
Resources, Conservation & Recycling 182 (2022) 106314

Available online 7 April 2022
0921-3449/© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Full length article 

Investigation of rental business model for collaborative consumption - 
workwear garment renting in business-to-business scenario 

Vijay Kumar a,*, Daniel Ekwall a,b, Daniel Sun Zhang c,1 

a University of Borås, Sweden 
b Hanken School of Economics, Finland 
c Textilia Tvätt & Textilservice AB   

A R T I C L E  I N F O   

Keywords: 
Collaborative consumption 
Workwear apparel renting 
Discrete event simulation 
Business-to-business 

A B S T R A C T   

Increasing population and improving living standards have continued to amplify the consumption of textiles and 
apparel, which has created challenges in resource management and sustainable development. In this context, 
renting-based collaborative consumption business models (CCBMs) have received considerable attention in 
recent times. Consumption through renting allows the replacement of ‘ownership’ of a product to ‘usership’ 
which creates new opportunities for the companies as well as for the customers. For the development of renting- 
based CCBMs or decision making in rental activities by the companies, one of the fundamental requirements is 
the baseline characterization of consumers’ renting pattern – which includes general rent duration, renting 
frequency, inventory management, rental product movement, etc. – that acts as input from the operational aspect 
of a rental business. In this context, the paper aims at investigating the general renting characteristics for 
workwear garments through data analysis of about 5.4 million garment-rents to multiple business customers over 
6 years. Further, the implications of the renting characteristics are investigated through discrete event simula-
tions under various scenarios of inventory management by the customers. The findings from the study are 
anticipated to help the rental companies in operational and strategic decision-making.   

1. Introduction 

Textiles are estimated to be in the fourth highest-pressure category in 
terms of using primary raw materials and water (European Commission, 
2020). The global textile production contributes to about 1.2 billion 
tonnes of CO2-eq, which is more than the emissions from international 
flights and maritime shipping combined (Ellen MacArthur Foundation, 
2017). With the current trajectory, the textile sector is expected to 
represent a quarter of the total carbon budget by the year 2050 (Ellen 
MacArthur Foundation, 2017). While the production phase represents 
up to 80% of the total CO2-eq emission associated with entire lifetime of 
a garment (Sandin, Roos, Spak, Zamani, & Peters, 2019; Niinimäki, 
Peters, Dahlbo, Perry, Rissanen, & Gwilt, 2020), the total volume of 
garment produced each year has doubled since 2000, where one un-
derlying factor is early disposal of still-usable garments by the end-users 
(Ellen MacArthur Foundation, 2017). Consequently, garment utilization 
has dropped by 36% between 2000 and 2015 – which is translated into 
more waste and growing carbon emissions, and demand for raw 

materials due to increased production (Ellen MacArthur Foundation, 
2017). In this context, garment longevity and optimal garment utiliza-
tion have turned out to be of paramount importance to minimize waste 
and in reducing the trajectory of greenhouse gas emissions. For example, 
a study by Downes, Thomas, Dunkerley, & Walker (2011) estimates that 
about 100,000 tons of CO2-eq can be reduced every year by just 
extending the lifespan of 10% of t-shirts in the UK alone. 

To maximize garment utilization, new business models are getting 
more attention from the researchers, practitioners and consumers, 
which aim to tackle the underutilized resources and efficiently handle 
the material waste. It includes collaborative consumption business 
models (CCBMs) that aim at shifting from ‘ownership’ paradigm to 
‘usership’ paradigm through shared resources by different modes 
including renting, swap trading, and lending, which can be applied in 
business-to-business, business-to-consumer and consumer-to-consumer 
domains. According to Laitala & Klepp (2011), the major reasons for 
garment disposal include wear and tear, garment fitting issues, and 
boredom. While garment longevity can be improved using high-quality 

* Corresponding author at: Dr. Vijay Kumar, University of Borås: Hogskolan i Boras, Sweden, 501 90 
E-mail address: vijay.kumar@hb.se (V. Kumar).   

1 Current affiliation: Teqnion AB (publ), Sweden 

Contents lists available at ScienceDirect 

Resources, Conservation & Recycling 

journal homepage: www.elsevier.com/locate/resconrec 

https://doi.org/10.1016/j.resconrec.2022.106314 
Received 12 November 2021; Received in revised form 28 January 2022; Accepted 22 March 2022   

mailto:vijay.kumar@hb.se
www.sciencedirect.com/science/journal/09213449
https://www.elsevier.com/locate/resconrec
https://doi.org/10.1016/j.resconrec.2022.106314
https://doi.org/10.1016/j.resconrec.2022.106314
https://doi.org/10.1016/j.resconrec.2022.106314
http://crossmark.crossref.org/dialog/?doi=10.1016/j.resconrec.2022.106314&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Resources, Conservation & Recycling 182 (2022) 106314

