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Summary

The fashion industry is a worldwide driver for economic growth [81]. With a growth rate of 9.93% per year
(CAGR 2023-2027) [172], further growth is expected in the years to come, particularly within e-commerce [98,
81, 22]. At the same time, the fashion industry’s impact ranks the fourth largest on climate change within the
European Union (EU), and action is needed to lower its environmental footprint [63, 72, 182]. Most research
and efforts focus on sustainability practices in the forward value chain to comply with European Commission
(EC) regulations and increased customer pressure [11, 15]. Less attention is paid to returns, although these
have become an increased problem in this industry, particularly [36, 183, 15, 66]. High return rates between
25% and 60% in fashion are observed, which are expected to increase further due to the industries’ growth [50,
175, 36, 4, 36]. Besides the economic losses for companies due to returns [175], these returns create additional
Greenhouse Gas (GHG) emissions, thereby negatively affecting society and the environmental footprint of
companies [36, 175, 50, 145, 191].

Returns may account for approximately 12% of the total GHG emissions of fashion companies their op-
erations [9], and they may yearly lose roughly 17% of 1 billion dollars in sales to returns [3, 135]. The growing
problem of returns should be tackled by both lowering the environmental impact of the process of unavoid-
able returns and the number of returns [36, 63], leading to environmental gains for society and cost savings for
companies [194]. To accomplish this and effectuate change, companies need transparency and understand-
ing of these returns’ environmental and economic impact on their performances [22, 202]. This knowledge is
essential for companies to design, analyze, and implement effective strategies to improve their environmen-
tal impact while remaining economically viable [23, 36, 182, 202]. However, the impact of product returns is
poorly understood, and there is a lack of accurate methods to assess this impact [183, 36].

This research addresses this gap by developing a new performance measurement tool for fashion com-
panies to measure, analyze, and evaluate returns’ environmental and economic impact. A new Composite
Indicator (CI) was constructed that included all return activities and considered the differences in the return
methods. Companies can make well-informed decisions to improve their returns’ impact, as environmental
and economic performance are considered [182]. In addition, a new benchmark based on GHG reduction tar-
gets of the EC for 2030 was designed, developed, and integrated into this CI, allowing companies to compare
their performance relative to the targets they must comply with by 2030. With this, a transparent tool was
developed where customers and governments know which- and how the environmental impact of a product
return is measured for a company’s performance. The main question of this research was:

"How can a Composite Indicator be constructed to provide insight into the environmental and economic
performance of product returns for companies within the fashion industry and help improve their sustainabil-
ity?"

The CI was constructed in five steps, where the performance is measured using indicators. First, it was
determined which environmental and economic indicators needed to be included in this CI to measure the
impact of product returns on a company’s performance. This was done using a literature study and expert
consultation, and the findings were combined into a theoretical framework. Second, the indicators were nor-
malized by rescaling. Third, the Analytical Hierarchy Process (AHP) technique was applied to weigh each
indicator. The indicators were aggregated into one measure in the fourth step using the multiplication tech-
nique, followed by evaluation of the robustness of the CI using a Uncertainty Analysis (UA) and a Sensitivity
Analysis (SA). Lastly, a benchmark was designed using literature, reports, and expert consultation and de-
veloped and integrated into the constructed CI, where AHP weighting was replaced by Equal Weights (EW).

The constructed CI was verified and validated using a case study of a fashion retailer. The results showed
that fashion companies could lower their environmental footprint- and costs by using the insights from the
CI. Analysis of the performance showed considerable differences in the environmental and economic perfor-
mance of the return methods. For example, from the analyzed performance of this fashion retailer, it follows
that the return method of home pick-up is preferred as it performs best on environmental and economic per-
formance, and in-store returns should be avoided as an alternative for returns. Inspection of each indicator
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showed that for home pick-up, transport emissions per return are due to the more efficient transport net-
works compared to the other return methods. However, home pick-up is more costly as longer distances are
driven with relatively expensive distribution vans. In-store returns have lower transport costs as customers
bring the product to the brick-and-mortar store, and short-haul transport with expensive distribution vans
can be avoided but score worst on transport emissions as no consolidated shipments are used. The obtained
insights can be used to define strategies for companies to improve their impact and encourage conscious
return behavior of customers. This leads to environmental and economic benefits for a company, as more
conscious return choices are likely to be made, and opportunistic return behavior can be limited [194, 22, 23].
Further, the performance was compared to a benchmark that expressed EU target values for 2030. With these
insights, knowledge is gained on how far the company is in reaching the goals of the EC to combat climate
change. Scenarios were designed using the PESTLE framework, which showed the practical usage of the CI to
identify improvement areas and economic risks on their performance. Insights based on the data used in this
research show that the most considerable improvements in overall performance can be achieved when fewer
products are returned due to more conscious behavior and more packaging material is recycled. Also, charg-
ing a return fee to discourage customers from returning items leads to performance improvements and is
crucial to lowering costs when governmental financial support is lacking. The insights gathered from evaluat-
ing the results of the CI can be used by companies to make more informed decisions, prioritize improvement
efforts, and design actions to improve sustainability while ensuring economic feasibility.

The main recommendation of this research is for companies to offer return methods to customers based
on their performance and avoid the worst-performing methods as an alternative to returning a product to
improve their environmental impact. It is recommended that governments use this transparent tool to com-
pare companies’ performances sector-wide. Future research should explore how- and where companies in
the purchasing- and return process can use the findings of this study best to encourage customers’ conscious
return decisions- and behavior most effectively. Next, it is recommended to design return policies using
financial discouragements based on the findings of this research. The effectiveness of these policies as mit-
igation strategies for returns in practice should be explored, where research should be conducted into the
effect of implementing financial discouragements on customer demand- and, thereby, the company’s prof-
itability. Following, investigating a company’s decision-making process on the final destination of a returned
product is recommended, as this affects performance. Future research should be done to increase the adop-
tion potential of textile recycling, where both the technical and practical feasibility should be considered for
fashion companies. The final recommendation for future research is to investigate governmental policies’
role in lowering the number of product returns in fashion and to identify which approach would be most ef-
fective, considering legislation and financial support. Here, the designed benchmark and CI of this research
are recommended to be included to investigate the effectiveness of implementing these policies and monitor
the effects on companies’ performances.
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Definitions

Aggregation
Combining multiple variables or indicators into one measure.

AHP This is a weighting method where weights are assigned based on trade-offs made by experts
[133].

Benchmark
A score to which performances are compared, where the benchmark reflects a target or an ideal
situation.

Brick-and-mortar store
The physical store of a fashion retailer where customers can buy or return items.

Compensability
If there is compensability, it is allowed that the value of one variable may compensate for the
value of another variable. There are certain levels of compensability in which the level of this
trade-off between the values is determined [128].

Customer return
A return after the product has been delivered to the customer [45], also referred to as product
returns in this research.

CO2e This represents CO2 equivalent emissions, commonly including all GHG emissions [84].

Composite indicator
A Composite Indicator consists of multiple indicators aggregated into one measure in a struc-
tured way, where multiple dimensions (i.e., environmental, economic) can be analyzed and
compared [206].

Distribution center
A building where packages are redistributed to be transported to retailers, wholesalers, or cus-
tomers.

E-commerce
Online shopping channel.

EF An emission factor is a value for a specific activity, material, process, or product representing
the amount of GHG emissions emitted by this activity, material, process, or product [84].

EW Equal weighting means that the same weight is assigned for all the considered variables [133].

Forward logistics
The logistics network is designated from raw materials to delivering the product to the customer
or retailer [45].

Fraudulent returns
Returns that do not conform to legal rules or policies, for example, after wearing an item [91].

GHG emissions
The Greenhouse Gas emissions negatively affect climate change and consists of carbon diox-
ide (CO2), nitrous oxide (N2O), methane (C H4), sulfur hexafluoride (SF6), hydrofluorocarbons
(HFC s), perfluorocarbons (PFC s), and nitrogen trifluoride (N F3) [85].

Indicator
A variable that can measure the performance of a process, system, or action [206].
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LCA A life cycle analysis assesses the emissions created over the whole life cycle of a product, includ-
ing the moment of cradle until it goes into the grave [130].

Legitimate return
Returns made by a customer who intends to keep a product when they purchase it but eventu-
ally decides to bring it back [146].

Normalization
Converting data to a comparable range or scale by transforming the unit of measurement [150].

Opportunistic returns
When the decision to return is already made before purchasing the product, for example, when
different sizes or colors are bought of an identical product [123].

PESTLE framework
This is short for Political (P), Economic (E), Social (S), Technological (T), Legal (L), and Environ-
mental (E). This framework is used to get an overview of contextual factors [148, 198].

Performance gap
Quantification of the difference between two values, commonly between target and actual per-
formance.

Product return
See consumer return.

Radar chart
A chart with multiple axes, represented by spokes. Each spoke represents a different variable,
making it possible to combine and analyze multiple data points in one figure.

Reverse logistics
The reverse flow of goods in a supply chain, where a product is transported from the customer
back to the final destination (point of recovery or a different user) [45].

Rescaling
Normalization technique based on minimum and maximum values in a data set [134].

Sensitivity Analysis
Increasing and decreasing input values for the model to examine the effect on the final value of
the model.

Third Party Logistics
The external party that provides transport of packages, including the logistic services. Examples
of these are PostNL, UPS, and DHL.

Uncertainty Analysis
The process of analyzing the uncertainty sources in the model and examining their effect on
the output [133].

Validation
Validation investigates whether the model is right by looking at the requirements and objectives
[143].

Verification
Verification investigates whether the constructed model is the right model based on the con-
ceptual model [104].
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1
Introduction

This chapter introduces the research focusing on improving and understanding the environmental impact
of product returns in the fashion industry. The structure of this chapter is as follows: first, the background
of the research is elaborated on, followed by the scientific and practical problems. Next, the research scope,
objectives, questions, and design are described.

1.1. Research background
The fashion industry is a worldwide driver for economic growth and has transformed significantly over the
past decades [81, 63]. With a growth rate of 9.93% per year (CAGR 2023-2027), further growth is expected in the
years to come, with a market volume of 1.382 billion euros predicted by 2027 [172]. A driver for this growth is
the notable shift towards online shopping in the fashion industry [36]. With COVID-19 acting as a catalyst and
further digitalization developments, it is estimated that the total sales of e-commerce will primarily increase
in fashion [81, 22]. E-commerce offers benefits to customers, such as a more comprehensive selection of
products and prices, access to reviews, multiple delivery options, and an easy return of unwanted products
[163]. Fashion retailers benefit from this new sale channel as well because it can boost their sales, and they
have access to a broader customer audience [175]. However, with the increase in e-commerce sales, the
number of returned customer products in the fashion industry is growing as well [50, 145]. [175] mentions
return rates of 50% in fashion e-commerce, [36, 4] find that 25% of all fashion products ordered online result
in return, and for some product categories, returns rates of 60% are observed [37]. In comparison, less than
10% of products bought in offline retailing environments are returned [36].

In parallel to the industry’s considerable market size, the fashion industry’s impact ranks the fourth largest
on climate change within the European Union (EU) [63]. Nearly 10% of worldwide Greenhouse Gas (GHG)
emissions are attributable to the fashion industry, which is twice as much as all maritime and flight transport
combined [112, 72]. Every second, a truckload of clothes is either incinerated or sent to landfills [52, 63]. The
fashion industry must lower its environmental footprint to meet EU targets and respond to market pressures
of customers that demand improved transparency on sustainability practices, while remaining profitable in
a competitive environment [63, 182]. This makes, with the expected growth in demand and volume, sustain-
ability a challenge and opportunity for the fashion industry [63]. The European Commission (EC) has im-
plemented regulations and initiatives to lower the industry’s environmental impact as part of their broader
efforts to reach net zero by 2050 [48, 72]. An important initiative that supports this objective is the Green
Deal. This initiative states that the GHG emissions of the fashion industry should be reduced by 50% by 2030
and eventually become climate neutral by 2050 [72, 63]. To support the Green Deal, the EC plans on intro-
ducing mandatory sustainability reporting for companies, in which companies need to provide transparency
on their performances. The mandatory sustainability reporting will be a basis to monitor and control com-
panies’ environmental impact, identify improvement areas, and prioritize reduction efforts [62].

To lower its footprint, the fashion industry continuously adopts and integrates sustainability practices
throughout the value chain [63, 182]. Most of these efforts are focused on the forward supply chain [15,
11], where most emissions along the value chain are created [12]. The reverse logistics, notably the effects
of product returns, have received little attention [36, 183, 15]. However, product returns have become an
increased problem in this industry, particularly [36, 183, 175]. Increased return activities have exacerbated its
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environmental footprint, which is expected to rise further due to the industries’ growth [50, 145]. Besides the
economic losses for companies due to returns [175, 191], the EC also recognizes the environmental impact
of returned products as a widespread problem within the EU [66]. So, actions should be taken to reduce this
impact [63, 36].

Returns must be repackaged, transported, warehoused and stored, recovered, or disposed to landfill or
incineration. This increases energy consumption, GHG emissions, and other forms of environmental waste
[36, 22, 183]. A logistic firm estimates the GHG emissions of transporting returned items in the USA in 2022 to
be bigger than those of 5.1 million cars driven for one year, which equals over 24 million metric tons of GHG
emissions [178, 141]. 4.3 billion kilograms of returns end up in landfills in the USA alone, equivalent to 10500
fully loaded Boeing 747s [141]. Looking at the worldwide scale, it is evident that returns create a negative
impact on the environment that only grows with the rise of e-commerce [50, 145]. Although returns are not
the largest proportion of the industries’ GHG emissions along the value chain [12], they create undesirable
consequences for society and companies [33, 66].

Yet, the impact of returns is unjustly, often not taken seriously by companies. Effective management of
these often lacks, even though returns create high costs and companies are accountable for the environmen-
tal impact they create [157, 50]. A report of a UK retailer, ASOS, analyzing their business in 2018-2019 esti-
mates that 12% of their total operational emissions are accountable to returns, which increases as the volume
of returns in their business grows [9]. With the current developments and e-commerce growth in the indus-
try [98, 171], it is likely to assume that returns have become a larger share of the total operation emissions
at the company level. In addition, returns are, in essence, costly for companies, as expenses are made while
the product loses value due to its short fashion life cycle [22, 6, 183, 66]. The returns costs can sometimes go
up to three times compared to their original price [183]. A study by the National Retail Federation has found
that for returns in the USA, merchandise companies pay 166 million dollars for every 1 billion dollars in sales
[3, 135], emphasizing the economic losses and, thus, the relevance for companies to lower their returns from
an economic viewpoint as well.

Customer returns should not be overlooked in the fashion industry’s transition to meet their GHG emis-
sion targets, which is the focus area of this research. Companies should take action to, on the one hand, low-
ering the number of returns and, on the other, improve the current process for unavoidable returns [36, 66].
Besides reducing negative externalities on society, improving returns can lead to economic gains for compa-
nies.

1.2. Research problem definition
This section defines the scientific- and practical research problems.

1.2.1. Scientific research problems
The scientific problem discussed in this research is that there is no understanding of the environmental im-
pact of product returns. It is acknowledged that knowledge and transparency on the environmental impacts
of product returns could improve sustainability [202, 23]. However, a method to measure this impact lacks
[183, 36]. In the scarce attempts to assess product returns, not all relevant logistic activities involved in prod-
uct returns are included. Research does not include the GHG emissions, and not all return methods available
nowadays are considered, although this is decisive for the environmental impact created [51]. Also, the im-
pact of returns on a company’s performance is not known yet. There is no overview to compare the return
methods based on their environmental performance in the literature, which would be needed to encourage
more conscious return behavior of customers [22]. Therefore, it can be concluded that research into the en-
vironmental impact of product returns in this sector still shows shortcomings and further research into this
topic is needed.

This research aims to add knowledge to the scientific literature on reverse logistics in the fashion industry,
focusing on the environmental understanding and assessment of customer returns. Several contributions
will be made in this study to scientific research. The first contribution is adding scientific research to the
currently limited field of research on consequences and potential solutions to the environmental impact of
product returns in the fashion industry. The second contribution is a new model for measuring the GHG
emissions of product returns in the fashion industry that include all relevant logistic activities and return
methods. The third contribution is the development of a new Composite Indicator (CI) for product returns
that fashion companies can use to measure, analyze, and evaluate the impact on their environmental and
economic performance. This study also contributes by expanding the field of research on company perfor-
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mance measurement with CIs by assessing both environmental and economic performance [203]. Also, a
new benchmark expressing target performance is developed based on reduction targets of the EC to combat
climate change and integrated into the CI to benchmark the measured performance. The final contribution
is that a new overview and measurement method is created where insight into the impact of different return
methods is gathered. This makes the return methods comparable based on their environmental and eco-
nomic performance. Although it is acknowledged in the literature that choosing a return method based on
its performance might lead to improved environmental impact, this insight is currently lacking in scientific
research [51, 22].

1.2.2. Practical research problems
Besides the economic losses of returns, fashion companies are responsible for the environmental impact
they create [50], and with the increase in returns, this will be exacerbated. With the prospected mandatory
environmental reporting and targets to combat climate change, companies must measure, improve, and give
transparency on their performances to comply with EU regulations [62, 59, 72]. [12] notes that although
returns are not the biggest cause of emissions along the value chain of a fashion company, there is abatement
potential for companies to both lowering returns and improve the processes. Reducing returns by 20% saves
12 million tonnes GHG emissions, which an improved process of returns can further improve[12]. So, the
problem of returns should be tackled by both lowering the environmental impact of the process of returns
and the number of returns [36, 63], leading to environmental gains for society and cost savings for a company
[194].

Environmental improvements can be made by adopting practices to lower the impact of each activity
within the return process [36]. To do so, there is a need to understand the environmental and economic im-
pact of product returns in the fashion industry and how this affects a company’s performance. Companies
lack the tools to measure the impact of product returns on their environmental and economic performance
and thereby face issues in identifying areas of improvement. A return method can perform best based on
environmental performance but can also be the highest-cost alternative for a company. This knowledge is
essential for companies to design effective strategies to improve their environmental impact while remain-
ing economically viable [23, 36, 182]. However, companies do not yet have the tool to analyze, assess, and
compare the environmental impact of product returns on their performances [36]. Companies cannot iden-
tify areas of improvement, prioritize their reduction efforts, and measure and monitor their performance,
making it difficult for them to improve the environmental impact of product returns.

Additionally, fashion customers increasingly demand transparency and information to make more en-
vironmentally friendly decisions. Informed customers are more likely to choose environmentally friendly
return methods, leading to environmental gains for society as a whole [23, 12]. Also, creating awareness of
this impact to customers might lead to fewer products being returned due to more sustainable shopping
behavior in which customers are likelier to keep the products they buy [194]. Still, companies lack under-
standing and cannot inform or provide transparency about the environmental impact of return methods and
their behavior [22, 202].

This research is used to fill the following practical knowledge gap:
There is a gap for fashion companies in understanding how product returns and different return methods

impact their environmental and economic performance. It is unclear which actions they should take to lower
the environmental impact of product returns while considering their economic feasibility. As a result of this
shortcoming, companies cannot provide transparency about their environmental impact or inform customers
to make more conscious choices for their returns to improve sustainability.

The practical objective is to develop a transparent tool for companies to understand and measure the
impact of product returns on their performances. With this study, companies can see how implementing
different actions or strategies would improve their environmental performance, gain detailed insights, and
compare them with each other, while remaining profitable. Further, companies are provided with knowledge
of how far they are in reaching the reduction targets of the EC to combat climate change and how different
actions could contribute to this. Last, companies are provided the knowledge to inform their customers and
encourage conscious return behavior.

1.3. Research scope
This section discusses the research scope, which consists of the system boundaries of the process product
returns and some practical limitations, which environmental and economic impact are measured. Lastly, a
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conceptual overview is presented to improve understanding of the research.

1.3.1. System boundaries
Returns happen throughout the supply chain and are categorized by [45] as manufacturing, distribution, and
customer returns. This research only focuses on customer returns; this type of return happens when the
product has been delivered to the final customer [45]. This research intends to focus on the whole process
of a return and consider all logistic activities that are crucial in analyzing the environmental and economic
impact. The boundary defined for this process of product returns in this research starts from the customer
requesting a return until the disposition of the product is executed [45, 15]. This is visualized in Figure 1.1.
With this boundary, the forward delivery of the product is excluded from this research.

Figure 1.1: Research scope, source: (Author)

The recovery and disposition of products are included in these process boundaries because it substan-
tially contributes to the environmental impact of a product return and thereby affect a company’s perfor-
mance [15, 93]. Product disposal consists of recycling, landfill, incineration, and reselling activities [36].
These activities generate additional costs and emissions for a company that would not have been made if
the product would not return [107]. So, including the disposition activities will provide a complete assess-
ment of the environmental and economic impact of a product return on a company’s performance.

1.3.2. Practical limitations
The returned products in this research examined are ordered at a fashion retailer, delivered to the customer,
and returned to the retailer for one of the acceptable reasons to return. This research excludes used products
that are returned for recycling purposes from the research scope, as these are commonly not returned to the
same retailer when handed in for recycling, according to an expert in clothing recycling. Also, insights into
this stream of used products are lacking for companies, according to an industry expert, and it is often not
considered by fashion companies as part of their reverse streams.

The environmental and economic impact is assessed per product item returned. For practical reasons, it
is chosen to employ an average-sized clothing item that fits in a medium size e-commerce parcel box. This
box size is commonly used for transporting clothing items [34]. Further, the geographical scope considered
in this research is customers based in the Netherlands. The distribution and accessibility to collection points,
physical stores, and other facilities are within this geographical area if not mentioned otherwise.

Further, this research uses legislation and policies set by the EC, focusing on companies operating under
European laws.

1.3.3. What environmental impact is assessed
The EU has marked the reduction of GHG emissions in Europe as the top urgent and most critical priority to
ensuring climate neutrality by 2050 [67]. This research aims to contribute to this goal and therefore focuses
on measuring the environmental impact of GHG emissions. Measuring the GHG emissions rather than solely
carbon emissions provides a complete overview and assessment of the environmental impact. The differ-
ent activities that create and contribute to GHG emissions are identified and calculated. There are six GHG
according to the Kyoto Protocol: carbon dioxide (CO2), nitrous oxide (N2O), methane (C H4), sulfur hexafluo-
ride (SF6), hydrofluorocarbons (HFC s), perfluorocarbons (PFC s), and nitrogen trifluoride (N F3) [85, 84]. All
these are harmful to the environment and contribute to climate change, so an accurate assessment is made
by concentrating on the GHG emissions. Additionally, by focusing on the GHG emissions of logistic activities
in their value chain, the measurements can be easily compared to the objectives and targets of the EC as they
are in the same unit of measurement [60]. For example, by measuring transport GHG emissions, the targets
can be easily translated, and progress can be tracked, providing relevant results for companies and customers
[58]. Finally, a lot of reliable information, data, and tools are available for measuring GHG emissions, which
helps improve the assessment’s quality. Therefore, the environmental impact of product returns is measured
by the GHG emissions.
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The GHG emissions are expressed in CO2 equivalent emissions (kgCO2e), also referred to as CO2e. This
measure incorporates all main greenhouse gasses (CO2, N2O, C H4, SF6, HFC s, PFC s, and N F3) into a single
measurement unit [84]. These emissions are converted to CO2-equivalents according to the Global Warming
Potential (GWP) [26, 84].

1.3.4. What economic impact is assessed
This research only includes the company’s costs to perform a product return, considering the scope of this
process. According to industry experts, return costing by fashion companies is preferably activity-based, so
only activities in the process are considered in the economic impact assessment. This is also consistent with
how the environmental impact is assessed, which is also on an activity basis. The lost revenues due to returns
are not included in this analysis, as this is difficult to estimate for the level of detail of this research, negatively
affecting the assessments’ quality. The costs are determined in euros per returned item. The base case data
originates from 2020, defining the (if needed) conversion rates.

1.3.5. Conceptual understanding of the research
To get a better idea of the process of returns, what is evaluated within this research, and how this is quan-
tified, Figure 1.2 is created. This is a conceptual model explaining the return phases, the activities that can
happen within each phase, and how the environmental and economic impact is measured in this research.
All elements will be elaborated in more detail in chapter 2.

Figure 1.2: Conceptual model of the scope of this project, source: (Author)

1.4. Research objective
The objective of this research follows from the reviewed literature and defined problem statements. This
study aims to assess the GHG emission impact and economic costs of product returns in fashion and to
create an understanding of this impact on a company’s performance. With these insights, a measurement
method to analyze the environmental impact of product returns is created, closing this scientific research
gap. Also, companies are provided insights on improving the environmental footprint of returns, as both
environmental and economic dimensions are included to ensure feasible decision-making. The outcome is
a CI that assesses the impact of the process of returns using indicators that quantify the activities within the
process, considering the return method chosen.

The following research objective is defined:
To develop a measurement approach fashion companies can use to assess and evaluate the environmental

and economic impact of product returns on their performance, that includes all relevant activities within the
process of returns and return methods, and apply this to practice by developing a Composite Indicator (CI) for
fashion companies to improve sustainability.

1.5. Research questions
The Main Research Question (MRQ) is formulated following the research gaps and objectives:
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"How can a Composite Indicator be constructed to provide insight into the environmental and economic
performance of product returns for companies within the fashion industry and help improve their sustainabil-
ity?"

The following sub-questions are set up to answer the MRQ:

1. What does the fashion industry’s product return flow look like?

(a) What return methods can be used to return a fashion product?

(b) How do the activities of the return process differ depending on the chosen return method?

2. How can the environmental impact of the various logistic activities involved in product returns be as-
sessed?

(a) What are the key factors that should be considered for assessing the environmental impact of
these logistic activities?

(b) How can the environmental impact of these factors be measured?

3. How can the economic impact of the various logistic activities involved in product returns be assessed?

(a) What economic factors should be considered for assessing the economic impact of these logistic
activities?

(b) How can the costs of these factors be measured?

4. How can a CI be created to assess the environmental and economic impact of product returns?

(a) How can companies use a CI to assess their performance on multiple dimensions?

(b) Which steps need to be performed to construct a CI for a multi-dimensional assessment?

(c) What methods should be selected to construct the CI for product returns assessing environmental
and economic performance?

(d) How can the current state of a company’s performance be measured using the CI?

(e) How can the constructed CI be verified?

(f) How can fashion companies use the constructed CI in practice?

(g) How can the constructed CI be validated?

5. What is a company’s most preferred return method considering its environmental and economic per-
formance?

1.6. Research design
The research uses a structured set-up, which is elaborated on first. Based on this set-up, the research outline
is presented. A summary of the expected research output is given, followed by an overview of the data sources
used in this research.

1.6.1. Research set-up
This research involves a combination of qualitative and quantitative data analyses. The research structure is
based on the DMADV process (Define, Measure, Analyze, Design, Verify) [184], which has its roots in the Six
Sigma theory. This is a general framework for structuring research development using an organized approach.
DMADV is used to design or improve new products, processes, or services [165]. As this research intends to
develop a new model instead of improving a product or process, adaptions are made to this framework in
consultation with W.W.A. Beelaerts van Blokland (2023).

For this research, the Measure phase (M) is replaced by a Conceptual phase (C). This research designs a
new measurement method, so a conceptual model must be developed first. Further, the last step of Verifica-
tion (V) is replaced by Evaluation (E). Verification is already built-in during the design phase, as the designed
model must be verified before being evaluated. In the evaluation phase, the designed model is tested to un-
derstand how the model performs, and validation is done. An additional phase is added to this framework,
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which is the concluding phase. It is essential to reflect on the findings and limitations of the new model,
which is incorporated in this final phase.

First, the context, objectives, and scope of the problem are defined. Additionally, a literature review and
expert consultation will identify the critical variables for measuring the performance of product returns and
develop the methodology for constructing the CI. In the second phase, a conceptual model is developed
with the findings from the literature on product returns will be applied to the literature found to construct a
CI. The specific methods to construct the CI for this research will be chosen, the conceptual model will be
developed, and an overview of the required data will be made. The third step is to analyze the company’s
performance by building a base case using the created CI. This step involves preparing the data, measuring
the base case, and concluding the findings. Next, the benchmark will be developed in the design phase. The
benchmark will be tested, evaluated, and verified. After successfully verifying the model in the design phase,
insights are created into how companies can use the model in the evaluation phase. This will be done by
developing scenarios tested with the constructed CI, which will validate the model. In the concluding phase,
the main findings are presented together with the limitations and recommendations of this research.

1.6.2. Research outline
In Figure 1.3, the outline of this research is visualized. The blue boxes represent the methods used for each
step. This research has eight chapters, structured in the Define, Conceptual, Analyse, Design, Evaluate, and
Concluding phases.

Figure 1.3: Research outline, source: (Author)

1.6.3. Expected research output
An overview of the expected research outcome is as follows:

1. An overview of the return process in the fashion industry, including the activities that take place and
how these differ for each return method.

2. Insight into the activities in the return process that create environmental impact and how they can be
measured.

3. Insight into the activities in the return process that create costs and how they can be measured.

4. Construction of a CI for measuring and assessing the environmental and economic performance of
returns for a fashion company.

5. Insight in how fashion companies can make a trade-off between their environmental and economic
performance of product returns using a CI.
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6. Design of a benchmark that represents target performance for fashion companies.

7. Prove of usage of the CI by performing a case study using data from a fashion company.

8. Discussion on how the performance of return methods differs and which method is preferred or should
be avoided.

9. Discussion on improvement areas and risks for companies by evaluating different scenarios.

10. Discussion on the academic and practical implications of this study.

11. Discussion on the research limitations.

12. Recommendations for further research.

1.6.4. Data sources
This research uses both quantitative and qualitative data. Literature was used to create an understanding of
the return process, identification of environmental and economic factors, and how these factors can be mea-
sured. Relevant articles were found using the following electronic search engines: SCOPUS, Scholar Google,
Web of Science, and TU Delft Repository. Expert consultation and interviews supplemented the reviewed
literature and verified data using industry knowledge. These interviews were conducted with internal ex-
perts from Metyis, a data-driven strategy consulting firm specializing in the premium fashion industry and
digital commerce. Metyis understands and has expert knowledge of global fashion retailers, supply chains,
and businesses. Additionally, Metyis has experience, provision, and understanding of many business data on
fashion retailers. Also, external experts were interviewed. These external experts were questioned based on
their expertise; an expert specializing in recycling post-usage clothes was contacted better to understand the
recovery of returned products in this research. An expert within finance and banking was interviewed to gain
further insights into the costs and substantiate scenario developments. An expert with industry knowledge
of GHG accounting for businesses was interviewed to understand better how this works and what methods
companies can use. Additionally, an expert working at a large warehouse of fashion cooperation is inter-
viewed, and further insights are obtained on the actual return process and how costs are acquired in practice.
Further, literature was used to select an appropriate methodology for this research, clarify the choices made
for the method used, and develop the construction of the model. The model is implemented using Python
and Excel. The data for the base case originates from a client of Metyis. The considered data was measured
for one whole business year.



2
Product returns and their impact

This chapter will study the determinants for assessing product returns’ environmental and economic perfor-
mance using a literature review supplemented with expert consultation. This chapter is structured as follows:
First, it is explained why products are returned in section 2.1. Next, the return process is elaborated on in sec-
tion 2.2, followed by a concise overview of the return methods. In section 2.4, the environmental impact
of the return process is analyzed, identifying factors and measurement methods for assessing the environ-
mental impact. Lastly, the cost factors of the return process and the measurement methods for these factors
are mapped in section 2.5. In this chapter, sub-research questions 1,2, and 3 will be answered, respectively:
What does the fashion industry’s product return flow look like?, How can the environmental impact of the vari-
ous logistic activities involved in product returns be assessed?, and How can the economic impact of the various
logistic activities involved in product returns be assessed?

2.1. Why fashion products are returned
In both online and offline channels, customer returns are offered. Customer returns refer to products re-
turned after delivery (or purchase in offline environments) to the customer [45]. According to European laws,
customers who purchase a product online hold the right to return their purchase within fourteen days. Com-
panies are thus legally obliged to offer this service even though the product does not show any flaws. In offline
environments, companies are not obliged by law to directly provide an exchange or refund when a product is
returned, except if the product shows defects [71]. However, returns can still be offered to boost sales or when
companies feel like they have to, as their competitors are offering it [45].

Customers return products for a variety of reasons. Repairs, warranty of returns, end-of-use, end-of-life,
wrongly delivered product, damage, and customer fraud are mentioned as general motives [45]. Returns can
be categorized as legitimate, opportunistic, and fraudulent. Legitimate returns refer to returns made by a
customer who intends to keep a product when they purchase it but eventually decides to bring it back. Op-
portunistic returns happen when the customer knows they are returning a product before the purchase, such
as when they buy identical products in multiple colors and sizes [123]. Fraudulent returns refer to customers
who return products even though it is not by legal rules or regulations, for example, after wearing an item
[91].

An explanation for the high return rates in particularly fashion is the uncertainty customers face when
they purchase an item online. Customers who shop online experience a higher chance of a mismatch be-
tween what they expect from a product and what they receive [175, 127]. Due to incorrect sizing information
or undetailed and inaccurate product descriptions, customers receive unwanted products which they send in
return. Misfit and sizing issues account for 42% of the reasons for a return within e-commerce [126]. There-
fore, customers tend to purchase multiple variants of the same product to increase their likelihood of receiv-
ing the right product and return unwanted items [175]. For this reason, customers are more likely to purchase
products from fashion companies that provide convenient and free return policies, and fashion companies
use lenient return policies to boost their sales nowadays [93, 21, 127, 158]. However, these policies normalize
over-ordering behavior and drive opportunistic returns, as customers might ’just order’ a product to see it at
home [200, 89]. These factors contribute to the higher numbers of returns in the fashion industry. Fashion
companies do not prefer adopting a restrictive return policy as it might impact their businesses. Therefore,

9
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changing policies’ leniency is not a preferred method of reducing the environmental impact of returns in
fashion [194, 175, 93, 101].

2.2. How the process of product returns works
A high-over definition of the reverse process is given by [45], consisting of collection, inspection/selection/
sorting, recovery, and redistribution. [15] defines this process as (p.490-491): "customer return request, re-
turn logistics, processing and sortation, inventory control, repair and refurbishment, and final disposition."
From this perspective, the returns process is linear and can be seen as a singular phenomenon. However,
several return methods are available, so this simplicity no longer holds [14]. Therefore, four phases are dis-
tinguished in the product return process: return preparation, collection, processing and handling of returns,
and product recovery and disposition, which is visualized in Figure 2.1. Within each stage, consideration
is given to how a product can be returned. Each process phase has various logistic activities that must be
considered to evaluate the impact created in the return process [145, 51].

In short, the return is first prepared by the customer. The customer must request the return, choose a
return method, and ensure the product’s packaging is for safe transport. The return method determines how
the collection transports the product from the customer to the final recovery point. This final recovery point is
the brick-and-mortar store or the local warehouse. Transport networks for forward deliveries are commonly
used for return transportation [40, 78]. A vehicle journey needs to be designed for each return method, and
consideration must be given to factors including the integration of deliveries and pick-ups, the vehicle fleet,
the combination level, and whether the split collection is acceptable. A general vehicle routing model can be
used to model the reverse network [18].

Figure 2.1: Return processes and sub-activities, adapted from [42]

According to experts, when a product is collected and has arrived at the brick-and-mortar store, it can be
processed and handled in-store to be resold or transported to the warehouse. Warehousing activities are re-
ceipt, inspection/processing/sorting, storage, and internal transport [45, 174, 15]. First, it is checked whether
the product meets the conditions for a return. If this is completed, product inspection occurs, and the prod-
uct is registered. Following, the product is moved to the temporary storage [103].

E-commerce has shifted warehouse requirements, as they need to resist higher and more fluctuating vol-
umes of returns [164, 103, 42]. Also, orders are single-picked and handled rather than in batches [103]. The
area in a warehouse dedicated to returns differs per (type of) retailer [42]. The number of product returns in
the fashion industry is substantial compared to other industries. Therefore, it is common for fashion retailers
to have a separate area for return receipts and storage facilities at the warehouses [42, 45]. It is also possible
to have a separate warehouse for returns- and on orders when the retailers’ warehouse capacity is insufficient
[96]. Those separate centers are mostly managed by Third Party Logistics Provider (3PL), who specialize in
return handling and improving efficiency in the process. In a case study with different e-commerce compa-
nies of [96], it was found that less than 20% of the surveyed companies used separate centers for their return
handling 2016.

After the product is inspected, the product recovery strategy is chosen. High-quality items can be resold
quickly through redistribution, resale, and reuse. Reprocessing is required for defective products, and pro-
cedures include recycling, mending, dumping in a landfill, and burning [45, 107, 5]. The recovery decision
of a company is based on several criteria, including the cost, the product market value, added value of re-
covery, and the type of product [107]. Reselling does not require fixing or replacing activities and often only
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requires repackaging the products before storing them in storage [107, 5]. Recovery, repair, and recycling dis-
position strategies of the products aim to get as much return of the product as possible. Typically for fashion
e-commerce, high returns are experienced although these products are not damaged or show defects [124].
Most of these products are resold at (secondary or outlet) markets or sent to landfills or incineration [36, 5].
Currently, the share of recycled clothes worldwide is very low and below 1% [52]. An expert with industry
knowledge mentions that this is also true for the recycling rates of clothes in the Netherlands.

2.3. How a customer can return a product
Generally, fashion companies use three return methods: in-store returns, drop-off at collection points, and
home pick-up. The availability of a return method depends on the type of retailer where a product is pur-
chased. Purely brick-and-mortar retailers solely offer in-store options for handing in a return. Pure online
retailers have no physical store and only offer returns services by dropping off packages at collection points
or home pick-up. Omnichannel retailers provide all of the above, as they are active in physical stores and
online channels. A short elaboration is given for each return method:

• In-store returns: Customers must return the product to the physical store. Returns will be processed in-
store and put on the shelves in-store, or a vehicle will pick up the return to transport it to the warehouse.

