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Abstract  

Mass customization (MC) has been broadly discussed as a potential business model for 
heterogeneous markets in the management literature. In market settings that are characterized by 
high levels of customer need heterogeneity, MC has to be considered as an economically viable 
strategy. However, it might not be sufficient to assess business models solely on the basis of 
economic indicators. Environmental problems and the exacerbating climate change have sparked a 
global debate about ecological thinking and sustainability. In this context, existing literature describes 
the need for strategies that are sustainable in terms of economic, social and environmental aspects. In 
accordance with this aspect, more and more authors claim that MC – besides being an economically 
attractive business approach – also carries the potential to be an environmentally and socially 
beneficial business model. This paper aims to identify potential impact factors of MC on sustainability 
in order to establish a research agenda concerning the role of MC for sustainability.  

Key words: About Mass Customization, Sustainability, Research agenda  

1. INTRODUCTION 
Mass customization (MC) is a strategic approach that is 
developed to cope with high levels of heterogeneity 
among the needs of customers in a given market. The 
basic idea is well explained by Davis [1]: MC aims at 
serving customers individually through a high-variety 
product offering, whilst broadly retaining the same 
overall sales volume as a comparable mass production 
strategy [1]. Thus, from a strategic management 
perspective, MC is a hybrid competition strategy that 
attempts to master the simultaneous realization of 
product differentiation and cost efficiency.  
The concept is based on the idea that every customer 
envisions an “ideal product”, which will be used as a 
benchmark for all products that are available in the 
respective market, comparable to the well-established 
expectancy disconfirmation model [2, 3]. Following the 
concept of Chamberlin’s [4] theory of monopolistic 
competition, customers gain the increment of utility of a 
customized good that better fits their needs than the most 
suitable standardized product that is available. 

Subsequently, the better a product fits the customer’s 
needs, the higher will be the customer’s willingness to pay 
[5], and the higher the level of customer needs 
heterogeneity in a given domain, the larger will be this gain 
in utility [6]. Following this rational, a MC strategy holds the 
potential to increase revenues by turning heterogeneities 
in customer needs into an opportunity to create value. 
That way, the implementation of MC has to be considered 
as an economically viable business model pattern: on the 
one hand, firms can charge higher prices for customized 
goods because of the increased customers’ willingness to 
pay for individualized goods. On the other hand, the 
realization of flexible manufacturing processes and 
suitable customer interaction tools allows providing these 
customized goods at cost levels that are comparable to 
those of mass produced goods. Subsequently, profit 
margins may be higher compared to those of standardized 
products under such heterogeneous market conditions.  
However, in view of the challenges that the global 
community faces today, it might not be sufficient to 
assess business models solely on the basis of 
economic indicators. Environmental problems and the 
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exacerbating climate change have sparked a global 
debate about ecological thinking and sustainability. We 
are very well aware of the fact that there still is no 
general academic consensus with regard to the 
definitions of the terms “environment” and 
“sustainability”. In fact, the most popular and frequently 
used definition of sustainability is the one proposed by 
the World Commission on Environment and 
Development (WCED) in 1987 where sustainability is 
defined as a goal to “meet the needs of the present 
generation without compromising the ability of future 
generations to meet their own needs” [7].However, it 
can be observed that in many markets the customer 
demand for more environmentally friendly products has 
increased and that more and more political decision 
makers strive for the implementation of stricter 
governmental regulations for social and environmental 
issues. Subsequently, the general concept of 
sustainability has come to the attention of many 
companies. In this context, Elkington [8] claims that 
companies need to develop so called “Win-Win-Win”-
strategies, which are sustainable in terms of economic, 
social and environmental aspects. In accordance with 
this aspect, more and more authors claim that MC – 
besides being an economically attractive business 
approach – also carries the potential to be an 
environmentally and socially beneficial business model. 
For example, literature sees MC as a mean to reduce 
overproduction and waste of resources [9], claims that 
customized products have a longer life span [10] and 
allow better reuse and recycling possibilities [11]. 
Nevertheless, there are only very few studies that support 
these hypotheses concerning the role of MC for 
environmental sustainability; especially beyond conceptual 
research. Thereby, the existing trade-off of considering 
MC and sustainability simultaneously can trigger a new 
research stream for academia. Research initiatives need 
to support companies in implementing MC in a more 
sustainable manner. Therefore, in a first step, this paper 
aims at identifying general impact factors of MC on 
environmental sustainability primarily based on the 
existing literature and inspired by the results of the special 
session on MC and sustainability at the MCPC 2014 
conference in Aalborg. In a second step, the paper will 
then provide a research agenda including the above-
mentioned aspects of the MC-sustainability-relationship 
that need to be addressed by future studies. 