2

materials that withstand more wear-and-tear or through repairs, the 
extended life may lead to end-user boredom due to longer use-duration – 
which ultimately leads to garment disposal despite having utilizable life. 
In this context, renting-based collaborative consumption has become of 
particular interest as it allows product sharing among multiple 
end-users. The end-users can use a large variety of garments by renting 
for limited time and subsequently transferring them to other users. 
Therefore it tackles the issue of boredom irrespective of garment life-
span. For the rental companies, the incentive is directly related to the 
garment lifespan and utilization. Therefore, it motivates them to invest 
in high-quality materials and improved design – that help in product last 
longer, and adopt for service strategies for better product utilization. 
CCBMs further allow the companies to develop services that create new 
business opportunities (Heiskanen & Jalas, 2003). For example, in a 
renting-based CCBM, the limited or ‘temporary ownership’ (e.g. renting) 
by the end-users allows the ‘real owner’ i.e. rental firm to share the 
garments with multiple end-users at different times, thus ensuring a 
higher product utilization. It further provides increased opportunity for 
maintenance of the garments (such as washing in right condition and 
servicing etc.) that helps in extending the usable life of the garment and 
systematic disposal as the garments are managed by a single firm or 
company, which ultimately contributes toward more sustainability. 
Similarly, the end-users only own the garments for a limited time, hence 
they escape the maintenance and long-term storage, and dissociate from 
garment disposal responsibility. This is particularly important for busi-
nesses that use workwear garments and it may require to follow specific 
procedures for maintenance to ensure personnel safety or disposal 
guidelines to reduce environmental hazards. By renting the workwear, 
the businesses can focus on their core activities while outsourcing the 
non-core activities such as workwear washing, maintenance and 
replacement to the rental firms (Heiskanen & Jalas, 2003; Ellen Mac-
Arthur Foundation, 2017). 

In the past, studies have focused on various aspects of renting-based 
CCBM such as drivers and barriers (Lang, Seo, & Liu, 2019), consumer 
motivation and experience (McKinney & Shin, 2016; Pantano & Stylos, 
2020), and the effect of product quality (Clube & Tennant, 2020) on 
renting. While a large part of the literature has focused on the business 
model feasibility from company and consumer perspectives – that 
highlight various challenges and opportunities in implementing 
renting-based CCBM, research that describes or explores the already 
established companies with rental-based CCBM from operational aspect 
has gained limited attention. This may be related to the fact that there 
are lesser companies with renting-based CCBM in the garment sector as 
compared to other sectors such as automobile or housing/hospitality 
where it is a relatively more established practice. Nonetheless, better 
insights and understanding operational aspect of rental-based CCBM – 
such as rent duration, renting frequency, inventory management, rental 
product movement, etc. – are of particular importance for operational-
ization (such as resource gathering, logistics, maintenance etc.) and 
decision making for improvement of the renting-based CCBMs. To 
develop a general understanding, one way is to follow a macro-level 
analysis approaches where the overall renting characteristics can be 
gathered from the investigation of large datasets from the companies 
which have implemented renting-based CCBMs. This can not only pro-
vide an understanding of general behavior but also other aspects such as 
characteristics of deviating customers from general trends, which can 
act as precursor for future studies to identify the underlying reasons and 
call for improvements. The findings from such studies can help to 
develop a basic framework for various decision-making in the 
rental-based CCBMs. 

With reference to above discussion, the current paper is focused on 
developing an understanding of the rental practice in business-to- 
business scenario and investigate it by means of big-data analysis of 
the workwear garments (or occupational wear garments) renting. The 
research objective of the paper is to understand the general renting 
characteristics in business-to-business context by means of workwear 

garments as a rental product and characterizing the inconsistencies in 
the customer rent behavior that can assist in developing better under-
standing of the renting operations and help in various operational and 
strategic decisions making. To fulfill the research objective, the work in 
this paper is carried out in two parts. In part one, the main focus is to 
analyse the rent-order data of workwear garments from big data 
perspective to uncover the macro-trends related to renting for different 
customers on individual as well as aggregated levels. Further, in the 
second part, the main focus is to develop an understanding on impli-
cations of identified renting behaviour for rental companies by means of 
discrete event simulations. 

The rest of the paper is organized as follows. Section 2 provides an 
overview of reference literature on renting-based CCBM. Section 3 de-
scribes the empirical data collection, data processing and analysis 
methods followed in the paper. Section 4 discusses the results from data 
analysis and Section 5 sets up discrete simulations for workwear 
garment renting in B2B scenario and investigates the implication of 
results obtained in Section 4 . Finally, Section 6 concludes the findings, 
discusses the overall implications, and proposes future research 
directions. 