• Home pick-up returns: The company offers a home pick-up service, and a pick-up moment is sched-
uled with the customer. The customer must repack the product for transport, which is picked up at
home by a 3PL. The 3PL service will transport the package to the final destination.

• Collection point returns: Customers must repack the product and bring it to a collection point. The
company offers a set of alternatives for collection points with different 3PL companies (i.e., UPS, PostNL,
and DHL in the Netherlands). The collection points can be locker systems, kiosks, office stores, or other
stores that offer this additional mail service. The 3PL picks up the package from the collection point and
transports it to the final destination. The number of collection points available to customers depends
on the density of residents where they want to drop off the package [152, 30].

2.4. How a product return creates environmental impact
This section gives insight into the environmental impact created by product returns and how this is measured.
This is done by analyzing the four phases of product returns: return preparation, collection, processing and
handling, and product recovery and disposition. Within each stage, consideration is given to how a product
can be returned, which factors should be considered for the environmental impact, and how the environ-
mental impact can be measured. A high-over visualization of this is presented in Figure 2.2, where the boxes
in red represent the activities that create environmental impact in each phase. First, it is elaborated on how
the environmental impact is measured in subsection 2.4.1, followed by a comprehensive description of the
activities within each phase and how they can be measured.

Figure 2.2: Flow chart of the process of product returns, considering sources of emissions and return methods, source: (Author)
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2.4.1. How the environmental impact is measured
This research intends to assess the environmental impact of product returns by measuring the Greenhouse
Gas (GHG) emissions. The literature shows several valuable tools to evaluate environmental impact, includ-
ing the GHG Protocol and the Life Cycle Assessment (LCA). The focus of this research is to measure the GHG
emissions that arise in the different activities involved in the process of product returns for a company. Ac-
tivities before the return request are excluded from this research scope. Therefore, a measurement method
should focus on assessing the impact of specific activities and processes rather than all the stages in a prod-
uct’s life. Additionally, this environmental assessment focuses solely on the GHG emissions and not other
environmental factors such as water usage or resource depletion.

The LCA is a well-applicable method when measuring a more comprehensive set of environmental factors
and evaluating the effect of a product throughout its entire life cycle [130]. The GHG Protocol can be more
useful when specific activities and GHG emissions need to be measured. Also, the GHG Protocol is commonly
used as an accounting tool at the company level for activities in its value chain [83].

Taking these aspects into account, the GHG Protocol will be used to measure the GHG emissions of the
activities involved in the process of product returns. Examples of the usage of this method to assess GHG
emissions can be found in the research of [76] and [162]. The GHG Protocol is a recognized tool by the
European Union (EU) for measuring and reporting GHG emissions of different activities. It provides a stan-
dardized methodology for measuring scope 1, 2, and 3 emissions. In Scopes 1 and 2, emissions are measured
from sources the company owns [58]. Scope 3 emissions produced by downstream and upstream activities
in the company’s value stream, such as outsourced transport, distribution, retail, storage, and end-of-life
treatments of products [84, 83].

The GHG Protocol uses Emisison factor (EF)s to calculate the GHG emissions. These EFs should be re-
trieved from peer-reviewed, widely accepted databases consistent with GHG Protocol standards, such as
3EID, Defra, Ecoinvent, or IDEA. These are mostly life cycle databases, where the EF are calculated based
on the whole life cycle or cradle-to-gate emissions [88]. Other sources that can be used to obtain EF data are
from governments or academic studies.

2.4.2. Phase I. Return preparation
In the fashion industry, packaging significantly contributes to GHG emissions [191, 118, 102, 16]. The reason
for this is twofold. First, products are packaged individually to ensure that they are transported safely. Second,
only a tiny percentage of customers use the original package when returning a product. Nearly 80% of the
customers do not use the original box of the product when they return it [32, 191]. This implies that for this
fraction of customers, product packaging doubles when they return [191], generating additional waste.

The packaging is needed if the customer selects an online return method (i.e., return through a collection
point or home pick-up) or when the product gets transported from the brick-and-mortar store to the ware-
house. This additional packaging waste needs to be treated by the company at the warehouse [102, 118, 188].
In the apparel industry, transit packaging is used. This can be mainly classified into paper and plastic packag-
ing materials for e-commerce [195, 54]. Of these packaging types, cardboard boxes are the most widely used
option in e-commerce in particular [33, 32, 102]. An expert with industry knowledge of fashion warehouse
operations also confirms this. Cardboard packaging ensures the safe transportation of the product and is also
relatively low-cost and lightweight. However, cardboard boxes are primarily designed for single-use only, and
the emissions created by cardboard packaging are 60% higher than plastic packaging bags [191, 16]. This is
mainly because a larger volume of cardboard must be used compared to plastic for one package (i.e., 100-
gram cardboard against 8-gram plastic per package [188]) and the re-usability of plastic bags compared to
single-use cardboard [16].

To calculate the GHG emissions of packaging, insight into the type of packaging material used and the
package size is needed. A material-specific EF can be multiplied by the mass of a parcel to determine the
kgCO2eq-emissions of packaging, as seen in Equation 2.1 [84, 176].

Packaging usage emissions = m∗EFpackaging material (2.1)

The additional product packaging waste needs to be considered for the environmental assessment of a
company [84] and is relevant as Europe’s total packaging waste is growing steeper than GDP [68]. Waste
treatments are recycling, incineration, or disposal to landfill [176]. The emissions of packaging waste can
be determined by the total mass of packaging material multiplied by the waste-treatment-specific EF, see
Equation 2.2 [84, 176].
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Packaging waste emissions = m∗EFwaste treatement (2.2)

Depending on whether the EF selected is based on the entire life cycle, it is sufficient only to include
the waste method for the specific type of packaging to determine the GHG emissions, as double counting of
emissions must be avoided [84].

Summary
Packaging emissions are created to ensure safe transportation, which is needed when a customer returns by
home pick-up or collection point or when the product gets transported from the brick-and-mortar store to
the warehouse. Cardboard boxes and plastic polybags are the most common packaging material. Packaging
emissions consist of usage and waste emissions. The magnitude of the usage emissions depends on the type
of packaging material, the mass of the packaging, and whether or not a customer reuses the packaging for
their return [84, 176]. The packaging waste emissions depend on the waste treatment chosen, the type of
packaging material, and the mass [84, 176].

2.4.3. Phase II. Collection
There can be two transport activities considered in the transport network for returns. First is the short-haul
movement between the customer and the (if present) initial recovery point (i.e., store, collection point). Sec-
ond, is the product’s transportation from the initial recovery point to the final destination. A general overview
of the transport activities and recovery points involved in the return process is visualized in Figure 2.3. The
transport activity and measurement approach are further elaborated for every return method.

Figure 2.3: Transport structure general overview, adapted from [77]

Environmental assessment models for reverse transport streams are currently designed concerning the
condition that the same method is used to deliver and pick up a product. By doing so, it is assumed that
the GHG emissions of the delivery are roughly the same as the pick-up transport order [40]. However, this
condition does not always hold as customers can choose another return method than their delivery method,
increasing the complexity for determination of the transport emissions. The transport emissions should be
calculated separately for each return method to accurately assess the emissions [51, 22, 118]. According to
[78], returns can, in many cases, be implemented in the forward distribution networks. This means the same
logistic network designs can be used for return logistics. The methods for calculating transport emissions for
deliveries can be adapted and used to determine the emissions of the different return methods [40].

Further, this research does not consider integrations of deliveries and return requests in a vehicle journey
[77]. Although integration of these streams is sometimes employed, combining these pick-up and delivery
tasks can be complex because of vehicle loading constraints. This may lead to situations where a vehicle
first makes a delivery round, and after all the deliveries are made, it collects the returned products that are
returned [77, 45]. Also, it might be that a different warehouse for collection and delivery and another vehicle
fleet is used, which means that integration is not likely [78]. The collection and delivery tasks are therefore
treated separately in this research. The trip purpose of the vehicles is to pick up the returned items and
transport them back to the final destination. A general vehicle routing problem with a single warehouse is
assumed to be the underlying transport model, in which several conditions are respected. In this transport
model, the return requests are represented by demand nodes n, and the arcs represent the actual distance di j
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from node i to node j. The vehicle departs at the warehouse and ends its journey at the same location. The
origin and destination are represented by nodes 0 and n+1. The capacity of the vehicle or time limitations
limits the vehicle’s journey. Additionally, it is assumed that a customer’s request must be served in one visit
[35, 192, 45].

Two methods for determining transport emissions on a company’s vehicle journey are based on the fuel
used or the distance driven [84, 85]. The former method calculates a vehicle’s fuel consumption and multi-
plies this with fuel-specific EFs to measure the GHG emissions. The latter method multiplies the total travel
distance by a specific type of modality, the transported mass, and an EF [84]. The suitability of an approach
depends on several factors, including the required detail, the context of the analysis, and the availability of
data to determine the emissions. The transport emissions are measured for each return method and elabo-
rated further below.

Return alternative 1. Brick-and-mortar store returns
The customer must take the product back to the brick-and-mortar store. The GHG emissions created depend
on the type of modality chosen by the customer and the distance traveled. After the returned products have
arrived at the store, returns can either be handled and resold there, or they will be transported to the retailer’s
warehouse. If the decision is made to move the product to the warehouse, additional transport is needed [42].

To determine the GHG emissions from transport for a product returned in a physical store, the whole
journey of a customer is considered. It is assumed that returning is the purpose of the trip; therefore, the
transport emissions from the customer to the store and returning home are included in this assessment [199,
118, 51, 24]. Gathering accurate data on the amount of fuel a customer uses can be challenging and not
feasible within the limited scope of this research. Therefore, the distance approach is likely more suitable
than the fuel-based to determine transport emissions. The total distance is determined by the kilometers
traveled from the customer’s location to the closest store location and back [84]. The following equation gives
the best approximation of the transportation emissions of this return method, which is adapted from [40].

Transport emissions =∑
d ∗m ∗EFmod ali t y (2.3)

Here, d represents the distance of the customers’ location to the brick-and-mortar store and the distance
from the store back home in kilometers. A specific EF EF is assigned based on the modality. It can be difficult
to obtain accurate data on a customer’s specific modality, and it is common to make assumptions to this end
[199, 118, 51].

For the optional transport activity from the store to the warehouse, the store is treated as a demand node
in the transport model [40]. The transport emissions for this journey are added to the transport emissions of
the customer trip.

Summary
Transport emissions depend on the customer’s trip to the store and back home [199, 118, 51, 24]. If the deci-
sion is made to transport the product to the warehouse, additional transport emissions are created, depend-
ing on the distance traveled, product mass, and vehicle energy consumption. Considering the scope and
availability of data in this research, the best approximation for measuring transport emissions is the distance
method.

Return alternative 2. Home pick-up
The transport network structure of the home pick-up service depends on the specific locations where a cus-
tomer requests a return. Transportation services must include this pick-up point in their vehicle journey to
meet demand. The number of requests that can be served in one vehicle journey depends on the capac-
ity of the vehicle and time constraints. The transport emissions created when a product is picked up at the
customer’s door depend on the modality used to fulfill this service, the type of vehicle journey (consolidated
pick-up and delivery or separated journey), the number of stops, and the distance between the customers’
location and the final destination [84, 40]. According to expert consultation, the decision can be made at the
distribution center to transfer the product to a brick-and-mortar store or a warehouse.

It is considered that each demand node corresponds to one return request for a home-pick up. So, the
number of nodes equals the number of return requests. The requests are represented by the set P demand
nodes with 1,...,n requests. The distance di j represents the distance from pick-up point i to pick-up point j .
Nodes 0 and n + 1 represent the recovery point [46, 35, 192, 40]. The Vehicle Routing Problem with a single
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depot as formulated by [46, 35, 192] and the calculation of transport emissions on a pick-up route as proposed
by [40] is adapted to the following equation:

Transport emissions = (
∑

(i , j )∈P
di j +d0,i +d j ,n+1)∗m ∗EFmod ali t y (2.4)

Here, a constant vehicle fuel consumption is assumed [40]. A customer might return multiple items within
one return request, so the number of nodes equals the number of requests. [118] proposes a simplified cal-
culation when there is a lack of data on the subsequent coordinates of the nodes, where the average distance
of 50 km per parcel is assumed for a pick-up route, which can be multiplied by the mass of the parcel and the
modality-specific EF to determine the transport emissions of this pick-up journey.

Next, Equation 2.3 is used to calculate the emissions between the initial point of recovery and the final
recovery point, as this long-haul transportation is performed by another modality [84]. These vehicle char-
acteristics need to be taken into account for this trip. The total emissions per product return using pick-up
methods can be measured by a summation of the emissions generated by both trips.

Summary
Based on the locations of the pick-up requests, a vehicle journey is constructed from the pickup point to
the initial recovery point. The total distance traveled, and the mass should be measured and multiplied by
an EF for the modality used on this vehicle journey [40]. For the long-haul trip between the initial point of
recovery and the product’s final destination, the distance method should be applied, considering the vehicle
characteristics performing that trip [84].

Return alternative 3. Collection point returns
Three transport activities are distinguished to determine the transport emissions when using collection points
for returns. These are the customer’s transport to the collection point, from the collection point to the initial
recovery point, and the warehouse or brick-and-mortar store. In the Netherlands, collection points are rel-
atively well accessible [152, 30]. Therefore, it is assumed that customers only need to travel short distances
when they bring their product to a collection point. The most preferred modalities for these short distances
are walking, PT, or cycling [28]. The transport emissions for this activity can be determined similarly to the
in-store transport emissions using the Equation 2.3. Thus, for this part of the transport assignment, the cus-
tomer’s location, the collection point, the mass of the product, and their choice of modality need to be con-
sidered [84].

Second, the product is transported from the collection point to the initial recovery point by a vehicle of
a 3PL. The vehicle journey starts at the departure of the distribution center, visiting several collection points
within a specified distance and maximum vehicle payload range and returning to the recovery point. Vehicle
journey constraints are the vehicle’s maximum payload and the operating time [45, 40].

The emissions for this journey can be calculated by adapting Equation 2.4, where a constant fuel con-
sumption per traveled kilometer is assumed [40]. The distance di j represents the distance from collection
point i to j . Nodes 0 and k + 1 represent the distribution center. k represents the number of collection points.
The number of requests served per collection point should be summed up to determine the total number of
requests handled per journey.

Transport emissions = (
∑

(i , j )∈C
di j +d0,i +d j ,k+1)∗m ∗EFmod ali t y (2.5)

The emissions generated by transport from the initial recovery point to the final destination are calculated
using the distance method, considering the specific vehicle characteristics for that trip [84]. The total emis-
sions per product return can be measured by a summation of the emissions generated by the three transport
activities.

Summary
Transport emissions are measured by distinguishing three transport activities. First, the transport of the cus-
tomer to the collection point and emissions are created depending on the modality, product mass, and dis-
tance traveled. Second, the product is collected at the collection point by a 3PL as part of a vehicle journey.
The transport emissions of this journey depending on the distance, modality used, the number of collection
points served in that journey, and vehicle characteristics. Third, the created emissions from transporting the



16 2. Product returns and their impact

initial recovery point (i..e, distribution center) to the final destination should be considered and measured by
the distance method [84].

2.4.4. Phase III. Product handling and processing
Return handling at warehouses is critical in the return process and has become essential to warehousing
operations [103]. Four sub-activities can be specified: receipt, inspection/processing/sorting, storage, and
internal transport [45, 174, 15]. The activities are visualized in Figure 2.4.

Figure 2.4: Product handling and processing process, adapted from [45, 42]

First, the product arrives at the designated location in the warehouse and is checked to determine whether
the product meets the conditions for a return. If this is the case, the product inspection takes place, and the
product is registered. Following, the product is moved to the storage area in the warehouse dedicated to re-
turns [103]. According to an expert with knowledge of fashion warehouses, the storage of a product takes up
approximately 3-5 days before it will be reallocated (redistributed or sent for processing recovery). Differ-
ent factors must be considered when looking at the environmental performance of the operation processes
in a warehouse. First of all, the energy consumption of the warehouse must be considered. An environ-
mental impact study of warehousing of [154] links the size of the warehouse to energy consumption and the
geographical location of the warehouse. The main contributors to warehouse energy consumption are the
lighting, heating, and cooling of the building [118, 154]. The literature proposes detailed calculation methods
for determining GHG emissions per fuel and usage type. However, this level of detail is unknown as ware-
house managers mainly have information on the total energy consumed at the warehouse by fuel type [75].
Therefore, this research uses a more aggregated measurement approach to determine the GHG emissions
generated in the warehouse, which is derived from [84, 83]. Here, the total electricity consumed at the ware-
house is multiplied by a specific EF. The fuel consumed in the warehouse is also multiplied by an EF. The
electricity and fuel consumption are measured over a particular period, for example, a year or quarter [75].
These values must be in the same unit of measurement. The total warehouse emissions are divided by the
number of products handled during the considered period, represented by n in Equation 2.6.

Warehouse emissions = (
∑

fuel consumed∗EF f uel )+ (
∑

electricity consumed∗EFel ectr i ci t y )

n
(2.6)

Additionally, material handling equipment is needed to process and move the products between areas
in the warehouse. The equipment in a warehouse is also a contributor that should be considered in the en-
vironmental assessment of product handling and processing emissions [154]. There is fixed equipment like
conveyor belts and mobile equipment like trucks and forklifts [154]. Based on this nature, different factors
should be considered for the environmental assessment. Mobile equipment’s generated emissions and con-
sumed energy can be determined based on the average distance traveled and the equipment characteristics
[90, 75]. For fixed-handling equipment like conveyor belts, energy consumption is primarily associated with
the size of the warehouse, the hours of operation, and the equipment characteristics [154]. The input data
for these emissions are likely not known on a product level, according to a warehouse expert, so therefore the
equipment emissions should be determined for a whole year, considering the fuel and electricity consumed.
This number should be divided by the number of products served with this equipment to derive the GHG
emissions on the product level. The GHG emissions can be determined by Equation 2.7, where n represents
the number of products handled over the considered year, adapted from [84].
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Equipment emissions = (
∑

fuel consumed∗EF f uel )+ (
∑

electricity consumed∗EFel ectr i ci t y )

n
(2.7)

When a product is returned through an in-store return alternative or redistributed to the store, the product
is handled in-store. The environmental impact should be considered for receiving, processing, handling, and
restocking the product return at the store. The energy consumption of the brick-and-mortar store should be
analyzed and converted to GHG emissions by an appropriate EF. The energy consumption can be generally
approximated based on the invoices and further specified by the store size, location, and the energy rating
[118]. Based on the average time a product spends at the store, and the number of products handled in the
store over time, the in-store emissions allocated to a product return can be determined [84].

Summary
The total warehouse emissions can be determined by the fuel and electricity consumed, which are converted
to GHG emissions by a specific EF. In addition, internal transport and the energy used by warehouse equip-
ment for handling facilities must be considered. There are two types of equipment, which are fixed and
mobile [154]. The energy consumption of the former depends on the kind of equipment, size of the ware-
house, and operation time. For the latter, energy consumption can be measured as a function of the distance
traveled, equipment type, and characteristics. The total emissions must be divided by the total number of
products served. Further, products can also be handled, received, and processed at a brick-and-mortar store.
Here, the energy consumption of the store needs to be considered.

2.4.5. Phase IV. Recovery and disposition of products
The final phase in product returns is the recovery and disposition of products. High-quality items can be
resold quickly through resale and reuse. Reprocessing is needed for imperfect products, and procedures
include recycling, repair, remanufacturing, landfill disposal, and incineration [45, 107, 5, 77]. Recovery can be
categorized as direct and process recovery, where the latter means reprocessing activities are needed [45]. The
type of recovery and disposition strategy chosen affects the created GHG emissions in this stage [15, 84, 68].

The calculation of GHG emissions for this phase of the return process is defined for the chosen recovery
method. In Equation 2.8, a formulation is given where the waste treatment EF refers to the chosen recovery
strategy for the product [84].

Recovery emissions = m∗EFwaste treatment (2.8)

Summary
The magnitude of the environmental impact of a product recovery depends on the chosen strategy. Products
can be resold, repaired, recycled, remanufactured, or sent to incineration or landfills [45, 107, 5, 77]. The
environmental impact can be measured by the mass of a product and the specific EF for the chosen waste
strategy [84].

2.5. How a product return creates costs
A breakdown of the significant cost factors involved in a company’s product returns process is looked into, as
well as how these cost factors can be measured. According to an industry expert, this should be done accord-
ing to the theory of activity-based costing, as fashion companies prefer this method in practice. This means
that each activity in the return process needs to be considered for the cost estimation. Also, the different
return methods affect the costs [117]. This research only includes the costs made in the process of a product
return for a company by performing the return activities. Costing of return-related activities includes trans-
portation, labor, handling equipment, disposition, and storage of the products and packaging [89, 114]. Two
independent experts confirm these cost activities for returns.

Transport costs
This metric captures the costs for transporting the product from the origin to its final destination (i.e., ware-
house or brick-and-mortar store). Different factors must be considered for each return method, such as the
transport modality, distance traveled, weight, and product size [89]. Also, the transport is usually outsourced
to a 3PL but can be self-executed, affecting the cost structure [42]. Brick-and-mortar returns only generate
transport costs for a company when the decision is made not to resell the product in-store and transport it
to the warehouse. This cost metric can be measured using the distance-driven method or the fuel consumed
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[45]. Factors such as leased vehicles, transport planning, and service costs should also be considered. A cal-
culation can be made based on the distance driven, the vehicle load, the mass of the product, and fixed-
and variable modality costs, as presented in Equation 2.9 [187]. Here the cchar g e includes modality-specific
factors expressed per ton-km distance driven.

Ctransport =
∑

d ∗ cchar g e ∗m (2.9)

[89] proposes another measurement approach for the transport costs per item at collection points, in-
dependent from the distance driven, where a transport fee based on the return method is proposed using
Equation 2.10. Here, r is the return rate, ctra(qk ) the transport fee for a parcel with a certain weight, ccus is
the optional fee the company charges the customer for a return, and k the number of items returned in one
parcel [89].

Ctransport =
k−1∑
k=1

rδn(qk )

k
∗ (ctra(qk )− ccus) (2.10)

Warehouse space costs
A major source of costs in product returns is related to warehousing activities [42]. The activities that should
be considered are product receipt, handling, inspection, holding, and storage, which all require space at the
warehouse. These costs can be calculated by estimating the proportion of the used space dedicated to returns
from the total warehouse area. Based on this estimated proportion, the costs can be determined based on
the total warehouse space costs [42]. This can be determined based on the area for return handling and the
warehouse rental cost [42]. The calculated amount should be divided by the total number of returns to derive
the warehouse space cost per return item.

Warehouse equipment costs
These factors refer to costs for the equipment needed to process product returns (e.g., forklifts, sorting sys-
tems, conveyors, and packaging machines). In this metric, equipment depreciation is captured when equip-
ment is not leased. Equipment costs per return can be measured by dividing the total equipment costs by the
number of returns handled over a time period.

Warehouse labor costs
Labor costs are expenses associated with the human resources needed in product returns handling, which is
quite intensive for returns. Activities include receiving, inspecting, and restocking products [89]. The product
return labor cost on an annual basis is the sum of these fees [89]. Additionally, this metric should include
any overhead expenses and investments like training or other employee benefits in this metric [42]. The
calculation of [89] is adapted to Equation 2.11, which expresses the total labor costs per returned item:

Clabor = cres + crec + coverh (2.11)

Here, cres is the costs for inspection and restocking per product, crec is the cost of receiving per item, and
coverh is the overhead expenses per product [89, 42].

Product recovery and disposal costs
This metric refers to the expenses of products that cannot be resold anymore due to a return and sent to a
landfill. The recovery costs per return are calculated by the mass of the returned product, the recovery charge
per kg, and optional transport charges. The charge depends on the type of recovery treatment, the mass of
the product, and the country of recovery [69, 53].

Crecovery = m ∗ (ccharge + ctra) (2.12)

Where m is the mass of the product, ccharge is the charge for landfill or disposition, and ctra is the optional
transport cost to the recovery facility.
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Packaging recovery and disposal costs
Each product arrives at the warehouse with packaging material to ensure safe transportation. The company
must handle this waste by choosing a waste treatment. The waste treatment chosen is either recycling, in-
cineration, or landfill. Governmental charges are associated with landfill and incineration, which come at
the cost of a company [94]. The created costs depend on the type of waste treatment selected, the packaging
mass, the packaging material, and additional recovery or disposal charges [39].

Brick-and-mortar store space costs
Operating costs of the physical store should be considered for in-store returns. According to an expert, the
most significant cost factor is the leasing costs of the store. Usually, these leasing costs can be derived from
the annual financial statement. The costs per unit product can be estimated by obtaining the total number
of products handled at the store over a certain period.

Brick-and-mortar store labor costs
Labor costs are considered in this metric, including receiving, inspecting, and restocking the returned prod-
ucts in-store. Additionally, the overhead employee expenses should be considered in this cost metric. The
same formulation as Equation 2.11 can be used to derive a number for this metric, adapted from [89]. An-
other approach for measuring this cost metric can be determined by the hourly labor cost multiplied by the
duration of a task [189], where the employee overhead expenses also should be considered.

Summary
Costs involved in the product return process for a company can be broken down into several factors using the
theory of activity costing. The following cost factors need to be included in the economic evaluation: trans-
portation costs, warehouse space utilization costs, material handling equipment costs, labor costs, product
recovery and disposal costs, brick-and-mortar store space costs, and brick-and-mortar store labor costs.

2.6. Main findings chapter 2
In this chapter, SQ1, SQ2, and SQ3 are answered. First, the process of product returns in the fashion industry
is investigated, which consists of a return request, collection and transportation, handling and processing
at the warehouse, and product recovery and disposal. An answer is formed to SQ1: What does the fashion
industry’s product return flow look like?

This overarching SQ is addressed by SQ1a) Which returns methods are available in the fashion industry?
and SQ1b) What are the logistic activities involved in the product return process, and how do they differ de-
pending on the chosen return method?. The return process starts when the customer requests a return and
selects a method to process this request, which can be: by brick-and-mortar store return, drop-off at a col-
lection point, or by home pick-up. The availability of the return methods for a customer depends on whether
the retailer offers this service. The customer must re-pack the product for safe transport if a home pick-up
or collection point is chosen as the return method. Next, the product is collected and transported from the
customer to the final recovery destination, either the warehouse or the brick-and-mortar store. How this
transport is arranged depends on the return method chosen. Products with the brick-and-mortar store as the
final destination are restocked and resold. If the product is sent to the warehouse, it will be received, handled,
inspected, and temporarily stored until a decision is made on how to recover it. The recovery choice deter-
mines if the product gets resold, recycled, repaired, remanufactured, or disposed to landfills or incineration
[45]. After the recovery activity is performed, the process of returns is finished. This process is visualized in
Figure 2.1.

This chapter has also mapped the factors that should be considered for an environmental assessment of
product returns and how these can be measured.

SQ2. How can the environmental impact of the various logistic activities involved in product returns be
assessed?

The environmental impact is measured using EF specified for each activity to measure the GHG emissions
created per returned item. The following elements were essential for assessing the environmental impact
of product returns: packaging material, packaging waste treatment, transportation, warehousing, storage,
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equipment usage, product recovery, and brick-and-mortar activities. To assess the environmental impact of
packaging and transportation, it is necessary to consider the chosen return method [51]. Figure 2.2 highlights
in red the activities where environmental impact is created and how the return method affects this assess-
ment. These insights are obtained by answering SQ2a) What are the key factors that should be considered
when assessing the environmental impact of these logistic activities? and SQ2b) How can the environmental
impact of these factors be measured?

Next, this chapter has provided a breakdown of the significant cost factors of product returns that should
be included in the economic assessment for a fashion company. With this information, the third sub-research
question is answered.

SQ3: How can the economic impact of the various logistic activities involved in product returns be assessed?

This SQ is addressed by examining SQ3a) What economic factors should be considered for assessing the eco-
nomic impact of these logistic activities? and SQ3b) How can the cost of these factors be measured?. Through
the theory of activity-based costing, supplemented with literature and expert consultation, the following costs
are identified: transport, warehouse space utilization, equipment, labor, product- and packaging recovery
and disposal, storage, in-store space utilization, and in-store product processing. With exceptions made for
the transport and recovery costs, measured per kg return item, these costs are measured annually and ex-
pressed in euros per returned item.



3
Methodology

This chapter presents the methodology used in this research. First, an introduction will be given to perfor-
mance measurement, which is the theoretical foundation for the method. The performance will be measured
using indicators aggregated into a Composite Indicator (CI), elaborated on in section 3.2. Once understand-
ing is created of the concept of a CI, the steps to construct a CI are explained in section 3.3 followed by con-
struction guidelines in section 3.4. The measured performance will be compared relatively to a benchmark,
as explained in section 3.5. In this chapter, SQ4a) How can companies use a CI to assess their performance
on multiple dimensions? and SQ4b) Which steps need to be performed to construct a CI for an assessment on
multiple dimensions? will be answered.

3.1. Why performance should be measured
This study aims to measure, compare, and reflect on the company’s performance of product returns on both
environmental and economic dimensions. The chosen way to fulfill this objective is by company perfor-
mance measurement. A definition of performance measurement is "the process of quantifying the efficiency
and effectiveness of an action" [149, 136]. The choice of performance measurement for achieving the objec-
tives of this research is threefold. First, performance measurement assists companies with the identification
of potential areas for improvement [116, 92]. Fashion companies want to reduce the Greenhouse Gas (GHG)
impact caused by product returns. Still, it is essential first to determine where the problem lies to specify any
actions to correct it. Second, company performance measurement assists a company in tracking its progress
in achieving particular goals [203, 125]. In the context of this research, fashion companies aim to lower their
GHG footprint, which is a continuous process, and efforts and progress made by the companies should be
measured and monitored relative to the goal of meeting their targets. Third, performance measurement is
a suitable tool to communicate, motivate, and create awareness with involved actors (i.e., employees, cus-
tomers, stakeholders) on specific targets or topics [113, 125]. Fashion customers increasingly demand more
transparency, information, and understanding of the environmental impact of their choices to make more
sustainable decisions. Fashion companies can use performance measurement to create knowledge and in-
formation to encourage customers to make better and more conscious decisions. These transparent insights
can also be communicated with, for example, governments, as governments are likely to require environ-
mental performance reporting of companies [62].

The added value of company performance measurement is greatest when it reflects reality. Previously,
company measurement frameworks mainly assessed performance from a financial perspective as this was
deemed the primary indicator of success [203, 2]. As the importance of sustainability and environmental
issues has grown, companies need to measure, consider, report, and manage their environmental impact
as well [149, 179, 136]. To accomplish environmental and performance improvements, knowledge of the
factors that contribute to this environmental impact should be created for companies [205]. A shift towards
more integrated measurement frameworks that include, besides economic performance also, environmental
performances of companies is expected and introduced by [203].
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3.2. How performance is measured by indicators
The performance of a process, system, or activity can be measured using indicators [206]. An indicator is a
measure that assesses, analyses, and monitors quantitative or qualitative data on specified topics and breaks
it down into small pieces of information [153], which provides information for decision makers [134, 206, 169].
A combination of indicators with multiple dimensions (i.e., environmental and economic) should be consid-
ered in performance measurement to provide an overall picture of the situation. This cannot be done with
individual indicators because they only cover a single aspect or dimension of the measured topic. When
comparing a more extensive set of individual indicators, complexity issues arise that complicate interpre-
tation and comparison [138]. Therefore, a broader set of indicators should be considered that covers the
considered dimensions and presents this in a well-structured way. This can be done by a CI.

A CI can give a more comprehensive view of the performance while considering multiple dimensions.
Developing a CI is an essential aspect of performance measurement [203, 208, 8]. CI aggregate multiple in-
dicators into a single measure, thereby presenting large amounts of complex information in a simplified way
[206, 196]. They can mathematically combine individual indicators with different units of measurement, and
no standard way to weigh [179, 134]. The created CI can be used to quantify, measure, evaluate, and compare
the performance of a set of indicators on multiple dimensions (see [138, 207, 203, 206]). CIs can be used to
track progress, identify shortcomings, provide information, and raise awareness on the topic being measured
[133].

The use of CIs has gained popularity and is commonly used in a variety of sectors as a way to provide a
comprehensive picture of the performance. However, CIs are also subject to criticism because of some limi-
tations, including complexity, subjectivity, interpretation issues, and missing data. Some steps are exposed to
subjectivity during the construction of the CI because decisions and assumptions need to be made [133, 206].
This may lead to potential biases in the results. This may be amplified by misinterpretation issues that lead
to misleading information [134]. This can be accounted for by systematically evaluating, reflecting, and re-
porting the choices that are made during the construction of the CI, thereby increasing transparency and
improving the reliability of the CI [134, 133]. In conclusion, there are pros and cons to using the CIs, but if ap-
propriately used, CIs are valuable tools for performance measurement. It is essential to pay awareness to the
previously mentioned risks and limitations of the CI by systematically reflecting on the choices to improve
transparency and reliability.

3.3. How a Composite Indicator can be constructed
This section discusses the construction of a CI. This construction will be done according to the guidelines of
[134]. Typically, five subsequent phases in constructing the CI are visualized in figure 3.1. First, the objectives
and scope of the CI are defined. Next, the indicators are selected, normalized, weighted, aggregated, and
evaluated [203, 10, 87]. For each phase, a short checklist is given on what should be finished before starting
the next phase.

Figure 3.1: Construction of a CI, adapted from [203, 10]
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3.3.1. Phase 1. Identification and selection of indicators
The first step in constructing a CI is identifying and selecting all relevant indicators to measure the system’s
performance or action. To ensure that all relevant indicators are included [134] recommends designing a the-
oretical framework. This framework should be based on the objectives and scope of the CI, so the indicators
represent the various sub-activities that should be measured [134]. The theoretical framework can be used as
a final check for the set of indicators, selecting the underlying criteria, and improving understanding of this
problem on multiple dimensions [87, 134]. Most of the indicators can be found through a literature review.
Further, expert consultation, interviews, surveys, the Delphi technique, and Content analysis can be used to
extract additional information [203].

By the end of this phase, a clear overview of the indicators included, their unit of measurement, and the di-
mension on which this variable will be measured should be provided, as well as what data should be collected
[134]. Reflecting on the choices made for the final set of indicators is necessary to improve transparency.

3.3.2. Phase 2. Normalization of indicators
The different indicators have different units of measurement. These indicators must be normalized to ag-
gregate in a CI. Therefore, the indicators will be expressed in homogeneous units of the identical range
[10, 87, 133, 206]. This research considers the most commonly used normalization techniques: re-scaling
(min-max), standardization (z-value), ranking, and distance to a reference point [134, 133, 10, 150]. The
choice of a technique depends on the requirements of the CI and the appropriateness of a technique based
on its advantages and limitations. Here a short description is given on these techniques.

• Rescaling: the normalized value is determined by converting the ranges from 0 to 1, irrespective of the
original range of values. It is a simple and commonly used technique but shows some weaknesses in
its sensitivity to outliers and extreme values and experiences difficulties scaling negative or zero values
[134, 206, 180].

• Standardization (z-value): this normalization method standardizes the mean and standard deviation
of the indicators to 0 and 1, respectively [203, 206]. It is a commonly used method to make the data
dimensionless [150]. Still, it has its disadvantages in that standardization is sensitive to extreme values
in the final CI and cannot be used in combination with multiplication aggregation [134, 180].

• Ranking: the values are scaled according to the assigned ranks from 1 to N, in which N represents the
highest rank. This method is relatively simple to use. However, scores cannot be compared on value
level because the ranking scale loses absolute-level information. Therefore, it is impossible to measure
the value difference between scores [180].

• Distance to a reference point: the scales of indicators are converted to a reference point to calculate the
normalized value. This is done by dividing the value by the reference value [180], which is an external
benchmark [206]. Although the straightforwardness of this method, this method uses the outlier values
of the data set for normalization. This means that when the outliers in this data set are very large, this
may affect the reliability after using this method [134, 180].

The outcome of this phase should be selecting a normalization approach and adopting it on the indicators
derived from the theoretical framework. Justification of the choices made for the normalization method and
the procedure should be given.

3.3.3. Phase 3. Weighting of indicators
Each indicator is assigned a weight expressing relative importance [87, 134]. Weighting techniques can be
objective or subjective. Objective weighting refers to constructing weights based on statistical or mathemat-
ical methods. Subjective weighting involves any expert judgment. The method of Equal Weights (EW) is also
available. This weighting technique assigns the same weight to every indicator, indicating that they all have
equal importance. EW can also be applied when there is not (sufficient) information available for reliable
assignments of weights [87, 153]. The most used weighting techniques are listed below. See [134] for a more
detailed explanation.

• Conjoint Analysis (CA): the weight is derived from how much value is attached to a certain indicator
by a respondent and how much they would be ’willing to pay’ for an option. The operation of this
method and computation is relatively complex compared to other weight methods, as many respon-
dents should be sampled, and the utility function should be specified [134].
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• Principal Component Analysis (PCA): the (co)variation is analyzed to create weights and is commonly
used when correlation exists. A relatively large data set, of which the definition may differ, but a com-
mon rule is to have more than 10 data points per variable, is needed. Therefore, this method is less
applicable for small data sets as much data is needed. Also, PCA is sensitive to extreme values and
changes in data, which are disadvantages of this method [134].

• Data Envelopment Analysis (DEA): weights are assigned based on the performance relative to an es-
timated benchmark found by linear programming. DEA can lead to difficulties in interpreting the
weights of the individual indicators [134].

• Benefit of the Doubt (BOD): the CI is defined as the performance of a system relative to its benchmark
performance. This method is commonly used in policy making, and weights express the priorities of
policies. A downside of this technique is that categories are difficult to compare, and extreme values
weigh heavier. Also, the effect of another normalization method may lead to considerable differences
in the final values [134].

