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Abstract: Digitalization and big data are currently moving many industries forward and creating
value-added efficiency improvements, new services, and business models. One area in industrial
digitalization is RFID (Radio Frequency Identification) and related sensor technologies with benefits
in asset visibility, employee productivity, risk management, loss, and theft mitigation. This literature
review article is focused on specifically looking at digitalization in the apparel industry. Due to
its complex global network, it has been a challenging industry to implement such technological
advancements. Recent novel RFID system integrations have included highly innovative solutions
in new store concepts, business models, and product traceability in the value chain. Inventory
management has been improved by using RFID technology for creating and updating and for more
efficient controls. Also, chain of custody of the various products in apparel and fashion can be
more traceable and efficient. Improved customer connectivity and, therefore, customization are also
important benefits using these technologies. Most benefits in using RFID in the apparel industry
are related to economics and efficiencies. Similarly looking at scientific literature, the majority is
focused on the more business-related value creation. In this publication, results of a systematically
made literature review focusing on the three dimensions of sustainability (environmental, social, and
economic systems) is reported. This review is done using value chain analyses, and it focuses on
reported case studies to highlight the sustainability benefits of the RFID technology. According to the
literature findings, this is the first review article that reports on the broader sustainability impact of
RFID in the apparel industry. The findings show a very limited number of articles and the main focus
of the articles found was in environmental aspects (44%). Following that was economic benefits (36%),
and only a limited amount of research articles was found in social aspects of sustainability (20%). In
addition to identifying the sustainability areas that RFID technology is related to, this article shows
other areas of improvements using RFID technology in different parts of the apparel value chain.

Keywords: RFID; sustainability; apparel; digitalization; big data; chain of custody; inventory
management

1. Introduction

The role of corporations and industrial ecosystems in driving sustainability globally is increasing,
and corporate involvement in establishing direction, policies, and legislation is becoming a key
prerequisite for change [1,2]. Improvements in employment conditions, local purchases, and delivery
of safe and affordable products are some clear examples where companies play a critical role in
sustainability. Other aspects include investments in infrastructure, reduction of emissions and
energy use, reduction of dependence on scarce resources, and workforce training and capacity
building. Increasingly, corporate and industrial competitiveness is correlated to the maturity and
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comprehensiveness of their sustainability strategies [3]. We are living in a consumer-driven economy,
and therefore, the increasing push and eco-awareness of consumers is connecting competitiveness to
sustainability in industries such as the apparel industry. A recent survey shows consumer expectations
to be high for eco-friendly products, especially for generation Z consumers [4]. The role of technology
and industrial adaptation of specific goods and services in the context of sustainability is well
known [5]. It has created new industrial sectors and shown tremendous opportunities to drive true
sustainability-driven growth. However, the justification for technology adaptation is still highly related
to the economic benefits driven by its return on investment. Systemic analysis is needed in order to
explore the total sustainability benefits of platform technology development and investments. This is
especially important when looking at the impact to entire industries and related value chains as in
the case of apparel industry’s adaptation of RFID (Radio Frequency Identification) technology and its
related digitalization, big data, and artificial intelligence [6].

The apparel industry is increasingly adapting digitalization and big data concepts using RFID
applications. The main focus on value creation is in areas such as inventory management, asset
tracking, product and personnel tracking, item level identification, supply chain management, shipping,
payments, counterfeit prevention, and others. RFID technology is a well-known and somewhat mature
technology [7]. It uses radio waves to transmit information from RFID tags to an RFID reader, and
the technology is mainly used to identify information about objects it is attached to or to track the
object’s location. From an identification perspective, RFID tags are similar to barcodes; however, RFID
tags are not limited to the line-of-sight capability that comes with the optical scanning of a barcode
tag and items can be scanned with no limitations to direction near an applicable reader. In addition,
this technology also allows scanning of large quantities of RFID-tagged items at once. The apparel
industry uses three types of RFID tags: passive tags that have no batteries and draw power from the
reader, semi-passive tags that are battery operated and activated in the presence of RFID readers, and
active RFID tags that are battery operated and can track the location of assets in real time. The main
difference between active and passive tags is the read distance: passive read tags are read around
20 ft while active read tags can be read from a distance of over 100 ft. The cost of the tag is a large
part of the feasibility issues of using RFID technology. Therefore, dry and wet inlays are used with
the distinction of RFID microchips and antenna are either attached to a carrier substrate (dry) or the
microchip and antenna are attached to a material, usually PET (polyethylene terephthalate) or PVC
(polyvinyl chloride) with an adhesive added (wet). More recently, there are paperboard face tags
that have a white paper or a polymer coating on the face. This improves the ability to print logos
and numbers. There are also many other RFID chip and antenna construction materials including
mylar or polyester films. Many of these materials are an environmental burden especially as the
number of tags used in only the retail sector exceeds 8 billion each year [8]. There is a trend of starting
to look at more sustainable materials for the tags (conductive inks for antennas and substrates) in
order to improve the biodegradability and possibly recycling of the tags. While the impact of the tag
materials to sustainability is important, the focus of this review is the total sustainability impact of
RFID technology in the business processes and value chain of the apparel industry.