2. Related literature 

Collaborative consumption refers to a consumption process that aims 
at collective use of same product over different periods of time and it 
takes place through a range of facilitating mechanisms such as sharing, 
swapping, renting, and similar activities (Iran, 2018). The general idea 
of renting, in this context, is opposed to the traditional view of con-
sumption or use that is more inclined towards “permanent ownership.” 
In the regular buying or selling process, customers purchase the 
ownership of a product, whereas, in renting, consumers purchase the 
consumption or utility time of a product that is owned by a rental 
business or service provider (Melander & Arvidsson, 2021). Durgee & 
Colarelli O’Connor (1995) describe a rental transaction “in which one 
party offers an item to another party for a fixed period of time in ex-
change for money and in which there is no change of ownership.” 
Therefore the role of the producer or retailers in the emerging rental 
based CCBM shifts from selling products to selling products-as-services. 
Therefore, the incentive of the rental companies directly relates to the 
number of times a product is rented, which encourages them to produce 
or invest in quality products that last longer. According to Swanson 
(1967), there are five main factors from the customer perspective that 
encourage renting, namely, occasional or one-time need, limited storage 
space, high product cost, relatively lower cost for renting than buying, 
and avoiding the hardship of owning the product such as maintenance. 
Many of the aspects are also confirmed in recent studies (Mukendi & 
Henninger, 2020; Lee, Jung, & Lee, 2021). The perceived enjoyment and 
attitude for renting garments are identified as positive influencers for 
rental consumption whereas the social risks – e.g. how others will 
perceive, financial risks – e.g. perception of more money being spent in 
renting, and perception risk – e.g. uncertainty about the rented garment 
performance as negative influencers (Lang, 2018; Lang et al., 2019; Lee 
et al., 2021). In addition, a study by Dassen & Lombardi (2020) reveals 
fashion leadership i.e. intention to lead trends, as a strong factor posi-
tively influencing the intention towards garment renting. On the other 
hand, the consumer perception of contamination in rented garments, 
such as odor and visual signs of wear and tear, as a hindering factor for 
opting the rental garments (Clube & Tennant, 2020; Baek & Oh, 2021). 
Mukendi & Henninger (2020) identify hygiene as a concerning factor in 
garment renting, therefore propose that hygiene should not only be 
maintained by the rental company but also properly communicated to 
the consumers. 

In a business-to-business scenario, there are multiple facilitators that 
encourage renting over buying. Instead of outright purchasing, renting 
allows need-based access to the products or resources where the 
customer (in B2B) pays for utility time which is generally a fraction of 
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the purchasing cost. Therefore, renting allows the businesses/companies 
to redistribute the one-time investment in outright purchasing to a 
longer duration while keeping access to the resources or products 
(Melander & Arvidsson, 2021). Renting favors efficient utilization of 
resources and flexibility for customers as the resources can be quickly 
rented in the peak period and left during the off-peak-period (Gebauer, 
Haldimann, & Saul, 2017; Melander & Arvidsson, 2021). Thus, it ben-
efits the customers with more flexibility and allows access to more re-
sources. From another perspective, as renting allows the products to use 
for a limited time without change in ownership, it allows the rental 
business (service provider) to maintain the products more uniformly and 
maximize utilization. For example, Kleeberger (1930) highlights how 
the rental system helped the university administration in garment 
maintenance and hygiene among the students – as renting allowed a 
better control on routine washing and repairs. For many organizations, 
workwear garments are important for personnel safety. Many such or-
ganizations outsource the maintenance of the workwear (e.g. washing, 
repair etc.) to other service providers or procure workwear as a service 
from the rental company (Walz, 2011; Ellen MacArthur Foundation, 
2017). Such organizations benefit from renting as it helps them to focus 
on the core activities and evades the risks associated with workwear 
garments such as obsolescence, maintenance, disposal, improper fit and 
waste management, and also help in replacing the worn-out or damaged 
workwear garments quicker (Lundgreen & Flensberg, 2020). This be-
comes further relevant in present industrial context where the expec-
tations and demands are growing for the fixing the responsibility of 
organizations for their waste (Pal, Shen, & Sandberg, 2019). As the 
rental company or service provider is responsible for the product, the 
customers do not have to put resources for regular maintenance of 
products or replacement of faulty products in case of breakdown. This 
opens possibilities for the retailers to develop services around product 
usage such as maintenance, repair, replacement, and logistics . As the 
incentive of rental companies directly relates to the lifespan of the 
garments, it also encourages them to invest in durable materials, effi-
cient handling, and better processes for product maintenance (Ellen 
MacArthur Foundation, 2017; Bocken & Ritala, 2021). Renting not only 
avails an opportunity to the customers with better quality product, 
higher utlization and longevity but also assist in reducing the overall 
environmental impact. For example, simply switching from home 
laundry machines to industrial laundry machines for workwear garment 
washing can help in reducing CO2-eq emission by 33% and NOx by 36% 
along with reductions in water consumption by about 73%, and deter-
gent consumption by about 85%, reveals a study commissioned by ESTA 
(2000). In addition, Cai, Choi, & Zhang (2020) highlights that rental 
companies can accommodate the end-of-season garment leftovers. One 
way to deal with the unsold inventory is by direct price markdowns but 
it may also result in the negative publicity to the brand or retailer. In this 
context, online rental platform provide an opportunity where the 
retailer can sell the end-of-season inventory to the rental companies 
instead of to the end consumers directly (Cai et al., 2020). While the 
brands and retailers get an opportunity to deal with extra inventory, the 
rental companies get the garments at a reduced cost, therefore it be-
comes favorable situation for both (Cai et al., 2020). Therefore, 
rental-based CCBM represents an emerging value-based system in which 
a better collaboration and understanding of the operational aspects can 
lead to a win-win situation for rental businesses as well as customers. 

