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ABSTRACT 
The present work is an attempt to design a reverse 

logistics (RL) network for an e-commerce firm based on one of 

the most frequently returned items namely fashion goods. The 

problem essentially revolves around the trade-off between cost 

and responsiveness in designing an RL network for an e-

commerce firm. We have considered several large 

neighborhoods in the northern capital region of India and 

treated the same as customer indexes from which the returns 

originate. Several candidate nodes have been identified as 

initial collection centers (ICCs) in which the returns from the 

customer indexes are initially collected and stored for some time 

before being sent to the final warehouses. There are three 

warehouses in three different cities. We have ensured that one 

customer index would be assigned to only one ICC. The decision 

variables of the above problem include the selection of ICCs, 

the assignment of the customer indexes to the ICCs and finally 

the volume of returns to be shipped from the ICCs to all three 

warehouses. We have formulated the above problem as a mixed 

integer linear programming (MILP) problem with a view to 

minimizing the total cost of the network. We have carried out 

sensitivity analyses on relevant parameters and provided rich 

managerial insights. 

 

Keywords: Reverse logistics, e-commerce firm, cost-

responsiveness trade-off, mixed integer linear programming 

1. INTRODUCTION 
The concept of reverse logistics (RL) originated in 

traditional brick and mortar firms is influenced by both 

environmental and economic considerations as revealed in 

several research findings (Rogers and Tibben-Limbke, 1999; 

2001; Guide and Van Wassenhove, 2009; Das and 

Chaudhari, 2015). The traditional physical stores have 

devised several mechanisms to incentivize customers for 

taking back the unused, end-of-life (EOL) and end-of-use 

(EOU) goods with a view to minimizing the possibility of 

disposal of the same in open environment thereby preventing 

adverse environmental impact. At the same time these 

organizations have made investment in physical 

infrastructure, logistics, technology and labor for the purpose 

of undertaking repair, refurbishment, remanufacturing in the 

returned items and also reclamation of components and 
materials from the same (Tanskanen, 2012; Weraikat et al., 

2016; Atlason, Giacalone, and Parajuly, 2017). This 

infrastructure enables the firms to create a separate revenue 

stream for the refurbished goods and the retrieved 

components. Thus both environmental and economic factors 

serve as the motivating factors of RL in traditional firms. On 

the contrary, the motivation of RL in e-commerce firms is 

centered around mostly economic gains. Because one of the 

critical success factors of an e-commerce firm is its return 

policy, which is considered an important component of 

marketing strategy in online retail (Mukhopadhyay and 

Setoputro, 2004; Hjort and Lantz, 2016). Before initiating 
purchase from any e-commerce firm, a customer thoroughly 

evaluates its return policy. Thus it has become imperative for 

most of the e-commerce firms to offer a reasonable and 

hassle-free return policy in order to incentivize customers for 

increased purchase. At the same time, E-tailers have to 

commit significant amount of resources in designing a 

suitable network for collection, handling, storage and 

subsequent disposition of returns for achieving success (Xiao 

Yan et al., 2012; Liu, 2014; Zaarour et al., 2014). E-

commerce firms need to take back the returned items and 

replace the same with the desired ones if the items delivered 
turned out to be defective or different from the prescribed 

specifications. Volume of returns in an e-commerce firm 

constitutes a significant percentage of overall sales which 

seems to be much higher than the same observed in a 

traditional retail firm. One study finding reveals that the 

returns in e-commerce firms constitute at least 30% of all 

orders compared to only 8.89% returns in brick and mortar 
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sales (E-commerce Product Return Statistics and Trends, 

2016). This is a great challenge being faced by all e-

commerce firms across the globe.  

According to a global survey pertaining to the returns 

of e-commerce firms carried out in 2016, the most frequently 

returned items include clothing and accessories (75%) 

followed by consumer electronics items (33%) and then foot 

wear (32%) (Share of consumers who returned items in 

2016). The useful life of these items is relatively short 

because the items are time-sensitive in nature and the 

probability of obsolescence of these items is quite high. Thus 
these returned items need to be sent back to the vendors or 

need to be resold to other customers or other parties quickly 

in order to realize their salvage value. However, if the returns 

are sent back to the vendors through faster mode of 

communication in frequent interval for improving the 

marginal value of time and responsiveness, the cost of 

transportation becomes prohibitively high, although 

inventory carrying cost diminishes. On the contrary, if the 

returns are sent back to the vendors in batch mode through 

surface mode of transportation, cost of transportation would 

decrease due to economies of scale achieved in 
transportation. The flip side of this strategy includes higher 

inventory carrying cost, higher likelihood of obsolescence of 

the items due to declining marginal value of time of the items 

and poor responsiveness. Thus essentially the problem 

revolves around the trade-off between cost and 

responsiveness in designing a network for collection and 

disposition of returned goods with specific reference to time-

sensitive items. 

Academic researchers have been trying to explore the 

above issues since the last decade. The earliest work includes 

an exploratory study on e-commerce for RL (Kokkinaki et 

al., 2000). The findings simply indicate the importance of RL 
in e-commerce firms and the replication of RL practices in 

these firms. Mukhopadhyay and Setoputro (2004) proposed 

a profit maximization model for an e-commerce firm to 

obtain optimal policies for price and the return policy in 

terms of certain market reaction parameters. Dissanayake 

and Singh (2007) argued that a good return management 

process supports customer relationship management and 

enables capturing value by reselling, and redistributing 

returned products. Weltevreden (2008) suggested the 

installation of collection and delivery points in nearby 

shopping centers and petrol pumps in order to avoid failed 
delivery or repeat delivery to home. Wang (2015) developed 

a decision model of returns logistics based on the behavior 

of customers on cost and time dimensions in e-commerce 

firms. Hjort and Lantz (2016) analyzed the impact of returns 

policies on profitability of a Swedish online fashion retailer. 

None of the above studies dealt with the RL network design 

which would clearly provide insights to the managers in 

terms of collection, storage, transportation and disposition of 

the returns.  

There are a limited number of studies relating to the RL 

network design of e-commerce firms. For example, Yan et 

al. (2012) proposed a mixed integer linear programming 
(MILP) model considering RL network design of an e-

commerce firm. The decision variables include several 

binary variables. These consist of whether to open a factory, 

an online retailer and a 3PL provider. The model did not 

account for the customer points from which returns emanate, 

neither did it consider the initial collection centers (ICCs) in 

which returns are brought and sorted before being finally 

sent to the warehouses. The model thus could not analyze the 

dynamics of cost-responsiveness trade-off considered very 

important in RL network design problem in an e-commerce 

firm. Liu (2014) developed a RL network site optimization 

model for an e-commerce firm based on genetic algorithm. 