2. Literature Review

In this article, a comprehensive literature review was conducted to find and analyze reported
benefits of RFID technology in the apparel industry. The focus of this research was on the
systemic sustainability impacts of using RFID and related technologies, and therefore, the economic,
environmental, and social effects in combination for value chain analysis was the target of this
review. There exists a large number of scientific and other publications on the economic and value
chain efficiency-related benefits; however, finding data that relates to the impact on sustainability
is more challenging. The methodology used was to review and analyze over 100 publications on
RFID technology related to the apparel industry. Each finding was then further analyzed to be
more presentable and comparable to other reported data. In order to have a good comparison to
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other industries, comparative sustainability factors are also reported in this article. Based on the
analyses, several case examples were identified and further investigated using the social, economic,
and environmental dimensions of the sustainability framework. Case examples were used instead
of broad findings across the apparel industry because of the global scope of the stated industry and
because the lack of articles in this topic make it hard to make broad generalizations across the industry.

The fashion industry is the second largest polluter in the world and is accountable for 10% of the
world's carbon emissions [9]; for comparison, the total share of global carbon emissions for the entire
US is 14.6% [10]. Additionally, a 5% improvement in waste management for the fashion industry would
involve 7.5 billion garments and the diversion of 640,000 garments from the landfill, both per year. It
takes 2700 liters of water to manufacture 1 t-shirt; if all 7.5 billion garments in the industry were t-shirts,
it would account for 20,250 billion liters of water used to produce those t-shirts [11]. Due to these
characteristics of the industry, more research on increasing the sustainability of the apparel industry is
needed. RFID has been shown to improve the economic efficiency of operations; however, it has not
been translated before to social and environmental benefits. Representative features of the apparel
industry include “global scope, high volume, dynamism, fierce competition, and intensive resource
use” [12]. These factors generate high environmental risks where natural resources get depleted due
to material production and the air and water gets polluted from the harvesting and manufacturing
processes of the material. The industry also generates high social risks related to inhumane working
conditions where production is outsourced to lower labor cost countries in order for organizations to
remain competitive. In general, the implementation of processes to improve the sustainability of a
company in the apparel industry is challenging due to the financial pressures on management for lower
cost and shorter lead time [13], as well as the above stated features of a global industry. Each industry
has different benefits for using RFID specific to their business models. In the consumer food industry,
RFID is used to track expired goods. In the healthcare industry, RFID is used to track patient location
and patient safety. In the apparel industry, the main benefits in RFID adoption are economic efficiencies
such as better supply chain management, theft prevention, reduction in working capital, and better
customer services. The increasing global reach of retailers require them to pursue differentiation, better
consumer interactions, brand loyalty, and others in order to be competitive in their market. This can
be achieved through RFID adoption which can be seen as part of the evolution of the retail industry
(such as online purchasing). The operations in Table 1 showcase the impacts of different benefits of
integrating RFID technology to the manufacturing and retail operations in the apparel industry.

Table 1. RFID (Radio Frequency Identification) benefits in the apparel supply chain: Listed are the
different benefits in different topical areas of economic benefits [14].

Operations Impact

Visibility and traceability RFID technology can help trace the origin of the product and can enable the visibility of the
product’s entire supply chain.

Brand protection

RFID technology can be tagged to products that enable the product’s traceability through their
supply chain. With this, the customer can use smart devices to authenticate the product to see
whether the product is original or a counterfeit. This can efficiently help maintain the brand’s

reputation.

Inventory management RFID technology is used on retail shop floors to increase stock accuracy and to decrease stockouts.

Asset tracking
RFID can track physical items such as non-sellable parts of offices or of labs or physical items such
as sellable items that require marketing and such. By tracking them, it can dramatically improve

the item’s visibility in the supply chain and can enable better return of the item.

Production processes RFID technology can improve goods receiving, product aggregation, pallets/parts movement
tracking, inventory management, and shipping verification in the production part of operations.