3. Empirical data description 

In this study, the data were acquired from a company (hereafter 
referred to as rental business) that rents the workwear garments to 
healthcare organizations such as hospitals and clinics. The rental busi-
ness mainly rents various workwear garments to healthcare organiza-
tions, handles maintenance (such as washing, repair, replacement, etc.) 
and logistics. The customers use the workwear garments and return 
them without washing. Therefore the rental business provides a service 

where the healthcare organizations buy access to workwear garments 
for a limited time without owning them. The empirical data consists of 
renting information related to four types of garments used by healthcare 
workers among which three garments are general-purpose (i.e. G1,G2 
and G4), used by the health care workers such as nurses in regular work, 
and one specialized workwear (i.e. G3) used by the healthcare workers 
in the operation theaters. Each workwear garment consists of an RFID, 
which is scanned whenever the garment is rented or returned by the 
customer. 

3.1. Data description 

The raw data related to the renting of the workwear garments pri-
marily contain garment names, unique-ids, time-stamps of when a 
workwear garment was rented (hereafter terms as rented-out) and 
returned by the customer (hereafter termed as rented-in) along with 
customer numbers, i.e. unique identification number assigned to each 
customer, and order number, i.e. unique identification assigned to each 
order. The raw data contained duplicate entries – such as the same 
garment recorded to rent-out/rented-in multiple times within the same 
order number, and incomplete records – such as missing order numbers 
or customer numbers or other missing information. In the study, the 
incomplete and duplicate entries were removed, and the final data 
consist of information related to the complete rent-cycle i.e. rented-out 
and rented-in. The summary of the final data used in the study is shown 
in Table S1 (see supplementary information), where ‘Start date’ and 
‘End date’ refer to the earliest entry in the dataset when a workwear 
garment was rented-out and the date when the last workwear garment 
was rented-in, respectively. 

The frequency of total rented workwear garments (rented-out) over 

Fig. 1. (a) distribution of workwear garments renting over time, and (b) the 
distribution of rent-duration for workwear garments. 
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time is shown in Fig. 1 (a). It must be noted that the data contains only 
for the workwear garments where both rented-out and rented-in time-
stamps were available under a given order id. The effect of exclusion of 
incomplete data can be seen in Fig. 1 (a) where a dip in number of rented 
garments is observed towards year 2020 for all types of workwear gar-
ments as some data was excluded due to missing rented-in time stamps. 
The subsequent data filtering is mentioned in respective places. 

4. Results 

Fig. 1(b) shows the distribution of rent duration for all workwear 
garments i.e. difference in time-stamp for rented-out and rented-in for 
each workwear. It must be noted that the distribution frequency (along 
x-axis) is shown on log scale and the distribution is positively skewed. 
Further, the mean (μ) and median (M) rent duration (in days) are indi-
cated in the legend caption of Fig. 1 (b). The skewness indicates that a 
fraction of rented workwear garments stay with the customer for a 
significantly longer time, thus making the mean rent duration higher 
than the median rent duration. As previously mentioned, G1, G2, and G4 
are general-purpose workwear while G3 is special-purpose workwear 
garment used specifically in the operation theater. To confirm if the 
shapes of rent distributions vary among the workwear garments – as it 
may be case due to different applications of the workwear garments – k- 

sample Anderson-Darling (AD) test (Scholz & Stephens, 1987) was con-
ducted to compare the distributions, where k = 4 is the number of dis-
tributions. The result i.e. AD test statistic = 1.2 (p − value > 0.05), 
indicates that the distributions do not differ from each other at a 95% 
statistical significance level. Hence, even though the workwear gar-
ments did have different applications, the rent-distribution patterns – i. 
e. duration for which the workwear garments stay with the customers – 
are not different from each other. 

A customer-level analysis of the workwear garment renting is shown 
in Fig. 2, where x-axis shows the mean renting time, while y-axis shows 
the median renting time for the customers. For a comparative purpose, 
the bubble size indicates the total garments rented by the customer. It 
must be noted that the mean and median values are sensitive to outliers 
in small datasets, therefore the customers who ordered less than 100 
garments were excluded. The results indicate that the higher mean rent 
duration as compared to the median rent duration is a general trend to 
most of the customers, and some customers have a substantially higher 
mean time. Furthermore, the behavior is consistent for all types of 
workwear garments. 