The study determined the optimal number of collection 

points, recycling centers and remanufacturing centers. This 

model also failed to analyze the element of cost-

responsiveness trade-off while managing returns. Zaarour et 
al. (2014) developed a non-linear mixed integer model of RL 

network design for handling returns in an e-commerce firm 

for determining the optimal number and location of initial 

collection points, holding time of returns at the collection 

points and optimal number of final return centers. The model 

discusses the cost-responsiveness trade-offs between 

inventory carrying cost and transportation cost considering 

different holding periods for managing returns. However, the 

model seems to suffer from a major fundamental flaw. 

Determining the location and number of final return centers 

or warehouses is considered to be a strategic decision rather 
than a simple operations decision. The model suggested by 

Zaarour et al. (2014) recommends the setting up of final 

return centers based on the volume of returns from the 

collection points to the return centers. Das et al. (2018) 

introduced the problem of RL network design for an e-

commerce firm. However, we did not come across the 

detailed findings of this work. The revelation of the above 

models suggests that there exist considerable gaps in 

logistics literature in terms of RL network design in an e-

commerce firm. 

With reference to Indian context, we have hardly come 

across any study on RL network design for e-commerce 
firms. For most online retailers in India, product returns 

roughly average around 20% (KPMG Report: E-commerce 

retail logistics in India, 2018). Each time a customer returns 

a product, the e-tailing firm has to bear an average additional 

expenditure in transportation cost to send it back to the 

sellers or to the final warehouse. The amount of this shipping 

cost depends on the weight of the item, dimension of the 

same, distance between the pick-up zone and delivery zone 

and finally the mode of transportation (Shipping rate 

calculator for e-Commerce Couriers). Additionally, products 

are even returned after usage for a certain number of days. 
Several estimates suggest that the online shoppers in India 

returned items worth between $800 million to $1 billion in 

the financial year 2014 – 15 (E-tailers change return policies 

in the bid to cut down losses, 2015). Now with the rapid 

growth of e-commerce industry, the issue of returns has 

become even more acute. This phenomenon seems to suggest 

that e-commerce firms need to develop a suitable RL 

network for collection, storage and disposition of the 

returned items which would optimize the total cost of RL and 

at the same time offer an acceptable level of responsiveness 

to the customers.  

With this background, this present work attempts to 
address the following research questions: 

 How many initial collection centers (ICCs) would be 

set up and where the same should be set up in a 

particular geographic location which would minimize 

the cost of RL? 
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 There are numerous customer points from which 

returns emanate in a large city or in any other 

geographic location. At the same time there are a few 

ICCs in which returns are initially brought before being 

finally sent to the warehouses. The issue is which 

customer indexes would be assigned to which ICCs 

that would minimize the cost of RL. 

 What should be the volume of items to be shipped from 

ICCs to the final warehouses in one trip which would 

minimize the cost of RL? 

 How does varying the period of holding time at ICCs 
result in varying inventory carrying cost and 

transportation cost? What kind of insights can be 

obtained through the trade-offs between inventory 

carrying cost and transportation cost? 

 

The remainder of the paper is organized as follows. The 

following section provides an overview of extant literature 

including both RL in traditional firms and e-commerce firms. 

Section 3 furnishes a snapshot of the e-commerce firm under 

the heading ‘Case study’. Section 4 describes the model 

along with its assumptions, decision variables, parameters 
and constraints. Section 5 gives an overview of the data 

utilized in the model. Section 6 deals with data analyses and 

discussion including sensitivity analyses. Section 7 advances 

theoretical and managerial implications of the study findings. 

The paper ends with concluding remarks. 

2. LITERATURE REVIEW 
The concept of RL is being practiced by traditional 

organizations since more than last two decades. The same 

has recently been adopted by e-commerce firms. 

Accordingly, the review of the extant literature on RL is 

covered under two heads as discussed below. 

 

2.1 Reverse Logistics in Traditional Firms 
The existing literature is replete with many studies 

pertaining to the RL functions in traditional firms. 

Dowlatshahi (2000) provided a holistic view of RL 

considering both strategic and operational factors. Several 

researchers (Rogers and Tibben-Lembke, 2001; Toffel, 

2004; Guide and Van Wassenhove, 2009; Lau and Wang, 

2009) identified the motivation of organizations for pursuing 
RL functions. Rogers and Tibben-Lembke (2001) indicated 

in their findings that the competitive pressure is the dominant 

reason for most of the firms in taking back the returned 

goods. Toffel (2004) mentioned that reduction of production 

costs, promotion of an environmentally-friendly image, 

meeting customer needs, protecting after markets and pre-

empting regulations induce an organization in undertaking 

RL activities. Guide and Van Wassenhove (2009) 

emphasized that the volume and quality of returns are the 

major drivers of RL functions. Lau and Wang (2009) 

indicated that fulfillment of obligation for environment 

protection and improvement of customer service are the two 
major drivers of a firm for pursuing RL functions.  

Few other research findings (Rogers and Tibben-

Lembke, 1999; Guide, 2000; Guide et al., 2000; 2006; 

Rogers et al., 2002; deBrito and Dekker, 2003; Blackburn et 

al.,2004; Savaskan et al., 2004; Toffel, 2004) revealed the 

types of return flow and their characteristics. Rogers and 

Tibben-Lembke (1999) classified the categories of returns as 

the items returned by supply chain partner (B2B) and the 

same returned by the final customer (B2C). Rogers et al. 

(2002) indicated how the returns of various types including 

consumer returns, marketing returns, asset returns, etc. 

should be managed across the whole reverse supply chain 

(RSC). deBrito and Dekker (2003) differentiated returns 

according to supply chain phases: manufacturing returns, 

distribution returns and customer returns. Guide (2000), 

Guide et al. (2000) and Toffel (2004) mentioned that the 

uncertainty in product returns, imbalances in return and 

demand rates and the unknown condition of returned 
products make the production planning and control of 

remanufacturing extremely complicated. Blackburn et al. 

(2004) demonstrated that there are broadly two categories of 

product returns: returns with high marginal value of time 

(MVT) and the returns with low MVT. They further 

suggested a decentralized and responsive RSC for high MVT 

products and centralized and efficient RSC for low MVT 

products. Guide et al. (2006) added that the companies 

facing large returns and high recoverable product value 

should adopt a responsive reverse network. Savaskan et al. 

(2004) considered three options for collection of used 
products from customers. They argued that the retailer 

happens to be the most effective agent for collection of 

returned products. 