Logistics processes RFID technology can improve goods receiving, returnable transport item (RTI) tracking, and
loading verification in the logistic part of operations.

Retail processes RFID technology can improve inventory management, stock counting, and picking validation in
the retail part of operations.
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3. Methodology

The methodology used was to examine over 100 publications on RFID technology on the apparel
industry using the keywords described in Table 4. However, before starting the research, five research
questions were created based on the sustainability potential of certain areas in the apparel value chain
(Table 2). Hypothesizing questions helped in creating the keywords (Table 4) used to search for relevant
articles for this research. The apparel value chain is displayed in Figure 1, and a detailed analysis of
environmental, economic, and social impacts of each value chain area is illustrated in Table 3. The
information was further analyzed to be more presentable and comparable to other reported data.

Table 2. Research questions on sustainability potential in apparel value chain: Questions hypothesized
to examine what improvements RFID could have on different sustainability facets of the apparel
industry’s whole value chain.

Dimension Objective Research Question

Environmental Waste reduction RQ1. How can RFID impact waste from the apparel
industry?

Environmental Increased recycling RQ2. How can RFID increase the life cycle of clothing?

Social Transparency/visibility of the
supply chain

RQ3. What is the impact of increased transparency of the
apparel industry through the use of RFID?

Social Labor improvement RQ4. What effect does RFID have on an apparel
company’s use of labor?

Economic Return on investment RQ5. How does RFID pay back its investment costs?Sustainability 2019, 11, x FOR PEER REVIEW 5 of 16 
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Table 3. Value chain sustainability impacts: Each operation of the value chain has environmental
impacts, societal impacts, and economic impacts. This table was created to summarize the major
impacts involved in each step of the apparel value chain.

Value Chain Environmental Impact Social Impact Economic Impact

Processing natural fibers High water use, high fertilizer use,
ecosystem degradation, waste [16]

Child labor, health and safety,
forced labor, role of women in

cultivation, financial dependence
on chemical companies, instability

of cotton prices [17,18]

In 2007, US cotton industry
revenue was $27 billion [19]

Processing synthetic
fibers

High water use, high energy use,
air emissions, nonbiodegradable,

toxic air pollutants [16]
Health and safety [17]

The global synthetic fibers market
size for 2025 was $88.5 billion

(revenue) in 2016 [20]

Fabric network

High water use, high energy use,
water pollution, waste, toxic
chemical use, air pollution,

emissions [21]

Forced labor, child labor, low
wages, exposure to high amounts

of pollution [18]

US textile and apparel shipments
totaled $76.8 billion in 2018 [22]

Garment network
Waste, air pollution, toxic

chemical use, water pollution, air
emissions [21]

Child labor, health and safety,
forced labor, role of women [17,18]

Efficient collection, transportation,
stock management, asset tracking

[23]

Export network Air pollution and emissions,
waste [21] Wages, working conditions [24]

Estimated environmental
consulting total revenue in 2023:

$12.4 billion [25]

Retail network Waste (plastics, packaging) [21] Customer service, wages, working
conditions [26]

Asset tracking, stock management,
payments handling, theft issues,

brand issues [23,27]

Secondhand use network
Positive impact: keeps products
from landfill, reuse, benefits of

circular economy [21]

Wages, new business owners
(logistics, laundry, retail) [25,28]

Creates small businesses,
consumer savings [28]
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The apparel industry’s value chain shown in Figure 1 is vast in scope. It starts at the raw
material production which includes natural fibers such as cotton and wool and includes synthetic fibers
such as rayon and polyester. Most apparel value chains depicted in the articles examined appeared
similar to the one depicted in Figure 1 with the only exception being the secondhand network. The
secondhand network is an increasingly important part of the value chain. Not only does it have a
positive environmental impact considering that it increases the life cycle of a piece of apparel but also
the industry creates new jobs and businesses.

Analyzing the environmental impact of the different value chains of the apparel industry, it is
easy to see that the most common impacts are waste, pollution, and high water/energy usage. This
is because apparel production takes up an extensive use of natural resources as well as produces an
extensive amount of byproducts as a result of its whole value chain. Analyzing the social impact
column, the most common problems found socially in the apparel value chain are child labor and
unfair wages. The apparel industry is known for exporting jobs to low-labor-cost countries where
the wage is not livable and where child labor occurs but is rarely recognized. The economic impact
of the apparel industry varies from each section of the value chain. Overall, the apparel industry
has a high economic impact through its creation of jobs, revenue, and other businesses. Socially and
environmentally, there is a lot that needs work in the apparel value chain.