2. THE CONCEPT OF MASS CUSTOMIZATION 
The concept of MC is not new to the field of strategic 
management. It has been discussed in the respective 
management literature for approximately 30 years and 
today there is a multitude of MC business cases in all 
kinds of product domains. Still, it is rather difficult to 
provide a precise definition for the phenomenon. A first 
attempt to describe the idea was made by Davis [1, 
p.169], who defines MC as “[reaching] the same large 
number of customers […] as in mass markets of the 
industrial economy, and simultaneously [treating the 
customers] individually as in the customized markets of 
pre-industrial economies.” Similar to this description, most 
definitions of MC agree that the term refers to the efficient 

mass production of customized goods [e.g. 12, 13, 14]. 
Nevertheless, beyond this rather fuzzy definition, Piller [15, 
p.314] claims “the term [MC] is used today for all kind of 
strategies connected with high variety, personalization, 
and flexible production.” Moreover, research has failed to 
establish threshold values – e.g. for the degree of 
customization or a minimum sales volume – beyond which 
a strategic approach may be recognized as a valid 
implementation of MC. In response to this dilemma, we 
suggest to no longer regard MC as a stand-alone 
business model or strategy, but rather as a so-called 
business model pattern. Such business model patterns 
are archetypal and reusable descriptions of business 
approaches with similar characteristics, behaviors or 
building blocks [16]. Patterns can be retrieved from 
existing business cases and can then serve as blueprints 
for the development of business model innovations. 
Following this logic, Gassmann et al. [17] have identified 
55 business patterns, one of them being MC.  
In this context, the pattern of MC merely describes the 
idea of profiting from heterogeneous markets by 
offering customized products or services according to 
the individual needs of the customers. At this stage, it is 
irrelevant how this customization is achieved and how 
the realization of this MC pattern affects, for instance, 
the existing manufacturing processes or distribution 
channels of a company. These issues need to be 
solved only if a company decides to make use of the 
MC business model pattern in its specific product 
domain and market. In this case, it has to develop a full 
business model in accordance with the general idea of 
the pattern and under consideration of the specific 
context of the firm. Thereby, the concept of MC is 
merely used as a starting point, as its idea describes a 
customer value proposition, but it cannot provide 
answers with regard to the resources and processes 
that are needed for realizing this proposition [18]. 
Consequently, as the pattern only serves as a blueprint 
or impulse for the development of the respective 
business model, the resulting business approach might 
be very different from other business models that are 
based on the same MC pattern [17]. Thus, it becomes 
apparent that the development of a MC based business 
model is strongly context dependent and that there is 
no completely standardized approach to MC [19, 20].  
Even though MC-based business models strongly 
depend on the specific product domain or market 
setting in which a firm operates, management research 
tries to provide generic guidelines to help firms with 
their transition towards MC. Following the 
argumentation of the resource-based view of the firm, 
these studies argue that the implementation of MC 
demands profound organizational change [15, 21] and 
that companies need to acquire a distinct set of 
strategic capabilities for this endeavor [22, 23]. 
Salvador et al. [20] propose a well-established 
framework of three strategic MC capabilities: solution 
space development (SSD), robust process design 
(RPD) and choice navigation (CN) [20]. Thereby, SSD 
is concerned with the definition of a firm`s product 
offering. As offering unlimited choice is economically 
unfeasible, companies need to identify those product 
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attributes for which the customers require variety and 
that provide additional value for the customers [24, 
25]. Secondly, RPD describes the capability of a 
company to ensure that the increasing product variety 
of a MC offering does not impair the firm’s 
manufacturing and distribution processes. Therefore, a 
flexible and efficient production has to be realized [26, 
27]. The third capability – called CN – is concerned 
with managing the communication and interaction 
processes between firms and their customers. This 
capability is needed, so that the increased complexity 
of the firm-customer-interaction in MC does not lead to 
a disproportionately strong growth in transaction costs 
[28, 29, 30]. However, managers have to keep in mind 
that these strategic capabilities have to be understood 
as generic guidelines. Not all of the above-mentioned 
aspects will be relevant for a specific MC-based 
business model. Instead, it can be expected that each 
individual approach to MC requires its specific pattern 
of strategic capabilities and organizational resources 
[31]. 