A significant number of research papers (Cruz-Rivera 

and Ertel, 2009; Mutha and Pokharel, 2009; Assavapopokee 

and Wongthatsanekorn, 2012) dealt with the network design 

of RL for collection and processing of EOL, EOU, unused 

and partially used items by utilizing mathematical 

programming approach. The issues concerned in the above 

studies include whether to open collection centers, recovery 

centers and disposal centers at suitable locations and also an 

appropriate volume of goods to be shipped from one facility 
to another with a view to realizing both economic and 

environmental objectives. Mokrini et al. (2019) carried out a 

study on the redesign of Moroccan public pharmaceutical 

supply chain in which it is found that the number of 

warehouses and their location depends on the distribution of 

demand and the type of road infrastructure. Ali and Nakade 

(2015) conducted a study on the location decision of 

distribution centers (DCs) and the shipment decision of 

products from suppliers to DCs and again from DCs to the 

customers in the event of supply chain disruption due to 

shortage of supply.  

 

2.2 Reverse Logistics in E-Commerce Firms 
The academic community has started showing interest 

on RL in e-commerce firms since last decade. 

Mukhopadhyay and Setoputro (2004) argued that a generous 

return policy would increase revenue but at the same time 

would increase cost due to increased likelihood of returns. 
They developed a profit maximization model to obtain 

optimal policies for price and the return policy. Ramanathan 

(2011) demonstrated through empirical analysis that 

handling of product returns plays an important role in 

shaping customer loyalty for both low-risk products and 

high-risk products but not for products that exhibit medium 

level of risk. We came across two studies (Pan et al., 2015; 

Chen et al., 2017) which have recommended crowdsourcing 

solution to collect city-wide e-commerce reverse flows. The 

solution tries to leverage the extra loading capacity and 
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constant mobility of taxis to collect returned goods from 

customers and deliver the same to the retailers. In the 

crowdsourcing solution, the retailers have an incentive to 

outsource this task while taxi drivers have an opportunity to 

earn a little extra money by doing the above exercise. As 

mentioned in the Introduction section, few researchers (Yan 

et al., 2012; Liu, 2014; Zaarour et al., 2014) developed RL 

network design with reference to e-commerce firms for 

collection and disposition of returned items. The common 

elements evident in these papers is to determine the number 

and location of initial collection points and 
recycling/remanufacturing/3PL facilities/final return centers 

with a view to minimizing the total cost of RL operations. 

The above studies proposed generic models of RL network 

design in e-commerce firms and did not specifically account 

for the type, volume, frequency and size of the returns 

emanated from the final customers. 

In real-life situations, it is quite essential to gather an 

idea about the profile and necessary statistics of returns while 

designing a RL network for e-commerce firms. The returns 

and cancellations of different categories of products are 

different as revealed in one of the reports in Indian Express. 
As per the report, category-wise cancellations and returns for 

fashion goods, FMCG, mobiles and large appliances fall in 

the range of 37 – 42%, 28 – 33%, 22 – 27%, and 29 – 34% 

respectively (The Indian Express, April 6, 2018). The returns 

and cancellations were estimated based on gross 

merchandise value (GMV). It is also mentioned that the 

cancellations are mostly due to change of mind of the 

consumers which happens the most in case of fashion goods. 

Returns, on the other hand, are mainly due to incorrect 

product being delivered or the product being delivered is 

very different from the one ordered. Another report mentions 

that about 30% of all fashion products ordered online are 
returned by consumers due to various reasons (The 

Economic Times, January 17, 2018). Still another report 

reveals that apparel retailers started 2016 with a 30% return 

rate in which it is also mentioned that a third of all holiday 

purchases made online including clothing and shoes would 

be returned (Bold metrics blog, 2016). E-commerce Product 

Return Statistics and Trends (2016) further reveal that 92% 

of the respondents amongst prospective shoppers would 

purchase online again if the returns process is hassle-free. In 

addition, 79% of the shoppers want free return shipping and 

67% of the shoppers check return page before making 
purchase decisions. 

The above data pertaining to return types and return 

volume seem to suggest that fashion goods including 

apparels and footwear account for the highest percentage of 

returns in online retail followed by consumer electronics.  

Accordingly, e-commerce firms should design an 

appropriate RL network keeping in mind the categories and 

volume of returns for proper collection and disposition of the 

same with a view to minimizing the total cost of RL 

operations. However, we did not come across relevant 

studies which have attempted to design RL network of e-

commerce firms based on volume, frequency and 
characteristics of returned goods. The present study is an 

attempt to bridge the gap towards that direction. 

 

 

3. CASE STUDY 
The present study was carried out in an Indian e-

commerce firm primarily engaged in retailing of fashion 

goods including both apparels and footwear across men, 

women and children, fashion accessories, lifestyle and 

personal care products, home furnishing etc. The firm 

initially operated on a B2B model for on-demand 

personalization of gift items. In 2011, the company shifted 

its focus on fashion and life-style products. The firm has a 

Pan-India presence and posted a turnover of INR 2000 crore 

in the fiscal year 2016 – 17. However, we have confined the 

present study to the northern capital region (NCR) of Delhi. 

As regards its business model, the e-tailer follows both 
inventory-based model and marketplace-based model with 

the inventory-based model accounting for approximately 

70% of the sales revenue while the remaining revenue is 

generated through marketplace-based model. Further 

inventory-based model followed by the firm has two 

variants: (1) Sale or Return (SOR) and (2) Outright purchase. 

SOR model accounts for approximately 20% of the revenue 

while outright purchase model generates the remaining sales 

of the total revenue emanated from inventory-based model. 

SOR model involves certain kind of contract agreement 

signed between the sellers and the e-commerce firm in which 
it is mentioned that the items purchased by the e-commerce 

firm would be stored in its warehouse and displayed in its 

site for sufficiently long period for sale. In case the items do 

not sell within this period, the same would be returned to the 

respective suppliers. Outright purchase model involves 

permanent transfer of ownership of the items through 

purchase by e-commerce firm. If the items purchased 

through this are not sold, the e-tailer has to assume the 

responsibility for liquidation of unsold inventories.  

The e-commerce firm under study generates daily sales 

revenue ranging between INR 10 to 15 crores, i.e. an average 

daily sales revenue of INR 12.5 crores is generated by the 
firm on Pan-India basis. Delhi and NCR account for 6 – 8% 

of the total sales revenue, i.e. an average of 7% of total sales 

revenue is contributed by Delhi and NCR. The breadth of 

product range is very wide running into thousands of items. 

The price range of the products is also quite broad. For 

example, the price of the items varies from as low as INR 

100/- for a handkerchief to as high as INR 1 lac for a 

sophisticated wrist-watch. The most frequent order size in 

terms of monetary value of the items occurs in the range of 

INR 1500.If we want to find out the approximate volume of 

items sold per day in Delhi and NCR, the same comes out to 
be 5833.Maximum return experienced by the firm occurs in 

case of apparels and foot wears which falls in the range of 25 

– 30%. If we consider an average of 27.5%  

return, then the volume of returns comes out to be 

approximately 1600 per day. The total space required for 

returned items in the ICCs is computed based on an estimate 

with regard to the number of units handled by Filpkart in its 

fulfillment centre. Flipkart’s largest fulfillment centre has a 

size of 2.2 lakh square feet and it can handle 1.2 lakh units 

per day (The Economic Times, October 5, 2015). 