Fig. 3 shows the order-wise mean-median rent duration for all types 
of workwear garments. As orders with a small order size (i.e. number of 
products rented under one order) may be more sensitive to change in 
mean or median values due to one or more outliers, orders having order 

Fig. 2. Customerwise distribution of mean and median of rent times. Logμ/M is the log ratio of mean (μ) and median (M) of rent duration of all workwear by the 
customer. TRG: Total rented workwear. Customers rented ≤ 100 workwear are excluded. Dotted line indicates Mean = Median. G1,G2,G3,G4 represent four types of 
workwear garments. 
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size less than 5 were excluded from the data presented in Fig. 3. It is 
clear from the figure that most of the garments in the orders are having a 
higher mean rent duration compared to that of the median, which is 
consistent with the overall distribution of garment rent duration shown 
previously. Nonetheless, not all orders have the issue of higher mean 
rent time. Some orders have an opposite trend i.e. mean is lower than the 
median. To quantify the skewness in order-rent distribution, log-ratio of 
Mean (μ) to Median (M) i.e. log μ

M is shown in Fig. 3, where +1 implies 
that μ = 10M, 0 implies that μ = M, and − 1 implies that M = 10μ. It is 
clear that the order rent durations are skewed and median values are less 
than the mean values for more than half of the orders and this behavior 
is consistent for all workwear types. Therefore, it can be concluded that 
the workwear rented by the most of the customers are not first-in-first- 
out. Instead, some of the workwear garments delivered in an order are 
used and returned, while the remaining workwear garments stay in the 
customer for an extended duration. Subsequently, the newly delivered 
workwear garments are used before utilizing the existing inventory, 
which results in delayed returning of some workwear garments from the 
previous order. Though the left inventory may not concern from the 
workwear flow aspect, the long non-rotation may have implications for 
the rental company. For example, as workwear garments are washed 
after every rent cycle, the garments that stay in customer inventory for a 
long time would go through a fewer number of washes and would have 
less degradation as compared to the other workwear garments. There-
fore the lifetime (in terms of the number of days) of workwear garments 
may significantly vary. In addition, the long stay of a garment in the 

customer’s inventory may have implications from hygiene aspects. 
However, to validate the above hypothesis related to workwear garment 
management at the customer level and to illustrate the impact, we need 
supporting empirical pieces of evidence. 

Further to analyze the customer inventory, we have selected the 
customers which have placed at least one order in a month on an average 
for at least one year and calculated the number of workwear garments 
with a customer when a new order was placed. It must be noted that the 
dataset contains only entries for the complete rent cycle, which implies 
that some of the initial data and final data were removed where the time 
stamps were available for either rent-in or rent-out. Hence, to minimize 
the possibility for error, the initial and final six months of orders were 
removed for making this analysis. Accordingly, Fig. 4 shows log − log 
distribution of average garment rents/month i.e. average number of 
garments rented by a customer in a month, and the median value of the 
customer’s stock level when the order was placed. Alternately, the mean 
rents/month is an indicator of how big (in terms of demand) the 
customer is, and minimum stock is an indicator of minimum workwear 
garments that a customer tries to retain in the inventory when a new 
order is placed. The bubble size in the figure indicates the median of 
order sizes placed by the customer. Besides, the first-order regression 
line is fitted on the data to show the general trend line. It is evident from 
the figure that, as the customer tends to have a higher number of rents/ 
month, the minimum stock increases, and the trend is common for 
renting of all garments. This is explicable since the customer with more 
throughput (i.e. high number of workwear garment rents per month) 

Fig. 3. Mean and Median distribution for rent time of all garments rented in an order. Logμ/M is the log ratio of mean (μ) and median (M) of rent duration of all 
garments in an order. OS: Order size. Orders having order size ≤ 5 are excluded Dotted line indicates Mean = Median. G1,G2,G3,G4 represent four types of garments. 
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would have comparatively more number of garments in safety stock or 
in use when a new order is placed. Further, the customers would like to 
maintain a safety inventory not to go out-of-stock in case of unforesee-
able demand or delay in delivery. Therefore, the customer with high 
throughput would like to have high inventory, as it is evident from 
Fig. 4. While the points are distributed linearly on log − log scale and the 
behavior is similar for all garments, there is some spread around the 
trend-line. This indicates that, on a level of throughput rate, the mini-
mum stock maintained by the customers varies. As the utility of the 
rented garments is the same for all customers, a comparatively higher 
level of minimum inventory implies that the customer maintains a 
relatively high level of inventory when the new order is placed. It must 
be noted that it cannot be assured that from empirical data used in this 
study if the workwear garments – which are with a customer – are sitting 
idle in the customer’s inventory or are in use . Nonetheless, a compar-
atively high level of minimum inventory on a given throughout rate 
indicates that the customer may have some products in use while the 
remaining are simply stored in the inventory. Further, when the new 
order is delivered, the existing inventory goes below the new newly 
delivered workwear garments. Nonetheless, to confirm the hypothesis, a 
comparative analysis is carried out to compare the mean rent duration of 
workwear garments for customers above the regression or trend line to 
the customers below the regression or trend line. The positioning below 
the trend line indicates that the customers maintain less minimum in-
ventory as compared with the customers above the trend-line on the 
same throughput rate (or mean rented garments/month). The data is 
compared through the mean values (μ) and standard deviation (σ) of the 
mentioned customer groups (i.e. above the trend line, represented by 