Twenty-four cases were identified from over 100 articles using the relationship between RFID
impacts and improvements in the value chain and the three sustainability categories. The methodology
used was searching the keywords (Table 4) from the following library databases: IEEE/IET (Institute
of Electrical and Electronics Engineers/Institution of Engineering and Technology) Electronic Library
(IEL), Web of Science, Textile Technology Index, Business Source Complete, Compendex, and the RFID
Journal. As stated above, there were no cases of the 100 examined that directly stated sustainability
improvements from using RFID technology. Due to this, cases that were RFID improvements in the
apparel supply chain were compared to separate sustainability improvement effects from supply chain
improvements to indirectly find a relationship between the two. The cases were then organized into
environmental, social, and economic categories. Some cases were used in more than one category.

Table 4. Keywords used in methodology: To search for relevant articles on this topic, the above
keywords were used.

Area Under Examination Keywords

Economic

Economic RFID, profit RFID, economic sustainability RFID, IOT (Internet of Things)
profit, IOT sustainability economic, inventory accuracy, product loss retail,

counterfeiting RFID, cycle time reduction, lean manufacturing time savings, labor
cost and demand for labor, economic efficiencies RFID

Environmental

Textile fiber recycling, environmental sustainability RFID, RFID energy savings,
virgin fiber sustainability, bobbin/spindle management RFID, inventory accuracy,
recycled fiber, safety stock percentage, apparel energy savings, recycled textiles,
yarn quality RFID, waste RFID, RFID cotton, RFID lean manufacturing, product

loss retail, RFID overproduction, cycle time reduction and waste, RFID tag product
info, waste reduction RFID, RFID washing care, care labeling of clothing, inaccurate
care labeling apparel and waste, RFID and biodiversity, fiber management, apparel

sorting and RFID, smart care labels, inventory waste, RFID waste

Social

Labor productivity, social sustainability RFID, labor cost and profit, secondhand
apparel and rural development, secondhand retail jobs, counterfeiting RFID,

counterfeiting and jobs, supply chain visibility, RFID transparency, social
sustainability supply chain management, transparency child labor, environmental

social governance child labor, social impact of CSR (Corporate Social
Responsibility), reduced labor cost and wages, inventory visibility sustainable

manufacturing, labor cost and demand for labor, RFID job creation, employment
and RFID
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4. Results and Discussions

4.1. Environmental Benefits of the RFID Technology in Apparel Industry Value Chain

Environmental impacts of an industry can be numerous. In their LCIA (Life Cycle Impact
Assessment) of the cotton industry, Muthukumarana et al. [29] found that around 50% of the acidification
potential for 1000 kg of cotton fabric is in textile manufacturing. Around 65% of global warming
potential and 60% of energy demand for 1000 kg of cotton fabric happens during consumer use when
consumers extensively wash, launder, and iron their clothes: 2.1 million tons of CO2 emissions are
produced by the apparel industry each year, and over a 100 million trees are cut down each year
to make fabric such as rayon, viscose, and modal for apparel, with 30% of these from ancient and
endangered rainforests [30,31].

In the United States, the damage to society due to the use of pesticides was found to be $9.6
billion per year [32]. Some of the impacts from the cotton manufacturing industry include large use of
irrigated water, soil erosion, an unbalanced use of resources, and others [33].

From a waste management perspective, the fashion industry produces 150 billion garments per
year (30% of which is never sold), and this ends up creating 92 million tons of textile waste [30,34]. A
large percentage of waste in the apparel industry is from waste generated in cutting rooms during
the apparel manufacturing process, and most of this cutting room waste is dumped in landfills in the
US [35,36]. The main disposal for cutting room waste are landfills and incineration, which is a large
resource loss in regard to the material [37,38].

Even though the environmental impacts of the apparel industry are high, it is possible to improve
the situation by using sustainable processes and technologies. For example, organic cotton can reduce
the freshwater and marine eutrophication as well as terrestrial ecotoxicity by not using pesticides in
organic farming [39]. In the following section, an impact analysis of environmental sustainability was
performed and 11 cases where environmental benefits are clearly stated and quantifiable were selected
from referenced publications and were concluded as follows.