Considering daily return volume of 1600, the maximum 

holding period of returns in the initial collection centers 
(ICCs)to be 4 days and 3% increase in future returns, the 

approximate total area required for returned items in the 
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ICCs of Delhi and NCR comes out to be 12,000 square feet. 

If initially the number of ICCs is considered to be 4, the 

average area required for each ICC would be 3000 square 

feet.   

The return policy of the firm stipulates the terms and 

conditions and also the maximum number of days within 

which the purchased item/s could be returned. Of course, not 

all items are eligible for return. The return process involves 

arrival of the Delivery Person to the designated place based 

on the pick-up request made by the customer and 

subsequently preliminary checking of quality of returned 
goods performed by the person in front of the customer. If 

the returned item passes the preliminary quality check, the 

same is picked up by the person for onward delivery to the 

nearest distribution centre. These distribution centers act as 

intermediate storage centers for both customer-ordered and 

returned items. These are also known as ICCs. The returned 

items undergo further quality inspections in the ICCs. If the 

returned items pass these quality tests, the refund for the 

returns is processed and sent to the customers. Currently the 

e-commerce firm has as many as four ICCs in the northern 

capital region (NCR) of Delhi. The returned items are 
subsequently sent to the main warehouse based in NCR in 

most of the cases. Based on the condition of the items, the 

same is either put up in e-commerce platform or liquidated 

depending on whether the items have emanated from 

inventory of the firm. If the returned item is sourced through 

market place-based model, the same is sent back to the 

concerned suppliers/sellers.        

4. MODEL 
We have developed a mixed integer linear 

programming (MILP) model to capture different facets of the 

problem of reverse logistics in e-commerce. 

 

4.1 Assumptions 
 A number of large neighborhoods in the NCR of Delhi 

from which returns emanate have been considered as 

customer indexes. 

 The number of ICCs and their location in the study 

region have been identified in advance. The ICCs have 

reasonable capacity to hold the daily returns for a few 

days. 

 The returns emanated from one customer index are 

allocated to only one ICC, i.e. one customer index will 

be assigned to only one ICC. Multiple customer indexes 

can have their returns allocated to one ICC.  

 The annual rental and maintenance costs of ICCs have 

been estimated based on the prevailing cost figures of 

the study region. 

 The warehouses in which the returned items are finally 

sent are identified in advance. 

 The transportation cost from customer indexes to the 

ICCs and again from ICCs to the warehouses have been 
estimated based on the cost figures available from the 

secondary sources. 

 A multiplication factor has been introduced to account 

for the variability in transportation cost depending on 

whether the items are moved in less than truck-load 

(LTL) mode or in full truck-load (FTL) mode. When 

the holding period of the items in ICCs increases, the 

items are likely to be moved in FTL mode from ICCs 

to final warehouses. Accordingly unit cost of 

transportation tends to show a diminishing trend. On 

the contrary, when the holding period at ICCs 

decreases, the items would be moved in LTL mode. 

This leads to an increase in unit transportation cost of 

returned items. Multiplication factor attempts to 

capture this phenomenon of varying unit cost of 

transportation due to varying holding period of returned 
items in ICCs. 

 Since the study is confined to the NCR, 80% of the 

returns are assumed to be sent to the final warehouse 

located in Gurugram (the northern region). The 

remaining 20% of returns are equally divided between 

Mumbai and Bangalore warehouse. This is finalized in 

consultation with the professionals based in the above 

e-commerce firm. 

 

 

4.2 Sets 

I: Set of customer indexes, i I  

J: Set of initial collection centers, j J  

𝐾: Set of final warehouses, 𝑘 ∈ 𝐾 

 

 

4.3 Parameters 
 𝐶𝑗 = Annual cost of renting and maintaining 𝑗𝑡ℎ 

initial collection centre (ICC) 

𝑉𝑖   = Volume of items returned by customer index 𝑖 
per day 

𝑇 = Total number of annual working days 

𝑡  = Holding time of returned item in an ICC 

ℎ   = Inventory carrying cost per unit of returned 

item on daily basis  

 𝑢𝑖𝑗   = Unit transportation cost of returned item from 

customer index 𝑖 to ICC 𝑗 

 𝑢𝑗𝑘 = Unit transportation cost of returned item from 

ICC 𝑗 to the final warehouse 𝑘 

𝑓   = A multiplication factor which takes care of the 

variability of transportation cost depending on 

whether the items are moved in full truck load 

(FTL) or less-than truck load (LTL) mode.  

𝑀 = A big number 

𝑔  = Percentage of returned items 

𝑃  = Maximum number of returned items that could 

be accommodated in an ICC in case it is 

selected 

𝑄  = Minimum number of returned items that need 

to be kept in an ICC in case it is selected
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4.4 Decision Variables 

𝑌𝑗 = {
1, if an ICC is set up at j

    0, otherwise                         
  

     𝐴𝑖𝑗 = {
1, if customer index i is allocated to ICC j

      0, otherwise                                                            
  

 𝑋𝑗𝑘 = Volume of items returned from ICC 𝑗 to final warehouse 𝑘 in one trip

4.5 Formulation 

 

𝑴𝒊𝒏𝒊𝒎𝒊𝒛𝒆  Z = 

∑  𝐶𝑗

𝑗

𝑌𝑗 + ℎ𝑇 (
𝑡 + 1

2
) ∑ ∑ 𝑉𝑖𝐴𝑖𝑗  +

𝑗𝑖

𝑇 ∑ ∑ 𝑉𝑖  𝑢𝑖𝑗𝐴𝑖𝑗 +
𝑗𝑖

𝑓
𝑇

𝑡
∑ ∑  𝑢𝑗𝑘𝑋𝑗𝑘

𝑘𝑗

 

𝑺𝒖𝒃𝒋𝒆𝒄𝒕 𝒕𝒐 

∑ 𝐴𝑖𝑗

𝑗

= 1                                                             ∀   𝑖                                                                         (1) 

∑ 𝐴𝑖𝑗

𝑖

≤ 𝑀 𝑌𝑗                                                        ∀   𝑗                                                                         (2) 

𝑔𝑡 ∑ 𝑉𝑖𝐴𝑖𝑗

𝑖

= 𝑋𝑗𝑘                                                ∀   𝑗                                                                          (3) 

𝑡 ∑ 𝑉𝑖𝐴𝑖𝑗

𝑖

≤ 𝑃𝑌𝑗                                                  ∀   𝑗                                                                          (4) 

𝑡 ∑ 𝑉𝑖𝐴𝑖𝑗

𝑖

≥ 𝑄𝑌𝑗                                                 ∀   𝑗                                                                          (5) 

∑ 𝑌𝑗

𝑗

= 4                                                                                                                                               (6) 

𝐴𝑖𝑗 = 0 or 1                                                                                                                                            (7) 

𝑌𝑗 = 0 or 1                                                                                                                                              (8) 

𝑋𝑗𝑘 ≥ 0                                                                                                                                                     (9) 

The elements of reverse logistics cost shown in the 
objective function are as follows: The first element indicates 

the annual cost of rental and maintenance for returned items, 

the second element denotes the inventory carrying cost of 

returned items at ICCs and the third element shows the 

annual transportation cost of returned items from customer 

indexes to ICCs. Finally the last element includes the 

transportation cost from ICCs to final warehouses. The 

present problem considers three designated final 

warehouses, each one being located in Gurugram, Bangalore 

and Mumbai. As such the last component of transportation 

cost was further split into three  
sub-components of transportation cost while trying to find 

out solution through optimization software. 