• Analytical Hierarchy Process (AHP): weights are constructed by pairwise comparisons where experts
make trade-offs [160]. Despite being time-consuming, this subjective technique is often used for as-
signing weights, particularly for sustainability assessments [87], because it allows decision-makers to
express their relative importance but has a built-in check for ensuring statistical consistency [203, 134].

The most suitable weighting technique for a CI should be determined based on its specific objective and
requirements. As mentioned as one of the risks of developing a CI, assigning weights is subjective, which may
affect the outcome and reliability of the CI and can therefore be a cause of disagreement [87, 206]. For this
reason, additional attention should be paid to the choices made, and transparency should be provided in this
process.

3.3.4. Phase 4. Aggregation of indicators
The weighted sub-indicators are aggregated and combined into the CI in this phase, which several techniques
can do. The selection of aggregation method and related flaws can also lead to different results for the CI.
Therefore, this decision should be well-reasoned to prevent criticism [87].

• Linear aggregation (LIN): the aggregated value of the CI is calculated by a summation of the sub-
indicators and commonly used with complete compensability [133, 206]. Compensability refers to the
allowance of trade-offs between the variables in a CI [128].

• Multiplicative aggregation (or Geometric mean (GME)): multiplication of the sub-indices results in the
aggregated value for the CI. The indicators are partially substituted with each other and are preferred
when full compensability is not desired [134].

• Non-compensatory multi-criteria analysis (NCA): NCA methods aggregate the sub-indicators based
on designed criteria. This method is mostly used when it is not preferred to have any substitution
between the indicators. NCA aggregates the indicators by achieving a ’compromise’ between the ob-
jectives [134].

The aggregation method’s selection should be reflected to complete this construction phase. Further, the
potential correlation between indicators should be viewed, and whether the indicators may be substituted by
each other [134].

3.3.5. Phase 5. Post-analysis evaluation of the CI
The final phase assesses the robustness of the CI. Several (subjective) judgments must be made while making
the CI, and thus it is essential to evaluate upon choices, inputs, and structures of the CI [134]. [203] em-
phasizes that CIs should have more comprehensive and detailed evaluations to improve its robustness. The
evaluation is done by executing an Uncertainty Analysis (UA) and examining the sensitivity to data or choices
for methodologies with a Sensitivity Analysis (SA) [133, 208]. Often the evaluation of CIs is limited by solely
performing an UA. By using both UA and SA for the evaluation of the CI, transparency on the construction
process and underlying choices will be increased more than by just one analysis [134, 133]. The structure
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of the CI may be adopted and improved using the findings made during the evaluation [133]. For a com-
plete evaluation of the CI, reliable conclusions should be drawn, together with identifying limitations and
uncertainties [134].

The following elements are recognized as causes of uncertainty in CI building [134, 133]:

1. Indicator selection

2. Input data

3. Editing schemes for missing data

4. Normalization method

5. Weighting method

6. Aggregation method

7. Assigned values of the weights

The UA reflects on the potential sources that create uncertainty of the CI. It is investigated using the UA
how these components impact the composition and outcome of the CI. This can be examined by varying
the construction methods or using other data as input. CIs can be seen as models, and therefore statistical
techniques can be selected to perform the analysis [133]. With the SA, the sensitivity of the CI is analyzed
for changes in the sources of uncertainty [134]. While changing the input sources, an understanding of the
impact of the indicators on one another should be gained. Because construction methods are also sources of
uncertainty, the SA can shed more light on their significance [134, 132].

A measure should be constructed to analyze how different input values affect the final output of the CI.
An answer should be formed to the following question: How- and to what extent is the final value of the CI
affected by a source of uncertainty for building the CI? A statistical test can address this and provide that the
CI is robust and does not extremely depend on the chosen methods [180, 79]. Variance-based approaches
are appropriate analysis tools for conducting a SA [132, 203, 147]. Quantitative tests that can be executed to
perform a SA are a correlation analysis, regression analysis, and partitioning of the output data [147]. Con-
sidering the objective of this SA, which is to determine how- and to what extent the final value is affected by
uncertainty sources, a correlation analysis is suggested [97].

Commonly used correlation tests are the Pearson or Spearman correlation coefficient. The choice for one
of these measures depends on whether the data is normally distributed and the relationship between the
variables is linear [147]. Spearman’s coefficient can be used when the variables are presented on an ordinal
scale as it utilizes the ranks of each variable relative to another [147, 99].

3.4. How a construction method can be selected
The choice for a technique relates to the degree above subjectivity constructing a CI. This is why the decisions
made in every phase need to be well-grounded, transparent, and answerable. Guidelines are proposed by
[120] that help to decide which technique is most suitable and appropriate for each phase. These guidelines
are visualized in Figure 3.2, which can be used as a structure to select techniques. The analyst makes the
choices before constructing the CI.

The flowchart (Figure 3.2) identifies four different levels at which a decision must be made (i.e., blue
squares). These correspond to the following factors: indicator type, aggregation type, comparison type, and
weighting type. The choices made at the higher levels determine the availabilities of techniques at the lower
levels, which are visualized in the yellow boxes. Different paths can be followed based on the decisions made
at the tiers.

• Type of indicators: The choice corresponding to the type of indicator is to decide whether the com-
ponents of a CI are substitutable. Substitutable (or compensability) refers to elements that a surplus
of another part can offset [128]. When compensation is not allowed, indicators are of the latter (i.e.,
non-substitutable) category [120]. The nature of the indicator type affects the aggregation approach in
the level below.

• Type of aggregation: Aggregation methods are simple or complex; a choice should be made depending
on the target group and purpose of this CI. Simple aggregation methods are usually applied for a more
general audience and vice versa [120].
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Figure 3.2: Flow chart to select the best methods for constructing Composite Indicators, from [120]

• Type of comparisons: Next, the objective of the CI determines if the dimensions are compared relative
to one another or absolute.

• Type of weights: The method for assigning weights must be decided at the bottom of the flow chart,
depending on the use purpose and objectives of the CI. Weighting can be objective or subjective, or
equal weights can be assigned to the indicators.

3.5. Why benchmarking should be performed
The value of the CI is compared relative to the benchmark CI. Benchmarking is used for identifying perfor-
mance gaps and is, therefore, a commonly used method in addition to performance measurement [204]. The
added value of sustainability benchmarking is most significant when the benchmark reflects the best prac-
tices [49], commonly a target performance. Therefore, competitive landscaping benchmarking, where the
performance of different competitors is measured and compared, is less suitable for this research. The use
of target performances for the benchmarks is more appropriate in this research context. Benchmarking also
allows for easy comparison between the actual- and desired performance [49].

Target performance can be done by comparing a company’s actual and target performance. This can be
done in two ways; the relative performance of a company in which the actual performance is compared with
a benchmark, and the magnitude of the performance gap. The performance gap between the actual company
performance and the target performance should be minimized for best performance [49].

First, a company’s relative performance RP is calculated (see Equation 3.1). Here, C Ia is a company’s
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actual performance, and C Ib is the target performance [49].

RP = C Ia

C Ib
∗100% (3.1)

The actual and benchmark performance differences can identify the performance gap M . If the best
practice is the maximization of the indicator values, Equation 3.2 should be adopted. If the best performance
is achieved when the importance of the indicators is minimized, the performance gap should be calculated
with Equation 3.3 [49].

M =C Ia −C Ib (3.2)

M =C Ib −C Ia (3.3)

3.6. Main findings chapter 3
This chapter has created insight into how company performance can be measured when environmental and
economic dimensions are included by outlining the construction steps of a CI, proposing guidelines on how
techniques can be chosen, and how performance can be benchmarked.

Thereby, knowledge is created to answer the sub-research question 4a) How can companies use a CI to
assess their performance on multiple dimensions?

Companies can use a CI to measure, analyze, and evaluate product returns on their performance while
considering both environmental and economic impact. CI are tools to measure performance, which supports
companies in measuring and tracking progress and identifying potential areas for improvement in processes
[116, 125, 92]. CIs allow for easy comparisons, summarize large sets of information of individual indicators,
and facilitate communication on a topic or problem [138, 207, 203, 206]. In the context of this research, CIs
can provide an understanding to companies of their current performance, how the performance of return
methods differ, how implementing actions affects their performance, monitor their progress, and commu-
nicate these findings with customers to increase transparency or with governments for reporting of their
performances.

The added value of this CI will increase if the output from the CI can be compared relative to a benchmark,
so companies know how far they are in reaching certain goals [204]. The results can be compared with a
performance gap to compare the actual performance with this benchmark performance. Companies should
minimize this gap to achieve the highest performance [49], which can be measured and tracked using the CI.

Next, the sub-question 4b. Which steps must be performed to construct a CI for an assessment on multiple
dimensions? can be answered.

The structure of a CI typically involves five steps: selection/identification, normalization, weighting, ag-
gregation of the variables, and evaluation [133]. During these phases, choices are made regarding the tech-
niques and methods used, which can be a source of disagreement because of any subjectivity that may arise.
Each step increases the probability of subjectivity and bias. To lower this engaged risk of subjectivity, all
choices made for constructing a CI should be transparent and well-substantiated. Additionally, special care
must be given to inspect the robustness and reliability of the CI, which can be done by performing an UA and
SA [203].





4
Conceptual design of the Composite

Indicator

In this chapter, the conceptual model for the Composite Indicator (CI) is developed and provides a clear
roadmap for its actual construction, including the methods to use and the data to collect. This chapter will
form an answer to sub-question 4c) What methods should be selected to construct the CI for product returns
assessing environmental and economic performance?. First, the objective and scope of the CI are defined.
The methods used for the CI are selected, motivated, and discussed in section 4.2. The selected methods
are explained in more detail in section 4.3. Lastly, guidelines and requirements for the data collection are
presented in section 4.4.

4.1. Objective and scope of the CI
The intent of the CI is to provide fashion companies with an understanding of product returns, focusing on
assessing its impact on their environmental and economic performance and considering the return methods.
With the knowledge gained from this assessment, companies can compare and analyze different variants of
return methods on their performance. Moreover, insights are created into potential areas of environmental
improvement while ensuring that their efforts are also economically feasible. This can support companies in
making more environmentally sustainable choices to improve the impact of (sub-activities) on their product
returns. In addition, the CI should be transparent and improve transparency on the impact of the returns
and return methods as well, to be used sector-wide and communicate the insights with customers or other
involved actors like governments or shareholders. Companies can encourage and inform their customers
about the environmental consequences of their return behavior. This can eventually help make more envi-
ronmentally conscious decisions on the customer side [194, 22].

Although the primary focus of this CI is to improve the environmental impact of returns in the fashion
industry, the economic dimension is also considered in this CI. This decision is made because the fashion
industry is primarily profit-driven. Therefore it is worth considering the costs of return methods assessing a
company’s economic viability. If a return alternative would perform best based on Greenhouse Gas (GHG)
emissions but is highest in costs for a company, a trade-off is crucial to remain economically feasible. The
objective of the economic dimension is to provide insight into the economic performance of the considered
indicators. With this, companies are assisted in making a well-balanced trade-off between the performances
of the dimensions and each other. Including these environmental and economic dimensions for the perfor-
mance measurement increases reality [203, 205].

A specific CI for product returns should be developed to assess environmental and economic perfor-
mance to reach these objectives. All activities that impact the returns process are relevant and should be
included in the CI, which needs to be constructed in a transparent way. For interpretation purposes, it is cru-
cial that the CI is straightforward to understand and use and that companies can easily compare the different
alternatives and make trade-offs.

29
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4.2. Selection of sub-methods
This section elaborates on the choices for the methods to perform the steps for constructing a CI. A structured
approach is used as outlined in section 3.4. The selection is based on the objective, scope, literature reviews,
and expert consultation.

First, it is determined whether the sub-indicators of the CI can compensate for each other. According to
[128], compensability can be defined as the existence of trade-offs between variables in the CI. This means
that a high value of some variables may compensate for the lower values of other variables. Also, compens-
ability refers to the level of correlation and dependency between the variables. Compensability can either be
complete or partial. Reviewing the objectives of the CI and the theoretical framework, a partial compensatory
approach is found to be most appropriate rather than complete compensability. The partial compensatory
approach allows for trade-offs between indicators made by multiple decision-makers. Also, there is, to some
extent, compensation for lower and higher scores of indicators instead of complete compensation [128, 129].
An example is given to illustrate the suitability of this choice for the context of this research: in a scenario
that shows low costs but a considerable amount of emissions, the final CI value is likely to be not very high as
the performance should depend on a combination of both. The low cost is preferred for a company and may
compensate somewhat for the large emissions, but complete compensability is certainly not desired [203],
as companies need to improve their environmental impact. In addition to this, the theoretical framework
of Table 4.1 shows no complete independency between the variables [120]. Considering these conditions, a
partial compensatory approach is most appropriate for this CI.

The CI should be functional for fashion companies, and the results should be easily interpreted and com-
municated with stakeholders and companies. Therefore, a more straightforward (e.g., mathematical func-
tion) aggregation method is chosen instead of a more complex method as the latter is less suitable for a gen-
eral audience [120]. Straightforward methods are Linear aggregation (LIN) and Geometric mean (GME). LIN
are less sensitive to outliers in the data and are commonly used for aggregation. LIN suggest complete com-
pensability and mutual independency [133]. Although LIN can still be used, the aggregation of individual
weights by a multiplicative function (GME) is better suitable for the construction of this CI [87]. The mul-
tiplicative aggregation approach makes the differences in the performances of the considered dimensions
(in this research, environmental and economic) explicit [180]. As an outcome of this, this method assists in
identifying the indicators that are performing less and promotes improved company performance here. Also,
it controls for the effect of specific indicators on the final value of the CI [19].

Further, consideration is given to how the weights should be assigned. The variables in this CI are rela-
tively compared amongst each other rather than absolute. This is because this CI aims for a fashion company
to make a trade-off between environmental and economic performance. The company should compare the
indicators of the environmental dimension relative to the economic dimension. For this reason, a relative
comparison approach is chosen.

The relative weighting technique can be subjective or objective. The subjective weighting of indicators is
preferred for this CI. Different fashion companies should be able to use the CI and make company-specific
trade-offs. Companies have different opinions, preferences, and targets. Subjective weighting allows compa-
nies to assign weights based on their values and preferences [180]. So, a subjective, relative weighting method
for the indicators is desired in this CI. The Analytical Hierarchy Process (AHP) is an appropriate method that
satisfies both conditions and is often used when sustainability indicators are included in the CI [87]. A fun-
damental property of AHP is that expert knowledge and experience are at least as important as the data for
making decisions [190]. This technique allows for subjectivity, and the weight expresses the trade-off between
the indicators. Also, this subjective weighting technique has a built-in consistency standard and scores high
for transparency [134]. However, AHP is a time-consuming weighting method, as careful consideration must
be given to selecting experts, computing weights, and verifying the consistency of the weights [133, 87]. An
alternative method that satisfies the weighting conditions of this research is the Data Envelopment Analy-
sis (DEA). However, this method is considered less suitable for this research as it may construct less realistic
weights, affecting the robustness of the CI [161]. Therefore, AHP, a relative comparison approach with sub-
jective weighting, is selected.

Lastly, the normalization method needs to be chosen. As AHP is selected, [120] suggests using either a
ranking, standardization, or re-scaling transformation method for the normalization. The ranking is not an
appropriate method when the objective of a CI is to reflect on the differences in the performances of the in-
dicators [180], making this method unsuitable for fulfilling the objectives of this CI designed in this research.
The re-scaling and z-score standardization methods can be used as they can measure the relative differences
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between the variables [180]. The indicators show no variances in indicator bearing, implying they can all
be interpreted similarly. For this research, lower values imply better performance. The re-scaling method is
simple and can widen the ranges of small variable intervals; but is less capable of maintaining proportionally
[134]. Z-score standardization can better handle outliers in the data but is not usable for a geometric aggrega-
tion method as this normalization method leads to negative values. Because GME is selected for aggregation,
normalization will be done by re-scaling and not by z-score.

In summary, a visualization of the chosen methods for every phase can be found in Figure 4.1. The fol-
lowing subsections will provide further information on the techniques.

Figure 4.1: Conceptual design CI measuring the impact of product returns on companies’ environmental and economic performance,
source: (Author)

4.3. How the CI for product returns is designed
This section will provide detailed information on the chosen methods for constructing the CI. The following
five phases will be covered subsequently: selection of variables, normalization of variables, the weighting of
variables, aggregation of variables, and as the final stage, the evaluation.

4.3.1. Phase 1. Selection of the indicators
First, a conceptual framework that includes all relevant variables is created, which serves as a foundation for
selecting variables. A comprehensive literature review on the product returns process is performed in chap-
ter 2 to identify what is desirable to measure. Complementary to the literature, expert consultation is done for
external verification. The relevant indicators for both dimensions are briefly described and discussed below.

Environmental set of indicators
The literature study has divided the returns process into several phases to assess the environmental impact.
These are the preparation phase, collection phase, product handling and processing, and recovery and dispo-
sition phase. Different logistic activities identified from literature affect the magnitude of the environmental
impact, as presented in section 2.6. For the final selection of the variables for the theoretical framework, this
set of factors is narrowed down to a more comprehensive selection in which double counting is avoided. The
environmental variables included in this CI are V1 packaging emissions, V2 transport emissions, V3 ware-
house and equipment emissions, and V4 product recovery and disposal emissions and V5 brick-and-mortar
emissions.

Clarification choices environmental indicators
Several choices for including indicators in the theoretical framework require additional clarification. First, the
return preparation phase has identified packaging and labeling emissions as impact sources. The share of la-
beling emissions is considered to be relatively little relative to the packaging emissions and will not likely be
of significant impact on this. Therefore, labeling emissions will not be included in the final theoretical frame-
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work. Packaging is an important contributor to additional waste for a company, according to a manager of a
fashion warehouse. Double counting of packaging emissions is avoided by using an Emisison factor (EF) that
considers the whole life cycle of the packaging material for a particular waste treatment method [84]. The en-
vironmental impact of transport can be calculated using indirect transportation emissions and direct energy
consumption. The values of these variables depend on the factors identified as crucial for the environmental
assessment of the transportation phase like the type of modality or distance traveled. Vehicle energy con-
sumption can be used as input for calculating transport emissions. However, including energy consumption
and transport emissions in the environmental assessment increases the risk of double counting GHG emis-
sions [84, 83]. This should be avoided. Considering the context of this research, the most appropriate variable
to include is transport emissions rather than vehicle energy consumption to understand the companies’ en-
vironmental impact in terms of GHG emissions. So, the GHG emissions from transporting a product over a
certain distance are included in the framework.

There is also an overlap in the emissions and energy consumed by the equipment and vehicles used for
handling and processing returns at the warehouse. Therefore, the same logic for avoiding double-counting
is applied as described above. Emissions created by all warehousing equipment needed (i.e., conveyor belts,
forklifts, stacking cranes) and emissions that arise in warehousing operations, including heating, cooling, and
other sources of GHG pollutants, are included as one indicator in the final framework.

Economic set of indicators
A breakdown of the high cost of product returns for a company is given in section 2.5. A reduced set of
variables is included in the theoretical framework. These are V6 transport costs, V7 labor costs, V8 warehouse
and equipment costs, V9 recovery costs, and V10 brick-and-mortar store costs.

Clarification choices economic indicators
Expert consultation from Metyis and other fashion industry experts has confirmed the relevant costs for re-
turns for a fashion retailer. The transport component also captures the logistics for arranging transport from
the customer to the warehouse, including fixed, variable, staff, mode characteristics, and general operating
cost elements. Labor costs refer to the direct and indirect costs for human resources and labor needed to
handle returns, including hourly wages, benefits, and insurance. Utilization and rental of warehouse space
and equipment for product returns are combined into one metric. This is because these costs are generally
connected with companies’ financial statements and are most of the time leased on an annual basis. Further,
disposal and recovery costs of the packages and products are combined into one metric. According to an
industry expert, these actions often take place together. Product recovery costs consist of either restocking,
landfill, or incineration. For packaging recovery, recycling, landfill, or incineration alternatives are included.
The utilization and processing costs for return operations in a brick-and-mortar store are integrated into one
variable.

Theoretical framework
The theoretical framework for this research is shown in Table 4.1. This framework provides an overview of
the dimensions, the variables representing each indicator, and units of measurement. The column on the
right shows the direction of the variability of a variable on the company’s performance. This attribute of an
indicator is called indicator bearing [150]. A positive direction means that if a variable’s value increases, the
company’s performance improves and vice versa. On the other hand, a negative direction indicates that a
lower value of that respective variable is preferred to obtain higher performance [207], so for example, a high
value of transport emissions represents worse environmental performance, indicating a negative variability
[19].

4.3.2. Phase 2. Normalization of the indicators
The normalization of variables will be done by re-scaling. Rescaling normalizes values based on the variable’s
range (minimum and maximum value) and widens the interval of all variables [134, 206, 180]. The normalized
indicator values can be calculated using Equation 4.1 [203]. Here, mi ni (xi j ) and maxi (xi j ) are the minimum
and maximum values for indicator j considering all return methods or return policies i [180]. The aggregation
of the indicators is done by multiplication, so values with a 0 will lead to an infeasible solution. Therefore, the
formulation of the rescaling equation is adapted to Equation 4.1 from [203].

Ii j = 1+ maxi (xi j )−xi j

maxi (xi j )−mi ni (xi j )
(4.1)
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Table 4.1: Theoretical framework including the indicators and units of measurement, source: (Author)

Dimension Description Unit of measurement Direction of variability
Environmental V1 Packaging emissions [kgCO2e/returned product] Negative

V2 Transport emissions [kgCO2e/returned product] Negative
V3 Warehouse and equipment emissions [(kgCO2e/returned product] Negative
V4 Product recovery emissions [(kgCO2e/returned product] Negative
V5 Brick-and-mortar emissions [kgCO2e/returned product] Negative

Economic V6 Transport costs [eur o/returned product] Negative
V7 Labor costs [eur o/returned product] Negative
V8 Warehouse and equipment costs [eur o/returned product] Negative
V9 Recovery costs [eur o/returned product] Negative
V10 Brick-and-mortar costs [eur o/returned product] Negative

Where:

i The return method i , i = {1, ...,n}
j The value of indicator j , j = {1, ...,m}
xi j The raw value of indicator j for return method i
Ii j The normalized value of xi j

4.3.3. Phase 3. Weighting of the indicators
The variables are relatively weighted according to the technique AHP, allowing for some subjectivity. The
variables are compared per pair. First, the decision maker decides which variable in the considered pair is
more important. Second, the decision maker expresses how much more important this variable is by as-
signing a score on a ratio scale [161, 159, 133]. The final values of the weights express trade-offs and are not
measurements of the importance of indicators relative to another [134].

Each pair of two variables is compared based on a relative preference considering a given objective. The
relative preferences of the decision-makers are defined on a semantic scale that ranges from 1 to 9 [134,
159, 144]. This scale is widely validated in literature and practical applications [159]. A value of 1 (weak
preference) is given when both indicators are equally important, a five corresponds to a strong preference,
and a 9 expresses an extreme preference. So, a nine should be interpreted as an indicator nine times as
important relative to the other [142]. These preference relationships are further elaborated in Appendix B.

A n x n matrix, denoted by A, is constructed in Equation 4.2. Each element ai j expresses the relative
preference assigned by the decision maker for alternative i to j , where the alternatives represent the variables
[142, 159]. As there are 10 variables identified for the CI in this research, the size of the matrix is 10 x 10. Several
conditions should be met in this matrix. The pairwise comparison between the same variables should equal
one, as expressed in Equation 4.3. Also, the reciprocal property should be satisfied (Equation 4.4) [190]. This
results in a reciprocal matrix as presented in Equation 4.2, where ai j = wi /w j [142, 100].

A = [ai j ] =


1 ai j . . . a1n

1/ai j 1 . . . a2n
...

...
...

...
1/a1n 1/a2n . . . 1

 (4.2)

Where:

ai i = 1 (4.3)

a j i = 1/ai j (4.4)

After the expressions of the judgments in the matrix, the relative weights will be calculated by the princi-
pal right eigenvector approach of matrix A [159, 142]. This approach calculates a priority vector that repre-
sents the position of each variable relative to the others [142]. First, all elements in a column of matrix A are
summed. Next, the columns are normalized by dividing the comparison scores of each cell in the reciprocal
matrix by the sum of its column in (Equation 4.5), where ewi j is the element weight. Third, the weights wi j

are obtained by taking the average of each row (Equation 4.6) [100].
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ewi j =
ai j∑n

i=1 ai j
(4.5)

wi j =
∑n

j=1 ewi j

n
(4.6)

Consistency check
The comparison scores are based on the judgments of decision-makers. Therefore, as part of the AHP, it
is important to perform a consistency check on the reasonability of the scores and the new priority vector
values. The Consistency Ratio (CR) is a statistical test, which can be calculated with equation4.7. In this
formulation, n represents the size of the matrix, λmax the largest eigenvalue of the n x n pairwise comparison
matrix, and RI is the average random consistency index [134]. In Table 4.2 the critical RI values for the
number of variables in matrix A can be found.

The calculated value of the CR indicates the level of consistency, of which the acceptable level depends on
the size of the matrix. A significantly low value indicates an acceptable estimate of the relative weights [159].
There are specific baselines, which are when n=3, the CR should be 0.05, 0.08 with n=4, and 0.10 with n>=5
[167, 142]. A lower or equal value than this reference represents acceptable consistency in the comparative
judgments. If this value exceeds the references, the judgments should be reviewed to reach an acceptable
level of consistency [167].

C R = λmax −n

(n −1)∗RI
(4.7)

Table 4.2: RI values corresponding to the number of variables n, from [142]

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59

4.3.4. Phase 4. Aggregation of the indicators
The multiplicative aggregation approach, also called weighted geometric aggregation (GME), provides an
in-between solution between the full and non-compensability of the different variables. By multiplying the
weights and normalized indicators, a value of the CI is obtained that reflects the relative importance of each
indicator and how much an individual indicator contributes to the total score of the CI [207, 203].

The previously calculated functions are used as input for the formula for aggregation (Equation 4.8). In
this equation, w j expresses the weight of indicator j for product return method i . Ii j is the normalized value
of indicator j for return method i . C Ii expresses the value of the CI for return method i [203].

C Ii =
10∏

j=1
I

w j

i j (4.8)

4.3.5. Phase 5. Post-analysis evaluation of the CI
The choices made in each phase in constructing the CI can all be subject to criticism. In theory, using different
methods to build the CI is possible, which may lead to different results [207]. To improve the robustness of
the CI, it is essential to provide transparency on the construction process in the first place, and a Uncertainty
Analysis (UA) and Sensitivity Analysis (SA) are performed secondly [134].

Uncertainty analysis
For the UA, different input sources embedded with uncertainty are studied. These sources are referred to as
uncertainty triggers [134]. The chosen method for the UA is sustained, followed by a description for perform-
ing that method. This research inspects three uncertainty triggers in more detail, the weights, aggregation
method, and the input data. It is worth mentioning that it would add value to analyze the uncertainty of
the normalization method. However, in the context of this CI, the rescaling method is the only appropriate
normalization method considering the alternative methods. The z-standardization can measure differences
between the values but cannot be used in combination with the multiplicative aggregation approach. Other
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normalization methods, like ranking or distance to a reference point, do not take the absolute differences be-
tween the values into account and are therefore unable to measure or analyze the difference in performance
[133]. This is a requirement for this CI; therefore, the uncertainty of the normalization method is not analyzed
further in this research.

Uncertainty trigger X1. Weighting method
A source of uncertainty for this CI is the assignment of weights in the AHP, particularly because subjective
weighting is used. The first trigger for this uncertainty analysis is, therefore, weighing. A different weighting
scheme can gain a further understanding of the robustness of this CI. The AHP already performs a consis-
tency check reflecting on the realism of the assigned weights. For this reason, rescaling weights is sufficient
to examine the robustness and is referred to as the first trigger in this UA [133]. Rescaling the weights will be
done by questioning a different group of experts who must assess the weights according to a defined perspec-
tive. The same criteria apply to the number of experts and the consistency ratio.

Uncertainty trigger X2. Aggregation method
The second trigger X2 of uncertainty is the aggregation scheme. The nature of this CI requires that the aggre-
gation scheme satisfy the partial compensability of the indicators of this CI. Therefore, the non-compensatory
weighting method is not suitable. Additionally, using a multi-criteria aggregation is incompatible when using
AHP [133]. Considering these technical feasibilities, the arithmetic mean can be used, where the normalized
values are summed to an arithmetic mean. This aggregation method can be more extreme than the geometric
mean as it substitutes values to a larger extent with each other [180]. The following equation can be used to
determine the values according to linear additive aggregation, Equation 4.9 and Equation 4.10 [133].

C Ii =
10∑

j=1
Ii j w j (4.9)

∑
j

w j = 1 (4.10)

Uncertainty trigger X3. Input data
Assumptions are likely to be made when not all input data is provided, so the uncertainty of this source will
be inspected [134]. This will be done by making explicit assumptions and performing a SA.

Sensitivity analysis
The correlation of the uncertainty triggers on the final value of the CI are inspected with a statistical test
[203, 147]. The variables are not expressed in ranks, so the Spearman correlation is unsuitable, and Pearson is
used [99]. This test is two-tailed, as the variables can change in two directions (positive or negative) [147, 99].

A trigger’s impact is isolated to analyze the correlation with Equation 4.11. In this formulation, n is the
number of variables, and x and y are the variable sets (x1, y1), (x2, y2), . . . , (xn , yn) [99].

The coefficient r ranges from -1 to 1. A negative correlation is indicated by -1, 0 is no, and 1 expresses
a perfect positive correlation [20]. For each trigger, a set of hypotheses are formulated. The null hypothesis
(H0) states no significant relation between the examined variables, and the alternative hypothesis (H1) states
a significant relationship at a certain confidence level [147, 99, 203]. The p-value determines the significance
of this relationship. H0 is accepted if the significance level is below the p-value, and H0 is rejected otherwise,
meaning there is a significant relationship between the variables [20, 203, 99]. The p-value is calculated using
the t-distribution, presented in Equation 4.12 [99].

r = n
∑

x y − (
∑

x)(
∑

y)√
(n

∑
x2 − (

∑
x)2)− (n

∑
y2 − (

∑
y)2)

(4.11)

t = r ∗
√

n −2

1− r 2 (4.12)

4.4. Data collection
This section provides insight into the data collection requirements. The CI will investigate several return
scenarios, which can be return methods or return policies. For each method, a value xi j is calculated, ex-
pressing the raw indicator value j for product return method i . In total, there are 10 variables identified
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from Table 4.1 and including their unit of measurement. These are: V1: packaging emissions, V2: transport
emissions, V3: warehouse and equipment emissions, V4: product recovery emissions, V5: brick-and-mortar
emissions, V6: transport costs, V7: warehouse and equipment costs, V8: labor costs, V9: recovery costs, V10:
brick-and-mortar costs.

Required data and guidance on the data collection
This subsection guides which data needs to be collected to measure the variables, what sources to use, and
how to analyze the data.

V1. Packaging emissions
The required data to determine the packaging emissions are the type of packaging material and the weight of
the packaging material, which should be collected through external client data. A material-specific EF can be
retrieved from the literature, CO2emissiefactoren, DEFRA emission sources, and EPA. This EF is multiplied
by the mass of a package according to the approach suggested by [84]. Further, data on the waste treatment
strategy should be collected to select the correct EF for the waste treatment. If the client cannot supply this
data, assumptions are made about the most frequently used materials for packaging and corresponding waste
treatments.

V2. Transport emissions
The transport emissions can be calculated by the fuel- or distance-based method. The appropriateness of
the methodology for transport emissions depends on the analysis objectives and the availability of data [84].
The fuel method requires detailed data on the volume and fuel types used [84]. This level of accuracy in
data may not be feasible for the time scope of this study. The distance-based approach requires less detail in
data [84]. The following data needs to be gathered to calculate the transport emissions with this method: the
transport modes used, the distance traveled per returned product, the return method, the transported weight
or volume of the product, and the vehicle capacity. Different data sources can be used and combined to
retrieve the necessary information. The client should provide data on the input sources. This provider should
also be contacted if the transport process is outsourced to a Third Party Logistics Provider (3PL). Knowledge
of the type of modality is needed to select the correct EF, which can be retrieved from external sources like
CO2emissiefactoren, DEFRA, EPA, or TNO. Different transportation networks for each return method should
be considered to calculate the emissions to obtain accurate values. The emissions are determined according
to in-store returns, home pick-up, and collection points network structures. A more detailed description of
the data and additional assumptions is provided below.

Return method - Brick-and-mortar returns
The transport emissions are calculated using the distance method as collecting fuel data of customers’ shop-
ping trips is complex and not assumed to be feasible within the time scope of this research. The input data
necessary are the modality, the mass of a product, the customer’s location, and the store’s location. If the
product is transported from the store to the warehouse, additional data should be collected on the vehicle
route, vehicle type, warehouse location, and total journey distance traveled. The client should provide the
location of the customer and the physical stores. This is used as input to determine the distances traveled
in kilometers. If it is impossible to collect this input data, assumptions for the average distance driven for
a shopping trip in the Netherlands are made based on data from Centraal Bureau voor de Statistiek (CBS)
[118, 27].

The level of accessibility affects the choice of the modality of citizens [27]. Slow modes of transportation
(bike, walking, bus, metro, tram) are preferred in the Netherlands under the threshold of 6 kilometers [27]
if distances longer than 6 km need to be traveled, cars are mainly used for shopping trips [27, 28]. The top
three most used cars per fuel type are petrol, diesel, and electric vehicles in the Netherlands [29]. Suppose
it is impossible to retrieve any data on the modality used for this transport by customers. In that case, it is
assumed that when a customer needs to travel less than 6 kilometers to the physical store, an average EF of the
slow transportation modes is utilized. When the customer needs to travel distances larger than 6 kilometers,
an average EF for the car will provide a reasonable approximation [84].

Return method - Home pick-up
To determine the transportation emissions per product return, the following data must be collected with the
client and supplemented by 3PLs: the number of return requests served in one journey, the vehicle charac-
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teristics and type, the location of the return requests, and the location of the final destination. Suppose it is
not possible to retrieve this complete set of data; in that case, assumptions should be made on the number
of stops per journey based on the vehicle’s maximum payload and the package’s dimensional mass. This can
be done by using an average EF for the transport vehicle [84], and the average distance per pick-up round (50
km) can be used for the distance calculation [118]. In the worst-case scenario, the emissions can be calculated
using the total transport costs and the modality used [84].

Return method - Collection point
Three transport activities need to be calculated. The transport emissions for the first activity can be deter-
mined similarly to the in-store transport emissions, where the distance is determined from the customers’
location to the collection point, using data from the retailer and 3PL their collection points. The latter is
available on the websites of the 3PL. The second transport activity to consider is vehicle journey emissions.
The input data necessary for determining the transportation emissions per product by a collection point are
the number of collection points served in a single route, the location of the collection points and the final
destination, the vehicle characteristics, and the number of parcels picked up per collection point. The client
should supply this, preferably in cooperation with their 3PL. If this data cannot be collected, assumptions
should be made for this measure. The number of parcels picked up is limited by the vehicle’s maximum
payload capacity and time constraints. Based on the dimensions of a product package, an estimation of the
number of packages transported by one vehicle can be made. The average distance driven on a collection
round can be used for the distance calculation if needed [51], and an average EF for the transport vehicle can
be used if data lacks [84]. This can be found in the literature. In the worst-case scenario, the emissions can be
calculated using the total transport costs and the modality used [84].

V3. Warehouse and equipment emissions

Energy consumption data is expressed over a certain period and should be available to the client. Once
data is gathered from the warehouse’s energy consumption, the warehouse emissions can be determined.
A proportion of the total warehouse emissions will be allocated to product returns depending on the area.
The warehouse emissions given to returns should be divided by the number of returns handled at the ware-
house over the same period considered to determine the warehouse emissions per product return. The client
should provide the following data: fuel and electricity consumption, warehouse space, and return handling
area. Supplementary data can be found through literature studies; for example, [42] studied returns in ware-
houses, [75, 154] made an environmental assessment of general warehouse emissions, and [118] has taken
warehouse activities into account in their carbon assessment. The EFs for this calculation are most accurate
when location-specific; sources are CO2emissionfactors, DEFRA, and EPA. In the worst-case scenario, the
emissions can be approximated using the total space used for product return handling at the warehouse, the
cost structure (leased or owned), and the warehouse location [84].

Data should be collected on the number of warehousing equipment, the type of equipment, the operating
hours per day, and the power consumption of the equipment. According to an expert with industry knowl-
edge, the client, their warehouse manager, should have insights into these numbers. It could be that this data
cannot be provided entirely by the client source for this research. In that case, additional assumptions should
be made based on the type and number of equipment used for handling/processing returns at warehouses
and the energy consumed by equipment in a warehouse. Studies of [75, 153] have assessed the emissions of
warehouse equipment in the US. If the total equipment emissions are known, a fraction of the whole equip-
ment emissions must be allocated to product returns. This will be the final value for this indicator.

V4. Product recovery emissions

The emissions created during the product disposition depend on the mass of the product and the chosen
waste treatment. The client should collect data on the number of products handled by a treatment method,
the type of treatment method, and the mass of the product. Client data will be the most accurate and reliable
source of data. If no data is given on the recovery method chosen, insights are gathered through interviews
with experts in the industry. The waste treatment EFs can be derived from DEFRA, CO2emissionfactoren, or
EPA.
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V5. Brick-and-mortar store emissions
To measure brick-and-mortar store emissions, data should be collected on the consumed energy at the store
and the time a product return spends there. The client should provide this data, as they receive invoices for
their energy consumption and electricity used at the store and have insight into their product stock levels.
If this data cannot be provided, assumptions can be made regarding the store’s size, location, number of
products handled, and energy consumed. In the worst case, information on the store area and the number
of returns dealt with there [84] should be collected, which can be retrieved from the literature or publicly
available reports.