Cases 1 and 2: Using RFID technology improved dramatically the efficiency, accuracy, and safety of
fiber recycling. RFID technology in recycling facilities can help identify where a garment comes from,
what material it consists of, and the journey it took through its supply chain [40]. Certain ingredients
in garments such as plastics and metals make it harder to recycle their fibers; furthermore, recycling
is not always feasible due to the issues in separating dyes and the different polymers used in the
garment’s original fibers. By introducing RFID to the recycling process, it would be easier to identify
which polymers are used in each garment and, by doing this, would effectively simplify the recycling
process so unnecessary time and resources are not wasted in trying to recycle what is not recyclable.
Furthermore, it has been shown that passive UHF (Ultra High Frequency) RFID tags have the ability to
let the readers track the route of the garment through mobile platforms [41,42]. This can make recycling
of garments more accessible by helping recycling facilities easily gauge the location of relevant items
through an easy to use platform. It can also potentially show consumers where their recycled garments
are going to by having the platform trace the path that each of the consumer’s garment goes through
from garment to fiber to garment. By making recycling of fiber more efficient, it effectively increases
the number of garments that get recycled, and this is significant because the high prices of recycling
processes are what keeps many potential investors from investing in textile recycling. Fiber recycling
is important to the environment because energy savings of recycled fiber versus virgin can be as high
as 53%, while the water savings can be even 99% and the corresponding chemical saving can be 88%.
RFID can improve the efficiency of fiber recycling and more recycled fiber can be used in apparel
garments, and if this occurs, the above environmental savings can be achieved.

Cases 3–5: Using RFID technology can drastically improve inventory accuracy. One study found
that a company had 1% inaccurate deliveries out of all their deliveries—this accounted to about 30% of
their stock inaccuracy [43]. By tracking which customer buys what product and at what time, RFID
helps forecast demand of each stock [44]. This can help create data that could track the accurate amount
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of stock that a store needs to carry. Increased inventory accuracy reduces the need for a retailer to
carry safety stock (stock to keep stores from stockouts). Not only does reducing safety stock mean less
unnecessary apparel garments in stores that could end up in waste, but it also means less Greenhouse
Gas (GHG) emissions from the production and transportation of the stock. Furthermore, Walmart
found that increased inventory accuracy has the potential to eliminate extra trips for 100,000 customers
daily—this retailer estimated that this would result in a reduction of 80,209 metric tons of CO2 per
year [45].

Cases 6–8: Nearly 100 percent of textiles and clothing are recyclable; only 15 percent of
consumer-used clothing is recycled [46]. RFID labels can carry care information such as washing/drying
instructions and other sorts of information such as how a garment can be recycled and where the
nearest secondhand or charity shops can be located. Giving consumers such accurate and detailed
information can extend the life of the clothing by several washes and/or weeks to months. Fast fashion
garments that are designed for a shorter lifetime produce over 400% more carbon emission per year
than garments that are used for at least a year [9]. In an report titled, “Valuing Our Clothes,” [46] the
authors state that “If the average life of clothing was extended by just three months, it would reduce
their carbon and water footprints, as well as waste generation by 5 to 10%.”

Cases 9 and 10: RFID reduces processing time by approximately 12%. A denim manufacturing plant
reduced product loss by 50% by reducing processing times through RFID [47]. The processing time
was decreased by efficiently using RFID technology to track malfunctions and problems that occurred
on the production floor—this is what led to the reduced product loss. Only 75% of pre-consumer waste
(i.e., cutting-room waste) gets recycled [48]. By reducing product loss during the manufacturing stages,
the amount of pre-consumer waste that could be incinerated gets reduced.

Case 11: Tagged apparel items that require repair and are covered by a warranty can be authenticated
by RFID, ensuring that the warranty period of the product has not expired. If consumers have better
access to warranty information, they will be more likely to repair their product if it does not meet their
standards as opposed to incinerating or recycling it. In many cases, retailers replace damaged products
to customers over repairing them—in this case of replacement, many retailers take back the damaged
product and offload it to secondhand industries such as discount sellers. Because of this, items that
require repair will increase waste in most cases because it requires a replacement product; however,
the environmental impact of the previous item can be decreased by sending the damaged item to the
secondhand industry. As stated above in environment cases 6–8, “If the average life of clothing was
extended by just three months, it would reduce their carbon and water footprints, as well as waste
generation by 5 to 10%” [46].

4.2. Social Benefits of the RFID Technology in Apparel Industry Value Chain

Sustainability of a product or service is reliant on the transparency of the product through its
whole supply chain. When people have the right information at their fingertips in the appropriate form,
they can make decisions that are more sustainability oriented. In the apparel value chain, traceability
of the process in fiber production, bale tracking, yarn manufacturing, chemical processing, and labor
usage are factors that determine the transparency of it and, in result, affect the social sustainability of
the operation. Because social sustainability is the least quantifiable facet of sustainability, while its
literature has developed over the years, it remains still a field least explored [49].