3. MASS CUSTOMIZATION AND 
SUSTAINABILITY: STATE-OF-THE-ART 
As the concept of MC has been subject of scientific 
research for nearly three decades, today, there are 
already several available studies in management 
literature that scrutinize the interrelation of MC and 
sustainability. However, for this literature review, two 
groups of publications have to be distinguished. On 
the one hand, there are studies that mention MC as a 
potential driver of sustainability. For example, Piller 
[32] states that a consequent implementation of 
research insights on MC will lead to “more sustainable 
mass customization applications in industry”.  
However, this argumentation is based on a definition 
of sustainability, which purely takes the perspective of 
long-term persistent economic success. Similarly, 
Kotha [33] compares mass production and MC in the 
context of a company-specific case and concludes that 
MC can enhance a firm’s ability to maintain a 
sustainable competitive advantage, especially in 
rapidly changing environments. Shahzad and Hadj-
Hamou [34] run a simulation and show that MC efforts 
can help companies to become more robust against 
unpredictable fluctuations of demand or shortened 
product life cycles. In all these examples, sustainability 
is not understood in the sense of the concept of the 
triple-bottom-line [8] and, subsequently, social or 
environmental aspects are not taken into consideration 
at all.  
Therefore, these studies cannot be considered as 
related research in the context of this paper.   
On the other hand, there are studies that indeed 
investigate the interrelation of MC and the 
sustainability concept from a triple-bottom-line 
perspective. Hereby, it can be noted, that almost all 
available studies either focus on an individual aspect 
of MC and its sustainability impacts or on a specific 
business case in a given product domain. Jovane et 
al. [35], for example, claim that MC has a beneficial 
impact on environmental sustainability, but their study 

exclusively focuses on the make-to-order principle of 
MC and its ability to reduce overproduction. 
Badurdeen and Liyanage[36] also acknowledge this 
aspect of MC, but mainly discuss the sustainability 
impact of co-creation, which often plays an important 
role during product design in MC-based business 
models. Beyond these investigations of individual 
aspects of MC and their sustainability impact, there 
are several studies that attempt to compare MC and 
mass production in a specific product domain via an 
assessment of the respective carbon footprints of each 
approach. For example, Chin and Smithwick [37] 
examine the product life-cycle of a men’s dress shirt, 
whereasKleer and Steiner [10] provide a similar 
assessment for the product domain of shoes. 
Nevertheless, all these analyses fail to provide a 
universal proposition on the overall impact of MC on 
sustainability. However, this issue is not surprising at 
all, if MC is understood as a business model pattern 
as described in section 2 of this paper. As such a 
pattern, MC only makes up one part of the overall 
business model and the processes for designing, 
manufacturing and distributing products differ strongly 
from one application to another. Subsequently, it is 
simply not possible to generally state whether MC has 
a beneficial or harmful sustainability performance, but 
the impact of MC depends on the specific context of a 
product domain or manufacturer. For this reason, in 
this paper, we provide a first step towards the 
individual sustainability assessment of MC-based 
business models by identifying several impact factors 
of MC on environmental sustainability.  