V6. Transport costs
The data that should be collected to calculate the transport costs are the distance driven; the modality used,
the vehicle load, and the mass of the transported package. Sources to contain this data are the external client
and possibly the 3PL to have the desired level of accuracy in the transport costs. Literature or reports can
be used as a secondary source if this data is insufficient; for example, [187] provides detailed insight into key
economic figures of freight transport. Once the total transport cost for a vehicle route is known, this amount
should be converted to the cost per product by dividing the total costs by the number of products transported.
When this data cannot be retrieved, assumptions should be made based on the shipment sizes. Therefore, a
vehicle’s maximum payload capacity and the product package’s length should be known or determined [45].

V7. Labor costs
Necessary data is the number of employees, the time spent per employee on inspection, restocking, band
receiving of product returns, the total labor costs of employees at the warehouse, and the external overhead
expenses. The client should provide this data. By dividing the total labor costs for returns by the number
of product returns dealt with during the period, the labor cost per product return can be determined [45,
50]. Suppose this data cannot (entirely) be provided. In that case, additional assumptions should be made
based on the workforce required for handling/processing returns at warehouses and the total labor costs of
warehouse employees. This data can be found in studies of [89] and [42]. Data on total costs can be found
in companies’ financial statements, and based on literature, assumptions can be made about the workforce
needed.

V8. Warehouse and equipment costs
Cost on the handling and processing of return logistics at a warehouse provided by an external client. These
costs include rent, mortgage payments, utilities, insurance, and security. A proportion of these costs should
be allocated to return handling. This proportion is based on the time a product returns spent at the ware-
house or the number of products over a time period. It is preferred to get this data from the client. Additional
assumptions should be made if this data is not entirely provided on the area dedicated to handling/processing
returns at warehouses and the cost of operating, which need to be verified using expert consultation.

V9. Recovery costs
Recovery costs consist of the recovery cost of a product and its packaging. The number of products per recov-
ery or disposal method should be provided to derive a product’s recovery cost. Country-specific disposition
fees for landfill or incineration can be derived from European statements when client inputs on this lack [69].
This data can be supplemented by an expert consult specializing in clothing disposition. If this data is insuf-
ficient, secondary literature sources can be used. The cost for storage of a product is derived from the total
storage costs at the warehouse and the number of product returns stored, preferably provided by the client.
Otherwise, this can be approximated using findings of the study of [89] and expert knowledge. The packag-
ing disposal and incineration fees can also be derived from the municipal waste charges if client input is not
provided [39]. This can be supplemented with packaging-material-specific recycling fees from literature [73].

V10. Brick-and-mortar costs
The data that should be collected are the following: rent, mortgage payments, labor, insurance, and secu-
rity costs. To specify the return costs, information should be provided on the estimated time and space for
return handling tasks at the store and the number of products handled in the store over a time period. The
primary source of data is client data. Otherwise, assumptions should be made based on the labor needed
area dedicated to returns at a store to handle product returns based on the literature or reports.
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4.5. Main findings chapter 4
This chapter aimed to answer SQ4c) What methods should be selected to construct the CI for product returns
assessing environmental and economic performance?

The following methods should be selected considering the requirements and findings of the previous
chapters: normalization by rescaling, AHP weighting, and multiplication aggregation, which is visualized
in Figure 4.1. The data collection requirements and guidelines are identified for every indicator based on
internal and external sources. Additional attention is paid to the availability of data sources, as this affects
the requirements and measurement method. Several alternatives are defined for each indicator, and experts
check whether a company can obtain the input data requirements.





5
Measurement with the Composite

Indicator

This chapter will design the Composite Indicator (CI) to measure a company’s environmental and economic
performance for product returns. First, an introduction is given to the fashion retailer of the base case in
section 5.1, followed by a description of the data set used. Second, the data collected for each indicator and
additional assumptions will be described in section 5.2. Third, the model is designed in section 5.3, where
the performance of the base case is measured. Lastly, the insights found with performance measurement are
analyzed and evaluated in section 5.4. Question 4d) ’How can the current state of a company’s performance
be measured using the CI?’ is answered.

5.1. Description of the base case
Data from a fashion retailer is collected to test the CI and to analyze and compare the performance of the
return methods. The retailer is an international fashion company active in online and offline retailing chan-
nels. The fashion company is part of a larger global fashion group. The company offers all types of fashion
clothing, such as shirts, dresses, tops, trousers, skirts, blouses, and jeans. The company is mainly active in
the downstream supply chain, which entails the production of clothes by manufacturers to the point of cus-
tomer consumption. The management and operations for handling returns are also part of the downstream
supply chain activities. The company offers free returns to customers within 30 days of receiving the item,
and depending on the channel the item was purchased, a return method can be selected.

The customer data is limited to the geographical scope of the Netherlands. This means that only cus-
tomers returning items from the Netherlands are included. The data shows all products purchased and
returned at the retailer’s e-commerce channel and brick-and-mortar store for the time period of one year
(Jan.-Dec.). The retailer operates one brick-and-mortar store in the Netherlands where customers can hand
in returns. Other return alternatives offered are through home pick-up and at collection points.

The products collected at the brick-and-mortar store are either resold in-store or returned to the ware-
house. Returns handed in through collection points or home pick-up can be transported to the warehouse
or relocated to the brick-and-mortar store where they are resold. The retailer owns a warehouse for their Eu-
ropean operations that is entirely dedicated to returns, which is located in Spain. PostNL and UPS transport
the returns as Third Party Logistics Provider (3PL). Both 3PLs have several collection points and distribution
centers in the Netherlands. Products purchased and returned through other franchise retailing channels like
Zalando or AboutYou are excluded from the data as this is less accurate than the data owned by the fashion
company.

Data specifications of the base case
The data provided by the client retailer entails return data for a whole business year in 2020. The data set
contains 1735 return orders from different customers in the Netherlands. The number of returned items
per order is also known, resulting in 6388 returned items in the base year. The frequency of return methods
used was 92.45% by collection point (1603 packages), 6.11% by home pick-up (106 packages), and 1.44% by
brick-and-mortar returns (26 packages). As said, the number of items per return package is also known. In

41



42 5. Measurement with the Composite Indicator

total, 5912 items were transported by collection points, 407 by home pick-up, and 69 were returned at the
brick-and-mortar store.

5.2. Data preparation and analysis
The data must be prepared, analyzed, and structured before being used as input for the CI. The previous
chapter has provided insight into the data requirements for each variable (see section 4.4). The collected data
and quality are elaborated on in this section, Appendix D provides an overview of the data.

V1. Packaging emissions
Packaging waste is only created for the retailer when the product is shipped using the return methods: collec-
tion point returns, home pick-up, and if the products are transported from the store to the warehouse. The
retailer’s data gives insight into which return method is used so that packaging emissions can be allocated ac-
cordingly. The retailer from the base case offers a wide assortment of apparel, so a combination of packaging
materials is likely used. From the expert consultation, it follows that all products are individually packaged in
a plastic polybag (Low-density polyethylene (LDPE)), and to ensure safe transport, either a cardboard box or
a plastic shipping bag is used. Both packages are used often according to an expert and [191], so it is assumed
that this is 50-50 in the base case. This is randomly decided in the model in Python. According to the same
industry expert, most of the packaging material is sent to disposal and destroyed, and only a meager share
is recycled in fashion mainly. This is partly due to the low quality of the packaging when it gets returned. In
addition, the material type of returned packaging differs as almost 80% of the customers do not return their
product in their original packaging [191]. These factors make the recycling of packaging more difficult. It is
therefore assumed that no packaging is recycled in the base case. Whether the package is sent to a landfill
or incineration is randomly assigned by the model in Python. Municipal waste treatment facilities will likely
handle all packaging waste [39]. The mass of an average package is derived from literature sources, which can
be found in Appendix C. The Emisison factor (EF) used for the measurement of material-specific packaging
waste can be found in Appendix E under packaging waste treatments.

V2. Transport emissions
The data provides insight into the chosen method of return and the 3PL, the location of origin, final destina-
tion, the mass of the product, and its packaging. With these inputs, the transport emissions for each return
are calculated using the distance method, considering each trip between recovery locations separately. This
will improve the reliability of the calculation because each trip has different characteristics, and other trans-
port modalities are involved. The total transport emissions of a returned product are the sum of these trips.
The retailer only uses road transportation, which PostNL and UPS perform. The return methods offered by
the retailer are in-store returns, collection point returns, and home pick-up. PostNL only provides home pick-
ups. Products returned by customers at the brick-and-mortar store can be transported to the warehouse by
PostNL or UPS. Both 3PLs have distribution centers for packages spread throughout the Netherlands. The
model assumes that the parcels are transported to the nearby distribution center of the specific 3PL and,
from there, are transferred to another modality to be transported to the final destination. The city’s first-
and last-mile transport is done by distribution vans and the long-haul trip by trucks. The distances are mea-
sured using Google Maps and implemented in Python. For home pick-up trips, it is assumed that the first
address severed is of the customer, whose exact location is known, with an average pick-up trip distance of
50 km [118]. This implies that the vehicle serves 100 customers with an average distance of 0.5 km between
the customers [40]. For the collection point trip, it is also assumed that the first location of the stop is the
collection point of the customer, with an average trip distance between the stops of 80 kilometers [51]. For
the long-distance trip, distances are measured between the distribution points of the 3PL providers and the
final destination using Google Maps. No data is provided on vehicle characteristics. Assumptions are made
based on the vehicles of the 3PL of the executed trip. According to [41], almost all trucks are diesel-fueled in
the Netherlands, which is assumed to be the same for the base case. Based on [110], freight emission values
are derived for the trucks. This study expresses the load factor based on the type of cargo transported, which
determine the emissions created per tonne-kilometers. The distinction is made between light, medium, and
heavy loads. The freight transported for this study falls under the light bulk and piece transport category,
which corresponds to less than 0.4 kg/L in the cargo area [110]. Most distribution vans in the Netherlands are
diesel-fueled, followed by petrol [41]. The values of the EF used for the different modalities are obtained from
multiple databases (i.e., CO2emissiefactoren, CE Delft, BEIS). They are presented in Appendix E under freight
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transport. For the base case, the EF for the truck trailer light diesel is used for long-haul transportation; for
short-haul transportation, the EF for vans with an average fuel type is used.

For the trip from the customer to the store and the distribution centers, statistics of Centraal Bureau
voor de Statistiek (CBS) are used to specify the modality as explained in the previous chapter. It is assumed
that when a customer needs to travel less than 6 kilometers to the physical store, an average EF of the slow
transportation modes (bike, walking, bus, metro, tram) is used. When the customer needs to travel distances
larger than 6 kilometers, an average EF for the car will provide a reasonable approximation [27, 29, 84].

V3. Warehouse and equipment emissions
The warehouse’s energy consumption or rating is unknown from the retailers’ data. The warehouse emissions
are therefore determined according to the proposed method of [84], which is based on the warehouse area.
The warehouse area for returns and the number of returns handled over a time period are obtained from
client data. An EF for warehouse energy is derived from the Greenhouse Gas (GHG) Protocol database speci-
fied for a leased warehouse facility, which can be found in Appendix E. The area is multiplied with this EF and
divided by the number of returns to derive the warehouse emissions per returned product. Next, the retailer
has given insight into the type and number of equipment used for handling product returns at the warehouse.
With this input, the equipment emissions for handling the returns at the warehouse can be determined using
an EF from the database of EXIOBASE. This EF is specified for the energy grid of the warehouse location and
measured in monetary values. Prices for the equipment are derived from several large equipment manufac-
turers or suppliers, like Toyota Material Manufacturing, Bigrentz, and AltaEquipment. The client has shared
the number of returns handled in the warehouse, which will be used to derive the warehousing and equip-
ment emissions per item. This is presented in Appendix F.

V4. Product disposal emissions
The disposal emissions are determined using the method of [84] for waste, as the client has only provided
information on the mass of the products and not on which waste treatment is used. It is chosen only to limit
the emissions of recovery to reselling the product and disposal to landfill or incineration emissions of the
products. Particularly in the fashion industry, the most significant proportion of returned products is either
resold and reused or sent to incineration or landfills. Recycling rates of textile waste, including both returns
and non-returned products, in Europe is below 1% [122, 52]. Considering the proportion of recycled items
from returned products, it is assumed that a value close to zero is likely. Little information is known about
the exact number of recycled items, which is also true for items that get repaired. Multiple industry experts
confirm this lack of information and transparency in business operations. In addition, [166] studied the en-
vironmental footprint generated by recycling clothes in Japan. They concluded that the GHG emissions of
recycling a clothing product highly depend on the type of recycling method chosen, the type of product that
is recycled, and which sort of product it will be recycled into. So, estimating the environmental impact of re-
cycling a clothing item is very complex and surrounded by a lot of uncertainty, which is even more difficult as
there is little data available and it is highly product dependent. This implies that for including recycling as a
recovery option in this base case, the additional assumptions that need to be made will likely be insignificant
and inaccurate. It is therefore chosen only to focus on reselling/reusing the product (direct recovery) and
disposal to landfill or incinerated (process recovery). This research assumes, therefore, that recovered, recy-
cled, or repaired parts are stored and resold again if not mentioned differently, and the features that cannot
be retrieved are eventually redirected to landfills or incineration.

Waste-treatment specific EFs for clothing are selected from the BEIS database from DEFRA, presented in
Appendix E under Waste treatment. This gives insight into the landfill-, reuse-, and incineration of kgCO2-
equivalent emissions per kg of clothing, including the collection and transport to the distribution facility [43].
There is no specific data available for determining the frequency of disposal treatments. Therefore, insights
from an expert consultation with a fashion warehouse manager and an expert in the field of textile recycling
are gathered to gain more understanding of this matter, combined with findings from [4]. Most items are
reused and resold again, but there is also a share that gets sent to landfill or incinerated. This has led to the
following allocation for the base case: it is assumed that 80% of the products are resold and reused, 10% are
sent to landfill, and 10% are sent to incineration. The model assigns the waste treatment to the return orders
based on a random assignment to improve reliability.
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V5. Brick-and-mortar emissions
No data is provided on the store’s energy consumption by metered data. This can be approximated using
the energy label and the area of the retail store. Each label corresponds to a maximum primary fossil en-
ergy consumption in the Netherlands in kW h/m2/year , with A the best and G the worst performance [155].
Following the energy rating of the store, which is C, the value of the maximum primary fossil energy con-
sumption in the Netherlands is obtained. This number is multiplied by the area of the store in m2, which
estimates the store’s energy consumption in kW h for a year. The total emissions are allocated to the total
number of products handled in-store for the year, so items in inventory, sold, and returned in-store are con-
sidered. As no specific data is available on the time spent at the store for each item, it is assumed that the
total emissions are equally distributed over the total number of products handled in-store in one year. These
values can be found in Appendix D.

V6. Transport costs
The data provided by the external client for transport costs are the customer’s location, the initial point of
recovery, and final destination, the transported mass, and the 3PL used. From [41], it is found that for long-
haul transport, diesel trucks are used for short-haul distribution vans that are mostly diesel- and sometimes
petrol based. Based on these inputs, conversion factors of the Netherlands Institute for Transport Policy
Analysis (KiM) are used [187]. This modality-specific conversion factor includes fixed, variable, staff, mode
characteristics, and general operating cost elements. The most recent report uses fuel prices from 2018 [187].
Based on the type of vehicle used for the transport, a mode-specific conversion factor in [euro/kg-km] is
multiplied by the distance driven in kilometers and the parcel mass in kilograms to derive the transport costs
per kg returned product. The distance driven is already determined for the measurement of the transport
emissions. This is presented in Appendix F. For the base case, the costs for a diesel truck for transporting
light bulk goods are used; for short-haul transport, the costs of an average fueled van are used.

V7. Labor costs
The labor costs are calculated by the sum of receiving, inspecting, and restocking products and any additional
overhead expenses. Data is provided on the number of warehouse employees. Further data is found from
literature, governmental reports, and expert consultation. Expert consultation has given insight into the total
activity time of a return handling in-store and at warehouses on average. This activity is quite labor-intensive
as the product needs to be inspected to determine if it is good enough to be restocked. The warehouse’s
labor costs are determined based on the hourly return rate and the average time needed to take a return
[89]. Further, the employee overhead expenses depend on the country where the labor is performed and is
retrieved from EuroDev. The total costs per product return at the in-store are calculated by the labor cost
per hour, including the overhead expenses, which must be multiplied by the time spent fulfilling the tasks.
The minimum wages are derived from Rijksoverheid, and the overhead costs are found in the database of
Eurodev.

V8. Warehouse and equipment costs
Data on the warehouse size, the warehouse location, the leasing structure, the number of equipment, and the
type of equipment is provided by the retailer. The missing component for calculating the costs is the ware-
house leasing costs on an annual basis. For the warehouse leasing costs, data sources from Statista provide
the average warehouse rental costs per square meter for a specific location [173]. Additional consultation
with a fashion warehouse manager has provided insight into the most commonly used type of equipment
and loading capacity for retailer warehouse operations to specify the equipment type further. Data from sec-
ondary resources of large equipment manufacturers or suppliers, like Toyota, Bigrentz, and AltaEquipment,
are used to estimate the costs of the equipment.

V9. Recovery costs
The recovery costs of a product depend on the disposition method chosen, the mass of the product, the dis-
position fees, and storage costs. There is no data on the retailer’s disposition costs, so secondary sources
from European reports, expert consultation, and literature are used to collect data. It is assumed that mu-
nicipal waste treatment facilities handle all waste. Country-specific disposition fees per kg can be retrieved
from [69] and supplemented by [53]. The mass of a product is known so that the disposition costs can be
accurately determined for each item. Expert consultation and literature have been used to assess product
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reuse/redistribution costs. This is assumed to be half the cost of return handling as the product needs to be
inspected and stored, so resorting and repackaging activities are considered the most cost-intensive activi-
ties. The cost of return handling is derived from a study of [89]. The cost of packaging waste per item can be
measured using European reports’ disposition and recycling fees. These costs are measured in euros/kg, so
the mass of the packaging is another input for this measurement and can be found in Appendix C.

V10. Brick-and-mortar store costs
The brick-and-mortar store location, store area, and leasing structure are known. To determine the rental
costs, an estimation is made using the report of [38]. This report has provided a detailed insight into the rental
fees for shopping areas in the store’s location and is used as a source for cost estimation. Data is collected on
the number of products handled in stores in the considered year and the number of returned items. Based
on this data, a fraction of this cost can be allocated to an item.

5.3. Design of the CI
In this section, the CI to measure the environmental and economic impact of product returns on a company’s
performance is created using the collected data as input. The model is designed using the data from the base
case. The different return methods are also analyzed separately for the base case. This section follows the
construction structure of the CI, as outlined in section 3.3.

5.3.1. Phase 1. Selection of the indicators
Ten variables are aggregated into the final value of the CI. Variables 1-5 are categorized as environmental
variables, and 6-10 as economic performance variables. The data is collected, prepared, and analyzed for the
base case. The raw values of the CI are presented for the overall performance of the fashion retailer of the
base case. Also, the performance of the different return methods for this retailer is analyzed and measured,
which can be seen in Table 5.1. The red values indicate the highest value of the return methods on that
indicator, which is not desired. The green numbers correspond to the lowest, and thus most desirable in
terms of performance, values of a return method for an indicator.

Table 5.1: Raw indicator values for each return method in the base case, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

Base case overall performance 0.075 32.217 1.092 0.012 0.712 0.230 12.379 5.096 0.523 1.903
Return method 1. Home pick-up 0.077 23.721 0.624 0.005 0.784 0.432 7.076 4.721 0.280 2.093
Return method 2. In-store 0.013 42.567 1.559 0.016 0.642 0.073 17.666 5.470 0.755 1.896
Return method 3. Collection point 0.078 32.592 1.118 0.010 0.710 0.217 12.673 5.117 0.539 1.896

With V1: packaging emissions, V2: transport emissions, V3: warehouse and equipment emissions, V4:
product recovery emissions, V5: brick-and-mortar emissions, V6: transport costs, V7: warehouse and equip-
ment costs, V8: labor costs, V9: recovery costs, V10: brick-and-mortar costs.

How the environmental and economic impact of a return method can be calculated
Table 5.1 presents for each return method the raw value per returned product for each indicator based on the
data of this retailer. This is used to calculate the total environmental and economic impact per return method.
For the environmental and economic dimension, the raw values of all indicators are summed, as seen in
Table 5.2. It can be seen that in-store returns have both the highest environmental impact and the largest
costs. Contrary, home pick-ups have lower kgCO2e per returned product as well as the cost per returned
item. The collection point returns have values that are in between the home pick-up and in-store methods.

Table 5.2: Summation raw values of the indicators for the environmental and economic impact per return method, source: (Author)

Environmental impact Economic impact
[kgCO2e/

returned product]
[euro/

returned product]
Base case overall performance 34.108 20.132
Return method 1. Home pick-up 25.211 14.602
Return method 2. In-store 44.797 25.678
Return method 3. Collection point 34.509 20.443
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5.3.2. Phase 2. Normalization of the indicators
The data from Table 5.1 is normalized using the adapted rescaling method proposed in Equation 4.1, where
all variables are normalized between 1 and 2. 1 represents the least desired value in Table 5.3, and 2 is the
best in terms of performance.

Table 5.3: Normalized indicator values for each return method in the base case, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

Base case overall performance 1.055 1.549 1.499 1.345 1.504 1.563 1.499 1.499 1.487 1.504
Return method 1. Home pick-up 1.024 2.000 2.000 2.000 1.000 1.000 2.000 2.000 2.000 1.000
Return method 2. In-store 2.000 1.000 1.000 1.000 2.000 2.000 1.000 1.000 1.000 2.000
Return method 3. Collection point 1.000 1.529 1.471 1.507 1.520 1.598 1.471 1.471 1.454 1.520

With V1: packaging emissions, V2: transport emissions, V3: warehouse and equipment emissions, V4:
product recovery emissions, V5: brick-and-mortar emissions, V6: transport costs, V7: warehouse and equip-
ment costs, V8: labor costs, V9: recovery costs, V10: brick-and-mortar costs.

5.3.3. Phase 3. Weighting of the indicators
In this stage, experts are requested to express relative preferences between each pair of variables to derive
the weights using the Analytical Hierarchy Process (AHP) method. The experts operate in the fashion indus-
try and have relevant knowledge and expertise in the retailer’s objectives, criteria being evaluated, and the
decision-making context. The experts are selected independently to avoid biases, and the perspective is ex-
plicit upfront. The pairwise comparison matrix presented in Table 5.4 is derived from these expert weighting.
The scores should be interpreted as V2 (transport emissions) is believed to be four times more preferred than
V1 (packaging emissions).

Table 5.4: Reciprocal comparison matrix, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

V1 1 1/4 1/2 1/2 1 1/4 1/3 1/2 1/2 1
V2 4 1 2 2 3 1 1/2 2 2 6
V3 2 1/2 1 3 2 1/2 1/2 1 2 3
V4 2 1/2 1/3 1 1/3 1/2 1/3 1/2 1/2 3
V5 1 1/3 1/2 3 1 1/2 1/4 3 2 1
V6 4 1 2 2 2 1 1/3 2 2 3
V7 3 2 2 3 4 3 1 3 6 2
V8 2 1/2 1 2 1/3 1/2 1/3 1 2 1
V9 2 1/2 1/2 2 1/2 1/2 1/6 1/2 1 2
V10 1 1/6 1/3 1/3 1 1/3 1/2 1 1/2 1

With V1: packaging emissions, V2: transport emissions, V3: warehouse and equipment emissions, V4:
product recovery emissions, V5: brick-and-mortar emissions, V6: transport costs, V7: warehouse and equip-
ment costs, V8: labor costs, V9: recovery costs, V10: brick-and-mortar costs.

Next, the weights are determined in Table 5.5. This is done using Equation 4.5 and Equation 4.6. The total
sum of the weights is equal to 1.

Consistency check
The Consistency Ratio (CR) is calculated using Equation 4.7. A value of 1.49 is taken as the baseline for the
acceptable level of consistency for the CR of this CI [142]. The consistency check with λmax = 10.942 results
in a CR value of 0.070. This is below the threshold value of 0.10, implying an acceptable consistency in the
comparative judgments [167].

5.3.4. Phase 4. Aggregation of the indicators
The value of the different return methods in the CI are calculated using the normalized value and the weights
obtained from the previous phases by applying the multiplicative aggregation approach in Table 5.6. A higher
value for the CI indicates better performance. The analysis shows that the in-store return method scores low-
est, visualized with the red color. The home pick-up method performs better than the other return methods
and is represented in green. The base case consists of the combined value of all return methods to provide



5.4. Conclusions performance measurement 47

Table 5.5: Weights derived by AHP, source: (Author)

Weight
V1 0.044
V2 0.158
V3 0.104
V4 0.060
V5 0.085
V6 0.134
V7 0.228
V8 0.075
V9 0.063
V10 0.048

insight into the retailer’s overall performance. If the company would implement an action, measure it with
this setting on the CIs, and obtain a higher value for its aggregated CI, this would mean that a better perfor-
mance is obtained. If the score of the CI would be decreased after implementation, this would imply that
a lower performance is gained. As can be seen, the base case overall performance and the collection-point
returns are relatively close. This is as expected, as the returned products are for 92.45% performed with the
collection-point method for this data set, and the overall base case performance is the average of the return
methods.

Table 5.6: Aggregated CI scores base case, source: (Author)

CI score
Base case overall performance 1.482
Return method 1. Home pick-up 1.613
Return method 2. In-store 1.241
Return method 3. Collection point 1.479

5.3.5. Phase 5. Post-analysis evaluation of the CI
The post-analysis evaluates the robustness and reliability of the constructed CI. Therefore, several uncer-
tainty triggers were identified during the construction of the model (X1 weighting method, X2 aggregation
method, X3 input data), see subsection 4.3.5. The insight should be obtained if- and to what extent different
construction methods or changes in the input data would lead to significant changes and differences in final
values of the CI. Therefore, the uncertainty sources are analyzed, and their correlation with the model results
obtained in this chapter is checked. Context scenarios should be developed to gain insight into the sensitivity
of the construction methods and input data of the CI.

5.4. Conclusions performance measurement
This section concludes and gives insight into the performance scores the CI obtained. First, the environ-
mental and economic impact of the return methods before aggregation is analyzed and compared with the
outcomes of the aggregated scores, followed by an evaluation of the aggregated values of the different return
methods and their performances.

Performance scores before and after multi-dimensional aggregation
In Table 5.7, the scores of the return methods are visible for each dimension separately. The indicators of
the environmental and economic dimensions are weighted and aggregated but not combined to a multi-
dimensional CI yet, which provides insight into how each method performs before aggregation. A higher
value indicates better performance and vice versa. In-store returns perform lowest on the environmental
scores; collection point returns perform somewhat better, and home pick-ups score best on environmental
performance for this company. The economic scores show that home pick-up performs best, followed by
the collection point returns with a relatively small difference in performance score. In-store returns have a
relatively large difference in the economic performance with the other return methods, indicating that this
method has worse economic performance than the other methods. As seen in Table 5.6, the same conclusions
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can be drawn when the dimensions are aggregated to reflect on the overall performance of a company. Home
pick-up outperforms the other methods, followed by collection point returns, and in-store scores are the
lowest based on this data set.

Table 5.7: Environmental performance score and economic performance score of the return methods, source: (Author)

Environmental
performance

score

Economic
performance

score
Base case overall performance 1.334 1.513
Return method 1. Home pick-up 1.545 1.588
Return method 2. In-store 1.150 1.260
Return method 3. Collection point 1.339 1.504

Base case return methods performance
To better understand the differences in performance of the return methods, Figure 5.1 is created. This radar
chart presents the values of each return method on the indicator after the assignment of the weights. The
orange line depicts the value of a return by home pick-up, the blue line represents in-store returns, and the
green line displays returns through collection points. The indicators are defined on the spokes of the radar.
For each indicator, better performance is obtained when the value is higher, corresponding to values more
on the outside of the axis in the radar. Values closer to the center are less preferred in terms of performance.
The radar shows that for home pick-up, the values are often at the outside points of the radii compared to the
other return methods. The green line from the collection point returns is mainly found between the differ-
ent methods’ values. The in-store returns scores are often the lowest compared to the other methods on the
indicators but also show some outliers indicating high performance. An outlier for in-store returns is visible
for indicator V6, transport costs. The in-store return method performs thus well on this indicator compared
to the other return methods. An explanation for this is that no costs are accounted to the company when the
customer makes the trip to return the item to the store. However, there still are transport costs created with
this return method. The data shows that multiple products returned in-store are transported to the ware-
house in Spain and not resold in-store. This partly explains why this alternative has relatively high transport
emissions (V2). The transport emissions for in-store returns include, besides the optional trip from the store
to the warehouse, the emissions created by the customer to the store and back home are accounted for in this
metric. This creates relatively many transport emissions per return. Home pick-up performs much better
on the transport emissions per return due to the more efficient transport networks of 3PL, where shipments
are consolidated. However, this return method is more costly for the company. This is because the transport
costs are determined using the distance-based method, where the costs per kilometer with distribution vans
are slightly higher than with modes for long-haul distances. The home pick-up alternative has more kilome-
ters per return driven with vans than the other return methods. The warehouse and equipment costs for a
home pick-up are also less costly for a return. An explanation is that relatively many products collected with
home pick-up are resold in-store, causing the highest brick-and-mortar costs and emissions in V10 and V5,
respectively, relative to the other methods.

Looking at the labor costs V8; the in-store method performs worst than the other methods. An explana-
tion for this is that the products are first checked in the brick-and-mortar store, and multiple products are
transferred to the warehouse afterward, creating double labor. The labor wages for employees in the Nether-
lands are relatively higher but do not outweigh the costs of labor when a product is handled at a warehouse.
Products dealt with at the warehouse require relatively much time and activities, increasing the labor cost per
return. So, as most products from home pick-up are transported to the brick-and-mortar store, they create
relatively lower labor costs. As seen, in-store returns score best on packaging emission V1, which is expected
as packaging is not needed for transporting the item to the brick-and-mortar store. Packaging material is
needed for each return using online return methods (i.e., home pick-up and collection point), creating emis-
sions. However, a return using the in-store return method also creates packaging emissions because the data
shows that some products are transported from the brick-and-mortar store to the warehouse, still requiring
packaging. Warehouse and equipment emissions are created when products have a final destination in the
warehouse. For home pick-up, this value is best amongst the other methods as a larger share of these returns
gets transported to the store, lowering the warehouse and equipment emissions on the product return level.
The other methods have higher shares of products ending at the warehouses, leading to higher values for
these warehouse and equipment emissions.
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Figure 5.1: Radar chart of the different return methods in the base case, source: (Author)

With V1: packaging emissions, V2: transport emissions, V3: warehouse and equipment emissions, V4:
product recovery emissions, V5: brick-and-mortar emissions, V6: transport costs, V7: warehouse and equip-
ment costs, V8: labor costs, V9: recovery costs, V10: brick-and-mortar costs.

5.5. Main findings chapter 5
This chapter has answered the question ’How can the current state of a company’s performance be measured
using the CI?’ To answer this question, the CI is developed using data from a fashion retailer, where the envi-
ronmental and economic performance of the different return methods were analyzed. A CI score is obtained
that represents a company’s combined environmental and economic performance for each return method,
where a higher score represents a better performance. A company can only consider the environmental or
economic impact of a return method on its performance by only including the set of indicators of one dimen-
sion. An in-depth evaluation of how each return method scores on the indicators shows valuable insights into
how- and why each method differs in performance. This showed a company’s relevance in comparing scores
with a reference, which is currently lacking in the CI.
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Design

This chapter designs a benchmark for companies to compare their performances with. It followed from the
previous chapter that with the Composite Indicator (CI), the performance of a company can be measured,
but insights lack on how good the companies’ current performance is relative to a reference. The European
Union (EU) sets sustainability objectives to combat climate change [59]. As companies need to comply with
legislation and regulations of the EU, they need to know how far they are in reaching these sustainability
targets. Therefore, this research intends to develop a benchmark which companies can use to evaluate their
performances and give them crucial insights to improve their sustainability and comply with EU targets. The
benchmark will be developed using the PESTLE framework, explained in section 6.1. Next, the benchmark
design is presented in section 6.2, followed by its set-up. Following, the benchmark will be integrated into the
CI and tested with the base case in section 6.3. It will be verified how- and whether the model can demonstrate
its intended purpose, which is reflected in section 6.5. As a result, this chapter answers sub-question 4e) How
can the constructed CI be verified?

6.1. PESTLE analysis
The benchmark is designed using the PESTLE analysis (Political (P), Economic (E), Sociological (S), Techno-
logical (T), Legal (L), and Environmental (E)) [148, 198]. This analysis is an extended version of the original
PEST (Political (P), Economic (E), Sociological (S), Technological(T)) analysis. The analysis helps identify and
understand external environmental factors in a dynamic environment and identifies risks [198]. The analysis
serves as a tool to ensure a complete overview of all these contextual factors is created [148, 109]. Scientific
research and expert consultation identify the factors, trends, and shifts that drive developments. Examples
are stricter environmental policies, more conscious shopping behavior, improved efficiency of equipment
and modalities, and availability of recycling alternatives [145, 23, 119, 84].

6.2. Design benchmark
This benchmark is defined according to specific targets for each indicator driven by Legal (L) and Policy (P)
factors from the PESTLE criteria. European companies should comply with their performances with legis-
lation and policy-making decisions, which therefore drive company improvements. The benchmark is set
for the year 2030. This will represent the shorter-term goals of a company in its net-zero journey for 2050,
which are more tangible and more accessible for companies to achieve as it is less than a decade away. Also,
shorter-term goals allow companies more flexibility in their strategies for achieving them. Values for these
standards are found through reports, official publications, and, optionally, expert consultation. These values
should be defined in the same unit of measurement as the actual indicators. The standards for each indicator
are applied to the base case data presented in section 5.1. So, for example, the original value of the indica-
tor for transport emissions in the base case will be adjusted to conform to the reduction target of 55% from
the base year to the target year. Next, it needs to be mentioned that making any accurate assumptions on
the benchmark costs for 2030 is impossible, as this is highly surrounded by uncertainty and external factors,
which are confirmed by experts from the industry. Many factors affect the costs (i.e., inflation, innovations,
potential crisis, war), making the expenses not accurately estimated for the benchmark, but can be looked
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into in scenarios. For this reason, it is chosen to apply the base case costs for the economic benchmarks in
this research. This assumption will be reflected in the discussion.

6.2.1. Description of the benchmark
The benchmark is defined according to specific targets for each indicator driven by Legal (L) and Policy (P)
factors from the PESTLE criteria. European companies should comply with their performances with leg-
islation and policy-making decisions and drive company improvements. The European Commission (EC)
defines no specific targets and legislation for packaging currently. E-commerce packaging should improve
its environmental impact by reducing the amount of material used, using sustainable materials that are recy-
clable or reusable, and being responsible for waste management. The EC proposal on packaging and waste
is not accepted [64] yet. The proposal’s objectives are threefold: packaging should be made out of recycled
materials, minimizing waste by 15% in 2040, and increasing the recycling and reuse rate of packaging. The
packaging recycling rate for cardboard should be 85% and for plastic 55% in 2030. Further, landfill should
decrease to 9.6% [64, 68]. The base case assumes that a combination of packaging materials like plastic Low-
density polyethylene (LDPE) and recycled cardboard is used. Further, the waste treatments for recycling and
landfill are defined according to the target values of 85%, 55%, and 9.6%, respectively. The remaining pack-
aging material is combusted.

The target value for transport emission reduction by the EC is set at 55% by 2030 compared to the base
year 1990, which was accepted in 2020. The EU in the ’Sustainable and Smart Mobility Strategy’ report sup-
ports the feasibility of this benchmark value [70]. Assuming a linear reduction rate, this would mean a yearly
Greenhouse Gas (GHG)-emission reduction of 1.57% from 1995-2030. The benchmark target in this research
is set at this value for 2030 to comply with the EC target values.

The point of departure for the improved environmental impact of warehousing and in-store building
emissions is using renewables. The EC has put a benchmark of 32% of renewable energy sources in build-
ings by 2030, which will be the target value for the benchmark in this research [61]. Electricity produced by
renewables should power warehousing equipment as well in 2030.

Several strategies are proposed to lower waste emissions in the fashion sector, including developing ecode-
sign measures, guidance on waste management and circular businesses, and promoting waste treatments.
The EC proposes Extended Producer Responsibility (EPR) for 2025 for textiles. With this, a closed-loop sys-
tem is upgraded with recycling and reusing as preferred options; disposition to landfills should be reduced
to a minimum as it generates the highest negative environmental impact according to the waste hierarchy
[63, 68, 65]. The disposed of and not separated products are treated as municipal solid waste [111]. The EC
has set targets to reduce the GHG emissions of municipal waste by 30% in 2030 [65]. Considering this, the
benchmark value for the variable disposition emissions in this research is set to a limitation of incineration
and landfill to 1% by 2030 and a reduction of overall disposal emissions by 30%.

6.3. Benchmark testing
The benchmark development follows the same construction steps outlined in the previous chapter section 5.3
for the normalization and aggregation of the values. The weighting is done by Equal Weights (EW) instead of
Analytical Hierarchy Process (AHP). It is decided that all indicators should have equal weights, as subjectivity
is not preferred here. This also ensures that the preferences of companies cannot distort the benchmark val-
ues and the importance of all standards remains equal for all users of the CI. This will increase transparency
on the benchmark values and is confirmed by industry experts. EW assigns equal weights to the indicators.
As the total sum of the weights should equal 1, the individual weights of the 10 variables are 0.1.

The raw data is expressed in Table 6.1. The target reductions for the benchmark are applied to the data of
the overall base case. For the return methods and the base case overall performance, the same data is used
as presented in the previous chapter. In this table, the lowest values are marked red for an alternative on the
indicator, and the green values are perceived as the best possible value from the set of alternatives on that
indicator.