The environmental dimension is more prominently researched in the sustainable supply chain
management field than the social dimension because it is a quantifiable discipline with data that is easy
to track and trace. In business, social sustainability performance issues include good manufacturing
conditions, child labor, discrimination, wages, overtime reduction, fire prevention, working conditions,
health and safety, and others. Poor working conditions are mostly caused by factory managers trying
to stay competitive while retailers keep asking for cheaper prices [14]. One of the main reasons that it
is hard to identify if forced or child labor is taking place in the supply chain is because retailers are
most often focused on the tier 1 suppliers and manufacturers; however, most of the work gets done
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by tier 2 and tier 3 suppliers. This means that the people putting on the buttons or putting the soles
to your shoes are often trafficked and invisible [50]. Impact analysis of the social sustainability was
performed and 5 clearly stated concrete cases were selected as examples from referenced publications.

Case 1: One company examined in an RFID in apparel article measured a 4% economic saving
in their store staffing costs after RFID rollout, and in overall savings, this would amount to US $462
million if rolled out to the 10 companies in the study: Adidas, C&A, Decathlon, Lululemon, Jack Wills,
John Lewis, MARC O’POLO, Marks & Spencer, River Island, and Tesco [39]. Reduced labor costs could
mean reduction in overtime hours for employees, increased profitability, increased employment, or
increased wages.

Case 2: The US economy loses between $200 and $250 billion per year and around 750,000 American
jobs because of product counterfeiting [51]. RFID tags makes it possible to verify the authenticity of
a product and, hence, to detect and prevent counterfeiting. By preventing counterfeiting, RFID can
potentially save thousands of American jobs.

Case 3: A report found that 15% of apparel brands did not know of their first-tier suppliers and
that less than 10% of brands had 100% information about raw material suppliers [6]. RFID can enable
the sharing of real-time information and the tracking and tracing of goods which can result in total
visibility of the supply chain. Visibility of a product enables firms and consumers to make more
environmentally and socially informed decisions on purchasing. Traceability of a product helps in
bringing supply chain actors together for a consumer or a firm to see in one place. This visibility enables
firms and consumers to make more environmentally and socially informed decisions on purchasing
that can be verified by external decision makers who know of the different stakeholders inside the
traceability network [52].

Case 4: As stated in cases 6–8 of the environment section, RFID labels can carry care information
such as how a garment can be recycled and where the nearest secondhand or charity shops can
be located. The United States textile recycling industry creates more than 17,000 jobs. By giving
recycling apparel information to consumers, the amount of recycling of those apparels are likely
to increase. This in turn creates small businesses and more local jobs because a majority of these
recycling facilities employs around 35 to 50 workers each [46]. One third of all garments produced
ended up in a landfill—if this material was sent to a secondhand facility, over $175 million in income
would be generated [53]. By easing reuse processes for customers, the secondhand industry can
grow significantly.

Case 5: In the current economic reality, it is becoming easier for companies to adopt RFID
technology due to the globalization of value chains. For instance, the Belt and Road Imitative (BRI) is a
global trade policy of China that aims to connect different countries by developing and linking their
supply chains [54]. Many developing countries are still only doing cutting and sewing businesses, but
only organizations with a good supply chain can play an important role with international buyers [54].
RFID is a solution to link supply chains because it can trace the location history of a product, which
enables small apparel-producing companies to track where a product is coming from and, as a result,
enhance their supply chain. By linking supply chains, RFID can help the infrastructure development
of many countries through the use of better global value chains.

4.3. Economic Benefits of the RFID Technology in Apparel Industry Value Chain

The apparel supply chain is global and complex in nature. It is a $3 trillion global industry with
US $348,300 million in revenue with a revenue growth around 1.9% for 2020 [55]. Due to its complexity
and reach, the apparel industry has a lot of economical sustainability issues. The more apparent
issues include a livable wage, jobs and stability, fair procurement prices of products, local economic
development, and networking for employees. These factors are ones that apply to most societies
and to most individuals that are associated with an apparel corporation. Additional sustainability
factors that are economic in nature are environmental performance status, detection of potential
improvements in the supply chain, environmental benchmarking, and better marketing abilities such
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as using environmental product declarations or eco-labeling. Impact analysis of the economic aspects
of sustainability was performed, and 9 quantifiable and concrete cases were selected from referenced
publications and were concluded.