Constraint (1) ensures that a customer index is allocated 

to a single ICC. Each customer index represents a 

combination of customers located around a particular 

neighborhood. Constraint (2) averts chances of any returned 

items from customers to be gathered at a closed ICC by 

multiplying the right side of the equation by M (a big 

number). Constraint (3) indicates the balance of flow of  

 

returned items at ICCs, i.e. between the incoming flow from 
customer indexes to ICCs and outgoing flow from ICCs to 

final warehouses. While finding out solution, constraint (3) 

was further split into three constraints. One of the constraints 

specifies that 80% of the returned items coming into ICCs 

would go to warehouse located in Gurugram. The remaining 

two constraints specify that each warehouse located in 

Bangalore and Mumbai would receive 10% of the returned 

items. Constraint (4) shows the maximum number of 

returned items that could be accommodated in an ICC, if it is 

selected. Constraint (5) shows the minimum number of 

returned items that should be kept in an ICC (in case it is 
selected) in order to indicate a reasonable level of utilization 

of the same. Constraint (6) makes sure that four ICCs are 

selected. Constraint (7) sets the decision variables relating to 

allocation of customers to ICCs as binary. Constraint (8) sets 

the decision variables of the establishment of ICCs as binary. 

Finally constraint (9) reveals that the decision variables 

pertaining to the number of returned items from ICCs to the 

final warehouses are non-negative. 
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5. DATA 
For finding out optimum solution to the above problem, 

we estimated real-life data on all parameters based on 

collecting information from secondary sources, consulting 

concerned professionals in online retail industry and finally 

exercising our own judgment. This is shown in Appendix A 

through Appendix F. Appendix A indicates annual rental 

and maintenance costs of ICCs (Cj) for varying number of 

ICCs along with the basis of computation of costs at different 

regions of Delhi and NCR. The data reveals that when the 

number of ICCs is increased, the requirement in terms of the 

size of individual ICCs decreases. This renders the per square 

rental fee of ICCs a little more expensive. The opposite is 
true, when the number of ICCs is decreased. The rental and 

maintenance cost in the candidate locations has been 

estimated based on consultation with the real estate agents 

based in Delhi. Appendix B contains the volume of items 

returned daily (Vi) by customer indexes. Appendix C 

includes the number of operating days in a year (T), average 

holding time of returned items in an ICC (t) and inventory 

carrying cost per unit per day (h). Appendix D shows the 

unit transportation cost from customer indexes to ICCs (uij) 

while Appendix E presents unit transportation cost from 

ICCs to final warehouses (ujk). Appendix F shows the 
multiplication factor(f) of transportation cost due to the 

variation in holding time of returned items in the ICCs. The 

values of the factor for different holding periods have been 

finalized after extensive trial runs. The purpose of the trial 

runs was to examine whether this reflects real-life scenario 

with specific reference to varying transportation cost due to 

the items being moved in FTL or LTL mode emanating from 

varying holding periods in ICCs. Finally Appendix G.1 

through G.5 presents the values of P and Q indicating 

respectively the maximum number of returned items that 

could be accommodated in an ICC and the minimum number 

of items that should be kept in an ICC, in case it is selected 
under different situations. The value of P in the base model 

is determined considering the incoming daily volume of 

returns, the holding time at ICC, the number of ICCs and a 

cushion in capacity considering certain growth in returns. 

The value of Q is computed as 40% of the value of P in order 

to have a minimum level of utilization of an ICC. The 

optimization model consists of 144 decision variables, out of 

which 18 are linear variables and the remaining 126 are 

binary variables. In addition, the model has a total of 58 

constraints. 

6. DATA ANALYSIS AND 

DISCUSSION 
LINGO 14.0 software was utilized for finding out 

optimum solution to the above problem. The optimum cost 

of RL turns out to be INR 6,36,96,460 per annum. The output 

of the model gives rise to several meaningful insights. First, 

the model selects four ICCs each one being located in central 

Delhi, south Delhi, west Delhi and Gurugram out of six ICCs 

spread over the NCR of Delhi. Second, the model allocates 

each customer index to a particular ICC. Third, it computes 

an appropriate volume of returned items to be shipped from 
ICCs to all three warehouses per trip. In addition, the results 

also reveal that the component of transportation cost from 

ICCs to the warehouses is the highest amongst all other 

components of RL cost. The components of inventory 

carrying cost and annual rental and maintenance cost of ICCs 

are quite low compared to the component of transportation 

cost from ICCs to the warehouses. Even the transportation 

cost from customer indexes to ICCs is also quite high. We 

have individually computed all elements of RL cost which is 

shown in Exhibit 1. The exhibit reveals that the inventory 

carrying cost of the returned items accounts for a meagre 
3.4% of the total cost of RL in the present e-commerce firm 

and the rental and maintenance cost of ICCs constitutes only 

4.97% of the total cost. Bulk of the cost of RL is accounted 

for by the transportation cost of the returned items. 27.4% of 

the total cost covers the cost of transportation from customer 

indexes to ICCs and the remaining 64.19% of the total cost 

makes up the cost of transportation from ICCs to the final 

warehouses. This is consistent with the findings of Zaarour 

et al. (2014).This revelation provides important insights to 

the managers in terms of the contribution of elemental costs 

of RL towards total cost of RL in the e-commerce firm and 

enables them in devising suitable strategies to improve the 
efficiency of reverse logistics operations of the e-commerce 

firm. 

 

 
Exhibit 1. Elemental costs of reverse logistics in the e-commerce firm under study 
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6.1 Sensitivity Analysis 
The sensitivity of the MILP model was tested by 

varying the values of the most important parameters with a 

view to understanding the behavior of the model with respect 

to changes in these parameter values. The parameters include 

the daily volume of returned items, holding time of returned 
items in the ICCs, transportation cost with and without 

freight discount with increase in returns and the number of 

ICCs. 