Next, normalization is done using the rescaling method proposed in Equation 4.1, shown in Table 6.2.
All indicators are converted to a range between 1 and 2, where 2 represents the best value and 1 the lowest
[204]. Weighting is applied to the indicators, and aggregation leads to Table 6.3. The CI scores should be
interpreted the same as in the previous chapter, where a higher value of the CI represents better performance
and a lower value indicates worse performance. As can be seen, the benchmark performs highest in terms of
performance. The best performance among the alternatives is marked in green, and the lowest performance
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of the alternatives is marked in red. The results show that in-store returns score lowest among the alternatives,
and the home pick-up score best. The overall performance of the base case, which is the combined value of
all three return methods, scores in between. As can be seen, the benchmark performs highest in terms of
performance.

In Table 6.1 and Table 7.2: V1: packaging emissions, V2: transport emissions, V3: warehouse and equip-
ment emissions, V4: product recovery emissions, V5: brick-and-mortar emissions, V6: transport costs, V7:
warehouse and equipment costs, V8: labor costs, V9: recovery costs, V10: brick-and-mortar costs.

Table 6.1: Raw indicator values base case with the benchmark, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

Benchmark 0.016 14.498 0.743 0.007 0.484 0.230 12.379 5.096 0.523 1.903
Base case overall performance 0.075 32.217 1.092 0.012 0.712 0.230 12.379 5.096 0.523 1.903
Return method 1. Home pick-up 0.077 23.721 0.624 0.005 0.784 0.432 7.076 4.721 0.280 2.093
Return method 2. In-store 0.013 42.567 1.559 0.016 0.642 0.073 17.666 5.470 0.755 1.715
Return method 3. Collection point 0.078 32.592 1.118 0.010 0.710 0.217 12.673 5.117 0.539 1.896

Table 6.2: Normalized values base case with the benchmark, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

Benchmark 1.950 2.000 1.873 1.860 2.000 1.563 1.499 1.499 1.487 1.504
Base case overall performance 1.055 1.369 1.499 1.345 1.238 1.563 1.499 1.499 1.487 1.504
Return method 1. Home pick-up 1.024 1.671 2.000 2.000 1.000 1.000 2.000 2.000 2.000 1.000
Return method 2. In-store 2.000 1.000 1.000 1.000 1.473 2.000 1.000 1.000 1.000 2.000
Return method 3. Collection point 1.000 1.355 1.471 1.507 1.246 1.598 1.471 1.471 1.454 1.520

Table 6.3: Aggregated CI scores with benchmark, source: (Author)

CI score
Benchmark 1.710
Base case overall performance 1.430
Return method 1. Home pick-up 1.568
Return method 2. In-store 1.209
Return method 3. Collection point 1.427

6.4. Conclusions performance measurement with the benchmark
The performance of the different return methods and the base case are compared relative to the benchmark,
which is the target performance. Literature has shown that this can be done by determining the relative
performance RP or the performance gap M , as found in section 3.5. Relative performance is the actual and
target performance ratio, calculated with Equation 3.1. The performance gap represents the difference in
performance between a company’s actual and target performance, which is the benchmark and is calculated
by Equation 3.3, using the data from Table 6.3. The best performance is achieved when the values of all
indicators are minimized, so a lower value for the performance gap M means a better performance score
[49]. As seen in Table 6.4, the performance gap with the benchmark is the smallest for the home pick-up
return method and the largest with in-store returns. The relative performance expresses the same, which
shows how each method scores in terms of its ratio with the benchmark.

More in-depth insights can be found by plotting the weighted indicator values in a radar chart, visualized
in Figure 6.1. The indicators are defined on the spokes of the radar. For each indicator, better performance is
obtained when the value is higher, corresponding to values more on the outside of the axis in the radar. Values
closer to the center are less preferred in terms of performance. The blue line represents the benchmark values.
The benchmark outperforms the alternatives on the environmental indicators, as the benchmark values are
mainly on the outsides of the radii compared to the others. This is expected, as the benchmark expresses
target values for environmental performances.

The overall base case performance has a performance gap of 0.280. Comparing the base case values with
the benchmark in Figure 6.1, it can be seen that the benchmark outperforms the base case in almost all
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Table 6.4: Relative performance and performance gap base case with the benchmark, source: (Author)

Relative performance RP [%] Performance gap M
Benchmark 100% 0.000
Base case overall performance 84% 0.280
Return method 1. Home pick-up 92% 0.142
Return method 2. In-store 71% 0.501
Return method 3. Collection point 83% 0.283

indicators. The largest gap, and thus performance difference, between the benchmark and base case is in
the environmental indicators. This is in line with the expectations, as in the base case, not much has been
done to improve the company’s environmental performance. The gap between the base case and environ-
mental indicators is smaller for the economic indicators, resulting from the different weights. The weights,
especially the transport cost (V6) and warehouse and equipment costs (V7), for the base case, are higher com-
pared to the weights assigned by EW. For the benchmark, it was chosen to apply EW to reduce subjectivity
in the weights, improving the transparency of the benchmark. The weights assigned with AHP lead to higher
weights, resulting in better performance on these indicators. However, this effect is outweighed by the aggre-
gated performance of the benchmark, which shows a better overall performance than the base case.

The home pick-up return method outperforms the benchmark on V2 and V3: transport and warehouse
and equipment emissions. This is a logical result of the different weights that are used. For the economic
indicators, the benchmark performs moderately, which is also not an unexpected outcome as EW is applied.
Another outlier is the warehouse costs in V7. All return methods perform better on this indicator relative to
the base case. With AHP weighting, the experts have assigned relatively higher weights to this indicator than
the lower weight assigned to this indicator by using EW in the benchmark. This is in line with the expectations.

The low CI score of in-store returns relative to the other alternatives is observed in the chart as well. The
green line, representing the in-store returns, is mainly inside the radii, indicating lower performance. In-store
returns score only better on V6 on performance compared to the benchmark. This is in line with the findings
from the previous chapter. Here, it was found that in-store returns have relatively low transport costs relative
to the other methods, and the benchmark uses the transport cost value of the overall base case performance.

The observations found align with the observations from the performance analysis in section 5.4. There-
fore, this section only gives a concise evaluation of the difference, and underlying reasons, between the return
methods. It is essential to observe that the ranking of the return methods has remained the same before- and
after the benchmark implementation in the model. This confirms the reliability of the model’s output. The
change in scores of the CI compared to Table 5.6 is as expected as an alternative is added to the CI.

Figure 6.1: Radar chart base case with the benchmark, source: (Author)
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6.5. Verification
Verification examines the question, ’Is this the right model?’, in other words: how can it be proved that it
is possible to find with this model what we want to understand? This question is addressed by thoroughly
reading the model structure and its implementation to see whether this accurately represents the conceptual
design and the expected outcome [7, 104]. Additionally, a framework is introduced as a tool to verify the
reliability of the model outputs.

Before verification of the model, it is checked whether the conceptual model represents all essential ele-
ments to serve its purpose and requirements [181]. The conceptual model (see chapter 4) is iteratively built
and continuously reviewed with multiple independent experts. These reviews served as inspection moments
to verify the conceptual model’s completeness and the assumptions made.

A structured walk-through verifies the model with a critical evaluation of the model’s equations and for-
mulation [104]. First, it is checked whether all variables are correctly implemented and formulated in the
model. Each variable is isolated, and the calculation steps and unit of measurement are inspected. Particular
consideration was given to checking the transportation emissions- and costs, as this consisted of multiple
transport modalities with different characteristics that affect the calculation output. After each variable was
checked, the different input values of the parameters were checked with their sources to ensure they were
correctly implemented in the code. Next, the building of the CI is inspected. This is done for each construc-
tion phase separately. The selection of variables was already checked. Next, the normalization is inspected,
which was done by using simple dummy data. The model calculations of normalization were compared to
calculations done by hand, which verified this phase. Additional attention is paid to verifying the weighting
method. The weighting method, AHP, is subjective and, therefore, has a higher risk of inconsistency [160].
To verify the weighting in this model, the group of experts assigned weights was between the recommended
number of 3-7 experts. Also, clear instructions were provided for these experts to express the perspective from
which they assigned the weights. The latter is particularly useful in understanding and preventing potential
bias from the perspective from which experts assign weights. Besides, a consistency check is carried out that
examines the reasonability of the weight scores and ensures that these represent an acceptable level of con-
sistency [167]. This consistency check contributes to the verification of the model and its accuracy. Lastly, the
aggregation of the model was checked by first checking the equations; next, the same dummy data was used
to compare by-hand calculation with the models’ output.

Last, the reliability of the model’s output was verified [104]. Therefore, the PESTLE framework is intro-
duced as verification to ensure the model can answer what we want to know: to gain insight into the com-
pany’s performance relative to a benchmark. To ensure that the conceptual description of the benchmark
is accurate and is developed by independent criteria, the PESTLE (Political (P), Economic (E), Sociological
(S), Technological (T), Legal (L), and Environmental (E)) analysis is used [148, 198]. PESTLE is an internal
verification tool for the benchmark design used to help to verify the model. The benchmark’s description,
criteria, and set-up were verified using expert consultation. Special care was given to the weighting method;
it was decided in cooperation with industry experts to assign weights according to equal weighting to increase
transparency and reliability of the weights when comparing the benchmark sector-wide (EW). Next, it was
checked if the benchmark was correctly implemented in the model. This is done by inspecting the model’s
output by testing and evaluating the results generated after implementation of the benchmark on the base
case performance of the CI. Performance analysis tools were identified from the literature, which was used to
verify these outputs and gather insights into the needed information. The analysis showed plausible results,
which were in line with the expectations and set-up of the benchmark. The previous chapter has already
created data on the company’s measurement, which was used to verify the benchmark models’ output. This
benchmark testing did additional verification of the model’s output, as it was found that the ranking of the
different alternatives remained the same before and after the implementation of the benchmark. So, the
model’s output with the benchmark generates reliable results and is successfully verified.

6.6. Main findings chapter 6
In this chapter ’How can the constructed CI be verified?’ was answered. This is done through a structured
walk-through to inspect the correctness of the models’ structure, implementation, and formulation and see
whether the model represents the conceptual design and expected outcomes [104]. First, the variables were
inspected and checked on their calculation and dimensions. Second, the equations and formulation of each
phase of the CI was reviewed. Thirdly, the reliability of the model’s output and set-up of the benchmark was
inspected. The benchmark’s set-up was verified using the verification framework PESTLE and through expert
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consultation. Next, it was checked whether the benchmark was implemented correctly to verify the reliability
of the model’s output. The benchmark was tested using benchmark techniques from the literature, which
showed plausible results aligned with the expectations, and no surprises were found. The model’s output
showed that the model could find what needs to be understood, and the CI can be successfully verified.
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Evaluate

In this chapter, scenarios are designed to test and validate the model. The previous chapter has provided a
verified Composite Indicator (CI) and benchmark for fashion companies to compare their performance with.
This research intends to identify areas of improvement for fashion companies in the process of product re-
turns and gain knowledge of which return improvement strategy performs best regarding the environmental
and economic impact. To validate if the model is able to identify improvement areas and understand the
impact of external factors and the effects of adopting strategies to improve sustainability on the performance
of a company, scenarios are designed. The previous chapter has introduced the PESTLE framework, which
will be used to identify external environmental factors and to design the scenarios presented in section 7.1.
In section 7.2, the scenarios are analyzed using the constructed CI. As part of this, an evaluation of the model
takes place where the robustness of the model is tested. This gives insight into the model’s sensitivity to
changes in input data or the usage of different construction methods. Next, the performance analysis takes
place where the performance of the different scenarios with the base case performance and the benchmark
are compared in section 7.3. Lastly, the validation of the model is done in section 7.4. Thereby, SQ4f) How
can the constructed CI be used in practice by companies? and SQ4g) How can the constructed CI be validated?
are answered.

7.1. Design and set-up scenarios
Different scenarios will be designed that include strategies to improve the sustainability of the return process
and the potential effects of external factors. The external factors are identified using the PESTLE analysis,
as introduced in section 6.1. In total, 5 scenarios are designed based on the PESTLE framework and MECE
principle. MECE is particularly useful for designing unique scenarios to ensure they do not overlap, according
to an expert of Metyis. MECE stands for Mutually Exclusive, Collectively Exhaustive [201]. The base case, as
introduced in section 5.1, will be used to design the scenarios. Assumptions made for the base case are tested,
and data will be adapted and analyzed with the developments identified for each scenario. Each scenario has
a moderate and an extreme variant to investigate potential outcomes and effects, which are based on expert
consultation, reports, and literature studies. An overview of the different scenarios is given in Figure 7.1,
which are elaborated on in more detail in this section.

Scenario 1. Shifting customer behavior
This scenario entails the PESTLE analysis’s Social (S) and Environmental (E) criteria. A visible market trend is
customers’ increased value and awareness of the environmental impact of their fashion consumption [131].
Changed customer behavior steers this scenario as customers focus more on sustainability practices. Cus-
tomer behavior is a crucial component for lowering Greenhouse Gas (GHG) emissions in the fashion industry
[194, 37, 12]. In this scenario, customers are both increasingly aware of the environmental impact of returns
and want to improve their sustainability footprint. On the one hand, this leads to customers showing more
conscious return behavior, researching better before buying a product, limiting opportunistic returning be-
havior, and lowering over-ordering due to environmental reasons. This can lead to lower product returns in
general [194, 22]. If customers decide to return, they are more likely to choose the return alternative with a
minor impact on the environment and reuse their package box, lowering the GHG emissions [191]. Accord-
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Figure 7.1: Overview of scenario design, source: (Author)

ing to an expert, retailers can recycle their packaging material better when the original packaging box is used.
This can therefore lead to a higher recycling rate of packaging waste.

On the other hand, companies respond to this sustainable customer demand by improving transparency
on the impact of the different return methods, which is lacking in the base case. Transparency may lead
to lower returns as customers can make more conscious decisions [194, 22]. Further, companies invest in
better product descriptions, online customer experiences, and assistance to lower purchase uncertainty in
reaction to this conscious customer behavior. Fitting and uncertainty issues contribute significantly (i.e.,
42%) to reasons for returns, indirectly affecting the environment negatively [95, 126]. Return reasons are
also dependent on other factors; these are not incorporated in this scenario. Lastly, companies discourage
opportunistic customer behavior by charging a return fee of 1 euro in the moderate variant and 2 euros in
the extreme variant of this scenario. This fee is subtracted from the customer’s refund after the returned
product is received by the company. The company uses this fee to cover the warehouse’s return handling and
processing costs.

In the base case scenario, transparency on the environmental impact of product returns to customers
is lacking, so customers are unaware of which return alternative would perform best in terms of environ-
mental impact. Besides, there is still much potential to reduce the environmental impact due to improved
conscious customer behavior [12]. The base case data shows that customers show a lot of opportunistic re-
turn behavior; sometimes, more than five products are returned in the same order. Therefore, the share of
customers showing conscious return behavior is assumed to be very low in the base case scenario. Consid-
ering this, the moderate variant of this scenario assumes that 5% fewer products are returned due to more
conscious customer behavior. The extreme variant assumes a more intense effort of customers and compa-
nies by incorporating more sustainability practices. The extreme circumstances take that 15% fewer products
are returned due to more conscious customer behavior.

The moderate variant of this scenario supposes that 40% of the customers use the original packaging for
returns, and the extreme presumes 60% of the packaging reusing. In the base case, it was assumed that the
company recycled no packaging. Besides consultation with experts, the study of [191, 32], has shown that only
20% of the returned products are sent back in their original package. As larger amounts of the same packaging
material are returned, companies are better able to recycle packaging, assuming 20% in the moderate variant
and 40% in the extreme variant. These values are considered to be realistic, according to an industry expert.

The customers will consider the return method’s environmental footprint for their selection, of which
insights are lacking in the base case. The moderate variant assumes that 40% of the customers choose their
return method based on ecological considerations, and the extreme scenario variant is 80%. The base case
shows that the least preferred method from both environmental considerations is in-store returns, followed
by the collection point (see subsection 5.3.4). This might differ depending on the data.

Scenario 2. Green supply chain management
Fashion companies focus more on integrating environmental practices into their supply chain [131]. This
focus is driven by the strong emphasis of company shareholders on improving environmental performance.
Therefore, this scenario’s environmental (E) principle is a driving factor. Companies aim to improve the en-
vironmental impact of their whole supply chain, including transport, warehousing, and post-usage of prod-
ucts, so that environmental goals can be achieved and a company’s brand image can be improved [209, 131].
A market trend that aligns with green supply chain management is greentailing. Greentailing, or eco-tailing,
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refers to a business strategy emphasizing socially responsible, environmentally friendly, and financially suc-
cessful retailing across all commercial endeavors. Greentailing calls for retailers to increase the environmen-
tal performance of their supply chains and business operations while maintaining profitability [131, 137].

Transport providers are selected based on environmental performance. A shift from road transport to-
wards more environmentally friendly fuels or modalities is visible for long-haul trips [108]. The short-haul
trip, including the first and last-mile delivery, can be increasingly done with electric vehicles [186, 47, 151].
Additionally, governmental policies will help companies implement these renewable energies through finan-
cial support, making it broader available [61]. Companies will charge customers a fee for their returns to
compensate for their investments.

Two variants of this scenario will be examined that incorporate green supply chain management; one
moderate and one more extreme. A realistic shift for this scenario is consulted by an expert, considering the
current base case situation. The moderate variant will ensure that companies’ short-haul operations are 40%
by electric vans, for 25% of the long-haul road transport, Liquid Natural Gas (LNG) is used instead of diesel
[41], and that renewable energy sources supply 25% of the warehouse and buildings energy. Companies
focus on changing the packaging type to improve their environmental impact by using recycled materials
[191, 54]. In the moderate variant, 25% of the packaging material is made from recycled materials, which
is 50% in this scenario’s extreme variant. Corrugated carton boxes are, on average, half made of recycled
materials [105] and are environmentally friendly alternatives to cardboard packaging [17]. 100% Low-density
polyethylene (LDPE) is used for environmentally friendly plastic alternatives [94]. The more extreme variant
of this scenario uses electric vehicles for transport for 80% of their short-haul operations, assumes a 50-50
share of diesel and LNG fuels for the long-haul transport, and supplies 50% of the warehouse and building
energy by renewables. The transport costs for electric and LNG-fueled vehicles are derived from a study of
[41] from 2020 that compared the price per kilometer for operating different fueled trucks. It is assumed
that a company’s investment in renewable energy for buildings leads to a 25% higher price in the moderate
variant and 40% in the extreme due to economies of scale. A return fee of 2 euros and 4 euros is charged in
the moderate and extreme variants, respectively, to compensate for these investments in renewable energy
in the warehouse costs.

Scenario 3. Economic attractiveness of renewables
The fashion industry is primarily profit-driven, and economic costs are a primary factor in decision-making.
In this scenario, economic developments are driving. A combination of inflation and rising prices due to
shortages in fossil fuels has led to increased oil, coal, and natural gas prices in the market. Parallel to this
development, governments aim to be less dependent on fossil fuels and invest more in renewable energy
sources like solar, biomass, or wind power. Governments promote the adoption of renewable energy and of-
fer, for example, a lower tax on renewable energy than fossil fuels [140]. Combining these factors will increase
demand for renewable energy as it becomes a more cost-attractive alternative. As a result, Third Party Logis-
tics Provider (3PL) can invest increasingly in greener vehicles in their fleet, leading to a broader offer of green
modalities for a more competitive price. Besides, companies are starting to invest in renewables to power
their stores and warehouses as it shows gains for both environmental and economic goals. Based on consul-
tation with an industry expert in finance, developments in this scenario are formulated. A price increase of
5% is considered in the moderate variant of this scenario, together with an increase of 10% in renewables.
The extreme variant assumes an overall increase of 10% of prices due to inflation and shortages, but renew-
ables power 25% due to tax support on renewables. As fleets are increasingly becoming greener, the moderate
variant assumes 10% of the kilometers are driven with electric vehicles, and in the extreme variant, 25%.

Scenario 4. Governmental support to a circular business model
In this scenario, governmental policies force companies to prioritize circularity in their business models. Cir-
cularity is a way to create value by lowering the GHG emissions created by waste processes in the operations
[177]. An example of a governmental policy is the Extended Producer Regulation, where companies are held
accountable for the waste generated by their products. There are different directions where fashion compa-
nies can include circularity in their operations.

Companies aim to lower harmful waste treatments and increase packaging recycling rates. An industry
expert emphasizes the low quality of the packaging from returned products and, therefore, the lowered po-
tential for recycling. Companies use stronger packaging materials to increase the recycling potential [131, 17].
This will lead to a recycling rate of 30% of the packaging material in the moderate variant and 60% in the ex-
treme variant. Besides, companies focus on providing packaging made of biodegradable or recycled materials
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[131]. The government has introduced European Union (EU)-Ecolabels to increase circularity and promote
the environmental performance of products and consumption. An EU-Ecolabel can be granted if a product,
service, or manufacturer meets specific scientifically developed and transparent criteria. These criteria are
based on, for example, the created environmental impact, the energy efficiency, or the product’s recyclability
[57]. EU-Ecolabel for packaging requires a percentage of recycled material for at least 25% [80].

In this scenario, corrugated cartons are increasingly used to substitute cardboard, as these materials con-
tain recycled content and are easier to recycle (50% in the moderate variant, 85% in the extreme) [54, 17].
The circularity of plastic bags can be improved when the material is made of 100% LDPE [94]. Governmental
incentives in the form of financial subsidies increase the adoption of solar energy power and, thereby circu-
larity of the warehouses and buildings. This leads to an adoption of 15% renewable energy for the warehouse
and buildings in the moderate variant and 30% in the extreme variant of this scenario.

Recycling techniques are still under development, but companies donate a larger share of clothes that
cannot be resold as new anymore to improve circularity. In the base case, donating clothes is not a common
practice. An increased share of donated products will lead to fewer items being sent to landfills or incinera-
tion. Governmental policies will financially discourage landfill or disposal of clothes and increase charges by
20% per tonne textile in the moderate variant and 40% in the extreme variant.

The scenarios variants developed based on this increased demand for a circular business model are mod-
erate and extreme, which are based on literature and consultation with several experts within multiple indus-
tries (finance, fashion, warehousing). In the moderate variant, 50% of the packaging material will be recycled,
and 80% in the extreme variant. In the moderate scenario, 40% of the packaging is made of recycled materials;
in the extreme scenario, this is 80%. The recycling techniques for clothing are still under development, so the
moderate variant of this scenario will assume a reusing rate of 90% and the extreme variant of 95%. Under the
reusing of clothes are also the clothes that will be donated. The share of donated items is nearly zero in the
base case situation. The share of items sent to landfill and incineration is reduced to 5% each, respectively, in
the moderate variant and 2.5% in the extreme. It is assumed that there is much financial and governmental
support to increase circularity, so the investments made in the moderate variant lead to a price increase of
5%. In the extreme variant, this will be 7.5%.

Scenario 5. Technological innovations
Digitalization is a market trend that continues to grow and drives this scenario together with technological
innovations (T) [25]. In a digital landscape, customers increasingly shop online and do not often use in-store
alternatives, leading to higher e-commerce volumes. Companies adopt more innovative technologies in their
business models and their operations. Specific technologies aim to improve the digital experience and pre-
sentation of products to customers and lower uncertainty issues when purchasing online [115, 117]. This
will lead to a higher likelihood of ordering the correct product directly, reducing the need to return items for
these reasons. Further, technologies will help optimize logistics and transport processes, reducing travel time
and distances and adopting more innovative and efficient transport [86]. Additional development of electric
and hybrid vehicles will increase the potential for adopting green transport on long-haul trips. Governments
support shifting towards more renewable energies by providing adjusted infrastructure and financial incen-
tives. Additionally, technological innovations make it possible to separate the waste streams and recycle more
products. Developing mechanical and chemical sorting techniques will recover value from the end of a prod-
uct’s life [131, 111, 52]. In the current situation, it is assumed that no products are recycled, partly because
of the low recycling rates and the uncertainty on the emissions- and cost of the recycling technologies. This
scenario explores the recycling alternative with mechanical-based closed-loop recycling, which is based on
fiber recycling [52]. From expert consultation, it was found that this alternative is the least cost-intensive and
is likelier to be used.

Two variants of this scenario are developed. The first is the moderate variant, where the number of returns
handled in-store is reduced by 50% compared to the base case. In this scenario, no consideration is given to
the best environmental method based on the choice of the return method. The original in-store returns are
randomly redistributed to home pick-up or collection point returns. The extreme variant of this scenario re-
duces in-store returns by 80% compared to the base case scenario. The transport innovations make transport
more efficient, leading to an overall reduction of 5% emissions in the moderate variant of this scenario and
10% in the extreme variant. Misfit and sizing issues are the main reasons a product is returned (i.e., almost
50 percent according to [126]). Even with better-fitting technologies, the probability of returning due to these
factors will still not equal zero. In the moderate variant, the total number of products returned is lowered by
10%. The extreme variant assumes that much uncertainty is taken away, and customers are likely to purchase



7.2. Scenario testing 61

the correct product directly, reducing the number of product returns by 20%. In the base case, recycling is not
considered an alternative for waste disposal. Adopting recycling technologies will increase the share of recy-
cled products to 5% in the moderate scenario and 15% in the extreme scenario. Further adoption of recycling
technologies also requires a fundamental change in the materials of products, which is not assumed to be a
feasible scenario for this research. 80% of the returned items are resold through reuse; the remaining share is
equally divided by landfill and incineration.

7.2. Scenario testing
In this section, the designed benchmark and scenarios are measured, analyzed, and evaluated on the envi-
ronmental and economic performance. The same phases are followed as in section 5.3 for the design of the
CI.

7.2.1. Phase 1. Selection of the indicators
For each variable in the theoretical framework, the data is measured for the variants of the scenarios. This is
presented in Table 7.1. Lower values are better for each indicator, and higher are less preferred. The best- and
worst values over all the alternatives are highlighted in green and red, respectively, in the table.

Here: V1: packaging emissions, V2: transport emissions, V3: warehouse and equipment emissions, V4:
product recovery emissions, V5: brick-and-mortar emissions, V6: transport costs, V7: warehouse and equip-
ment costs, V8: labor costs, V9: recovery costs, V10: brick-and-mortar costs. An overview of the scenarios and
their moderate and extreme variants is given in Figure 7.1.

Table 7.1: Raw indicator values for each scenario, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

Benchmark 0.016 14.498 0.743 0.007 0.484 0.230 12.379 5.096 0.523 1.903
Base case overall performance 0.075 32.217 1.092 0.012 0.712 0.230 12.379 5.096 0.523 1.903
Scenario 1. Moderate 0.067 32.355 1.083 0.011 1.083 0.229 11.280 5.089 0.489 1.919
Scenario 1. Extreme 0.050 31.509 1.079 0.010 0.719 0.227 10.226 5.085 0.501 1.921
Scenario 2. Moderate 0.063 30.653 0.840 0.011 0.534 0.268 14.069 5.101 0.517 2.473
Scenario 2. Extreme 0.046 29.089 0.587 0.011 0.356 0.307 13.298 5.096 0.485 2.664
Scenario 3. Moderate 0.077 30.237 0.996 0.011 0.641 0.255 12.998 5.356 0.549 1.998
Scenario 3. Extreme 0.074 27.269 0.840 0.011 0.534 0.289 13.617 5.606 0.526 2.093
Scenario 4. Moderate 0.028 32.217 0.945 0.010 0.609 0.230 13.062 5.101 0.575 2.008
Scenario 4. Extreme 0.016 32.217 0.793 0.010 0.501 0.230 13.371 5.101 0.615 2.056
Scenario 5. Moderate 0.076 32.468 1.117 0.010 0.713 0.233 12.659 5.116 0.518 1.904
Scenario 5. Extreme 0.078 29.097 1.081 0.009 0.719 0.231 12.256 5.087 0.487 1.920

7.2.2. Phase 2. Normalization of the indicators
Next, the raw values are normalized using rescaling. The formulation of Equation 4.1 is adopted, as instead of
return methods, the different scenarios are used as alternatives. Table 7.2 shows that the values of all variables
are rescaled between 1 and 2. Here, a 2 represents the best value in terms of performance and a 1 the lowest.
This transforms the variables’ values to a standardized scale, making them comparable independent of their
unit of measurement.

Here, V1: packaging emissions, V2: transport emissions, V3: warehouse and equipment emissions, V4:
product recovery emissions, V5: brick-and-mortar emissions, V6: transport costs, V7: warehouse and equip-
ment costs, V8: labor costs, V9: recovery costs, V10: brick-and-mortar costs. An overview of the scenarios and
their moderate and extreme variants is given in Figure 7.1.

7.2.3. Phase 3. Weighting of the indicators
The variables are weighted using the weights obtained in the previous chapter in Table 5.5. For the bench-
mark, Analytical Hierarchy Process (AHP) weighting is adopted with Equal Weights (EW) (see section 6.2).

7.2.4. Phase 4. Aggregation of the indicators
Next, the CI scores are obtained by aggregation with multiplication, presented in Table 7.3. The aggregated
values of the CI should be interpreted as follows: the highest score represents the best performance and the
lowest is the worst. The results show that the benchmark, defining the target performance, scores best com-
pared to all alternatives in terms of performance. Looking at the scenarios, the extreme variant of scenario
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Table 7.2: Rescaled indicator values for each scenario, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

Benchmark 1.994 2.000 1.706 2.000 1.824 1.963 1.440 1.979 1.706 2.000
Base case overall performance 1.044 1.014 1.047 1.000 1.510 1.963 1.440 1.979 1.706 2.000
Scenario 1. Moderate 1.172 1.006 1.063 1.240 1.000 1.973 1.726 1.993 1.929 1.979
Scenario 1. Extreme 1.449 1.053 1.072 1.408 1.501 2.000 2.000 2.000 1.882 1.976
Scenario 2. Moderate 1.231 1.101 1.523 1.241 1.755 1.484 1.000 1.970 1.756 1.250
Scenario 2. Extreme 1.508 1.188 2.000 1.278 2.000 1.000 1.200 1.979 2.000 1.000
Scenario 3. Moderate 1.014 1.124 1.228 1.213 1.608 1.645 1.279 1.480 1.510 1.875
Scenario 3. Extreme 1.060 1.289 1.523 1.212 1.755 1.221 1.117 1.000 1.687 1.750
Scenario 4. Moderate 1.801 1.014 1.323 1.415 1.653 1.963 1.262 1.970 1.309 1.861
Scenario 4. Extreme 2.000 1.014 1.611 1.477 1.800 1.963 1.182 1.970 1.000 1.799
Scenario 5. Moderate 1.021 1.000 1.000 1.379 1.509 1.922 1.367 1.941 1.745 1.998
Scenario 5. Extreme 1.000 1.188 1.067 1.510 1.501 1.948 1.472 1.996 1.987 1.978

1, shifted customer behavior, comes closest to this benchmark performance with a CI score of 1.589. The ex-
treme variant of the economic competitiveness of renewables scores the lowest, indicating the worst relative
performance score, and is marked red.

Table 7.3: Aggregated CI scores, source: (Author)

CI score
Benchmark 1.852
Base case 1.399
Scenario 1. Moderate shifting customer behavior 1.447
Scenario 1. Extreme shifting customer behavior 1.589
Scenario 2. Moderate green supply chain management 1.322
Scenario 2. Extreme green supply chain management 1.388
Scenario 3. Moderate economic attractiveness of renewables 1.352
Scenario 3. Extreme economic attractiveness of renewables 1.294
Scenario 4. Moderate governmental support to a circular business model 1.437
Scenario 4. Extreme governmental support to a circular business model 1.439
Scenario 5. Moderate technological innovations 1.395
Scenario 5. Extreme technological innovations 1.491

7.2.5. Phase 5. Post-analysis evaluation of the CI
The post-analysis evaluation provides an understanding of the robustness and reliability of the constructed
CI. Several uncertainty triggers were identified during the construction of the model (X1 weighting method,
X2 aggregation method, X3 input data), see subsection 4.3.5. Insight must be obtained if- and to what extent
different construction methods- or data would lead to different final values of the CI. First, the uncertainty
sources X1 and X2 are analyzed, and their impact is discussed. Second, a statistical test is used to inspect the
correlation of the uncertainty triggers. The uncertainty source X3, changes in input data, is inspected with a
Sensitivity Analysis (SA) by increasing and decreasing the values by 25%. The Pearson correlation coefficient
is used to determine the statistical relation of this effect [147].

Uncertainty trigger X1. Weights
The weights are rescaled to examine the impact of the first uncertainty trigger X1. Three new experts are
requested to assign weights from the perspective of a CEO, and this effect is analyzed on the final value of the
CI. The pairwise-comparison matrix is constructed, resulting in the weights presented in Table 7.4. These
weights are statistically checked to ensure sufficient consistency (Consistency Ratio (CR) < 0.10) [142]. The
pairwise comparison matrix A can be found in section H.1.

With V1: packaging emissions, V2: transport emissions, V3: warehouse and equipment emissions, V4:
product recovery emissions, V5: brick-and-mortar emissions, V6: transport costs, V7: warehouse and equip-
ment costs, V8: labor costs, V9: recovery costs, V10: brick-and-mortar costs.
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Table 7.4: Rescaled weights with AHP, source: (Author)

Weight
V1 0.031
V2 0.167
V3 0.054
V4 0.069
V5 0.032
V6 0.231
V7 0.128
V8 0.118
V9 0.106
V10 0.082

Next, the normalized data from Table 7.2 was weighted using the rescaled weights and aggregated using
multiplication. The scores of the CI are shown in Table 7.5. The scores should be interpreted as in Table 7.3,
where higher scores correspond to better performance and lower scores to a less desired performance. As can
be seen, the extreme variant of scenario 1 performs best, and the extreme variant of scenario three the worst.

Table 7.5: Aggregated CI scores obtained after rescaling weights, source: (Author)

CI score
Benchmark 1.852
Base case 1.497
Scenario 1. Moderate shifting customer behavior 1.562
Scenario 1. Extreme shifting customer behavior 1.652
Scenario 2. Moderate green supply chain management 1.377
Scenario 2. Extreme green supply chain management 1.343
Scenario 3. Moderate economic attractiveness of renewables 1.403
Scenario 3. Extreme economic attractiveness of renewables 1.292
Scenario 4. Moderate governmental support to a circular business model 1.505
Scenario 4. Extreme governmental support to a circular business model 1.475
Scenario 5. Moderate technological innovations 1.506
Scenario 5. Extreme technological innovations 1.609

The values obtained with the rescaled weights are compared to the original values of Table 7.3. This is
visualized in Figure 7.2, where the blue values indicate the original values of the CI and the green values the
CI scores obtained by rescaling the weights. The height of each column represents the score of the CI, where
a higher value represents better performance. The benchmark value remains unchanged; in both cases, EW
is used. Both cases show that the same scenario variants perform best- and worst (S1E and S3E, respectively).
Further, the overall performance scores increase after using the rescaled weights observed compared to the
original weights. With the benchmark value remaining the same, all scenarios have a smaller performance
gap by the benchmark. An explanation for this increase is that the rescaled weights of Table 7.4 indicate
higher importance of the decision makers to economic indicators relative to the environmental indicators.
This means that the economic performance will be slightly more influential in the overall performance. It
is expected that scenarios that perform relatively better on the economic indicators than the environmental
indicators show the highest increase relative to the original weights in overall performance. This hypothesis
is confirmed when looking at the raw data values of Table 7.1 and comparing these with the outcomes in
Figure 7.2.

Further, it is essential to see if the ranking of the scenarios has been changed to see the effect of rescaling.
Most ranks have remained equal. However, S4M and S5M have switched positions; looking at the raw data, it
is discovered that S5M performs a little better on the economic indicators, which are assigned higher weights
now than SM4. Also, S2E has lowered by two positions ending at the second last, and S3M and S2M are
increased by 1. This is a result of the relative importance of the decision-maker to the different indicators. As
seen in Table 7.1, S2E performs relatively worse on the economic dimensions. As the economic indicators are
perceived as more important than the environmental indicators after rescaling, it is a logical consequence
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Figure 7.2: CI scores obtained with original and rescaled weights, source: (Author)

that this variant performs worse compared to the previously assigned weights. The results show thus no
surprises.

Uncertainty trigger X2. Aggregation method
The second uncertainty trigger is the aggregation method X2, which is analyzed using the additive method
(see Equation 4.9). This aggregation method is applied to the normalized data presented in Table 7.2 and
weighted using AHP with the original weights from Table 5.5. For the benchmark, EW is used. The scores of
the CI are shown in Table 7.6. Better performance is represented by higher values for the CI score and vice
versa. The same variants score best- and worst compared to the initial results shown in Table 7.3.

Table 7.6: Aggregated CI scores using additive aggregation, source: (Author)

CI score
Benchmark 1.861
Base case 1.442
Scenario 1. Moderate shifting customer behavior 1.500
Scenario 1. Extreme shifting customer behavior 1.634
Scenario 2. Moderate green supply chain management 1.340
Scenario 2. Extreme green supply chain management 1.409
Scenario 3. Moderate economic attractiveness of renewables 1.364
Scenario 3. Extreme economic attractiveness of renewables 1.304
Scenario 4. Moderate governmental support to a circular business model 1.469
Scenario 4. Extreme governmental support to a circular business model 1.485
Scenario 5. Moderate technological innovations 1.433
Scenario 5. Extreme technological innovations 1.522

As seen in Figure 7.3, the results after linear additive aggregation show a little increase in all the final
scores of the CI compared to the original aggregation method, which was multiplication. As all scenarios are
increased slightly, the ranking of all scenarios remains unchanged. However, the performance gaps with the
benchmark for each scenario have improved slightly as the increase in CI score with the additive aggregation
method is lower compared to the scenarios. This is the result of EW applied to the benchmark.