subscript A, and on or below the trend line, represented by subscript B)). 
It is interesting to note that μA is consistently higher when compared 
with μB for renting of all garments as shown in Fig. 4. Similarly, the 
spread for customers above the trend line i.e. σA consistently higher than 
σB for all garments. Student’s t-test for independent means further confirms 
that population means of A and B differ significantly at least at 95% 
statistical confidence interval (i.e. p-value < 0.05). Hence we can 
conclude that retaining a higher level of inventory significantly affects 
the average renting time, which tends to be higher for a customer with a 
higher level of minimum inventory level from an overall average of all 
customers. 

5. Discrete event simulation of renting-based CCBM 

From the application perspective, each type of garment is expected to 
wear for the same duration. Hence the customers with a higher safety 
stock would naturally tend to keep the garments for a longer duration as 
some garments stay “unused’’ in the inventory for a long time before 
being used. However, the skewed distribution of rent-duration (i.e. 
higher mean than the median as shown in Fig. 2) indicates that the 
workwear garments time in the inventory is not uniform. Instead, a 
fraction of garments spend much higher time in local inventories 
maintained by the customer. In this context, a discrete event-simulation 
scenario is created to replicate the workwear renting system to under-
stand the above-mentioned behavior through different inventory man-
agement scenarios. 

Fig. 4. Distributions of average rented 
garments/month vs of minimum stock 
of inventory by the customers. The solid 
line indicates the first-order regression 
trend-line and size of bullets indicate 
the median of order sizes for the cus-
tomers.G1,G2,G3,G4 represent four 
types of garments. For G1, μA = 31.30,
σA = 12.41, μB = 21.22, σB = 6.30, for 
G2, μA = 25.84, σA = 9.39, μB = 18.25,
σB = 5.27, for G3, μA = 41.47, σA =

14.43, μB = 25.67, σB = 9.69, and for 
G4, μA = 45.80,σA = 13.83,μB = 29.63,
σB = 9.38   
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5.1. Simulation scenario 

The simulated scenario consists of a rental company (R) which rents- 
out the workwear garment to multiple customers (C1,C2,⋯,Cn) and a 
customer (Ci) maintains some “local’’ inventory (Ii), as shown in Fig. 5. 
When the inventory level goes below a certain predefined level (i.e. 
safety stock), R delivers a new order. Customers use the workwear 
garments and send them back after to R, where the garments are washed 
(W) and rented again. Further, the workwear garments experience wear- 
and-tear or mechanical failure with washing and regular use. After a 
certain time, the workwear garments are required to be disposed and we 
mark that point as end-of-life (EOL). Therefore, in the simulated sce-
nario, when a garment is returned, it is checked for end-of-life (EOL). If a 
garment is judged to arrive at EOL, it is disposed of and replaced with 
another workwear garment. Otherwise, the garment is washed, dried, 
and rented-out again. 

From the current empirical data, the actual time for which a garment 
was used and how long it stayed in the local inventory cannot be 
calculated. Hence, for simplification we assume that the workwear 
garments delivered by R are add to that the existing or local inventory Ii 
of a customer Ci and the customer (Ci) takes out a “chunk’’ of workwear 
garments from the local inventory according to the need. The rent 
duration of the taken garments is exponentially distributed with a 
certain mean value. To maintain steadiness or equilibrium, the distri-
bution of order sizes delivered by R to the customer and and the duration 
between the two chunks withdrawal from local inventory is equal to the 
mean rent-duration. Further, we notice from Fig. 4 that customers tend 
to maintain certain inventory or safety stock when a new order is placed. 

To simulate this condition, we assume that each customer prefers to 
maintain a certain inventory level, and every time the customer takes a 
chunk of workwear garments to use, the inventory level goes down. 
Therefore, when the inventory level goes below the safety level, R de-
livers another order to refill the customer’s local inventory. It is assumed 
that the number of garments withdrawn each time from the inventory 
follows a normal distribution with a certain mean size (μn) and variance 
(σ2

n) i.e. N (μn,σ2
n), and the same distribution to followed by R to fill-in 

the inventory (i.e. order size) to make equilibrium. Similarly, the 
garment expected life (in terms of the number of rent cycles) is assumed 
to follow a normal distribution. 