4. A PRODUCT LIFECYCLE APPROACH 
“In essence, sustainability is an enlarged framework 
through which to view the making and selling of 
products and services” [38, p. 52]. In this light, the 
realization of sustainable development requires a 
reduction of wasteful and environmentally and/or 
societally harmful practices in all stages that are 
relevant for the making and selling goods and services 
[38]. Subsequently, our considerations on potential 
impact factors of MC on sustainability need to employ 
a total product life-cycle approach, which considers all 
the stages of a product's life.  
In this context, Jawahit et al. [39] suggest a framework 
of four separate stages: pre-manufacturing, 
manufacturing, use and post-use [39]. However, as we 
believe that this approach does not provide sufficient 
detail with regard to the early phases of the product 
life-cycle, we go beyond the suggested four stages by 
splitting the manufacturing phase into two different 
phases namely manufacturing and distribution. Hence, 
for this paper, the product life-cycle contains five 
phases. Thereby, the life of a product is initiated in a 
design phase.  
Afterwards, the product is manufactured and distributed, 
before it enters its actual usage phase in the customer 
domain. After usage, the product ideally proceeds to an 
end-of-life phase, where proper waste management 
strategies should be implemented. One important aspect 
of such waste management strategies 
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is the implementation of innovative approaches that 
enable a transformation from open-loop material flows 
of single product life-cycles to closed-loop material 
flows across multiple product life-cycles in which the 
components and parts can be reused several times 
before disposal [38]. Figure 1 illustrates the life-cycle 
loop and its five phases as employed in this paper. 

 

 
Figure  1. Close loop product life-cycle 

In the following parts of the paper, various impact 
factors of MC on sustainability will be identified. For this 
purpose, each stage of the proposed product life-cycle 
will be analyzed from the perspective of a MC business 
model in order to understand the importance of certain 
MC characteristics and their impact on sustainability. 
Thereby, it has to be considered that the potential 
impact factors are not necessarily beneficial for 
sustainability. It is conceivable that certain aspects of 
an MC business model show negative impacts on 
certain environmental indicators. In the following 
analysis, it will be attempted to include all potential 
impact factors – both positive and negative. 

4.1 Impact factors in the design phase 
Throughout the overall product life-cycle, the design 
phase is considered a very critical stage. The decisions 
that are made during the design phase significantly 
affect the final performance of the product [36]. 
Moreover, design is not only the initial stage of a 
product life-cycle, but also an essential step to close the 
life-cycle loop through merging the beginning-of-life with 
the end-of-life of a product. In this regard, sustainable 
design is widely known as an eco-design concept that 
includes environmental, social and economic concerns 
during the design phase of a product [40]. 
MC is a business approach that is fundamentally based 
on firm-customer-interaction and joint collaboration 
during the design phase. The process of co-design 
allows customers to articulate their requirements of a 
product and configure their desired product within a 
finite solution space and consequently be involved in 
the process of value creation [15]. Involving the 
customer in the design phase of the product can not 
only enhance the social aspect of sustainability, due to 
higher customer satisfaction, but also the environmental 
aspect. The co-design process should enable products 

that are much more aligned with the customers’ needs 
and desires compared with standardized offerings. In 
other words, this specific design mode enables MC 
companies to produces only those products that is 
needed and requested by the customers. Accordingly 
the amount of waste will be decreased, as less 
unwanted products are produced [36]. 
Beside the co-design process itself, the implementation 
of a configurator tool during this design process can act 
as an impact factor for sustainability as well. A 
configurator is an essential resource to implement MC 
and is widely applied by MC companies to enable their 
customers to design a product according to their needs 
and desires. Configuration of an MC product takes 
place in several steps and considering different aspects 
of customization defined by the company such as 
appearance, fit, and performance [15]. Extending the 
configuration choices by giving information about the 
environmental impacts of the selected features 
increases the customer awareness [36]. Consequently, 
providing customers with information about potential 
environmental impacts of each selected feature and 
likewise of the whole sustainability impact of the final 
product during the co-design process can get them to 
choose and design a more eco-friendly product. 
In addition to co-design, a MC product is usually 
characterized by its modular architecture. Modularity is 
regarded as one of the main operational enablers for MC. 
A modular architecture gives the manufacturer the 
possibility to produce a large number of product variants 
using standard components. Each module represents one 
or more functions of the product and is available with 
several options that result in different performances of the 
product. In fact, modularity could lead to advantages in 
terms of economies of scale and further reduction in lead-
time if well-defined [41]. Thanks to its modular 
architecture, a MC product usually can be decomposed in 
an easier and more sustainable manner at the end of its 
life. However, it should be noticed that modular products 
cannot be optimized with the same efficiency as 
integrative solutions with regard to weight and 
performance. Hence, more material resources are 
required for MC products than for mass-produced ones 
[42]. 