Case 1: 10 companies (e.g. Adidas, C&A, Decathlon, Lululemon, Jack Wills, and John Lewis)
measured impact of their RFID program. The overall improvements in sales was typically between
1.5% and 5.5%. One company even claimed that “For every 3% improvement in stock accuracy, they
had experienced a 1% uplift in sales.” In the same study, stock availability increased to 90%, stock
reduction was shown between 2–13%, and shrinkage losses were reduced by 15% [43].

Cases 2 and 3: Inventory accuracy improvements in the region of 65% to 99% was reported in
the study above that tested 10 companies in the fashion industry [43]. Another company boosted its
inventory accuracy by 30% across its 220 stores thanks to an RFID-based solution installed at their retail
stores [50]. By increasing inventory accuracy, the customer is more likely to find the exact product they
want, and this in turn increases sales.

Cases 4–6: “RFID reduced human errors from labor-intensive and error-prone operations such
as counting, manual data entry, and put-away” [53]. One study saw human location errors decrease
by 90% after implementing RFID in their warehouses: 50–80% of these warehouse costs are in labor
associated with material handling [56]. Using automated routing, receiving, shipping, and inventory
control applications through RFID technology can save money for the company by reducing labor
costs and, in turn, increasing investment back in the company [43].

Case 7: Through the use of RFID, read rates of apparel tags can be improved up to 100%. High
read-rates can help with antitheft measures, and time savings were shown to have increased to 87% in
another retailer. Both improvements help increase sales [57].

Case 8: Sapati, a Brazilian shoe store, reported a 100% increase in its sales after testing RFID
technology in their stores [58]. This could have been possible due to the decreased backlogs from the
use of RFID in their “garment manufacturing” process.

Case 9: Improved product sorting in the return-back stage due to RFID helps reduce processing
time of fibers that could potentially lose up to 10–20% of their value simply due to time delays in
processing [59]. This improvement increases the work efficiency and service quality of the distribution
center, saves on manpower cost, decreases the occurrence of human error, and improves logistics
service to customers.

5. Conclusions

RFID in the fashion industry helps to improve inventory management, to integrate the fashion
business model, to improve efficiency of operations, and to increase the responsiveness of the fashion
cycle [60]. Global adoption of RFID will be increasingly witnessed in the upcoming years, especially in
the apparel industry. In any event, sustainable production of garments and fabric remain essential
and this can be nurtured if it is supported by sound business practices [61]. One of the reasons
sustainability of the apparel industry is examined in this paper is due to the actions of consumers
regarding “green” apparel products. Research has found that millennials and Generation Z are
increasingly environmentally conscious regarding the apparel they buy and so businesses producing
and selling “green” garments have been shown to have more loyal customers due to their sustainable
practices [62]. Since purchasing power is increasingly shifting to the newer generations, reasons
for RFID adoption due to sustainability reasons will directly increase as well. Furthermore, RFID
adoption also indirectly increases the environmental consciousness of corporations who in previous
generations have only focused on the economic incentives of purchasing and selling products. This
bodes well for the future where environmental concerns will be more and more important. Currently
however, because sustainability comes with real costs that are either pushed upstream on suppliers or
downstream to consumers, many businesses are reluctant to jump on the “green” bandwagon due
to high costs. This paper examines how RFID adoption in the retail industry can be economically
beneficial to a company while helping the environment and society as well.
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One finding of this research is that there is an indirect negative relationship between RFID
technology and waste. RFID directly increases inventory accuracy, which as a result impacts the safety
stock (stock to keep stores from stockouts) that a retailer carries. By reducing safety stock, unnecessary
waste is kept out of retail shops and landfill. Therefore, when RFID technology is increasingly used
in the value chain, the production of waste can be decreased. The second main finding related to
waste reduction is that RFID can increase the life cycle of clothing by reducing pre-consumer waste.
Pre-consumer waste goes directly to incineration or recycling after the garment is produced. However,
garments that go directly to the consumer have a use stage before going to incineration or recycling.
By reducing pre-consumer waste and by increasing consumer waste, RFID indirectly increases the
life cycle of clothing. This is significant because, as a report stated above [46], increasing the life cycle
clothing by several months has a positive impact on the environmental due to the energy saved from
product incineration.

The least amount of case examples found were in the social impact category. It was anticipated that
transparency through the use of RFID in the value chain would directly translate into better Corporate
Social Responsibility (CSR) efforts and in turn environmentally informed consumers. However, no
results were found in the research to answer this hypothesis. Future work could be done to examine
what actions corporations/companies take with the visibility information that RFID provides by
increasing the transparency of the supply chain. One main finding in this category was on labor usage.
RFID decreases labor costs by making manufacturing and production processes more automated and
more efficient. Reduced labor costs could mean a reduction in overtime hours for employees, increased
profitability, increased employment, or increased wages for employees.