Testing the correlation of the uncertainty triggers X1 and X2

The correlation between the methods is investigated with Equation 4.11, where r ranges from -1 to 1, and
values between 0.5 and 1 represent a strong and positive relationship [20]. So, from Table 7.7, it can be con-
cluded that both uncertainty triggers X1 and X2 positively correlate with the original method of the CI, which
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Figure 7.3: Overview of difference between the CI scores using GME and additive aggregation method, source: (Author)

has also proven significant at 0.05 and 0.01 levels. Thus, the null hypothesis H0, stating that no correlation
exists between the chosen and alternative construction methods, can be rejected at both levels for both un-
certainty triggers [20, 203, 99]. So, the different construction techniques produce similar results.

Table 7.7: Outcomes correlation coefficient for uncertainty trigger X1 and X2, source: (Author)

Correlation coefficient r t-statistics Significant
X1. Alternative weighting 0.941** 0.101 yes
X2. Aggregation method 0.994** 0.034 yes
* alpha < 0.05 (2-tailed)

** alpha < 0.01 (2-tailed)

Uncertainty trigger X3. Input data
The third source of uncertainty examined is the input data X3. Following from section 5.2, several data points
are worth investigating based on the assumptions made in the base case and scenarios. The following uncer-
tainty sources are selected based on the assumptions made and their expected effect on the model’s output:
equipment cost, transport costs of the electric distribution van, emission value for the warehouse, landfill
costs, and incineration cost. The contribution of the uncertainty of the data values on the final value of the
CI is examined by performing a SA [134]. Each input data value increases and decreases by 25%, while the
rest remains unchanged. In Appendix H.2, the results on the scores of the CI are presented for each scenario
together with the data after changing the variable.

The effect and contribution of the input data on the final CI is analyzed with the correlation coefficient.
The results are presented in Table 7.8. From these outcomes, it can be concluded that there is a strong positive
and significant relationship. All investigated inputs have an r close to 1, and p-values statistically significant
at 0.05 and 0.01 levels. This indicates limited sensitivity to changes in the examined input data between the
pairs of values, and H0 can be rejected at 0.01 and 0.05 [20, 99].

7.3. Conclusion performance measurement scenario testing
This section evaluates the performance of the different scenario designs, which were presented in Table 7.3.
The performance gap M will be determined to understand better the actual performance of the scenarios
relative to the target performance. The performance gaps are calculated by Equation 3.3, using the data from
Table 7.3. The performance gap represents the difference in performance between a scenario’s actual and
target values, which is the benchmark. The best performance is achieved when the values of all indicators
are minimized, so a lower value for the performance gap M means a better performance score [49]. The
results of the performance gaps with the benchmark are visualized in Figure 7.4. In Appendix G, the relative
performance and the performance gap can be found for each scenario.

The base case and the scenarios are plotted on the horizontal axis in Figure 7.4. The height of the column
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Table 7.8: Outcomes correlation coefficient for uncertainty trigger X3, source: (Author)

Correlation coefficient r t-statistic Significant
Equipment cost (+25%) 0.992** 0.039 yes
Equipment cost (-25%) 0.981** 0.059 yes
Electric van transport cost (+25%) 0.988** 0.049 yes
Electric van transport cost (-25%) 0.976** 0.067 yes
Warehouse emission value (+25%) 0.991** 0.044 yes
Warehouse emission value (-25%) 0.993** 0.036 yes
Incineration cost (+25%) 0.961** 0.030 yes
Incineration cost (-25%) 0.992** 0.039 yes
Landfill cost (+25%) 0.990** 0.042 yes
Landfill cost (-25%) 0.992** 0.040 yes
* alpha < 0.05 (2-tailed)

** alpha < 0.05 (2-tailed)

Figure 7.4: Performance gaps scenarios relative to the benchmark, source: (Author)

represents the performance gap relative to the benchmark. The largest performance gap is found in the
extreme variant of scenario 3; the economic attractiveness of renewables. The extreme variant of scenario
1 has the smallest performance gap with the benchmark relative to the other scenarios, indicating better
performance. In Appendix I, radar charts are presented for each scenario with the benchmark and base case.
This gives an in-depth understanding of the developments in the scenarios. The performance of the base
case with the benchmark was already analyzed in section 6.4, and the radar chart is presented in Figure I.1.

Both variants of scenario 1 have a smaller performance gap than the base case with the benchmark, mean-
ing better performance. Although recycling is more costly than landfill or incineration alternatives for pack-
aging, the overall performance is improved in both variants of this scenario compared to the base case. The
higher costs of packaging are compensated for by better environmental performance and the usage of finan-
cial incentives by companies to discourage returns, which also helps lower the return cost for a company. The
return fee is used to lower the warehouse and equipment cost, leading to a relatively good performance on
this indicator in both cases of this scenario, as seen in Figure I.2. The extreme variant of this scenario shows a
relatively sizeable improved performance compared to the moderate variant and the base case, partly due to
the higher return fee to discourage customers from returning and better environmental performance. Also,
customers consciously choose their return method based on environmental considerations, lowering the
number of returns in-store. This leads to an improvement in the brick-and-mortar emissions and transport
emissions accordingly in both variants of this scenario compared to the base case.

Both variants of scenario 2 have worse performance than the base case relative to the benchmark. Both
variants show high costs, as seen in Table 7.1. So, the increased environmental improvement efforts in both
scenarios do not outweigh the costs, leading to a bigger performance gap with the benchmark. Figure I.3
shows that modality shift, more environmentally friendly packaging material, and investing in renewable en-
ergy sources for buildings lead to better environmental performances and, in the extreme variant, may even
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outperform the benchmark. Although the company charges a return fee in both variants, no governmental
financial support is given to lower the costs. Therefore, these economic costs are not compensated by envi-
ronmental gains. In the extreme variant, the efforts are more compatible with the costs made, improving the
overall performance compared to the moderate variant of this scenario. However, the overall performance is
not improved compared to the base case, as the costs in the extreme variant are highest for both transport-
and brick-and-mortar stores, which were as expected as large investments were made.

Both variants of scenario 3 perform worse compared to the base case relative to the benchmark due to the
higher prices of inflation and fossil fuel. Figure I.4 shows that the performance is better relative to the base
case only for the transportation, warehouse and equipment, and brick-and-mortar store emissions. Although
renewable energies and green transportation modes are increasingly attractive, the costs are still too high.
The extreme scenario, where more environmental improvements are made but a higher price increase is
assumed, shows even worse performance compared to the moderate variant of this scenario. Mainly, the
labor cost is high in this scenario’s extreme variant, resulting in a price increase of 10%.

The performance gaps of both moderate and extreme variants of scenario 4 are smaller compared to the
gap of the base case with the target performance, meaning that improvements are made. This results from a
higher packaging recycling rate, more environmentally packaging material, a higher reuse rate of the clothes,
more products donated, increased adoption of renewable energy sources, and fewer products disposed of or
sent to landfills (see Figure I.5). Yet, adopting these efforts leads to high recovery costs (V9). It can be seen
from the extreme variant of this scenario that the efforts focusing on adopting renewable energy sources in
buildings (V3 and V5) come close to the benchmark values. This scenario illustrates that the government’s
financial support has ensured that the overall price increase due to company investments does not outweigh
the environmental improvements. This makes both variants of this scenario function better in terms of over-
all performance than the base case. No improvements are made for the transport costs and emissions in this
scenario.

The moderate variant of scenario five, technological innovations, shows no improvements compared to
the base case relative to the benchmark. The more detailed radar chart in Figure I.6 shows that the moderate
variant of this scenario outperforms the base case on product disposal emissions. However, the higher re-
cycling and transport costs lead to an overall decrease in the performance of this variant relative to the base
case. In the extreme variant, improvements are visible due to more efficient transport, fewer in-store returns,
higher clothing recycling rates, and lower costs due to economies of scale. Under these conditions, advance-
ments are observable compared to the base case, and the performance gap with the benchmark is tightened.
One outlier in the extreme variant compared to the moderate variant of this scenario is the transportation
improvements, leading to relatively large improvements in transport emissions in the extreme variant.

7.4. Validation
Validation examines the question ’Is the model right?’. This question relates to the defined objectives, re-
quirements, and purpose. Validation consists of conceptual and operational validation [143]. This research
will only validate the model by conceptual validation, as no real-life observed results are available to com-
pare the model’s output. Conceptual validation investigates the correctness of the assumptions made in the
model and whether the model performs plausible results [104]. It is determined whether its behavior aligns
with the expectations by testing the effect of different scenarios. Scenarios were designed based on the ver-
ification framework of PESTLE and expert consultation, which improves the reliability of the scenarios with
real-life developments. After testing the scenarios with the model and conducting a performance analysis, it
was concluded that the scenarios generated plausible results. This proves the correctness and reliability of
the model and creates a better understanding of the model’s behavior and how it performs. The model can
provide desired outputs, serve its purposes, and create valuable insights.

The model is successfully validated by inspecting the plausibility of the behavior of the scenario outputs.

7.5. Main findings chapter 7
First, the sub-question How can companies use the constructed CI in practice? is answered. In the previous
chapter, it was already found that a company can measure and compare the performance of its different
return methods relative to a verified benchmark. This creates the knowledge for companies to encourage
customers to make more environmentally friendly choices for returns based on their current performance.
It also creates an understanding of how their current performance scores on the environmental targets the
EU set on their performances. In this chapter, the verified benchmark was used to give companies insight



68 7. Evaluate

and understanding into potential improvement areas of their returns. The impact of external factors and
the effects of adopting strategies to improve sustainability on a company’s performance was analyzed using
scenarios based on PESTLE, literature, reports, and expert consultation. The outcomes were translated to
performance gaps, identifying a company’s performance relative to their benchmark performance. The re-
sults showed companies insight into the effects of implementing different strategies or actions and external
factors on their performance. This helps identify potential areas of improvement and risk and how they can
reach the targets set by the European Commission (EC), demonstrating how companies can use this CI and
the insights created by its usage.

The model is conceptually validated by investigating the model’s behavior by scenario analysis. Multiple
scenarios were developed based on the PESTLE framework, which was tested with the model, and their ef-
fect on the model’s output was evaluated. The model is successfully validated by inspecting the plausibility
of the model’s behavior and the scenario outputs. This proves the correctness and reliability of the model
and contributes to a better understanding of the model’s performance, answering the question How can the
constructed CI be validated?
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Conclusion and Discussion

This research will conclude with the findings of this research. Each research chapter has ended by answer-
ing one of the sub-research questions; these insights will be combined to formulate an answer to the Main
Research Question (MRQ). Next, this research’s scientific and practical contributions are discussed, together
with the limitations. Finally, recommendations for future research are made.

8.1. Main findings
To achieve the goals the European Union (EU) set to combat climate change and comply with increased mar-
ket pressure, the fashion industry must change and lower its Greenhouse Gas (GHG) emissions [72, 182].
The ongoing rise of product returns has become an increased problem for this industry as it exacerbates its
GHG footprint when it should be lowered. This leads to undesirable consequences for companies and soci-
ety, and improvement of returns is necessary [63, 36, 50]. The problem of returns should be tackled by both
lowering the environmental impact of the process of unavoidable returns and the number of returns in gen-
eral [36, 63], leading to environmental gains for society and cost savings for a company [194, 63]. Although
transparency and understanding of the impact of returns on the performance of a company are needed to
effectuate change [182], there is a knowledge gap as the environmental impact of product returns, and how
this impact differs per return method is poorly understood, and accurate methods to assess this impact lacks
[183, 36]. Therefore, this study has assessed the impact of product returns on the performance of fashion
companies and created an understanding of this to improve the environmental footprint. Besides the scien-
tific relevance of developing a method for assessing returns from an environmental viewpoint, the fashion
industry is primarily profit-driven, and this study considers both dimensions relevant to ensure effective and
realistic decision-making. Therefore, the economic impact of product returns on a company’s performance
is also measured, creating a company performance measurement with multiple dimensions. The outcome is
a Composite Indicator (CI) for companies to measure, analyze, and evaluate their performance and see how
different return methods or improvement strategies affect this. A new benchmark is designed based on GHG
reduction targets of the European Commission (EC) for 2030 which is developed and integrated into this CI
to help companies improve sustainability. The MRQ of this study is:

"How can a Composite Indicator be constructed to provide insight into the environmental and economic
performance of product returns for companies within the fashion industry and help improve their sustainabil-
ity?"

This CI was constructed in five steps, where the performance is measured using indicators. First, it was
determined which environmental and economic indicators needed to be included in this CI to measure the
impact of product returns on a company’s performance and how these could be quantified. This was done
using a literature study and interviews with experts, and the findings were combined into a theoretical frame-
work. Second, the indicators were normalized by rescaling. Third, the Analytical Hierarchy Process (AHP)
technique was applied to weigh each indicator. The indicators were aggregated into one measure in the
fourth step using the multiplication technique, followed by evaluation of the robustness of the CI using a
Uncertainty Analysis (UA) and a Sensitivity Analysis (SA). Lastly, a benchmark was designed using literature,
reports, and expert consultation and developed and integrated into the constructed CI, where AHP weighting
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was replaced by Equal Weights (EW).

In more detail, five sub-questions were defined that were answered throughout the research to pose an
answer to the MRQ. The main findings of these questions are elaborated on below.

SQ1. What does the fashion industry’s product return flow look like?
The returns process consists of a return request, collection, handling, processing at the warehouse, and prod-
uct recovery and disposal. The return process starts when the customer requests a return and selects a
method to process this, which can be: by brick-and-mortar store return, drop-off at a collection point, or
by home pick-up. The availability of the return methods for a customer depends on whether the retailer
offers this service. The customer must re-pack the product for safe transport if home pick-up or collection
points are chosen. Next, the product is collected and transported from the customer to the final recovery
destination, either the warehouse or the brick-and-mortar store. How this transport is arranged depends on
the return method chosen. Products with the brick-and-mortar store as the final destination are restocked
and resold. If the product is sent to the warehouse, it will be received, handled, inspected, and temporarily
stored until a decision is made on how to recover it. The recovery choice determines if the product gets resold,
recycled, repaired, remanufactured, or disposed to landfills or incineration [45]. After the recovery activity is
performed, the process of returns is finished.

SQ2. How can the environmental impact of the various logistic activities involved in product returns be
assessed?
The following elements were essential for assessing the environmental impact of product returns: packag-
ing material, packaging waste treatment, transportation, warehousing, storage, equipment usage, product
recovery, and brick-and-mortar activities. An activity-specific Emisison factor (EF) was used to measure the
GHG emissions of each activity, following the guidelines of the GHG Protocol. The choice of a return method
is relevant to the environmental impact of packaging, transportation, and brick-and-mortar activities.

SQ3. How can the economic impact of the various logistic activities involved in product returns be assessed?
According to several experts, activity-based costing is a commonly used method to assess the return costs for
a company. The following costs were considered to create a complete overview of the process of returns
from an economic perspective: transport costs, warehouse space utilization costs, equipment costs, labor
costs, product recovery and disposal costs, product storage costs, in-store space utilization costs, and in-
store product processing costs. Measurement of these costs was done on an annual basis and specified per
return.

SQ4. How can a CI be created to assess product returns’ environmental and economic impact?
The structure of a CI involved five steps and was done according to the guidelines proposed by [134]. First, ten
indicators to measure were selected using the insights created in SQ1, SQ2, and SQ3. This provided insight
into the raw indicator values and the overall environmental and economic impact of a return method before
aggregation. Second, the indicators were normalized by rescaling and weighted by AHP. AHP allows compa-
nies to make a trade-off between the importance of the indicators amongst each other but ensures consis-
tency by using statistical methods to determine the weights [134]. Next, the indicators were aggregated using
multiplication, a commonly used technique that allows straightforward interpretation and partial compens-
ability of the indicators [120, 133]. The same construction techniques were used to design the benchmark
in the CI, but the weights were assigned using EW to improve the transparency of the benchmark. Lastly,
evaluation of the CI was done by performing a UA and SA that verified and validated the CI using data from a
fashion retailer. This confirmed the robustness of the model, and evaluation has proven that the CI can meet
its objectives and requirements.

Q5. What is the most preferred return method for a company considering its environmental and economic
performance?
The environmental and economic impact of each return method in the base case were calculated in the first
phase of the CI. Combining the environmental set of indicators shows that from the return methods, home
pick-up creates the lowest GHG emissions per return, followed by collection point returns, and in-store re-
turns score worst. The costs per return are highest for in-store returns, followed by collection point returns,
and home pick-up has the lowest cost per returned item. The differences between the performances of the re-
turn methods are larger for the economic set of indicators. So, considering the environmental and economic
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performances separately, home pick-up performs best on both dimensions and is preferred over the other
return methods. This outcome aligns with the results from the aggregated CI scores, where home pick-up has
the best overall performance, collection point in between, and in-store returns the worst.

8.2. Discussion
This section discusses the scientific and practical research contributions. Additionally, the limitations of this
research are discussed to give a better understanding and interpretation of the results.

8.2.1. Scientific contributions
Multiple contributions were made in this study to scientific research. The first contribution was adding re-
search to the scarce scientific literature on reverse logistics in the fashion industry, focusing on the effects and
potential solutions for improving the environmental impact of customer product returns. The need to create
this knowledge and increase transparency on the environmental impact of product returns was emphasized
by [202, 23]. The second contribution was developing a measurement method for analyzing the GHG emis-
sions of a return that include all relevant logistic activities and return methods. The few studies in this field
were incomplete as these did not include all relevant logistic activities in this process, were limited to only
analyzing carbon emissions, or did not consider the differences between the return methods [36, 118, 51].
The third contribution was developing a new CI that fashion companies can use to measure, evaluate, and
improve the impact of product returns on their environmental and economic performance, which was lack-
ing in research. Companies can thereby provide transparency on the impact of returns and can encourage
more conscious return behavior [194, 23], which was a gap in the literature [22]. In addition, this research
expanded the field of research on company performance measurement with CIs by assessing both environ-
mental and economic dimensions [203]. The final contribution of this research was providing a new overview
and measurement method where insight into the performance of different return methods was obtained and
how they differ on their performance for a company. Although it was acknowledged that the impact of these
return methods differs and improvements could be gained by choosing methods based on their performance
[23, 22, 51], this insight was lacking in the literature.

8.2.2. Practical contributions
The practical contributions made with this research are formulated from a fashion company’s and society’s
perspectives.

Perspective fashion companies
This research contributes to improving the ongoing problem for companies that may account for approxi-
mately 12% of their GHG emissions [9] and where they may lose yearly approximately 17% of 1 billion dollars
in sales to [3, 135]. Contributions are made to improve companies’ performances by, on the one hand, lower-
ing the number of returns and, on the other hand, improving the current process for unavoidable returns.

Fashion companies can improve their performances by measuring the process of returns: lowering their
environmental footprint- and costs. This study provides insight into the sources of GHG emissions and the
costs of product returns, and how companies can measure them. Also, differences between the return meth-
ods and their performance are made explicit for companies. Companies can make well-informed decisions to
improve the environmental impact of returns as they can define, measure, compare, and prioritize improve-
ment efforts based on environmental impact while ensuring economic viability [182]. This relevance was
proven by conducting a case study of a fashion retailer. It showed valuable insights into how its performance
could be improved by avoiding or selecting a return method based on its impact and which trade-offs could
be made between environmental and economic performance for implementing new strategies to improve
the return impact.

Companies can mitigate returns by encouraging customers’ conscious return behavior, leading to envi-
ronmental and economic gains for a company [194, 23]. This study has provided a tool for companies to gain
insights into the impact of returns and the different methods so that they can measure, analyze, and compare
the performance between return methods. Awareness can be created about the impact of returns, and oppor-
tunistic return behavior can be limited, lowering returns. Also, with the increased transparency, companies
can answer the increased customer pressure for more well-informed and conscious return choices [22]. Con-
scious return choices- and behavior improve company performance on both environmental and economic
facets as less environmentally damaging return methods are chosen [23], and fewer products are expected
to be returned [194]. This research showed that encouraging conscious behavior and thereby reducing the
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number of returns is a very effective way to improve the overall performance of a company.

This research has proven the added value for companies to compare their performances with a bench-
mark. Companies know how far they are in reaching the goals of the EC to combat climate change. The EC
targets for 2030 to lower the GHG emissions were translated into indicator-specific goals in this study. This
research has defined a verified benchmark representing these target values. Companies can compare their
performance relative to this benchmark. With this, companies can see how far they reach these targets and
how- and to what extent (potential) changes in their operations might lead to solutions to close this gap. Ad-
ditionally, companies can use the results of this CI to respond to the prospected environmental reporting of
the EC on the environmental impact of operations.

Societal perspective
This research contributes to halting climate change by focusing on one of the most environmentally polluting
industries worldwide. Attention is given to the increased problem of product returns, which received too
little attention previously. Although returns are not the largest share of emissions along the value chain, the
problem of returns continuously grows and generates negative externalities for society [63, 36]. This research
pays attention to this problem by providing insights into how returns can be mitigated and how the process
of returns can be improved.

The role of fashion companies was already mentioned. Further, customers have an essential role in es-
tablishing change as well. Increased customer awareness on the impact of returns and limiting opportunistic
return behavior is needed to achieve the potential savings of 12 million tonnes of GHG emissions when the
return rates would decrease by 20% [12]. This research is dedicated to increasing knowledge on the impact of
returns and contributes to creating awareness about the environmental costs of returns. Customers should
also be held responsible for the negative externalities of these returns created, as their behavior drives high
return rates. This is an essential contribution of this research, as besides the companies, customers also have
to take responsibility and have an important role in lowering the environmental impact of product returns
and creating a positive impact on society.

Next, a contribution is made as a transparent tool is provided, where customers and governments know
which- and how the environmental impact of a product return is measured for a company’s performance.
The insights created give customers clear and transparent information about the GHG emissions of a return,
where the complete return process and return activities are considered. For governments, this tool con-
tributes as it can be used in their prospected mandatory environmental reporting sector-wide. Governments
can use this transparent tool to evaluate, monitor, and track the progress of a company’s performance and
evaluate the efforts made by companies in achieving the EC goals to become net-zero. Companies’ perfor-
mances within the sector can be compared with each other as they are measured with the same measures,
their progress can be evaluated, and governments can use this benchmark to set more concrete targets to
combat climate change.

Further, governments are drivers to effectuate change in this industry and should have a more leading and
supporting role in tackling the growing problem of returns. Currently, no specific government regulations
target the return process of fashion companies, although this is a growing phenomenon in the industry that
exacerbates the GHG emissions. A more leading and supporting role is desired. Regulations incentivizing
companies to integrate sustainability practices in their returns are essential, as well as government financial
support for companies to remain profitable.

8.2.3. Limitations
This section gives a discussion on the limitations of the research and the results to understand and interpret
them better.

Research scope and approach
As reducing GHG is the top priority of the EC to combat climate change, this research is demarcated to only
measuring the GHG emissions of the process of a return [67]. The relevant EC targets set for reducing GHG
emissions are translated into a target benchmark in this research. As the assessment of this research is consis-
tent with the unit of measurement of these targets, this tool is highly suitable for companies to measure their
progress relative to these EC objectives. Yet, the environmental impact of product returns is broader than
only the GHG emissions, as negative externalities like noise and water pollution are also created [106, 170, 72].
These effects are not considered in this assessment. A more comprehensive overview of the environmental
impact of product returns can be made by including these factors, which is a limitation due to this study’s
scope.



8.2. Discussion 73

Further, only the environmental impact created in the return process was considered in this study. How-
ever, companies increasingly use carbon offsetting alternatives, where financial compensations are paid to
compensate for the emissions the buyer creates, lowering their emissions [82]. This is not considered in this
research. If a company uses carbon offsetting while using this research’s CI, it should be specified for which
activity the offsetting is used, and double-counting should be avoided. It is essential to provide transparency
on this to enhance the quality of the outcomes.

Research methodology, results, and data
This research aimed to create a CI to measure company performance in the process of product returns. Con-
structing a CI involves some level of subjectivity as choices must be made for the construction methods. To
lower potential subjectivity, the choices were communicated, motivated, and made transparent in this re-
search. In addition to this, the effect of these choices on the models’ output was investigated by performing
a combination of UA and SA. The results showed that the constructed CI is robust, as using a different con-
struction method leads to similar results, increasing the reliability of the selection of construction methods.
Special care was given to test the reliability of the weighting method. Although the consistency of the weights
was verified using a statistical test, the expert group was within the recommended range of 3-7 experts, and
a different group of experts was used for rescaling, it might be argued that the reliability of the weighting
method still can be improved by increasing the number of experts to assign weights. Nevertheless, the choice
of construction methods was successfully verified, lowering the risk of subjectivity.

The first objective of the CI was looking at whether the performance of an average return item with the
different return methods for a company can be measured and how- and if these methods can be compared.
The CI shows that home pick-up returns perform best based on the data set used of a fashion retailer, followed
by collection point returns and the in-store scoring worst for this retailer. Considerable differences are seen
in transport emissions- and costs, the warehouse- and equipment costs, and the warehouse- and equipment
emissions between the methods. Identification of the underlying causes of these outliers shows plausible
and logical results. For example, home pick-up performs much better on the average transport emissions
per return due to the more efficient transport networks. However, home pick-up is more costly as longer
distances are driven with relatively expensive distribution vans. In-store returns have lower transport costs
as customers bring the product to the brick-and-mortar store but score worst on transport emissions as no
consolidated shipments are used. From this in-depth analysis of the results of the return methods with this
data set, it can be concluded that the first objective can be served with this CI. Nevertheless, it should be noted
that the findings from the base case in this research cannot be directly generalized to other fashion retailers
as they are highly company-specific. For example, transport emissions depend on the distance driven, which
depends on the location of the warehouse, customers, distribution centers, return strategies, and modalities
used. So, it can be that different return methods perform better than the findings from this research pose
based on the data set used. This research is limited to the data set of only one fashion retailer, so to create
more generalizable results, data sets from different companies should be measured, analyzed, and evaluated.

The second objective of this CI was to enable companies to identify areas of improvement, track progress,
and compare their performance relative to targets. These objectives can be fulfilled with the CI developed
in this research. A benchmark was constructed according to specific targets driven by Legal (L) and Policy
(P) factors from the PESTLE framework, which serves as a verification tool. Companies can compare their
actual performance with the target performance by measuring the performance gap. The magnitude of this
gap expresses how far a company is in terms of performance in reaching the targets. Scenarios were designed
using the PESTLE framework, literature, reports, and expert consultation, which showed the practical usage
of the CI to identify improvement areas and economic risks on their performance. It was found that, based on
this company’s data set, the most considerable improvements in overall performance can be achieved when
fewer products are returned due to more conscious behavior and, on the other hand, a higher recycling rate of
packaging materials is achieved. Additionally, a return fee to discourage customers from returning items also
leads to performance improvements relative to the base case, closing the gap with the benchmark. This is a
crucial component to lower the costs of returns when no governmental support is given. The scenario analy-
sis shows the importance of the financial support of governments for companies to ensure feasibility in com-
pany efforts to improve their environmental impact. Adopting less harmful waste treatments that enhance
circularity shows improvements in environmental areas but are slightly higher in costs, affecting the overall
performance. The gains achieved by technological innovations depend on the availability of technology and
economies of scale that might help to lower costs, shrinking the performance gap with the benchmark. The
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insight gathered from evaluating the results of the CI can be used to make more informed decisions, prior-
itize improvement efforts, and design actions to improve sustainability while ensuring economic feasibility.
These analyses validated the models’ behavior and results, showing that the model can meet its objectives,
requirements, and purpose.

When interpreting the results, emphasis should be given to the benchmark. The benchmark represents
a company’s shorter-term goals to comply with EU targets by 2030 in its net-zero journey for 2050. As com-
panies can make trade-offs between environmental and economic indicators to measure their performance,
EW is applied for the benchmark values in this CI. This ensures that the values of the benchmark are gener-
alizable and transparent sector-wide. For the definition of the environmental indicators, the targets for 2030
are derived from EU targets and reports and stated in section 6.2. Companies need to reduce their emissions
according to reduction percentages set by the EU. This is incorporated in this benchmark but has as a result
that the raw values of the benchmark are company-specific. The reduction targets are translated into values
for the benchmark using the data set of the base case for the specific base year. So, when a company uses this
CI, it should define the benchmark values accordingly to its own data. Further, the target values are deter-
mined according to EU legislation, so this should be considered when a company outside the EU wants to use
the benchmark targets. The set-up and structure of the benchmark can be used. Still, the target reductions
should be defined accordingly to the policy and legal objectives and requirements that the company needs to
obey. It is recommended to verify the target values with experts to ensure an accurate benchmark. As men-
tioned, defining any accurate target values for the economic indicators for 2030 is not possible. The economic
indicator values are subject to uncertainty and external influences, so deriving numbers for these indicators
for 2030 is not likely to be representative or accurate. Therefore, the base case values for the economic in-
dicators are used in the benchmark. This is certainly a limitation of this research and should be considered
when interpreting the results. By exploring the effect of different scenarios on a company’s performance, the
effect of the economic indicators was demonstrated. This analysis has shown that variance of the economic
indicators can lead to large improvements in the overall performance of the CI, which needs to be considered
for the CI interpretation.

According to expert consultation, the input data of this CI to measure the environmental and economic
impact of the returns is well designed and suitable for companies. Companies should have all the inputs
required by themselves to measure their performance. Data from the client retailer was obtained, analyzed,
and prepared with a data expert from Metyis. Unreliable data points were removed to ensure consistency
in the data set, and data from a whole year was used, so demand fluctuations were considered. However,
the data set used in this research was not fully complete, partially due to confidential reasons, so some data
was not shared. Assumptions needed to be made, and input data from secondary sources were used for
supplementation. Special care was given to inspect the reliability and accuracy of the input data and the
assumptions made. The input data and assumptions were validated by looking into the reliability of the
data source, its year, and geographical dependency of the data, and experts checked assumptions with their
industry knowledge. Additionally, the impact of some of these uncertainties in input data on the final value
of the model was analyzed and evaluated using a SA. This statistical test revealed that the model’s outcome is
robust to changes in data, reflecting the resilience of the CI and increasing its reliability. However, the data’s
reliability would be improved when this is not obtained through secondary sources, all data originates from
the same year, and fewer assumptions were made. Nonetheless, special care is given to this, and the reliability
of the missing data and assumptions is increased through validation.

From the literature, several waste treatments were identified [45, 107, 5, 77]; however, expert consultation
indicated that the treatments used are pretty limited for return operations by fashion companies in practice.
Recycling is increasingly promoted to improve circularity, but in reality, the adoption of this technique is
currently shallow due to technical and economic feasibility [52]. Additionally, assessing this impact requires
a high level of detail, as the emissions created due to recycling largely depend on the type of clothing recycled,
the technique chosen, and the efficiency of that technique [166]. As there is very little data available on this
treatment in the literature, additional assumptions would need to be made that would negatively affect the
quality and reliability of this research. Therefore, it was decided to exclude recycling as an alternative in the
base case. For the scenario analysis, the impact of mechanical recycling is explored and included in one of the
alternatives as optional waste treatment. The costs- and emissions are based on reports but are still highly
embedded with uncertainty, which should be considered with interpreting the results. If a company uses
recycling techniques, they can adopt this in this CI by including the economic cost of this treatment. The
environmental impact should be determined as accurately as possible, where preferably the type of clothing
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item and its material is considered.

Another limitation of this research is that it assumes the activities of the Third Party Logistics Provider
(3PL)s at the distribution centers activities of the 3PL to be neglectable. However, these activities may gener-
ate additional emissions, depending on the 3PL their performance, and should therefore be discussed. This
research aimed to measure the environmental and economic impact of returns on the performance of fash-
ion companies. Consultation with experts from the industry gave insight that fashion companies lack in-
formation and data on the GHG emissions of their 3PL at their transfer locations or distribution centers.
Additionally, the specific activities at these distribution and sorting centers of the 3PLs are not within the
control of fashion companies, making it difficult or even impossible for them to effectuate change here. So,
assumptions are necessary to make. From reports published by the 3PLs, it follows that for PostNL, the 3PL
transporting more than 90 percent of the returns in the base case, their buildings are entirely free of emissions
and optimizing their operations [151]. However, for other providers, like UPS, insights are lacking. This lack of
data makes it difficult to make reliable assumptions about the emissions generated by these activities on the
product return level. Therefore, the decision to neglect these emissions in this research is twofold; first, the
information provided by PostNL on their performances and the total share of this 3PL as a transport provider
for the returns in the base case, second the lack of data on other 3PL. This assumption is further investigated
by performing a SA for the warehouse emissions, which found that the results generated by the model in the
base case were not sensitive to changes in this variable. However, this is still a limitation in this research, and
further investigation into the activities and emissions generated at these distribution centers would improve
the accuracy.

8.3. Recommendations
This section gives recommendations and outlines future research possibilities. Some of these recommen-
dations come from the research findings and limitations; others are based on insights gained during the re-
search, which require further investigation.

The main recommendation of this research is for companies to offer return methods to customers based
on how they perform to improve the environmental impact. The findings of this research have shown that the
impact of the return methods differs, considering both environmental and economic dimensions. Improve-
ments can be achieved when companies avoid return methods that perform worse as an alternative to return
a product.

Next, as a transparent tool is provided on which- and how the environmental impact of a company is
measured, it is recommended for governments to use this tool in their environmental sustainability report-
ing for companies. Additionally, the integrated benchmark can be used by the government to compare the
performances of companies sector-wide, measure their progress, and set further targets to combat climate
change.

This study has created the information needed to provide transparency and inform customers but does
not analyze how- and where companies in the purchasing- and return process can use this information the
best to encourage customers’ conscious return decisions- and behavior most effectively. Therefore, it is rec-
ommended to develop a dashboard or digital twin where insights are obtained where- and how customers
can best be encouraged using the insights obtained from this study.

Further, it is recommended that companies mitigate the number of returns by adjusting the leniency of
return policies. Lenient return policies of companies are causes for high return rates. The scenario analysis
has shown that lowering the number of returns and charging customers a return fee significantly improves
overall performance. However, companies are less willing to change these policies and make them less le-
nient as it is a tool to boost sales and attract customers and, therefore, impacts their profitability, they say
[194, 175, 93, 101]. However, this research showed the potential to improve the company’s performance by
changing the return policies. The potential effect on customer sales was left unconsidered, forming the basis
for the following possibilities for future research, which have both practical and scientific implications. First,
the findings of this study should be incorporated to design new return policies, targeting lowering returns
using financial discouragements based on the environmental impact created when returning a product. Re-
search should be conducted into optimal financial discouragement while considering its effect on customer
demand and a company’s profitability. Also, exploring the efficiency of targeting specific product categories
with their return policies is recommended, as some categories cause higher returns than others. The effect
of the policies can be analyzed and tracked using the CI developed in this research. These insights may help
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companies adjust their return policies, contributing to lower returns and improved environmental impact.
Investigating the decision-making behind the choice of a company on the final destination of a product is

recommended, as this affects performance. It should be explored why a product will be sent back to the store
or returned to the warehouse to be handled. This research shows that the largest share of returned items is
redirected to stores for particular home pick-ups in this case study. For returns through collection points, this
percentage is much lower. The research has shown that whether a product is directed to a brick-and-mortar
store or a warehouse significantly impacts the performance of a return method. Gathering insight into how
these decisions are made can lead to improved performance for the company and is therefore recommended
as a potential area of future research.

Future research should be done to increase the adoption potential of textile recycling and overcome its
current limitations, where both the technical and practical feasibility should be considered for fashion com-
panies. The recycling rates are currently meager within the fashion industry, although this creates a better
environmental impact than landfill or disposal [45, 52]. A technical recommendation is, therefore, to inves-
tigate textile recycling alternatives for fashion companies and improve this adoption potential for both used
and unused products. Additionally, barriers and drivers should be explicit, and insights need to be created
into how they can be overcome, contributing to increased adoption of the technique.

The final recommendation for future research is to investigate governmental policies’ role in lowering
the number of product returns in fashion and identify the most effective approach. Experts in the field have
noted that to incentive change within the operations of fashion companies, governments either need to have
a strict policy or there should be pressure from shareholders, primarily because of the high costs. This study
has shown that financial support is essential for companies to improve the sustainability of their operations.
It is recommended to investigate governmental policies’ role in lowering the number of product returns in
fashion and which approach would be most effective. This includes examining, for example, the most ef-
fective targets for recycling-, landfill-, and incineration rates to improve the environmental footprint of this
industry while considering the economic feasibility for a company in terms of financial subsidies or invest-
ments. This will contribute to the adoption potential of textile recycling in the fashion industry and improve
sustainability. Additionally, it is recommended to incorporate the designed CI and benchmark to investigate
the effectiveness of implementing these policies and monitor the effects on companies’ performances.
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Abstract
Purpose - With the ongoing rise of product returns in the fashion industry, exacerbating its GHG
footprint when it should be lowered, this paper aims to provide a measurement tool for companies
to improve the environmental impact of product returns while considering the economic costs.
Companies do not have an understanding of the impact of these returns on their performances,
resulting from a gap in research where an accurate measurement method lacks that includes all
activities and return methods.
Design/methodology/approach - The returns process and the return methods were analyzed
using a literature study and interviews with experts, resulting in a set of environmental and eco-
nomic indicators. These indicators were aggregated in a Composite Indicator (CI) by rescaling,
analytical hierarchy process, and multiplicative aggregation techniques. A benchmark for target
performance was developed based on reduction targets of the European Commission, using rescal-
ing, equal weighting, and multiplication and integrated into the CI. An uncertainty- and sensitivity
analysis confirmed the model’s robustness. A case study of a fashion retailer verified the model. A
scenario analysis based on the PESTLE framework was used to validate the CI and benchmark. A
company’s performance measured was compared against the verified benchmark by calculating the
performance gap.
Findings - The environmental and economic impact of the return methods for the base case was
measured. The impact of the return methods was compared against the benchmark, which shows
that home pick-ups have the smallest performance gap with the benchmark for this retailer. In-
store returns have the largest gap with the benchmark, indicating worse company performance and
lower compliance with the EC targets. The scenario analysis showed how companies could use this
CI to compare return improvement strategies with each other and provided potential solutions for
companies to improve their performance.
Research limitations/implications - For fashion companies, this research provides a tool to
measure, analyze, and improve the environmental impact of returns on their performances with
EC reduction targets while considering their costs and providing transparency. Customers and
governments are provided with transparent information on what- and how the environmental impact
of returns is measured by a company. Governments can use the CI and benchmark proposed in this
paper as a transparent tool for environmental reporting and compare the performances of companies
sector-wide. For academics, this research provides multiple research opportunities.
Originality/value - This paper contributes by creating a new CI for company performance mea-
surement for fashion companies on the environmental and economic impact of product returns.
A new measurement method that assesses the environmental and economic impact of the return
activities is developed and gives insight into the differences between the return methods. Also, a
new benchmark expressing target performance is developed and incorporated in this CI based on
reduction targets of the EC to combat climate change.