 

6.1.1 Impact of Variation in Returns Volume (Vi) 

We have considered the data provided in Appendix B 

utilized in the original model as the base value of returns 

volume (Vi). We have varied the value of Vi by 5%, 10%, 

15% and 20% from the base value in both directions and have 

utilized the data of P and Q provided in Appendix G.2 to 

find out solution in each case. We have individually 

computed inventory carrying cost, facilities rental and 

maintenance cost of ICCs, transportation cost from customer 

indexes to ICCs and also transportation cost from ICCs to 

warehouses. The total cost of RL is also computed under 

each scenario. This is shown in Exhibit 2.The exhibit reveals 

that inventory carrying cost, transportation cost from 

customer indexes to ICCs and the transportation cost from 

ICCs to warehouses increase gradually with the increase in 

the volume of returns. However, the facilities rental and 

maintenance cost remains the same with increase or decrease 
of the returns volume. We further investigated the impact of 

change in Vi on the selection of ICCs which is shown in 

Exhibit 3. When Vi is varied in both directions, we do not 

observe any change in the selection of ICCs from the base 

model. 

 

 
Exhibit 2. Impact of variation in returns volume on elemental cost of reverse logistics 

 

 

 
Exhibit 3. Impact of variation in returns volume on the selection of ICCs 
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Exhibit 4. Impact of variation in holding time at ICCs on elemental cost of reverse logistics 
 

6.1.2 Impact of variation in holding time (t) of returns at 
ICCs  

The data provided in Appendix C in respect of holding 

time (t) of returned items at ICCs is considered the base value 

of holding time. We have varied the values of ‘t’ at ICCs 

from 4 days by 1 day each in both directions and have 

utilized the data of P and Q provided in G.3 to determine 

solution in each case. We have computed inventory carrying 

cost, facilities rental and maintenance cost of ICCs, 

transportation cost from customer indexes to ICCs and also 

transportation cost from ICCs to warehouses individually for 

each case. The analyses have been made considering holding 

time at ICCs to be 2 days, 3 days, 5 days, 6 days and 7 days. 
The total cost of RL is also computed under each scenario. 

This is shown in Exhibit 4. 

The exhibit reveals that inventory carrying cost of 

returns increases with increase in holding time of returns at 

ICCs. On the contrary, the transportation cost of returns from 

ICCs to warehouses decreases with increase in holding time 

of returns at ICCs. This phenomenon demonstrates similar 

kind of pattern observed in respect of inventory carrying cost 

and transportation cost in forward logistics (Chopra, and 

Kalra, 2019; Simchi-Levi et al., 2008). The behavior of these 

two elements of cost provides valuable insights to the 
managers in respect of achieving cost-responsiveness trade-

off. The other elements of cost including facilities 

maintenance cost of ICCs and transportation cost of returns 

from customers indexes to ICCs do not vary much with 

increase or decrease in holding time of returns at ICCs. 

We have further investigated the impact of change in 
‘t’ on the selection of ICCs. When ‘t’ is varied in both 

directions, we again do not observe any change in the 

selection of ICCs from the base model. The change in the 

behavior of the model due to change in ‘t’ exactly resembles 

the same as demonstrated in Exhibit 3. 

 

6.1.3 Impact of increase in returns volume with and without 

freight discount         

We have considered the base value of returns provided 

in Appendix B and visualized a scenario of increase in 

returns to the tune of 10%, 20%, 30%, 40% and 50% with a 

corresponding freight discount of 2%, 4%, 6%, 8% and 10% 
respectively in the unit transportation cost of returns from 

ICCs to warehouses. The rationale behind providing higher 

rate of discount in higher volume of returns is to motivate the 

online retailer to take advantage of economies of scale in 

transportation. We have demonstrated this analysis with 2-

days holding period. The idea behind doing this exercise is 

to identify the most attractive region of freight discount 

which would provide the online retailer the least total cost. 

We have further compared this total cost with the total cost 

obtained without freight discount. This is demonstrated in 

Exhibit 5. The Exhibit 5 shows that the total cost of RL for 
the e-commerce firm with freight discount is obviously less 

than the total cost without freight discount for almost all 

ranges of freight discount with increasing volume of returns. 
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Exhibit 5. Impact of increase in returns volume with and without freight discount on total cost (for 2-days holding period)

However, the maximum impact of freight discount in 

terms of reduced total cost is observed in the range of 40% 

increase in returns volume with 8% freight discount. This is 

clearly indicated in Exhibit 5. 
The same exercise has been repeated with 3-days, 4-

days, 5-days and 6-days holding period. We have observed 

that in all four cases the total cost with freight discount is less 

than the total cost without freight discount for all ranges of 

freight discount with increasing volume of returns. The 

reduction in total cost with freight discount in the above four 

cases is identical to the same as observed in Exhibit 5. In 

addition, all four cases demonstrate almost similar kind of 

behavior in respect of maximum impact of freight discount. 

The attractive region in terms of reduced total cost falls in 

the range of 8% freight discount with 40% increase in returns 
volume. We have utilized the data of P and Q provided in 

Appendix G.4 for doing the above exercise. 

In addition, we have also compared the total cost of RL 

with freight discount considering 2-days holding period, 3-

days holding period, 4-days holding period, 5-days holding 

period and 6-days holding period. This is shown in Exhibit 

6.     

 

 
Exhibit 6. Impact of increase in returns volume with freight discount on total cost considering 2-days, 3-days, 4-days, 5-days, 6-days 

holding period 
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The above exhibit indicates that the total cost with 

freight discount gradually decreases with increase in the 

holding time of returned items in the ICCs. This revelation 

further demonstrates the cost-responsiveness trade-off 

between parcel mode of transportation and the batch mode 

of transportation. Parcel mode of transportation implies 

movement of returns in smaller volume with higher 

frequency of movement which provides improved 

responsiveness with high cost. On the contrary, the batch 

mode of transportation indicates the movement of returns in 

higher volume with reduced frequency of movement which 
provides improved efficiency of RL but reduced 

responsiveness.  

 

6.1.4 Impact of variation in the number of ICCs 

The number of ICCs considered in the original model 

was four, which is taken to be the base value. We have varied 

the number of ICCs by one and two in both directions and 

have utilized the data P and Q provided in G.5 to determine 

solution in each case. We have individually computed 

inventory carrying cost, facilities rental and maintenance 

cost of ICCs, transportation cost from customer indexes to 

ICCs and also transportation cost from ICCs to warehouses. 