Economically, there are several ways RFID can pay back its investment: First, with supply chain
efficiencies such as speed gains and error reductions in warehouse processing, inventory and returns
control, automatic filing of missing items, and etc. Second, it reduces labor costs by using automated
routing, receiving, shipping, and inventory control applications. Third is increased profit by better
customer services such as faster checkouts and electronic payments.

The case examples examined do not showcase a direct relationship between RFID adoption and
sustainability for the apparel industry; rather, they show connections between RFID benefits in the
apparel industry and sustainability issues in the apparel industry. These connections result in an
indirect relationship between RFID and sustainability; however, future work can be done to establish a
more empirically direct relationship between the above stated factors. Specifically, more work can be
done to examine the following:

• Employment—Does RFID technology increase/decrease overall employment levels in a
company/surrounding society? What empirical relationship exists between reduced labor costs
and employment level?

• Greenhouse gas emissions from improved machine maintenance—RFID improves machine
maintenance by making it easier to track and trace malfunction issues. Machines produce a lot of
GHG emissions during its use stage, and it would be useful to examine the relationship between
improved machine maintenance and GHG emissions because extending the life of a machine
through improved maintenance might reduce overall GHG emissions.

• Secondhand apparel industry—Does RFID technology use by primary retailers impact the
secondhand apparel industry? RFID has been shown to improve inventory accuracy; this means
that more products are going into the hands of customers over laying in facilities waiting to get
incinerated. By increasing the amount of product that goes into customer’s hands, the amount of
product that will trickle into the secondhand apparel industry after consumer use increases. There
is ongoing work to find an RFID tag solution that would live long enough for use in secondhand
industries; however, the current solutions are too expensive. Any work to explore this area
would have to be done later in the future since no current tag that could work in this capacity is
used in the fashion industry. To make a current prediction, an empirical relationship between
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apparel going into secondhand stores and increased inventory accuracy can illustrate a significant
relationship between RFID and secondhand industries.

• Pre-consumer waste and consumer waste—What impact does RFID have on waste that is divided
into pre-consumer and consumer waste? Only 15% of clothing that is used by a consumer ends
up getting recycled while 75% of clothing that is pre-consumer (does not reach the consumer)
waste ends up getting recycled. RFID can potentially increase consumer waste and can reduce
pre-consumer waste. An empirical relationship between waste and RFID implementation should
be examined to find more concrete evidence on whether RFID improves or decreases overall
apparel waste that would be incinerated.

• Life cycle impact assessment of clothing—By increasing the life cycle of a garment, its environmental
impact gets significantly reduced. A relationship between the life cycle of a garment and RFID
technology should be examined to easily find one part of the environmental impact of RFID.

As stated above, the main limitation of this study is the lack of empirical articles examining the
direct relationship of the variables in focus on this research. The relationship between RFID technology
and the sustainability of the apparel industry is important due to the increasing use of RFID tags in
apparel stores. These tags can be used throughout the value chain of the industry to provide social and
environmental benefits to society that are greater than the purely economic benefits that corporations
reap. This study examines the apparel industry; however, it is not the only industry that uses RFID
technology. In addition to the future work areas listed above, more work can be done to widen the
scope of interest such as studying the sustainability of RFID technology in industries such as the
perishable goods industry, the healthcare industry, the airline industry, and much more.

One thing to note in this literature review of the sustainability benefits of the RFID tags is that
there are a number of issues accompanying the adoption of RFID tags in the apparel industry. The
main concern is the issue of privacy [63]. Some of the main benefits discussed above that RFID can
have in the environmental impact category of the apparel industry is that RFID can promote the
secondhand industry by using RFID tags in the clothing to find the nearest secondhand shop and to
increase the efficiency of apparel recycling by identifying the types of fiber in each garment. These
cases would require the garment to come out of clothing stores with the RFID tag still attached. When
this happens, these RFID tags have the potential to be hacked because currently, RFID tags are not able
to completely secure perfect privacy. However, it is very unlikely to happen due to the read distance
and read capabilities of RFID readers which can only read certain types of information which do not
include privacy information of consumers [64]. Based on the findings of this article, privacy concerns
do not need to be the singular reason for limiting the use of RFID tags for sustainability benefits when
the benefits are compared with the issues of tag adoption.
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