Keywords: Composite indicator, product returns, fashion industry, environmental performance, economic
performance, performance measurement, target benchmark
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AHP Analytical Hierarchy Process
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I. INTRODUCTION

The fashion industry is a worldwide driver for eco-
nomic growth [34]. With a growth rate of 9.93% per
year (CAGR 2023-2027) [67], further growth in demand
is expected in the years to come, particularly within e-
commerce [7, 34, 42]. At the same time, the fashion
industry’s impact ranks the fourth largest on climate
change within the European Union (EU), and action is
needed to lower its environmental footprint [24, 31, 71].
As part of the Green Deal, the European Commission
(EC) plans on mandatory environmental reporting, in
which companies need to provide transparency on their
performances [23]. Most research and efforts focus on
sustainability practices in the forward value chain [3].
Less attention is paid to returns, although these have be-
come an increased problem in this industry, particularly
[6, 11, 72].

High return rates are observed, which are expected to
increase further due to the industry’s growth [1, 11, 68].
Besides economic losses for companies, these returns cre-
ate additional Greenhouse Gas (GHG) emissions and
waste, thereby negatively affecting society and the en-
vironmental footprint of companies [11, 18, 59, 68, 75].
The EC recognizes the environmental impact of returned
products as a widespread problem within the EU [27],
and actions should be taken to combat climate change
[24, 75].

To do so, the GHG emissions created by returns should
be reduced by improving the return process and lowering
the number of returns [11, 24], leading to environmental
gains for society and potential cost savings for companies
[77].

Companies need an understanding of the environmen-
tal and economic impact of returns and how this affects
their performances. With this, companies can design
effective strategies to improve their environmental im-
pact while remaining economically viable [8, 11, 71, 80].
However, companies do not yet have the tool to ana-
lyze, assess, and compare the impact of product returns
and return methods on their environmental and economic
performances, as an accurate measurement method lacks
[11, 72]. In the scarce attempts to assess product re-
turns, not all relevant logistic activities involved in a re-
turn are considered, assess not all GHG emissions, or
consider not all return methods available nowadays. As
a result, companies cannot measure and monitor their
performance, identify areas of improvement, and design
effective return improvement efforts to improve the im-
pact of returns. Also, companies lack insights into how
far they are in reaching the goals of the EC to combat
climate change, although they need to comply with this
[21, 23, 31]. Moreover, as this knowledge is lacking for
companies, companies cannot provide information on the
environmental impact of their returns to customers or
governments. This leaves reduction potential unexplored,
as informed customers will be more likely to make more
sustainable decisions for their choice of return method

[4, 7, 80] and limit opportunistic returns, thereby return-
ing fewer products [8, 77]. This is expected to lead to
both environmental gains for society and potential cost
savings for a company.

The research question answered in this paper is: How
can a Composite Indicator (CI) be constructed to provide
insight into the environmental and economic performance
of product returns against a target benchmark for fashion
companies and help improve their sustainability?

This research has developed a new performance mea-
surement tool for fashion companies to measure, analyze,
and evaluate returns’ environmental and economic im-
pact. A new CI was constructed to measure the perfor-
mance of returns on environmental and economic dimen-
sions [82]. The CI included all return activities, consid-
ered the differences in the return methods, and assessed
the environmental impact on a company’s performance,
thereby filling the research gap. The designed CI ex-
panded the field of company performance measurement
by assessing both environmental and economic perfor-
mance, which was not done frequently yet [81]. In addi-
tion, a new benchmark based on GHG reduction targets
of the EC for 2030 was designed, developed, and inte-
grated into this CI. With this, a transparent and sector-
wide tool was developed that companies can use to see
how closely their performances comply with EC targets.
Furthermore, governments can use this transparent tool
to compare companies’ performances with each other,
as it is known what- and how the impact is measured,
and evaluate their progress as part of the prospected EU
mandatory environmental reporting. Next, governments
can use this new benchmark to set more concrete targets
to combat climate change sector-wide.

First, the returns process is presented using a literature
review supplemented by interviews with industry experts
in section II. CI are tools to measure performance, which
supports companies in measuring and tracking progress
and identifying potential areas for improvement in pro-
cesses [40, 47, 51]. The findings on the return process
are combined with literature and reports for construct-
ing CIs and benchmarking, which are used to construct
the CI and the benchmark in section III. Next, the CI
and benchmark are applied to a case study, and the re-
sults are presented in section IV. Next, a discussion on
the model is given in section V. Last, conclusions and
recommendations for further research are made in sec-
tion VI.

II. LITERATURE REVIEW

First, the process of returns is outlined, followed by a
review of the environmental impact of return activities
and the economic impact.
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A. How the process of returns works

This research focuses on the whole process of a return
and considers all logistic activities that are crucial in an-
alyzing the environmental and economic impact. The
boundary defined for the process of product returns in
this research starts from the customer requesting a re-
turn until the recovery and disposition of the product
is executed [6, 15]. Four phases are distinguished: re-
turn preparation, collection, processing and handling of
returns, and product recovery and disposition, which is
visualized in Figure 1.

Fashion companies use in-store returns, collection
point returns, or home pick-up returns. The availability
of the return methods for a customer depends on whether
the retailer offers this service [5]. Packaging is needed for
safe transport when a collection point or home pick-up
is selected. Product transport occurs to the final recov-
ery point, depending on the return method. This final
recovery point can be the brick-and-mortar store, where
it will be restocked again, or the warehouse [6, 15]. If the
product’s final destination is the warehouse, it will be re-
covered. The choice for a recovery treatment is based on
several criteria, including the cost, the product market
value, added value of recovery, and the type of product
[44].

FIG. 1: Return processes and sub-activities, adapted
from [14]

B. How a product return creates environmental
impact

The GHG Protocol and the Life Cycle Assessment
(LCA) are presented as assessment tools for environmen-
tal impact in literature. A LCA is used when measuring
a more comprehensive set of environmental factors and
evaluating the overall effect of a product throughout its
entire life cycle [54]. The GHG Protocol is more useful
when measuring specific activities and is commonly used
as an accounting tool at the company levels for activi-
ties in its value chain [35]. This study aims to measure
the GHG emissions created by all activities in the return
process, making the GHG Protocol more suitable as a
measurement tool to assess the environmental impact of
product returns for this research.

The GHG Protocol is a recognized tool by the EC

for measuring and reporting GHG emissions and pro-
vides a standardized methodology by using Emisison fac-
tor (EF)s that incorporate the GHG emissions per activ-
ity or process [35, 36].

The following sources of emissions are identified from
the literature: packaging emissions, transport emissions,
warehouse and equipment emissions, brick-and-mortar
store emissions, and product recovery and disposal emis-
sions.

Packaging emissions are created when a customer re-
turns by home pick-up or collection point or when the
product gets transported from the brick-and-mortar store
to the warehouse. Packaging emissions consist of usage
and waste emissions. The magnitude of the usage emis-
sions depends on the type of packaging material, the mass
of the packaging, and whether or not a customer reuses
the packaging for their return [36, 69]. The packaging
waste emissions depend on the waste treatment chosen,
the type of packaging material, and the mass [36, 69].

Transport consists of short- and long-haul activity
[36]. The transport emissions depend on how a prod-
uct is returned, as for each return method, a different
journey is considered [13, 19, 49, 59]. The transport
emissions created by in-store returns depend firstly on
the trip from the customers’ location to the store and
back [9, 19, 49, 79], and optionally the transport ac-
tivity from the brick-and-mortar store to the warehouse
[14]. This depends on the distance driven, product mass,
and vehicle characteristics [36]. For home pick-ups, the
whole pick-up journey needs to be considered. Based
on the locations of the pick-up requests and the distri-
bution center, a vehicle journey is constructed from the
pick-up point to the initial recovery point [13]. After
the vehicle arrives at the recovery point, the products
are redistributed to their final recovery destination (i.e.,
the warehouse or brick-and-mortar store), creating ad-
ditional transport emissions [36]. The transport emis-
sions for collection point returns can be measured by dis-
tinguishing three transport activities. First, from the
customer to the collection point; second, the journey of
the Third Party Logistics Provider (3PL) from the col-
lection point to the distribution center, where the jour-
ney distance depends on the location of the collection
points served in that journey and the distribution cen-
ter. Third, the product needs transportation to its final
destination, intensifying the transport emissions of the
collection-point return.

Warehousing includes multiple activities (see Fig-
ure 1), intensifying the environmental impact [49, 63].
The main contributors to warehouse emissions are the
fuel and electricity consumed [49, 63]. In addition, inter-
nal transport and the energy used by warehouse equip-
ment for handling facilities must be considered, depend-
ing on the equipment type used and operation time [63].
If products are handled in-store, the environmental im-
pact created here must be considered [36]. This depends
on the store size, location, and energy rating [49].

Products can be resold, repaired, recycled, remanufac-
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tured, or sent to incineration or landfills [2, 15, 32, 44].
The chosen recovery or disposition strategy affects the
GHG emissions of a product [6, 28, 36].

C. How a product return creates costs

The economic impact of product returns is measured
based on the activities performed by a company to per-
form a return and the return methods [48]. According to
an industry expert, this activity-based approach is com-
monly used in practice.

Costing of return-related activities includes trans-
portation, labor, handling equipment, disposition, and
storage of the products and packaging [39, 46], and is
confirmed by two experts.

Depending on how the product is returned, transport
costs are created. In-store returns only generate trans-
port costs for a company when the decision is not to
resell the product in-store. Also, the transport is usually
outsourced to a 3PL but can be self-executed, affecting
the cost structure [14]. The main components of trans-
port costs are the distance, the vehicle load, the mass
of the product, and fixed- and variable modality costs
[15, 39, 73].

Warehousing and equipment costing depends on the
space and resources needed, storage time, and leasing
costs [14]. Operating costs of the physical store should
be considered for returns handled in-store. According to
an expert, the most significant cost factor is the leasing
costs of the stores. Returns are highly labor intensive,
and labor costs are incurred in brick-and-mortar stores
and warehouses. Activities include receiving, inspecting,
and restocking products [39]. The product return labor
cost on an annual basis is the sum of these fees [39]. Ad-
ditionally, this metric should include any overhead ex-
penses and investments like training or other employee
benefits in this metric [14].

Recovery costs are included for both packaging ma-
terials and the product itself. These recovery costs per
item are calculated by the mass of the item, the recov-
ery charge, and optional transport charges, depending on
the country of disposal [20, 29]. Governmental charges
are associated with landfill and incineration, which come
at the cost of a company [41].

III. CONSTRUCTION OF THE CI

A new CI was constructed for a multi-dimensional as-
sessment of product returns on the performance of fash-
ion companies, including the development and integra-
tion of a target benchmark. The CI should give a com-
plete assessment of the impact of returns, including all
return methods and activities; it needs to be straight-
forward to use by companies and transparent; the re-
sults should be easy to be communicated; and compa-
nies should know how far they are in reaching certain

goals, thereby increasing the value of this measurement
tool [82]. The construction was split into four phases,
as can be seen in Figure 2. A case study was used to
complete phase 4.

FIG. 2: Conceptual model construction CI with
benchmark, source: (Author)

A. Phase 1. Theoretical framework with variables

The theoretical framework for assessing product re-
turns is presented in Table I. The final selection avoided
double-counting of emissions or costs between the indica-
tors and fulfilled the objective and scope of the research.
Variables 1-5 are the environmental set of indicators, and
variables 6-10 are the indicators for the economic dimen-
sion. All variables have a negative indicator variability,
which indicates that a lower value of that respective vari-
able is preferred to obtain higher performance [62, 83].

TABLE I: Theoretical framework of the variables,
source: (Author)

Description Unit of measurement

V1 Packaging emissions kgCO2e
returned product

V2 Transport emissions kgCO2e
returned product

V3
Warehouse and equipment
emissions

kgCO2e
returned product

V4 Product recovery emissions kgCO2e
returned product

V5 Brick-and-mortar emissions kgCO2e
returned product

V6 Transport costs euro
returned product

V7 Labor costs euro
returned product

V8
Warehouse and equipment
costs

euro
returned product

V9 Recovery costs euro
returned product

V10 Brick-and-mortar costs euro
returned product
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B. Phase 2. Development of the CI

The CI was constructed using several techniques that
were selected based on the requirements for this CI, its
objective, and scope [50, 56]. For aggregation, the mul-
tiplication technique was used. This technique is easy to
interpret and allows for partial compensability between
the indicators, meaning that, to some extent, trade-offs
can be made between the variables [52]. A partial com-
pensatory approach was most appropriate rather than
complete compensability considering the requirements
and theoretical framework in this assessment [50, 52, 53].
The weights were constructed with Analytical Hierarchy
Process (AHP), which allows for relative weighting of
the variables. Also, it allowed decision-makers to make
company-specific trade-offs between the variables but
provided a statistical method to construct the weights
[38, 55]. As AHP was selected, [50] suggests using either
a ranking, standardization, or rescaling transformation
method for normalization. The ranking was unsuitable
in this study as it cannot provide differences in perfor-
mances [70], z-score was unfeasible with multiplication
aggregation, so rescaling was selected [56]. Rescaling is
simple and can widen ranges variable intervals but is less
capable of maintaining proportionally [56].

1. Measurement of the variables

Variables were measured using methods derived from
literature and interviews.

The emissions of packaging waste (V1) were determined
by the total mass of packaging material mm multiplied
by the waste-treatment-specific EF, see Equation 3.1 [36,
69].

V1 = mm ∗ EFwt (3.1)

The transport emissions were calculated by the total
distance driven with a modality [36, 37], represented in
Equation 3.2. Here, d represents the distance, mp the
mass, and EF an EF based on the modality [19, 49, 79].
A constant fuel consumption per traveled kilometer is as-
sumed [13]. For the in-store vehicle journey and the col-
lection point journey, a general vehicle routing problem
with a single warehouse was assumed to be the under-
lying transport model, in which several conditions were
respected [10, 13, 16, 76]. The capacity of the vehicle or
time limitations limits the vehicle’s journey. Addition-
ally, it was assumed that a customer’s request must be
served in one visit [10, 15, 76]. The vehicle departs at
the warehouse and ends its journey at the same location,
of which the origin and destination were represented by
nodes 0 and n+1, and n the demand nodes. For home
pick-ups, the vehicle journey was calculated by Equa-
tion 3.3, with i, j ∈ P , with P the set of pick-up points
[10, 13, 16, 76]. To calculate the transport emissions of a

collection point journey, Equation 3.4 was used, in which
the distance was measured between the collection points,
i, j ∈ C, with C [13]. The return requests were repre-
sented by demand nodes n, and the arcs represent the
actual distance dij from node i to node j.

V2 =
∑

d ∗mp ∗ EFm (3.2)

V 2pick−up = (
∑

(i,j)∈P

dij+d0,i+dj,n+1)∗mp∗EFm (3.3)

V 2collection−point = (
∑

(i,j)∈C

dij+d0,i+dj,n+1)∗mp ∗EFm

(3.4)
An environmental impact study of warehousing of [63]

links the size of the warehouse to energy consumption
and the geographical location of the warehouse. The
warehouse and equipment emissions were calculated by
Equation 3.5, where A is the area dedicated to returns
at the warehouse, EFwh the EF for warehousing, ceq the
costs of equipment for a year, EFeq the EF for equip-
ment usage, and n the number of products handled at
the warehouse over the considered time period [35, 36].

V3 =
(Aw ∗ EFwh) + (ceq ∗ EFeq)

n
(3.5)

The calculation of GHG emissions for this phase of
the return process was defined for the chosen recovery
method [6]. Recovery emissions are measured with Equa-
tion 3.6, with an EF for the waste treatment chosen and
mp the mass of the product [28, 36].

V4 = mp ∗ EFwt (3.6)

Based on the average time a product spends at the
store, and the number of products handled in the store
over time, the in-store emissions allocated to a product
return can be determined [36]. This is captured in Equa-
tion 3.7, where As is the area of the brick-and-mortar
store, EFs a store-specific emission factor that expresses
the energy usage in GHG emissions, and n the number of
products handled in store over a considered time period
[49].

V5 =
As ∗ EFs

n
(3.7)

The transport costs were calculated with Equation 3.8,
where d is the distance driven, mp the product mass, and
ct includes modality-specific factors expressed per ton-km
distance driven [15, 39, 73].

V6 =
∑

d ∗mp ∗ ct (3.8)
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The calculation of [39] was adapted to Equation 3.9,
which expresses the total labor costs per returned item.
Here, cres is the costs for inspection and restocking per
product, crec is the cost of receiving per item, and coverh
is the overhead expenses per product [14, 39].

V7 = cres + crec + coverh (3.9)

The warehouse and equipment costs are determined
with Equation 3.10, where cwh are the leasing cost of the
warehouse over a considered period [14].

V8 =
(Aw ∗ cwh) + ceq

n
(3.10)

The recovery costs were calculated by Equation 3.11,
where both the product return and packaging material
are considered. The costs for recovery depend on the
chosen treatment of waste and the country where it is
processed [12, 20, 29].

V9 = (mp ∗ crec,p) + (mm ∗ crec,m) (3.11)

Operating costs of the physical brick-and-mortar store
should be considered for in-store returns. From inter-
views, it follows that the most significant cost factor
within this metric is the leasing costs of the store. The
costs per unit product can be estimated by obtaining the
total number of products handled at the store over a cer-
tain period, as presented in Equation 3.12. Here, cs are
the costs per m2, As the total store area, and n is the
number of products handled in store over a time period.

V10 =
cs ∗As

n
(3.12)

2. Normalization

The indicators are normalized so they can be com-
pared regardless of their different unit of measurement.
This is done by rescaling using Equation 3.13 [81]. Here,
mini(xij) andmaxi(xij) are the minimum and maximum
values for indicator j considering all return methods i
[70].

Iij = 1 +
maxi(xij)− xij

maxi(xij)−mini(xij)
(3.13)

Where:

i The return method i, i = {1, ..., n}
j The value of indicator j, j = {1, ...,m}
xij The raw value of indicator j for return method i
Iij The normalized value of xij

3. Weighting

The variables were relatively weighted with the AHP
technique, which allows decision-makers to make trade-
offs between pairs of variables[56]. First, the decision
maker decides which variable in the considered pair is
more important. Second, the decision maker expresses
how much more preferred this variable is by assigning
a score on a semantic scale that ranges from 1 to 9
[55, 58, 64, 65]. A value of 1 (weak preference) is given
when both indicators are equally important, a five cor-
responds to a strong preference, and a 9 expresses an
extreme preference for one variable over another [57].
These preferences are combined in a reciprocal pair-

wise comparison matrix A (n x n), where the aii = 1
and aji = 1/aij should be met [74]. Each element aij
expresses the relative preference assigned by the decision
maker for alternative i to j, where the alternatives rep-
resent the variables [57, 64]. Next, the relative weights
for each variable will be calculated by the principal right
eigenvector approach of matrix A [57, 64]. Then, the
consistency in the judgments of the weights needs to be
ensured by reaching an acceptable level of consistency,
which is determined by Equation 3.15 [43, 66]. Here,
λmax is the maximum eigenvalue, n is the number of
variables, and RI can be derived from the random con-
sistency index of [57, 81]. The Consistency Ratio (CR)
should be below a threshold value, which is 0.10 with
n>=5 [57, 66].

A = [aij ] =




1 aij . . . a1n
1/aij 1 . . . a2n
...

...
...

...
1/a1n 1/a2n . . . 1


 (3.14)

CR =
λmax − n

(n− 1) ∗RI
(3.15)

TABLE II: RI values corresponding to the number of
variables n, from [57]

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59

4. Aggregation

The indicators are aggregated with multiplication ag-
gregation (also Geometric mean (GME)), which pro-
vides an in-between solution between the full and non-
compensability of the different variables. By multiplying
the weights and normalized indicators, a value of the CI is
obtained that reflects the relative importance of each in-
dicator and how much an individual indicator contributes
to the total score of the CI [81, 83].
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The previously calculated functions are used as input
for the formula for aggregation (Equation 3.16). In this
equation, wj expresses the weight of indicator j for prod-
uct return method i. Iij is the normalized value of indi-
cator j for return method i. CIi expresses the value of
the CI for return method i [81].

CIi =
10∏

j=1

I
wj

ij (3.16)

C. Phase 3. Construction of the benchmark

A new benchmark is designed, constructed, and in-
tegrated into this CI, expressing target performance.
Benchmarking can identify performance gaps and is,
therefore, a commonly used method in addition to perfor-
mance measurement [81, 82]. The benchmark is designed
using the Political and Legal criteria from the PESTLE
analysis (Political (P), Economic (E), Sociological (S),
Technological (T), Legal (L), and Environmental (E))
[61, 78]. European companies should comply with their
performances with legislation and policy-making deci-
sions, which therefore drive company improvements.

The benchmark is set for the year 2030. This will rep-
resent the shorter-term goals of a company in its net-zero
journey for 2050, which are more tangible and more ac-
cessible for companies to achieve as it is less than a decade
away. Also, shorter-term goals allow companies more
flexibility in their strategies for achieving them. The re-
duction targets are obtained through reports and official
publications of the EC. Companies need to reduce their
emissions according to reduction targets set by the EU.
These targets are translated into company-specific values
for the benchmark with data from that company. There
are no targets set for the economic indicators, as mak-
ing any accurate assumptions on the benchmark costs for
2030 is impossible. These costs are embedded with un-
certainty, and making any assumptions to this end would
negatively affect the reliability of the benchmark. For
this reason, the base case costs for the economic bench-
marks are applied in this research.

• Packaging should be made of recycled materials by
2030. The packaging recycling rate for cardboard
should be 85% and for plastic 55% in 2030. Pack-
aging materials sent to landfills should decrease to
9.6% by 2030 [25, 28]. It is assumed that the re-
maining packaging material is combusted.

• The target value for transport emission reduction
by the EC is set at 55% by 2030 compared to the
base year 1990, which was accepted in 2020 [30].
Assuming a linear reduction rate, this would mean
a yearly GHG-emission reduction of 1.57% from
1995-2030, which is applied.

• The EC has put a benchmark of 32% of renew-
able energy sources in buildings by 2030, which

will be the target value for warehouse- and brick-
and-mortar energy usage in the benchmark in this
research [22]. Electricity produced by renewables
should power warehousing equipment as well in
2030.

• Incineration and landfill should be limited to 1%
of the total waste treatments, and a reduction of
overall disposal emissions of 30% by 2030 should
be met [24, 26, 28, 45].

The benchmark is constructed by rescaling, Equal
Weights (EW), and aggregation by multiplication. In-
stead of AHP, EW is applied to improve the generaliz-
ability and transparency of the benchmark. The aggre-
gated results of the CI, representing the company’s per-
formance, were compared with the target performance by
analyzing the performance gap M . The performance gap
is determined with Equation 3.17, where a lower value
of M represents better performance, where CIb is the
benchmark performance and CIa is the actual perfor-
mance of a company [17].

M = CIb − CIa (3.17)

D. Phase 4. Robustness evaluation of the CI

Insight into how- and to what extent the final value of
the CI was affected by a source of uncertainty for build-
ing the CI [33, 70] is obtained by inspecting uncertainty
triggers by uncertainty- and sensitivity analysis [56]. The
triggers analyzed were X1 rescaling weights, X2 use of a
different aggregation method, and X3 varying the input
data. The normalization method was not analyzed as the
rescaling method is the only appropriate normalization
method for this CI. The weights were rescaled, Linear
aggregation (LIN) was adopted for aggregation, and un-
certainty sources in the input data were increased- and
decreased by 25%, while the rest remained unchanged.
The model was tested with a case study and a sce-

nario analysis based on the PESTLE framework [61, 78].
This scenario analysis served as a tool to test the models’
performance.

IV. RESULTS

First, an introduction was given to the experiment set-
tings. Next, the results were presented of the perfor-
mance of the different return methods.

A. Experiment settings

1. Case study

Data was retrieved from an international fashion re-
tailer, mainly active in the downstream supply chain.
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The data consisted of 6388 returned products from cus-
tomers in the Netherlands in the base year. The re-
tailer offers in-store returns, home pick-ups, and col-
lection point return services. The retailer’s brick-and-
mortar store is located in the Netherlands, and the ware-
house for returns is in Spain.

2. Scenario set-up

Scenarios were created with PESTLE. A moderate and
extreme variant was developed for each scenario based
on literature studies, reports, and expert insights. The
scenarios are implemented in the model to test its per-
formance.

• Scenario 1. Shifting customer behavior (PESTLE)
Drive by more conscious customer behavior, less
opportunistic returns, choice of return method
based on environmental impact, reuse packaging
box, recycle packaging, financially discouraging
customers by a return fee.

• Scenario 2. Green supply chain management
(PESTLE)
Driven by stakeholder engagement, adoption of
electric vehicles, short-haul transportation, LNG-
fueled long-haul transportation, renewable energy
for buildings and warehouses, financial compensa-
tion costs in a return fee.

• Scenario 3. Economic attractiveness of renewables
(PESTLE)
The rise in fossil fuel prices, increased use of re-
newables and green transportation, and financial
government support.

• Scenario 4. Governmental support for circularity
(PESTLE)
Extended Producer Responsibility, higher recy-
cling rates for packaging material, lower land-
fill/incineration rates, and financial support from
the government.

• Scenario 5. Technological innovations (PESTLE)
More efficient transport, better online shopping
experiences, fewer in-store operations, and more
e-commerce increased the recycling potential of
clothing.

B. Performance measurement with the CI

The raw values for each indicator for the return meth-
ods and the benchmark are shown in Table III, normal-
ized in Table IV. The weights were derived from the
reciprocal matrix in Table V, which expressed the rela-
tive preferences of the decision makers between each pair
of variables. This resulted in the weights presented in
Table VI, satisfying the reciprocal constraints with CR
below 0.1.

Table VIII showed the aggregated value of the CI
scores of each return method. A higher value of the CI

represented better performance, and a lower value in-
dicated worse performance. Based on the data of this
retailer, the in-store return method scored lowest among
the return alternatives, and the home pick-up scored best
in terms of environmental and economic performance.
The largest differences between the return methods are
within the environmental performance, as seen in Ta-
ble VII. The base case overall performance is the average
of the return methods, which comes close to the CI score
of the collection point returns. This is because almost
all returned items are returned through collection point
returns for this retailer (92.45%).

Next, the performance gaps with the benchmark are
calculated, where a lower value represents better perfor-
mance [17]. As seen in Table IX, if home pick-up re-
turns a product, the company’s performance comes closer
to the target performance than when a customer uses
other return methods. The differences between the per-
formance of the return methods is visualized in Figure 3.
Higher values result in better performance, correspond-
ing to values more on the outside of the axis in the radar.
Values closer to the center are less preferred in terms
of performance. This shows that the benchmark out-
performs almost all return methods on the environmen-
tal indicators, identifying areas for improvement for the
company to comply with EC targets. Companies use
these insights to define improvement strategies that tar-
get specific measures. Although in-store returns score
best on packaging emissions, transport costs, and brick-
and-mortar costs, the aggregated results show that this
return method is not advantageous to improve the over-
all performance of a company. When a company focuses
on improving transport emissions, it is interesting to use
home pick-ups more often for returns, as this method
lowers the performance gap with the benchmark.

FIG. 3: Radar chart base case with the benchmark,
source: (Author)
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TABLE III: Raw indicator values base case with the benchmark, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[kgCO2e/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

[euro/
returned product]

Benchmark 0.016 14.498 0.743 0.007 0.484 0.230 12.379 5.096 0.523 1.903
Base case overall performance 0.075 32.217 1.092 0.012 0.712 0.230 12.379 5.096 0.523 1.903
Return method 1. Home pick-up 0.077 23.721 0.624 0.005 0.784 0.432 7.076 4.721 0.280 2.093
Return method 2. In-store 0.013 42.567 1.559 0.016 0.642 0.073 17.666 5.470 0.755 1.715
Return method 3. Collection point 0.078 32.592 1.118 0.010 0.710 0.217 12.673 5.117 0.539 1.896

TABLE IV: Normalized values base case with the
benchmark, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

Benchmark 1.950 2.000 1.873 1.860 2.000 1.563 1.499 1.499 1.487 1.504
Base case overall performance 1.055 1.369 1.499 1.345 1.238 1.563 1.499 1.499 1.487 1.504
Return method 1. Home pick-up 1.024 1.671 2.000 2.000 1.000 1.000 2.000 2.000 2.000 1.000
Return method 2. In-store 2.000 1.000 1.000 1.000 1.473 2.000 1.000 1.000 1.000 2.000
Return method 3. Collection point 1.000 1.355 1.471 1.507 1.246 1.598 1.471 1.471 1.454 1.520

TABLE V: Reciprocal comparison matrix, source:
(Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

V1 1 1
4

1
2

1
2

1 1
4

1
3

1
2

1
2

1
V2 4 1 2 2 3 1 1

2
2 2 6

V3 2 1
2

1 3 2 1
2

1
2

1 2 3
V4 2 1

2
1
3

1 1
3

1
2

1
3

1
2

1
2

3
V5 1 1

3
1
2

3 1 1
2

1
4

3 2 1
V6 4 1 2 2 2 1 1

3
2 2 3

V7 3 2 2 3 4 3 1 3 6 2
V8 2 1

2
1 2 1

3
1
2

1
3

1 2 1
V9 2 1

2
1
2

2 1
2

1
2

1
6

1
2

1 2
V10 1 1

6
1
3

1
3

1 1
3

1
2

1 1
2

1

C. Scenario testing

This section evaluates the performance of the different
scenario designs (see section IVA2). The results of the
performance gaps with the benchmark are visualized in
Figure 4, where the height of the column represents the
performance gap relative to the benchmark. The largest
gap is found in the extreme variant of scenario 3; the eco-
nomic attractiveness of renewables. The extreme variant
of scenario 1 has the smallest performance gap with the
benchmark relative to the other scenarios, indicating bet-
ter performance.

The results show that the most considerable improve-
ments in overall performance can be achieved when fewer
products are returned due to more conscious behavior
and, on the other hand, a higher recycling rate of pack-
aging materials is achieved. Additionally, a return fee to
discourage customers from returning items also leads to
performance improvements relative to the base case, clos-
ing the gap with the benchmark. This is a crucial compo-
nent to lower the costs of returns when no governmental
support is given. The scenario analysis shows the impor-
tance of the financial support of governments for compa-
nies to ensure feasibility in company efforts to improve
their environmental impact. Adopting less harmful waste

TABLE VI: Weights derived by AHP, source: (Author)

Weight
V1 0.044
V2 0.158
V3 0.104
V4 0.060
V5 0.085
V6 0.134
V7 0.228
V8 0.075
V9 0.063
V10 0.048

TABLE VII: Environmental performance score and
economic performance score of the return methods,

source: (Author)

Environmental
performance

score

Economic
performance

score
Base case overall performance 1.334 1.513
Return method 1. Home pick-up 1.545 1.588
Return method 2. In-store 1.150 1.260
Return method 3. Collection point 1.339 1.504

treatments that enhance circularity shows improvements
in environmental areas but are slightly higher in costs,
affecting the overall performance. The gains achieved
by technological innovations depend on the availability
of technology and economies of scale that might help
to lower costs, shrinking the performance gap with the
benchmark.

V. DISCUSSION

A. Robustness evaluation of the CI

Each uncertainty trigger was implemented in the CI,
and its effect on the final value of the CI using base
case data were inspected and statistically tested using the
Pearson correlation coefficient [60, 81]. The Uncertainty
Analysis (UA) has concluded that a strong correlation ex-

TABLE VIII: Aggregated CI scores with benchmark, source:
(Author)

CI score
Benchmark 1.710
Base case overall performance 1.430
Return method 1. Home pick-up 1.568
Return method 2. In-store 1.209
Return method 3. Collection point 1.427
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TABLE IX: Performance gap base case with the benchmark,
source: (Author)

Performance gap M
Base case overall performance 0.280
Return method 1. Home pick-up 0.142
Return method 2. In-store 0.501
Return method 3. Collection point 0.283

FIG. 4: Performance gaps scenarios relative to the
benchmark, source: (Author)

ists between the constructed model and the alternative
construction methods, indicating that using a different
method leads to similar results. Also, uncertainty in the
CI resulting from assumptions in the input data was an-
alyzed using a Sensitivity Analysis (SA). This evaluation
revealed that the model’s output is robust to changes in
data, reflecting the resilience of the CI.

B. Verification

The CI was successfully verified through a structured
walkthrough, and the model’s output was inspected by
testing it with a base case. First, the calculation of the
variables was inspected and checked on how they were
computed, and a consistency check was done on their
units of measurement. Second, the formulation and equa-
tions for rescaling, weighting, and aggregation were re-
viewed. Thirdly, the reliability of the model’s output
and set-up of the benchmark was inspected. The bench-
mark’s set-up was verified using the verification frame-
work PESTLE and through expert consultation. Next,
it was checked whether the benchmark was implemented
correctly to verify the reliability of the model’s output.
The benchmark was tested using performance analysis
tools from the literature, which showed plausible results
aligned with the expectations, and no surprises were
found. The model’s output showed that the model could
find what needs to be understood, and the CI can be
successfully verified.

C. Validation

Conceptual validation of the model took place by in-
vestigating the model’s behavior and correctness through
a scenario analysis. Five scenarios were developed with
the verification tool PESTLE and expert insights, which
improved the reliability of the scenarios with real-life de-
velopments. Implementing the scenarios in the model has
shown that it can provide desired outputs, serve its pur-
poses, and create valuable insights, validating the model
and benchmark.

VI. CONCLUSION AND FUTURE RESEARCH

A. Conclusion

This research has created a new CI to measure the im-
pact of product returns on the environmental and eco-
nomic performance of fashion companies and created
an understanding of this to improve their environmen-
tal footprint. A new benchmark was designed based on
GHG reduction targets of the EC for 2030 which was
developed and integrated into this CI to help companies
improve sustainability.
The first scientific contribution of this research was

that scientific research was added to the underexplored
topic of product returns in the fashion industry, focus-
ing on the effects and potential solutions of consumer
product returns’ environmental and economic impact.
The second contribution was developing a measurement
method for a complete assessment of the GHG emissions
and costs of product returns, including all activities and
return methods. Third, an overview was created to com-
pare return methods based on their performance, which
was lacking [7]. Fourth, a new CI was constructed for
fashion companies to measure their performance, includ-
ing designing and developing a new benchmark express-
ing environmental target performance. Last, both en-
vironmental and economic dimensions were included in
this CI, thereby expanding research on this new type of
company performance measurement by CIs [81].
Additionally, multiple practical contributions were

made. Fashion companies can lower their environmen-
tal footprint- and costs by improving the returns process
using the insights from the CI. Insight into the sources
of GHG emissions and the costs of product returns were
created, and how companies can measure them. Also,
differences between the return methods and their per-
formance were made explicit. Companies can use these
combined insights to define, compare, and implement fea-
sible strategies and well-informed decisions to improve
sustainability, as both environmental improvements and
economic risks were considered. Further, these insights
created transparency on what- and how the environmen-
tal impact of returns was measured. This information
can inform customers and create awareness of their re-
turn behavior. This leads to environmental and economic
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benefits for a company, as more conscious return choices
are likely to be made, and opportunistic return behavior
can be limited. Further, knowledge was created for com-
panies to know how far they are in reaching the goals
of the EC to combat climate change as they can mea-
sure and track their progress relative to these targets.
With this, a transparent and sector-wide tool was de-
veloped that companies can use to see how closely their
performances comply with EC targets, and governments
are provided insight into how- and what environmental
is measured. Governments can use this tool to compare
companies’ performances with each other and evaluate
their progress as part of the prospected EU mandatory
environmental reporting or to set more concrete targets
to combat climate change sector-wide.

B. Future research

This study has created the information needed to pro-
vide transparency and inform customers, but it does not
analyze how- and where companies in the purchasing-
and return process can use this information the best to
encourage customers’ conscious return decisions- and be-
havior most effectively. Therefore, it is recommended to
develop a dashboard or digital twin where insights are
obtained where- and how customers can best be encour-
aged using the insights obtained from this study. Fur-
ther, it is recommended that companies mitigate the
number of returns by adjusting the leniency of return
policies. However, the potential effect on customer sales
was left unconsidered in this study, forming the basis

for the following possibilities for future research, which
have both practical and scientific implications. First,
the findings of this study should be incorporated to de-
sign new return policies, targeting lowering returns us-
ing financial discouragements based on the environmen-
tal impact created when returning a product. Research
should be conducted into optimal financial discourage-
ment while considering its effect on customer demand
and a company’s profitability. Also, exploring the effi-
ciency of targeting specific product categories with their
return policies is recommended, as some categories cause
higher returns than others. The effect of the policies
can be analyzed and tracked using the CI developed in
this research. These insights may help companies ad-
just their return policies, contributing to lower returns
and improved environmental impact. Following, investi-
gating a company’s decision-making process on the final
destination of a returned product is recommended, as this
affects performance. Future research should be done to
increase the adoption potential of textile recycling and
overcome its current limitations, where both the tech-
nical and practical feasibility should be considered for
fashion companies. The final recommendation for future
research is to investigate the most effective governmental
support for companies in lowering their performance gap
with the benchmark. Using the benchmark and CI to
investigate the effectiveness of implementing these poli-
cies and monitor the effects on companies’ performance
is recommended.
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B
Preference scale of AHP

The AHP uses a preference scale to assign importance to a variable in each pair considered. The scale is
expressed from 1 to 9, where each factor corresponds to a degree of preference [168, 160].