This is shown in Exhibit 7.The exhibit shows that the 

facilities rental and maintenance cost of ICCs gradually 

increases with increase in the number of ICCs while the 

transportation cost from customer indexes to ICCs gradually 

decreases. This phenomenon indicates that the increase in 

facilities cost is offset by the decrease in transportation cost 

which is supported in extant literature particularly in terms 

of forward logistics (Chopra and Kalra, 2019;  Simchi-Levi 

et al., 2008). The other elements of cost including inventory 
carrying cost and transportation cost from ICCs to final 

warehouses more or less remain the same. In addition, we 

observe hardly any change in the total cost of reverse 

logistics with respect to variation in the number of ICCs. We 

further investigated the impact of change in the number of 

ICCs on the selection of ICCs which is shown in Exhibit 8. 

When the number of ICC is varied in both directions, we 

observe changes in the selection of ICCs from the base 

model, which is suitably captured in Exhibit 8. 

 

 
Exhibit 7. Impact of variation in the number of ICCs on elemental cost of reverse logistics

 

 
Exhibit 8. Impact of variation in the number of ICCs on the selection of ICCs
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7. THEORETICAL AND 

MANAGERIAL IMPLICATIONS 

The findings of the above empirical case study provide 
several interesting insights for both academics and 

practitioners in the context of RL operations in e-commerce 

firms. First, the elemental costs of RL reveal that the 

components of inventory carrying cost and facilities cost are 

extremely low compared to the two components of 

transportation cost. The bulk of the costs is accounted for by 

the cost for bringing the returns from customer points to the 

ICCs and again from the ICCs to the final warehouses. There 

seems to be two possible reasons for this very high cost of 

transportation in RL operations of e-commerce firms. The 

returns purchased through SOR need to be sent to the 

suppliers fast in order to enable them to sell the same through 
alternative channels which would allow the e-commerce firm 

to avoid making costly payment to the suppliers on goods 

initially sold and subsequently returned. Further the returns 

occurred due to outright purchase need to be sent to the 

warehouse quickly in order to avoid obsolescence of the 

same and enable the e-commerce firm to realize their salvage 

value. This observation is markedly different from the trend 

observed in forward logistics and is somewhat counter-

intuitive. 

Second, with the increase in returns volume, all 

elements of RL costs gradually increases while the element 
of facilities cost remains the same. This probably indicates 

that the existing capacity of ICCs is somewhat higher 

compared to the returns volume due to which the cost of this 

element has not increased. Third, when the holding period of 

returns at ICCs is increased, inventory carrying cost 

gradually increases and simultaneously the transportation 

cost from the ICCs to the final warehouses decreases. This 

finding replicates the trend observed in forward logistics and 

reinforces the theory of cost-responsiveness trade-offs 

between inventory carrying cost and transportation cost of 

forward logistics in reverse logistics. Fourth, the step-wise 

increase in freight discount with step-wise increase in returns 
volume reveals that the behavior of total cost curve with 

freight discount is not uniform across all returns volume and 

the corresponding freight discount. At some point, the total 

cost curve exhibits a steep decrease. Probably the constituent 

elements of RL costs at different break-points behave 

differently. This seems to be a unique revelation of the study 

findings. Further, the nature of the total cost curves for 

different holding periods demonstrates almost identical 

trend. When the holding period at ICCs increases, the total 

cost with freight discount decreases. Fifth, when the number 

of ICCs increases, the facilities cost gradually increases and 
the transportation cost from customer indexes to ICCs 

gradually decreases. This observation reflects the similar 

kind of behavior observed in respect of facilities cost and 

transportation cost in forward logistics and thus supports the 

same relationship between the above two costs in reverse 

logistics. The above revelations seem to make a significant 

contribution to the existing body of logistics literature. 

The managers involved in dealing with RL operations 

in e-commerce firms derive several meaningful insights. 

First, the clear estimate of different elements of RL cost 

allows the managers to further investigate the reasons of 

disproportionately higher component of transportation cost 

and thus enables them to explore ways and means to improve 

the efficiency of transportation in RL. Second, managers can 

roughly estimate the cost incurred on maximum capacity of 

the ICCs beyond which the same would show an increasing 

trend. Thus, they can recommend an appropriate capacity of 

ICCs based on returns volume. Third, the managers can have 

a clear idea as to where the ICCs should be located based on 

the results of sensitivity analyses of the volume of returns, 

holding time and the number of ICCs. Fourth, the cost-

responsiveness trade-offs occurred due to varying holding 
periods in the ICCs provides managers a clear idea about the 

behavior of inventory carrying cost and transportation cost 

and thus enables them to select a suitable holding period of 

returns in the ICCs. Fifth, the step-wise increase in freight 

discount with step-wise increase in returns volume provides 

a very important insight to the managers in terms of 

identifying the most attractive zone of total cost of RL. The 

managers can thus recommend suitable freight discounts for 

different volumes of returns with a view to obtaining a 

substantial reduction in the total cost of RL. Simultaneously 

the managers can do the same experiment with different 
holding periods and finally decide a particular holding period 

and an appropriate freight discount for a particular volume 

of return. Finally, the relationship between facilities cost, 

transportation cost and the total cost of RL gives an idea to 

the mangers as to how many ICCs need to be maintained with 

a view to achieving efficiency and an appropriate level of 

responsiveness in RL.  

8. CONCLUDING REMARKS 
The present study has attempted to develop a RL 

network design for an online fashion retailer by collecting 

relevant data from secondary sources and also by consulting 

experienced professionals involved in online retailing of the 

above firm. As mentioned earlier, the volume of returns 

including both apparels and footwear is quite high for an e-
commerce firm, which has a direct impact on its bottom line. 

Thus, the primary motivation of this work was to minimize 

the total cost of RL operations spanning across collection, 

inspection, storage and disposition of returns. The decision 

variables include the number and the location of initial 

collection centers (ICCs) for collection of returns, the 

assignment of customer indexes to the appropriate ICCs and 

the volume of returns to be sent to the final warehouse in one 

shipment. The findings provide several meaningful insights 

to both the academics and the practitioners. Similar kind of 

study could also be replicated in an e-commerce firm 
engaged in consumer electronics and the related items and 

also in a generic e-commerce firm engaged in retailing of 

wide range of items with suitable modifications. 

The study is not free from limitations. First, the RL 

network design proposed in this study is based on only one 

broad category of products including fashion goods, life-

style products, personal care products etc. Second, the study 

was confined to only one particular geographic location. 

Third, the behavior of daily returns is assumed to be 

deterministic whereas the very nature of returns is 

unpredictable and uncertain in nature. Fourth, while 

developing the RL network design for an e-commerce firm, 
the study did not attempt to study the dynamics of its forward 
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logistics designed to deliver the goods from warehouses to 

customers’ doorsteps.   