4.2 Impact factors in the manufacturing phase 
During the emergence of the concept of sustainability, 
manufacturing companies that intended to pursue 
sustainability started to focus on waste reduction during 
the production phase and later on reduction of resource 
and energy consumption. According to the National 
Council of Advanced Manufacturing [43] sustainable 
manufacturing refers to the “creation of manufactured 
products that use processes that are non-polluting, con-
serve energy and natural resources, and are 
economically sound and safe for employees, 
communities, and consumers” [43].  
The MC practices which are deployed during the 
manufacturing phase, have controversial effects in terms 
of environmental sustainability. In most cases, an MC 
product is only produced after receiving an order from the 
customer. This make-to-order or assemble-to-order nature 
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of MC products prevents production of unwanted products 
and hence avoids overproduction. This results not only in 
a notable decrease in the level of waste of final products, 
but also in a lower level of energy and resource 
consumption for production. According to an estimation in 
2009, 300 million pairs of shoes are overproduced 
annually. Considering the energy required to produce 
each pair of shoes, the total energy consumption to 
manufacture all the unsold shoes equals 14% of the 
energy consumption in Switzerland in one year [44].  
Such information highlights how MC can be a positive 
driver for sustainability in terms of manufacturing. 
Nevertheless, the negative side of MC during the 
manufacturing phase should not be neglected neither. It 
can be argued that producing customized goods results in 
a higher amount of waste of raw materials in comparison 
with mass-produced products.  
Coming back to the example of shoes, every customized 
pair of shoes requires a different type and cut of the 
leather, while for a standard pair of shoes the same type 
and cut of leather is used. Therefore the optimization of 
raw material usage in mass production leads to a lower 
consumption of raw materials. The same argument is valid 
regarding energy consumption. In order to produce 
customized products, different and more complex 
manufacturing processes are necessary compared to 
standard products. Therefore the optimization of these 
processes in terms of material and energy consumption is 
more complicated [45]. Hence, a higher level of production 
process variety in a MC environment usually causes 
negative environmental impacts.   
On the other hand, the type of production system applied 
by an enterprise can be a source of sustainability 
performance improvement. In order to be successful, a 
MC firm requires robust production processes in order to 
deal with increased process complexity and lower batch 
sizes [20]. Heterogeneity in customers' needs generates 
additional costs for production systems, as this 
heterogeneity requires firms to recombine or reconfigure 
production resources in order to increase the flexibility of 
the manufacturing system and respond to diverse orders 
of customers within a reasonable period of time [12, 20].  
In this context, robustness of production processes refers 
to the capacity to reuse or re-merge the existing 
manufacturing resources to satisfy a diverse range of the 
customers’ needs and requirements [46]. Having robust 
processes, a company can deliver customized products 
with near mass production efficiency.  
Accordingly, a successful MC business model should aim 
at creating stable, but still responsive and flexible, 
processes to manage the dynamic nature of orders and 
eventually products [12, 20, 47]. A multitude of 
approaches that can help companies to increase the 
flexibility and robustness of their manufacturing capacities 
are available. For example, firms could employ Flexible 
Manufacturing Systems (FMS), Reconfigurable 
Manufacturing Systems (RMS) or Rapid Manufacturing 
Technologies (e.g. 3D printing). Thereby, it is difficult to 
foresee, whether these robust production systems may 
consume additional energy and resources, or whether 
they are even more energy-efficient and are thus capable 
of enhancing the sustainability performance of a MC 
company.   

