion, what are some policies and/or regulations that would be helpful for your
organization in implementing CE practices?
13. What are nonprofits/advocacy organizations/philanthropy’s role in CE?
Questions specific to operation of organization
14. Are there specific targets or goals that your organization aims to achieve?
15. What other institutions or actors do you mostly work with (for instance, through collaborations,
workshops, subcontracting work etc.)?
16. One of the challenges for organizations adopting CE principles in their operations is how to make
it financially sustainable. How is your organization dealing with this challenge?
17. What is the long-term vision of your organization?

Nonprofit Interview Protocol
Questions for the individual
1. What is your job title?
2. How many years have you been in this position? How long have you been at this organization?
3. What are your primary roles and responsibilities?
Questions on background of organization
4. What is the mission of your organization?
5. How does your organization go about achieving its objectives?
6. How many employees/members does your organization have?
7. What are the opportunities for your organization?
Questions specific to Circular Economy (CE) practices
8. Does your organization have a working definition of CE? If so, what is it?
9. How do the principles of CE (reduced resource consumption, reuse, recycled, recovered, and
shared) provide opportunities for your organization?
10. How is CE embedded in your business model or advocacy plan?
11. What are the main challenges that your organization has experienced so far?
12. In your opinion, what are some policies and/or regulations that would be helpful for your
organization in implementing CE practices?
13. What are nonprofits/advocacy organizations/philanthropy’s role in CE?
Questions specific to operation of organization
14. Are there specific targets or goals that your organization aims to achieve?
15. What other institutions or actors do you mostly work with (for instance, through collaborations,
workshops, subcontracting work etc.)?
16. One of the challenges for organizations adopting CE principles in their operations is how to make
it financially sustainable. How is your organization dealing with this challenge?
17. What is the long-term vision of your organization?
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