Table B.1: Preference/importance scale AHP, from [167]

Factor of preference Importance
1 Equally preferred
2 Equally to moderately preferred
3 Moderately preferred
4 Moderately to strongly preferred
5 Strongly preferred
6 Strongly to very strongly preferred
7 Very strongly preferred
8 Very to extremely strongly preferred
9 Extremely preferred
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C
Dimensions of a package

This Appendix gives insight into different packaging dimensions used for e-commerce in fashion. The mea-
surement units of the variables are expressed per product, and the emissions generated in product returns
must be allocated to one product return. Therefore it is necessary to specify the average dimensions used for
a unit product return in this research. This will be done for an average fashion item. Small, medium, and large
boxes are typically used for shipment in fashion e-commerce. For example, small boxes are mainly used for
belts, jewelry, socks, and other small accessories. Medium-sized boxes are commonly used when transporting
jeans, dresses, sweaters, or shoes. Larger parcels are suitable, for example, oversized winter coats, backpacks,
or jackets [193]. Although jackets and coats can fall into larger-sized packages, most fashion items are rel-
atively small and lightweight. For this reason, it is more likely that the average packaging size of a fashion
product is a medium-sized package. This corresponds to a package mass of approximately 1 kilogram [193].
This research assumes the size of a cardboard box for product return of 22.9 x 22.9 x 22.9 cm (9 x 9 x 9 inches)
with a mass of 0.279 kg [34]. For corrugated cardboard boxes, a mass of 0.227 kg is handled [185]. Although
these box dimensions will be used as a standard for this research, it should be considered that the value for
the product size can vary per company and product type.

These dimensions are also considered for plastic polybags with an average mass of 0.011 kg [188].

Table C.1: Dimensions for the most common sizes of packaging, adapted from [34, 185, 188]

Packaging type Box dimensions [cm] Weight [kg] Database/Source
Cardboard 15.24 x 15.24 x 15.24 0.127 [34]
Cardboard 22.86 x 22.86 x 22.86 0.291 [34]
Cardboard 30.86 x 30.86 x 30.86 0.49 [34]

Corrugated cardboard 22.86 x 22.86 x 22.86 0.279 [185]
LDPE polybag 22.86 x 22.86 x 22.86 0.011 [188]
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D
Context data

This Appendix provides an overview of the input data used to perform base case calculations and measure-
ments.

Table D.1: Context data

Data description Figures Source Assumptions/additional comments
Retailer features
Warehouse size [m2] 6500 Client data This warehouse is solely dedicated to handling product returns.
Store size [m2] 120 Client data
Warehouse energy rating n/a -
Store energy rating [A-G] C Client data
Returns handled at the warehouse/year [#] 1.090.000 Client data
Warehouse employees [#] 208 Client data
Location store NL Client data
Location warehouse ES Client data
Products handled in-store/year [#] - Client data

Logistics and transport features
Returned products/year from the Netherlands [#] 6388 Client data This number corresponds to the number of products delivered in the Dutch market of this retailer.
Transport modalities used Road transportation Client data No further specifications given on the type of road vehicles.
Transport providers used UPS, PostNL Client data

Average time for handling returns in store [min] 10 Expert consultation
The time to handle a return is between 5-15 minutes based
on expert consultation, so the average of this is assumed as the input value.
This number is also in line with estimations done by [118]

Average time product spends at storage in warehouse 3-5 days Expert consultation

Energy consumption
Annual energy consumption [kWh/m2/year] n/a -
Annual energy consumption store [kWh/m2/year] 225 RVO [155] This number is assumed based on the energy label of the store.

Equipment
Forklifts 3 Client data
Hand pallet truck 5 Client data
Conveyor belt 1 Client data

Packaging
Packaging type used by retailer Cardboard and polybags Client data A product is packaged with a light polybag, next the product is packaged with either cardboard or a poly bag.
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E
Environmental data

In this Appendix, the data is provided on the various sources of inputs for the environmental calculations. In
the column named ’assumptions/additional comments’, information is given on the scope of the EF.

Table E.1: Data for the calculation and measurement of emissions

Data description Figures Database/source Assumptions/additional comments
Buildings
Warehouse and storage facility leased (scope 3) [kgCO2e/m2] 86.344 GHG Protocol [88]
Machinery and equipment [kgCO2e/EUR] 0.373 DEFRA [44]
Electricity unknown [kgCO2e/kWh] 0.337 CO2emissiefactoren [31] Well-to-wheel
Electricity renewables [kgCO2e/kWh] 0 CO2emissiefactoren [31] Well-to-wheel

Clothing - waste treatements
Reuse/restocking of clothing [kgCO2e/kg] 0.152 DEFRA [43]
Landfill of clothing [kgCO2e/kg] 0.450 DEFRA [43] Collection, transportation, and landfill emissions are included [43].
Incineration of clothing [kgCO2e/kg] 0.021 DEFRA [43] Includes the process of incineration and generation of electricity [44].
Recycling of clothing closed loop [kgCO2e/kg] 0.021 DEFRA [43] Including transport to a recovery facility [43].

Packaging material
Cardboard [kgCO2e/kg] 1.53 [34] Cradle to grave [34]
Plastic (LDPE) [kgCO2e/kg] 2.10 [139] Cradle to raw material [139]
Plastic (HDPE) [kgCO2e/kg] 1.92 [139] Cradle to raw material [139]
Corrugated cardboard [kgCO2e/kg] 0.94 [34] Box with recycled material of 61.4%, cradle to grave [34].

Packaging - waste treatements
Cardboard landfill [kgCO2e/kg] 1.042 DEFRA [43] Including collection, transportation, and landfill emissions [43].
Cardboard incineration [kgCO2e/kg] 0.021 DEFRA [43] Includes the process of incineration and generation of electricity [44].
Plastic average landfill [kgCO2e/kg] 0.089 DEFRA [43] Including collection, transportation, and landfill emissions [43].
Plastic average incineration [kgCO2e/kg] 0.021 DEFRA [43] Includes the process of incineration and generation of electricity [44].
Plastic HDPE landfill [kgCO2e/kg] 0.089 DEFRA [43] Including collection, transportation, and landfill emissions [43].
Plastic HDPE incineration [kgCO2e/kg] 0.021 DEFRA [43] Includes the process of incineration and generation of electricity [44].
Plastic LDPE and LLDPE landfill [kgCO2e/kg] 0.089 DEFRA [43] Including collection, transportation, and landfill emissions [43].
Plastic LDPE and LLDPE incineration [kgCO2e/kg] 0.021 DEFRA [43] Includes the process of incineration and generation of electricity [44].

Passenger travel
Bike (non-electric) [kgCO2e/km] 0 CO2emissiefactoren [31] Well-to-wheel
Walk [kgCO2e/km] 0 CO2emissiefactoren [31] Well-to-wheel
PT (metro, bus, tram) [kgCO2e/km] 0.075 CO2emissiefactoren [31] Well-to-wheel
Car (fuel type unknown) [kgCO2e/km] 0.193 CO2emissiefactoren [31] Well-to-wheel
Car (petrol, medium size) [kgCO2e/km] 0.204 CO2emissiefactoren [31] Well-to-wheel
Car (diesel, medium size) [kgCO2e/km] 0.18 CO2emissiefactoren [31] Well-to-wheel
Car (electric, green electricity, medium size) [kgCO2e/km] 0.002 CO2emissiefactoren [31] Well-to-wheel

Freight transport
Truck 10-20 ton, average laden [kgCO2e/kg-km] 0.256 CO2emissiefactoren [31] Well-to-wheel
Truck trailer diesel [kgCO2e/kg-km] 0.117 CE Delft Stream [110] Well-to-wheel
Tractor trailer electric [kgCO2e/kg-km] 0.117 CE Delft Stream [110] Well-to-wheel
Truck trailer light diesel [kgCO2e/kg-km] 0.260 CE Delft Stream [110] Well-to-wheel
Truck trailer light LNG [kgCO2e/kg-km] 0.236 CE Delft Stream [110] Well-to-wheel
Vans average diesel (up to 3.5 tonnes) [kgCO2e/kg-km] 0.579 DEFRA [43] By transport of a 3PL, well-to-wheel
Vans average petrol (up to 3.5 tonnes) [kgCO2e/kg-km] 0.754 DEFRA [43] By transport of a 3PL, well-to-wheel
Vans average BEV (up to 3.5 tonnes) [kgCO2e/kg-km] 0.251 DEFRA [43] By transport of a 3PL, well-to-wheel
Vans average fuel type unknown (up to 3.5 tonnes) [kgCO2e/kg-km] 0.584 DEFRA [43] By transport of a 3PL, well-to-wheel
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F
Cost data

This appendix provides information for the calculation of the economic indicators.

Table F.1: Cost data

Data description Figures Database/source Assumptions/additional comments
Retailer costs

Warehouse lease costs [EU/m2/year] 1044 Statista [173]
This is an average value for large warehouses (area >5000 m2)
at specified location.

Brick-and-mortar rental costs [EUR/m2/year] 2025 Cushman & Wakefield [38]
This is the average of the range 1600-2450 EUR/m2/year,
specified for the store location.

Equipment costs

Costs forklift [EUR/unit/year] 11328 [121]
A commonly used type of forklift is a reach truck. Price ranges from 600-1500
dollars per month. Price data of base year (2020) used for conversion of dollars to euros.

Costs conveyor belt [EUR/unit/year] 995 [1, 197]
A conveyor belt costs 1570-5060 dollars on average, assuming the belt
lasts three years. The average value of this range is assumed. Price data of
base year used for conversion dollar to euros.

Costs manual picker [EUR/unit/year] 2100 [13]
Price range between 4000-10000 dollar per equipment. Assumed replacement after
3 years. Price data of base year used for conversion dollar to euros.

Transport costs
Van - average [EUR/kg-km] 0.007601 KiM [187] Diesel fueled, includes fixed, variable, staff, mode-specific, and general operating costs.
Electric van [EU/kg-km] 0.011934 Adapted from RWS, KiM [41, 187] Cost are assumed to be 57% higher compared to an average diesel truck
Truck trailer [EU/kg-km] 0.000166 KiM [187] Diesel fueled truck trailer for bulk cargo, includes fixed, variable, staff, mode-specific, and general operating costs.
Electric truck trailer [EU/kg-km] 0.002606 Adapted from RWS, KiM [41, 187] Cost are assumed to be 57% higher compared to an average diesel truck
Hydrogen truck trailer (7.5-19t) [EU/kg-km] 0.000498 Adapted from RWS, KiM [41, 187] Cost are assumed to be three times higher compared to an average diesel truck.
Transport fee parcel at collection point [eu/parcel] 12.3-21.6 [89] Ranges from 1-2 items to 9-10 items per returned parcel.

Labor costs
Minimum hourly wage (Spain) [EUR/hour] 5.94 Statista [74] Assumed a 40-hour workweek. The value is adapted to the base year.
Minimum hourly wage (Netherlands) [EUR/hour] 9.54 Rijksoverheid [156] Assumed a 40-hour workweek. The value is adapted to the base year.
Overhead expenses (Spain) [%] 29.9 Eurodev [55] Percent of the gross-based salary.
Overhead expenses (Netherlands) [%] 24 Eurodev [56] Percent of the gross-based salary.
Cost of receiving a product [EUR/item] 2.25 [89]
Cost of inspection and storage returns [EUR/item] 4.5 [89]

Disposal costs
Landfill charge (Spain) [EUR/tonne] 47.1 European Commission [69] Landfill charge for base year
Incineration charge (Spain) [EUR/tonne] 23.6 European Commission [69] Disposal charge for base year
Cardboard recycling [EUR/tonne] 104 Eurostat [73]
Plastic recycling [EUR/tonne] 247 Eurostat [73]
Mechanical recycling closed loop traditional [EU/kg-output] 0.7 [122] Ranges from 500-900 euros per ton, so the average value is assumed.
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G
Performance gaps

This section presents the scenarios’ relative performance RP values and the performance gaps M based on
the scores from section 7.3.

The relative performance RP and performance gap are calculated using the theory described in sec-
tion 3.5. The relative performance expresses the ratio between the actual and target performance. So, the
actual performance of a scenario in section 7.3 is divided by the target performance, which is the benchmark
score on the CI. A higher value of RP illustrates a closer actual performance relative to the target performance,
expressed by the benchmark.

The performance gap M represents the difference in performance between the actual and target values,
calculated by subtracting the actual performance from the target performance. The best performance is
achieved when the values of all indicators are minimized, so a lower value for this represents a better per-
formance score [49]. As seen in Table G.1, the extreme variant of scenario 1 has the lowest performance gap
in this table, and the extreme variant of scenario 3 is the largest.

Table G.1: Overview of relative performance and performance gap, source: (Author)

Relative performance RP Performance gap M
Benchmark 100.00% 0.00
Base case 75.58% 0.45
Scenario 1. Moderate shifting customer behavior 78.13% 0.40
Scenario 1. Extreme shifting customer behavior 85.80% 0.26
Scenario 2. Moderate green supply chain management 71.41% 0.53
Scenario 2. Extreme green supply chain management 74.95% 0.46
Scenario 3. Moderate economic attractiveness of renewables 72.99% 0.50
Scenario 3. Extreme economic attractiveness of renewables 69.91% 0.56
Scenario 4. Moderate governmental support to a circular business model 77.61% 0.41
Scenario 4. Extreme governmental support to a circular business model 77.71% 0.41
Scenario 5. Moderate technological innovations 75.33% 0.46
Scenario 5. Extreme technological innovations 80.51% 0.36
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H
Uncertainty and sensitivity analysis

H.1. Rescaled pairwise comparison matrix
In subsection 7.2.5, the weights of the CI were rescaled by asking different experts. The weights presented
in Table 7.4 are derived based on the pairwise comparison matrix presented in Table H.1. The data from the
comparison matrix originates from a group of 3 experts. The consistency of this matrix is checked and below
the threshold value of 0.10, indicating statistically consistent weights [142].

With V1: packaging emissions, V2: transport emissions, V3: warehouse and equipment emissions, V4:
product recovery emissions, V5: brick-and-mortar emissions, V6: transport costs, V7: warehouse and equip-
ment costs, V8: labor costs, V9: recovery costs, V10: brick-and-mortar costs.

Table H.1: Pairwise comparison matrix rescaled weights, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
V1 1 1/5 1/3 1/2 1/2 1/4 1/4 1/2 1/4 1/2
V2 5 1 5 4 5 1/2 1/2 3 2 2
V3 3 1/5 1 1/4 2 1/5 1/3 1 1/3 1
V4 2 1/4 4 1 4 1/5 1/4 1/2 1/2 1
V5 2 1/5 1/2 1/4 1 1/6 1/3 1/3 1/4 1/3
V6 4 2 5 5 6 1 2 3 1 3
V7 4 2 3 4 3 1/2 1 1/2 1 1
V8 2 1/3 1 2 3 1/3 2 1 3 2
V9 4 1/2 3 2 4 1 1 1/3 1 1/2

V10 2 1/2 1 1 3 1/3 1 1/2 2 1

H.2. Data on the sensitivity analysis
This appendix contains the data of the SA performed by changing several input variables. The following
variables were changed: equipment costs, warehouse emission value, incineration costs, and landfill costs.
First, the raw data is presented, followed by the aggregated values in subsection H.2.2.

H.2.1. Raw data after increasing and decreasing the variables
The following section gives the raw data for each of the values V1: packaging emissions, V2: transport emis-
sions, V3: warehouse and equipment emissions, V4: product recovery emissions, V5: brick-and-mortar emis-
sions, V6: transport costs, V7: warehouse and equipment costs, V8: labor costs, V9: recovery costs, V10: brick-
and-mortar costs.

• Scenario 1. Shifting customer behavior
• Scenario 2. Green supply chain management
• Scenario 3. Economic attractiveness of renewables
• Scenario 4. Governmental support for circularity
• Scenario 5. Technological innovations
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The equipment costs are increased by 25% in Table H.2 and decreased by 25% in Table H.3. The transport
cost for electric vans is increased by 25% in Table H.4 and decreased accordingly in Table H.5. The warehouse
emission value is increased by 25% in Table H.6 and decreased by 25% in Table H.7. In Table H.8, the landfill
costs are increased by 25% and decreased by 25% in Table H.9. Lastly, in Table H.10, the incineration costs are
increased by 25%. In Table H.11, the raw data is visible after decreasing these values by 25%.

Table H.2: Raw data after increasing the equipment costs by 25%, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[euro

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
Benchmark 0.0161 14.4975 0.7427 0.0080 0.4844 0.2302 12.3998 5.0962 0.4967 1.9026
Base case overall performance 0.0790 32.2167 1.0922 0.0114 0.7124 0.2302 12.3998 5.0962 0.4967 1.9026
Scenario 1. Moderate 0.0639 32.3545 1.0834 0.0107 0.7184 0.2683 11.2998 5.0891 0.4941 1.9187
Scenario 1. Extreme 0.0452 31.5089 1.0786 0.0110 0.7192 0.2272 10.2459 5.0882 0.5071 1.9207
Scenario 2. Moderate 0.0632 30.5256 0.8396 0.0103 0.5343 0.2683 14.0891 5.0962 0.5149 2.4734
Scenario 2. Extreme 0.0457 29.0887 0.5870 0.0130 0.3562 0.3068 13.3188 5.0962 0.5016 2.6636
Scenario 3. Moderate 0.0752 30.2375 0.9911 0.0109 0.6412 0.2554 13.0198 5.3510 0.5249 1.9977
Scenario 3. Extreme 0.0765 27.2687 0.8396 0.0109 0.5343 0.2892 13.6398 5.6058 0.5568 2.0929
Scenario 4. Moderate 0.0306 32.2167 0.9455 0.0099 0.6087 0.2302 13.0822 5.1007 0.5709 2.0081
Scenario 4. Extreme 0.0157 32.2167 0.7932 0.0095 0.5013 0.2302 13.3913 5.1007 0.6231 2.0559
Scenario 5. Moderate 0.0739 32.4684 1.1168 0.0118 0.7131 0.2334 12.6796 5.1159 0.5196 1.9044
Scenario 5. Extreme 0.0760 29.0975 1.0813 0.0098 0.7188 0.2314 12.2762 5.0875 0.4913 1.9196

Table H.3: Raw data after decreasing the equipment costs by 25%, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[euro

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
Benchmark 0.0161 14.4975 0.7427 0.0074 0.4844 0.2302 12.3589 5.0962 0.5115 1.9026
Base case overall performance 0.0748 32.2167 1.0922 0.0106 0.7124 0.2302 12.3589 5.0962 0.5115 1.9026
Scenario 1. Moderate 0.0661 32.3545 1.0834 0.0109 0.7184 0.2294 11.2592 5.0890 0.5167 1.9187
Scenario 1. Extreme 0.0512 31.5089 1.0786 0.0111 0.7192 0.2272 10.2055 5.0882 0.5324 1.9207
Scenario 2. Moderate 0.0623 30.5256 0.8396 0.0112 0.5343 0.2683 14.0481 5.0960 0.5026 2.4734
Scenario 2. Extreme 0.0455 29.0887 0.5870 0.0105 0.3562 0.3068 13.2779 5.0962 0.5102 2.6636
Scenario 3. Moderate 0.0755 30.2375 0.9911 0.0132 0.6412 0.2554 12.9768 5.3510 0.5420 1.9977
Scenario 3. Extreme 0.0766 27.2687 0.8396 0.0129 0.5343 0.2892 13.5948 5.6058 0.5335 2.0929
Scenario 4. Moderate 0.0315 32.2167 0.9460 0.0106 0.6087 0.2310 13.0411 5.1007 0.5869 2.0081
Scenario 4. Extreme 0.0162 32.2167 0.0097 0.0097 0.5013 0.2302 13.3501 5.1007 0.6132 2.0559
Scenario 5. Moderate 0.0789 32.4684 1.1168 0.0101 0.7131 0.2334 12.6378 5.1159 0.5181 1.9044
Scenario 5. Extreme 0.0786 29.0975 1.0813 0.0101 0.7188 0.2310 12.2357 5.0875 0.5109 1.9196

Table H.4: Raw data after increasing the transport cost of electric vans by 25%, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[euro

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
Benchmark 0.016 14.498 0.743 0.008 0.484 0.230 12.400 5.096 0.497 1.903
Base case overall performance 0.079 32.217 1.092 0.011 0.712 0.230 12.400 5.096 0.497 1.903
Scenario 1. Moderate 0.062 32.355 1.083 0.012 0.718 0.229 11.280 5.089 0.508 1.919
Scenario 1. Extreme 0.046 31.509 1.079 0.010 0.719 0.227 10.226 5.085 0.517 1.921
Scenario 2. Moderate 0.063 30.526 0.840 0.010 0.534 0.295 14.089 5.096 0.515 2.473
Scenario 2. Extreme 0.046 29.089 0.587 0.013 0.356 0.361 13.319 5.096 0.502 2.664
Scenario 3. Moderate 0.078 30.237 0.991 0.010 0.641 0.263 12.998 5.351 0.511 1.998
Scenario 3. Extreme 0.077 27.269 0.840 0.012 0.534 0.308 13.617 5.606 0.559 2.093
Scenario 4. Moderate 0.031 32.217 0.945 0.010 0.609 0.230 13.082 5.101 0.571 2.008
Scenario 4. Extreme 0.016 32.217 0.793 0.010 0.501 0.230 13.391 5.101 0.623 2.056
Scenario 5. Moderate 0.072 32.468 1.117 0.012 0.713 0.233 12.659 5.116 0.502 1.904
Scenario 5. Extreme 0.077 29.097 1.081 0.011 0.719 0.231 12.256 5.087 0.514 1.920

H.2.2. Aggregated values CI
The SA increases and decreases the equipment costs, electric van costs, warehouse emission value, inciner-
ation costs, and landfill costs by 25%. In the main text, the correlation coefficient is presented based on the
outcomes of this analysis. The values of the CI are presented in Table H.12.
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Table H.5: Raw data after decreasing the transport cost of electric vans by 25%, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[euro

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
Benchmark 0.016 14.498 0.743 0.008 0.484 0.230 12.400 5.096 0.508 1.903
Base case overall performance 0.079 32.217 1.092 0.011 0.712 0.230 12.400 5.096 0.508 1.903
Scenario 1. Moderate 0.062 32.355 1.083 0.012 0.718 0.229 11.280 5.089 0.500 1.919
Scenario 1. Extreme 0.046 31.509 1.079 0.010 0.719 0.227 10.226 5.085 0.491 1.921
Scenario 2. Moderate 0.063 30.526 0.840 0.010 0.534 0.295 14.089 5.096 0.515 2.473
Scenario 2. Extreme 0.046 29.089 0.587 0.013 0.356 0.361 13.319 5.096 0.502 2.664
Scenario 3. Moderate 0.078 30.237 0.991 0.010 0.641 0.263 12.998 5.351 0.511 1.998
Scenario 3. Extreme 0.077 27.269 0.840 0.012 0.534 0.308 13.617 5.606 0.559 2.093
Scenario 4. Moderate 0.031 32.217 0.945 0.010 0.609 0.230 13.082 5.101 0.571 2.008
Scenario 4. Extreme 0.016 32.217 0.793 0.010 0.501 0.230 13.391 5.101 0.623 2.056
Scenario 5. Moderate 0.072 32.468 1.117 0.012 0.713 0.233 12.659 5.116 0.514 1.904
Scenario 5. Extreme 0.077 29.097 1.081 0.011 0.719 0.231 12.256 5.087 0.515 1.920

Table H.6: Raw data after increasing the warehouse emissions value by 25%, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[euro

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
Benchmark 0.0160 14.4975 0.9144 0.0078 0.4844 0.2302 12.3793 5.0962 0.5243 1.9026
Base case overall performance 0.0724 32.2167 1.3447 0.0111 0.7124 0.2302 12.3793 5.0962 0.5243 1.9026
Scenario 1. Moderate 0.0631 32.3545 1.3339 0.0118 0.7184 0.2294 11.2795 5.0891 0.5039 1.9187
Scenario 1. Extreme 0.0483 31.5089 1.3280 0.0096 0.7192 0.2272 10.2257 5.0853 0.5328 1.9207
Scenario 2. Moderate 0.0616 30.5256 1.0290 0.0113 0.5343 0.2683 14.0686 5.0962 0.4937 2.4734
Scenario 2. Extreme 0.0457 29.0887 0.7133 0.0112 0.3562 0.3068 13.2983 5.0962 0.4835 2.6636
Scenario 3. Moderate 0.0779 30.2375 1.2184 0.0126 0.6412 0.2554 12.9768 5.3510 0.5492 1.9977
Scenario 3. Extreme 0.0767 27.2687 1.0290 0.0128 0.5343 0.2892 13.6173 5.6058 0.5374 2.0929
Scenario 4. Moderate 0.0297 32.2167 1.1613 0.0103 0.6087 0.2302 13.0617 5.1007 0.5708 2.0081
Scenario 4. Extreme 0.0159 32.2167 0.9709 0.0094 0.5013 0.2302 13.3707 5.1007 0.6260 2.0559
Scenario 5. Moderate 0.0759 32.4684 1.3751 0.0103 0.7131 0.2334 12.6587 5.1159 0.5469 1.9044
Scenario 5. Extreme 0.0787 29.0975 1.3313 0.0101 0.7188 0.2314 12.2560 5.0875 0.5102 1.9196

Table H.7: Raw data after decreasing the warehouse emissions value by 25%, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[euro

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
Benchmark 0.0157 14.4975 0.5709 0.0073 0.4844 0.2302 12.3793 5.0962 0.5291 1.9026
Base case overall performance 0.0762 32.2167 0.8396 0.0105 0.7124 0.2302 12.3793 5.0962 0.5291 1.9026
Scenario 1. Moderate 0.0620 32.3545 0.8328 0.0128 0.7184 0.2294 11.3791 5.0891 0.5290 1.9187
Scenario 1. Extreme 0.0463 31.5089 0.8292 0.0109 0.7192 0.2272 10.2257 5.0853 0.5110 1.9207
Scenario 2. Moderate 0.0616 30.5256 0.6502 0.0114 0.5343 0.2683 14.0686 5.0962 0.5134 2.4734
Scenario 2. Extreme 0.0465 29.0887 0.4607 0.0113 0.3562 0.3068 13.2983 5.0962 0.4887 2.6636
Scenario 3. Moderate 0.0741 30.2375 0.7638 0.0111 0.6412 0.2554 12.9768 5.3510 0.5157 1.9977
Scenario 3. Extreme 0.0800 27.2687 0.6502 0.0116 0.5343 0.2892 13.6173 5.6058 0.5584 2.0929
Scenario 4. Moderate 0.0296 32.2167 0.7297 0.0102 0.6087 0.2302 13.0617 5.1007 0.5803 2.0081
Scenario 4. Extreme 0.0156 32.2167 0.6154 0.0094 0.5013 0.2302 13.3707 5.1007 0.6224 2.0559
Scenario 5. Moderate 0.0760 32.4684 0.8585 0.0111 0.7131 0.2334 12.6587 5.1159 0.5203 1.9044
Scenario 5. Extreme 0.0782 29.0975 0.8312 0.0096 0.7188 0.2314 12.2560 5.0875 0.4979 1.9196

Table H.8: Raw data after increasing the landfill cost by 25%, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[euro

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
Benchmark 0.0161 14.4975 0.7427 0.0071 0.4844 0.2302 12.3793 5.0962 0.5121 1.9026
Base case overall performance 0.0765 32.2167 1.0922 0.0102 0.7124 0.2302 12.3793 5.0962 0.5121 1.9026
Scenario 1. Moderate 0.0613 32.3545 1.0834 0.0121 0.7184 0.2294 11.2795 5.0891 0.5032 1.9187
Scenario 1. Extreme 0.0478 31.5089 1.0786 0.0108 0.7192 0.2272 10.2257 5.0853 0.5045 1.9207
Scenario 2. Moderate 0.0610 30.5256 0.8396 0.0132 0.5343 0.2683 14.0686 5.0962 0.5048 2.4734
Scenario 2. Extreme 0.0474 29.0887 0.5870 0.0115 0.3562 0.3068 13.2983 5.0962 0.5186 2.6636
Scenario 3. Moderate 0.0750 30.2375 0.9911 0.0114 0.6412 0.2554 12.9768 5.3510 0.5354 1.9977
Scenario 3. Extreme 0.0799 27.2687 0.8396 0.0122 0.5343 0.2892 13.6173 5.6058 0.5379 2.0929
Scenario 4. Moderate 0.0282 32.2167 0.9455 0.0099 0.6087 0.2302 13.0617 5.1007 0.5834 2.0081
Scenario 4. Extreme 0.0156 32.2167 0.7932 0.0095 0.5013 0.2302 13.3707 5.1007 0.6254 2.0559
Scenario 5. Moderate 0.0759 32.4684 1.1168 0.0100 0.7131 0.2334 12.6587 5.1159 0.5019 1.9044
Scenario 5. Extreme 0.0753 29.0975 1.0813 0.0095 0.7188 0.2314 12.2560 5.0875 0.4884 1.9196

Table H.9: Raw data after decreasing the landfill cost by 25%, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[euro

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
Benchmark 0.0161 14.4975 0.7427 0.0071 0.4844 0.2302 12.3793 5.0962 0.4743 1.9026
Base case overall performance 0.0765 32.2167 1.0922 0.0102 0.7124 0.2302 12.3793 5.0962 0.4743 1.9026
Scenario 1. Moderate 0.0613 32.3545 1.0834 0.0121 0.7184 0.2294 11.2795 5.0891 0.4695 1.9187
Scenario 1. Extreme 0.0478 31.5089 1.0786 0.0108 0.7192 0.2272 10.2257 5.0853 0.4761 1.9207
Scenario 2. Moderate 0.0610 30.5256 0.8396 0.0132 0.5343 0.2683 14.0686 5.0962 0.4832 2.4734
Scenario 2. Extreme 0.0474 29.0887 0.5870 0.0115 0.3562 0.3068 13.2983 5.0962 0.5145 2.6636
Scenario 3. Moderate 0.0750 30.2375 0.9911 0.0114 0.6412 0.2554 12.9768 5.3510 0.5293 1.9977
Scenario 3. Extreme 0.0799 27.2687 0.8396 0.0122 0.5343 0.2892 13.6173 5.6058 0.5560 2.0929
Scenario 4. Moderate 0.0282 32.2167 0.9455 0.0099 0.6087 0.2302 13.0617 5.1007 0.5648 2.0081
Scenario 4. Extreme 0.0156 32.2167 0.7932 0.0095 0.5013 0.2302 13.3707 5.1007 0.6051 2.0559
Scenario 5. Moderate 0.0759 32.4684 1.1168 0.0100 0.7131 0.2334 12.6587 5.1159 0.5187 1.9044
Scenario 5. Extreme 0.0753 29.0975 1.0813 0.0095 0.7188 0.2314 12.2560 5.0875 0.5135 1.9196

Table H.10: Raw data after increasing the incineration cost by 25%, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[euro

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
Benchmark 0.0159 14.4975 0.7427 0.0076 0.4844 0.2302 12.3793 5.0962 0.5060 1.9026
Base case overall performance 0.0753 32.2167 1.0922 0.0108 0.7124 0.2302 12.3793 5.0962 0.5060 1.9026
Scenario 1. Moderate 0.0646 32.3545 1.0834 0.0123 0.7184 0.2294 11.2795 5.0891 0.5046 1.9187
Scenario 1. Extreme 0.0455 31.5089 1.0786 0.0114 0.7192 0.2272 10.2257 5.0853 0.5193 1.9207
Scenario 2. Moderate 0.0617 30.5256 0.8396 0.0111 0.5343 0.2683 14.0686 5.0962 0.5036 2.4734
Scenario 2. Extreme 0.0454 29.0887 0.5870 0.0107 0.3562 0.3068 13.2983 5.0962 0.5177 2.6636
Scenario 3. Moderate 0.0753 30.2375 0.9911 0.0120 0.6412 0.2554 12.9768 5.3510 0.5228 1.9977
Scenario 3. Extreme 0.0754 27.2687 0.8396 0.0114 0.5343 0.2892 13.6173 5.6058 0.5348 2.0929
Scenario 4. Moderate 0.0301 32.2167 0.9455 0.0099 0.6087 0.2302 13.0617 5.1007 0.5745 2.0081
Scenario 4. Extreme 0.0157 32.2167 0.7932 0.0095 0.5013 0.2302 13.3707 5.1007 0.6229 2.0559
Scenario 5. Moderate 0.0778 32.4684 1.1168 0.0101 0.7131 0.2334 12.6587 5.1159 0.5346 1.9044
Scenario 5. Extreme 0.0750 29.0975 1.0813 0.0097 0.7188 0.2314 12.2560 5.0875 0.5062 1.9196
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Table H.11: Raw data after decreasing the incineration cost by 25%, source: (Author)

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[kgCO2e/

returned product]
[euro

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
[euro/

returned product]
Benchmark 0.0161 14.4975 0.7427 0.0081 0.4844 0.2302 12.3793 5.0962 0.4969 1.9026
Base case overall performance 0.0810 32.2167 1.0922 0.0116 0.7124 0.2302 12.3793 5.0962 0.4969 1.9026
Scenario 1. Moderate 0.0626 32.3545 1.0834 0.0126 0.7184 0.2294 11.2795 5.0891 0.5034 1.9187
Scenario 1. Extreme 0.0494 31.5089 1.0786 0.0107 0.7192 0.2272 10.2257 5.0853 0.5206 1.9207
Scenario 2. Moderate 0.0599 30.5256 0.8396 0.0118 0.5343 0.2683 14.0686 5.0962 0.4983 2.4734
Scenario 2. Extreme 0.0460 29.0887 0.5870 0.0112 0.3562 0.3068 13.2983 5.0962 0.5028 2.6636
Scenario 3. Moderate 0.0763 30.2375 0.9911 0.0108 0.6412 0.2554 12.9983 5.3510 0.5645 1.9977
Scenario 3. Extreme 0.0749 27.2687 0.8396 0.0125 0.5343 0.2892 13.6173 5.6058 0.5577 2.0929
Scenario 4. Moderate 0.0290 32.2167 0.9455 0.0117 0.6087 0.2302 13.0617 5.1007 0.5710 2.0081
Scenario 4. Extreme 0.0154 32.2167 0.7932 0.0095 0.5013 0.2302 13.3707 5.1007 0.6175 2.0559
Scenario 5. Moderate 0.0787 32.4684 1.1168 0.0100 0.7131 0.2334 12.6587 5.1159 0.5108 1.9044
Scenario 5. Extreme 0.0754 29.0975 1.0813 0.0100 0.7188 0.2314 12.2560 5.0875 0.5048 1.9196

Table H.12: Aggregated scores CI after performing the sensitivity analysis, source: (Author)

Equipment
costs + 25%

Equipment
cost - 25%

Transport cost
electric van

+ 25%

Transport cost
electric van

-25%

Warehouse
emission

value +25%

Warehouse
emission

value -25%

Incineration
cost +25%

Incineration
cost -25%

Landfill
cost +25%

Landfill
cost -25%

Benchmark 1.857 1.809 1.863 1.841 1.819 1.820 1.837 1.858 1.860 1.862
Base case 1.386 1.392 1.389 1.371 1.374 1.376 1.390 1.394 1.389 1.381
Scenario 1. Moderate 1.412 1.450 1.442 1.457 1.442 1.411 1.444 1.438 1.433 1.434
Scenario 1. Extreme 1.535 1.513 1.544 1.544 1.529 1.527 1.533 1.532 1.519 1.528
Scenario 2. Moderate 1.325 1.299 1.328 1.348 1.319 1.309 1.296 1.321 1.321 1.317
Scenario 2. Extreme 1.363 1.353 1.365 1.426 1.391 1.388 1.373 1.365 1.384 1.388
Scenario 3. Moderate 1.343 1.295 1.368 1.342 1.301 1.344 1.331 1.328 1.327 1.318
Scenario 3. Extreme 1.267 1.238 1.282 1.225 1.250 1.252 1.261 1.244 1.271 1.246
Scenario 4. Moderate 1.406 1.365 1.407 1.405 1.399 1.389 1.392 1.398 1.398 1.382
Scenario 4. Extreme 1.438 1.468 1.439 1.438 1.435 1.432 1.432 1.420 1.431 1.436
Scenario 5. Moderate 1.342 1.360 1.361 1.352 1.336 1.343 1.365 1.356 1.345 1.366
Scenario 5. Extreme 1.451 1.434 1.431 1.437 1.430 1.442 1.451 1.426 1.444 1.446



I
Scenario analysis

This appendix gives an in-depth overview of the performance of the different scenarios with the benchmark.
A radar chart does this. The indicators are defined on the spokes of the radar. For each indicator, better
performance is obtained when the value is higher, corresponding to values more on the outside of the axis
in the radar. Values closer to the center are less preferred in terms of performance. V1: packaging emissions,
V2: transport emissions, V3: warehouse and equipment emissions, V4: product recovery emissions, V5: brick-
and-mortar emissions, V6: transport costs, V7: warehouse and equipment costs, V8: labor costs, V9: recovery
costs, V10: brick-and-mortar costs.

• Scenario 1. Shifting customer behavior
• Scenario 2. Green supply chain management
• Scenario 3. Economic attractiveness of renewables
• Scenario 4. Governmental support for circularity
• Scenario 5. Technological innovations

Figure I.1: Radar chart benchmark and base case performance, source: (Author)

123



124 I. Scenario analysis

Figure I.2: Radar chart benchmark and scenario 1, source: (Author)

Figure I.3: Radar chart benchmark and scenario 2, source: (Author)
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Figure I.4: Radar chart benchmark and scenario 3, source: (Author)

Figure I.5: Radar chart benchmark and scenario 4, source: (Author)
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Figure I.6: Radar chart benchmark and scenario 5, source: (Author)
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