The simulated scenario is tested for four setups of garment with-
drawals by a customer from the local inventory, namely first-in-first-out 
(FIFO), last-in-first-out (LIFO), completely random, and preferential-to- 
recent. FIFO implies that the garments first delivered by R in the cus-
tomer’s local inventory would be used first, and LIFO implies that the 
latest arrived garments are used first. Random on the other hand implies 
that the customer selects the garment randomly without any preference, 
so all garments in the inventory have an equal probability to be selected. 
The last setup i.e. preferential-to-recent implies that there is a high 
probability for the recently delivered garments and the probability goes 
down as earlier delivered garments. 

The simulation parameters selected for the study are shown in 
Table S2 (see supplementary file). For demonstration purposes, the 
mean rent duration was selected 15 days (which is near to the median 
value for G1 in Fig. 1(b)) and mean order size of 20 workwear garments/ 
order which is equivalent to 40 workwear garments per month (30 
days). It must be noted that the mean rent duration mentioned above 

Fig. 5. (a) schematic for simulation scenario setup with different inventory setup at customer level i.e. (b) first-in-first-out (FIFO), (c) last-in-first-out (LIFO), (d) 
completely random (CR), and (e) preferential-to-recent (PR). 
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represents the global average of all orders, whereas the mean rent 
duration for an individual order is assumed to follow a normal distri-
bution with mean equal to the global average and certain variance as 
shown in Table S2. Subsequenty, the actual rent time for workwear 
garments within an order follows an exponential distribution which has 
the mean value equal to the mean value of the order derived from the 
normal distribution. Further, it must be noted that there is positive 
covariance between mean rent duration and order size, which implies 

that if the order size is higher then the average rent duration also 
become higher. 

According to the regression line for G1 in Fig. 4 (a), 40 average 
workwear garments per month results to a safety inventory of approx-
imately ~26. For simulations, we model the safety stock to follow the a 
normal distribution with mean value of 25 (which is close to the above 
calculated value). For “preferential-to-recent’’, the probability of 
selecting the most recent garment is kept as nine times that of the oldest 

Fig. 6. Results from simulations for 
different inventory management sce-
narios. (a)-(b) last-in-first-out (LIFO), 
(c)-(d) first-in-first-out (FIFO), (e)-(f) 
completely random (CR), and (g)-(h) 
preferential-to-recent (PR). (a), (c), (e), 
and (g) show the workweak garment life 
i.e. number of days a garment stayed in 
the circulation from introduction till 
disposal. (b), (d), (f) and (h) show the 
distribution of rent durations for 
different garments i.e. how long a 
garment remained with a customer 
when it is rented .   
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garment in the inventory. The simulation was carried out for the 
equivalent of 10000 days with 5 replication runs for each of the above- 
mentioned workwear garment withdrawal setups. Each simulation run 
consisted of 30 customers (i.e. C1,C2⋯,C30). 

5.2. Simulation results 

The result of the simulation runs is shown in Fig. 6. It must be noted 
that the data for workwear lifetime and rent-time distribution belongs to 
the garments which have achieved end-of-life in the simulations. Except 
for the workwear garment withdrawal mechanism by the customer from 
the local inventory, all other parameters are kept fixed. LIFO and 
preferential-to-recent (PR) show quite similar behavior for the duration 
for which a workwear garment stays in circulation before disposal (See 
Fig. 6(a) and Fig. 6(g)). Similar is true for FIFO and completely random 
(CR) (See Figure Fig. 6(c) and Fig. 6(e)). The main difference between 
the two groups is the uniformity, where the prior group has a long tail. 
This implies that the majority of garments stay in circulation for 1800- 
2200 days, however, a small fraction of garments beyond to 3000 
days for PR and LIFO. For FIFO and completely random, the distribution 
is a bit narrow. It is interesting to note that FIFO and completely random 
setups are very different when it comes to how long the garment stayed 
in the customer. The median rent duration of the garment in rent-time 
distribution is lower for CR when compared with FIFO (See Fig. 6(f) 
and Fig. 6(d)). However, the distribution is wider i.e. some garments 
stay up to 150 days with the customer for in single renting for the 
former. On the other hand, LIFO and PR are having a very similar 
behavior with low rent time and a skewed distribution with a long tail 
(See Fig. 6(b) and Fig. 6(h)). It must be noted that in simulation runs, the 
customers maintain the minimum inventory irrespective of the type of 
withdrawal mechanism. Therefore all variations are originating from 
different ways of managing inventory only. 

The implication of distributions shown in Fig. 6 can be related to 
multiple aspect of renting. A broad distribution for workwear garment 
life duration alternately implies that, at a given time, there is a large 
variation in the use rate of the workwear garments that are introduced in 
the supply chain at the same time. As previously mentioned, life of a 
workwear garment is related with number of times it is rented. Conse-
quently, a workwear garment that is rented frequently (e.g. spends less 
idle time in the customer inventory) would lead to a higher use rate and 
overall a shorter lifetime (or overall life duration) as compared to 
another workwear garment that is not rented at a lower frequency. In 
this context, a broad distribution of the workwear life duration indicates 
the inability to use the workwear garment at the same speed. Therefore, 
if the rental company wants to replace the existing workwear garments 
on their end-of-life with new workwear garment (e.g. new design), the 
transition period can become longer due to a differential use rate that 
the rental company cannot control. 