Future study should attempt to develop a RL network 

design which is probably suitable for a broad category of 

items. Lessons from the experiences of e-commerce firms in 

respect of returns behavior from other countries including 

China and the US should be learnt in order to gather an idea 

about the future trend of returns for developing a RL network 

design. Future study should endeavor to capture uncertainty 

inherent in returns and accordingly develop a stochastic RL 

network design for an e-commerce firm. Finally, the future 

study should attempt to develop an integrated network 

integrating both forward and reverse logistics for an e-

commerce firm with a view to optimizing the total supply 

chain cost and at the same time providing an acceptable level 

of responsiveness to the customers. 

APPENDICES

Appendix A: Annual rental and maintenance cost of ICCs 

Number of ICCs & size of 
each ICC 

Location of ICC 
Monthly rental fee per square 

feet (INR) 
Annual rental and maintenance 

cost (INR) 

 
Number: 4 (Base Model) 
 
Size: 3000 square feet 

Y1 (Central Delhi) 23 C1 = 828000 

Y2 (South Delhi) 22 C2= 792000 

Y3 (North Delhi) 21 C3 = 756000 

Y4 (West Delhi) 21 C4= 756000 

Y5 (Gurugram) 22 C5 = 792000 

Y6 (Noida) 20 C6 = 720000 

 
Number: 3  
 
Size: 4000 square feet 

Y1 (Central Delhi) 22 C1 = 1056,000 

Y2 (South Delhi) 21 C2 = 1008,000 

Y3 (North Delhi) 20 C3 = 960,000 

Y4 (West Delhi) 20 C4 = 960,000 

Y5 (Gurugram) 21 C5 = 1008,000 

Y6 (Noida) 19 C6 = 912,000 

 
Number: 2 
 
Size: 5900 square feet 

Y1 (Central Delhi) 22 C1 = 1557,600 

Y2 (South Delhi) 21 C2 = 1486,800 

Y3 (North Delhi) 20 C3 = 1416,000 

Y4 (West Delhi) 20 C4 = 1416,000 

Y5 (Gurugram) 21 C5 = 1486,800 

Y6 (Noida) 19 C6 = 1345,200 

 
Number: 5 
 
Size: 2520 square feet 

Y1 (Central Delhi) 24 C1 = 725,760 

Y2 (South Delhi) 23 C2 = 695,520 

Y3 (North Delhi) 22 C3 = 665,280 

Y4 (West Delhi) 22 C4 = 665,280 

Y5 (Gurugram) 23 C5 = 695,520 

Y6 (Noida) 21 C6 = 635,040 

 
Number: 6 
 
Size: 2200 square feet 

Y1 (Central Delhi) 24 C1 = 633,600 

Y2 (South Delhi) 23 C2 = 607,200 

Y3 (North Delhi) 22 C3 = 580,800 

Y4 (West Delhi) 22 C4 = 580,800 

Y5 (Gurugram) 23 C5 = 607,200 

Y6 (Noida) 21 C6 = 554,400 

 
Appendix B: Volume of items returned daily by customer indexes 

 

 
Appendix C: Operating days, holding time & inventory carrying cost 

Operating Days in a year (T) Holding Period (t) Inventory Carrying Cost Per Day in INR (h) 

360 4 1.5 

 

 

Customer Index Volume of items returned daily (Vi) Customer Index 
Volume of items returned daily 

(Vi) 

1 V1 = 98 11 V11 = 74 

2 V2 = 95 12 V12 = 70 

3 V3 = 94 13 V13 = 66 

4 V4 = 92 14 V14 = 80 

5 V5 = 90 15 V15 = 75 

6 V6 = 88 16 V16 = 78 

7 V7 = 92 17 V17 = 64 

8 V8 = 84 18 V18 = 62 

9 V9 = 85 19 V19 = 65 

10 V10 = 82 20 V20 = 70 
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Appendix D: Unit transportation cost  (𝑢𝑖𝑗) from customer indexes (I) to ICCs (Yj) 

      ICCs (Yj) 

Customer index (I) Y1 Y2 Y3 Y4 Y5 Y6 

1 28 32 32 33 40 39 

2 26 31 32 34 41 38 

3 26 30 31 32 42 37 

4 27 31 30 31 43 36 

5 30 26 33 31 37 38 

6 31 27 34 32 39 36 

7 32 25 35 33 38 37 

8 32 33 25 30 45 38 

9 31 34 26 31 44 37 

10 30 35 27 32 43 36 

11 33 32 31 27 37 43 

12 34 31 30 28 38 42 

13 32 33 30 26 39 41 

14 42 37 44 39 27 45 

15 41 38 45 38 28 46 

16 40 39 43 37 29 47 

17 39 35 38 41 47 25 

18 38 36 37 42 48 26 

19 37 37 39 43 46 27 

20 36 38 36 44 45 28 

 
Appendix E: Unit transportation cost ( 𝑢𝑗𝑘) from ICCs (Yj) to final warehouse  

 
Appendix F: Multiplication factor (f) according to holding period in the ICCs 

Holding Time (t) Multiplication Factor (f) 

t = 2 1.4 

t = 3 1.3 

t = 4 1.2 

t = 5 1.1 

t = 6 1.0 

t = 7 0.9 

 
Appendix G.1: Maximum number of returns (P) and minimum number of returns (Q) 

Base Model:  
P = 1652 

  Q = 660 
 
Appendix G.2: Values of P and Q with respect to the variation in Vi 

Capacity 
Change in Vi 

-20% -15% -10% -5% +5% +10% +15% +20% 

P 1322 1405 1487 1570 1735 1818 1900 1983 

Q 529 562 594 628 694 727 760 793 

 

Yj K1 K2 K3 

Y1 53 97 83 

Y2 52 96 82 

Y3 55 98 84 

Y4 51 95 81 

Y5 50 96 82 

Y6 58 100 85 
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Appendix G.3: Values of P and Q with respect to the variation in t 

Capacity 
Change in t 

t = 2 t = 3 t = 5 t = 6 t = 7 

P 826 1240 2066 2478 2892 

Q 330 496 826 990 1156 

 
Appendix G.4: Values of P and Q with respect to change in t and Vi 

  Change in Vi 

 Capacity +10% +20% +30% +40% +50% 

For t = 2 P 910 992 1074 1156 1240 

 Q 364 396 430 462 496 

For t = 3 P 1363 1487 1612 1735 1858 

 Q 545 594 644 694 743 

For t = 4 P 1818 1982 2148 2313 2478 

 Q 727 792 859 925 991 

For t = 5 P 2272 2478 2685 2892 3098 

 Q 908 991 1074 1156 1239 

For t = 6 P 2726 2974 3222 3470 3718 

 Q 1090 1189 1288 1388 1487 

 
Appendix G.5: Values of P and Q with respect to the variation in the number of ICCs 

Capacity 
Change in the number of ICCs 

ICC = 2 ICC = 3 ICC = 5 ICC = 6 

P 3305 2203 1322 1102 

Q 1322 881 528 440 
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