In addition, another important aspect of workwear is related with 
hygiene. As the customers maintain a local inventory of the rented 
workwear garments, it might become an issue with hygiene if the 
workwear garments are not stored in the required environmental con-
ditions or handled properly. For example, it may increase the chances of 
contamination if workwear stays unused in the customer’s inventory for 
a long time. As evident from Fig. 6, the renting duration has a broad 
distribution for the completely random withdrawal mechanism. Simi-
larly, LIFO and PR also result long tails in rent duration distribution 
which indicate that there is a possibility that a tiny fraction of the 
workwear spending a relatively long time in the inventory can be a 
matter of concern. For the customers, the effect of workwear garment 
withdrawal may not reflect if their focus is only on maintaining the 
required inventory, which is not affected by the garment withdrawal 
mechanism. . It must be noted that the variations in different simulation 
scenarios originate from different inventory management mechanisms, 
while all other parameters were the same. Results in Section 4 show that 
renting parameters vary among the customers, which can further 

amplify the variations. For example, a large safety stock translate into 
increased average rental time. Considering these variations in the 
context of results obtained from the discrete event simulations, one can 
expect to observe wider distributions in workwear garments lifetime and 
rent-time distributions. Therefore, for a better control of the rental ac-
tivities, it is important that the rental business observes the customers on 
an individual as well as aggregated levels so that corrective feedback can 
be provided to the customers that deviate from the general trends. 

6. Conclusions 

The paper was set out to investigate the general renting character-
istics of workwear or occupational wear garments and understand the 
implications that could help in decision making in renting-based CCBM. 
The investigation is carried out by analysis of empirical data to identify 
the general renting characteristics, followed by analyzing the impact of 
inventory management using a discrete event simulation scenario. 
Findings of the study offer multiple practical and research implications. 
Overall, the findings from the study reveal the role of inventory man-
agement on the customer end on product movement, which is of 
particular significance for the optimization of product flow in rental 
CCBM. The results indicate a common trend that large inventory with 
customers increases the mean workwear rental time. Therefore, it is 
important for the rental companies to engage customers not to keep 
excess inventory as it increases the mean rent time which may affect the 
rental companies negatively if the renting is based on pay-per-wash. 
Further, the results on rent-time distributions indicate a differential 
movement of the workwear, which indicates that the workwear are not 
prioritized to use in the order they are delivered i.e. first-in-first-out. In 
this context, the discrete event simulations illustrate the effect of four 
types of workwear garment withdrawal from the customer inventory on 
garment rent-time distribution, garment life and implications for the 
rental business. If the customers are only concerned with maintaining 
the level of local inventory without controlling the flow, there might be 
practical concerns related to maintenance and a large difference in the 
lifetime of workwear garments. In addition, keeping workwear garments 
for a long time in inventory may lead to hygiene issues in the healthcare 
sector. Therefore, it is important that the rental companies not only see 
the throughput rate of the rental product but also monitor product 
movement at an individual level. In this context, the contribution of this 
study on rental-based CCBM is a better understanding of how customer 
inventory can affect the overall product lifetime and product flow. 
Furthermore, one specific theoretical contribution stemming from this 
study is related to the overall macro-trend or parameters emerging from 
the analysis of about 5.4 million rent-cycles of workwear garments in the 
healthcare sector. These parameters or trends can be used as empirical 
inputs for the mathematical models to theoretically analyse different 
renting scenarios in future studies. The study further makes practical 
contributions as by following the methodology presented in this paper 
with analysis of rental behaviour, the rental companies can analyse the 
general and specific characteristics of the customers. Subsequently, they 
can provide corrective feedback to the customers for better management 
of the local inventory, which in turn contributes positively to the rental 
companies in product and rental business management. 

There are certain limitations associated with the study which need to 
be addressed in future research. First, the empirical data used in this 
paper belongs to one rental business and the paper does not study the 
logistics aspects in the rental business. Therefore, in order to generalize 
of the results obtained in this study, further research is required where 
data from multiple rental companies with different characteristics (e.g. 
different pricing strategies) and incorporating the logistics aspects in 
renting need to be studied. Second, in this study, the discrete event 
simulations were carried out with some theoretical parameters 
approximated from the available data. In this direction, it is important to 
make further investigations where additional parameters are considered 
based on the realistic scenario e.g. targeted minimum inventory 
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preferred by the customers, minimum time that the rental company 
needs to re-fill the customer inventory based on distance, workwear 
garments availability, etc. In addition, future research directions can be 
focused on investigating or identifying optimum pricing strategies 
considering different renting parameters. 
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