4.3 Impact factors in the distribution phase 
In the context of environmental sustainability, the 
distribution phase of the product life-cycle is always 
considered a critical stage with respect to the amount of 
energy consumption and emissions. The environmental 
impacts of this phase are not only related to the 
distribution strategies, but also to the type of distribution 
channel that a firm uses to reach its customers. In terms 
of distribution channels, the majority of mass customizers 
choose to directly deliver the customized products to the 
end customers. In such a scenario, customers place the 
order and receive the final product at home without 
having to visit a physical store. However, at the same 
time, this distribution channel necessitates individual 
shipments of the products. Obviously, this distribution 
approach requires more resources for packaging and 
results in higher energy consumption for transport than 
the delivery of large batches to retail stores [45, 48]. 
Moreover a single batch delivery (compared to several 
batch deliveries in the case of standard products) 
requires a higher number of delivery transports and 
hence creates a higher level of emissions as a negative 
impact. Nonetheless, the fact that customers do not have 
to travel to a store for placing the order and for the pick 
up the final product suggests a reduction in the amount 
of consumed energy as well as emissions. Furthermore, 
it can be argued that in a MC environment the product 
does not travel through several tiers of suppliers and 
therefore might also positively affect the level of energy 
consumption and emissions [45]. 
In this discussion of distribution channels, the impact of 
reverse logistics is a critical point. Generally speaking, 
MC companies enjoy a less complicated distribution 
system in terms of reverse logistics. The fact that the 
customized product is produced to satisfy the individual 
needs of a specific customer makes it quite impossible to 
apply a return policy for the products. Naturally, having 
no return policy has its own controversial impacts in 
terms of environmental sustainability. On the one hand, 
the absence of reverse logistics and re-shipments in MC 
environments leads to significant reductions in the level 
of energy consumption and emissions. On the other 
hand, a lack of return policies can result in an increase of 
waste since the customized products (in case of not 
being compatible with the customers’ desires) can be 
rarely used by another person due to its personalized 
features and thus will be disposed without being used.  
Apart from the above discussed impact factors; there 
are some future trends in MC, which could play a 
significant role in the conversion of MC into a more eco-
friendly business model. For instance, the increasing 
popularity of micro-manufacturing and mini-factories 
might have a major impact on MC production in the 
near future. Mini-factories are small-size manufacturing 
systems with downsized production processes, which 
consequently result in reduced resource consumption. 
In addition to their reduced dimensions, mini-factories 
are usually characterized by their extreme precision and 
efficiency in different machining processes. Such a 
manufacturing paradigm can lead to multiple benefits 
for mass customizers, such as space reduction, shorter 
process chains, increased flexibility, improved response 
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times, modularity of production processes and 
eventually cost reductions [49]. Beside these benefits of 
increased efficiency and flexibility, mini-factories can 
also strongly enhance the level of environmental 
sustainability. As these small-size factories are usually 
located in close proximity to the respective markets, the 
distribution route from the manufacturing site to the 
customer would be significantly reduced through the 
implementation of micro-factory-manufacturing. This 
impact factor becomes even more crucial, when 
considering that manufacturing for mass production is 
oftentimes outsourced to countries with low labor cost, 
which are typically far away from the targeted markets. 
The resulting proximity of manufacturing and target 
markets, thus, has to be regarded as a positive impact 
factor that is capable of lowering energy consumption 
and emissions during the distribution phase [50]. 

4.4 Impact factors in the customer/usage phase 
The usage phase of a product life-cycle refers to the time 
span in which the product is delivered to the customer and 
is applied by him/her to satisfy his/her needs. Based on 
the life span of the product the environmental impacts of 
the usage phase might vary. However, it is commonly 
believed that the usage phase is usually the longest stage 
of the product life-cycle and thus can have significant 
impacts on sustainability. In terms of MC products, the life 
span is usually considered to be longer due to the fact that 
a customer might be more attached to customized 
products. In the case of standard products, the purchase 
price for a certain group of products might be so low that 
consumers do not hesitate to dispose a nearly unused 
product if it does not meet their needs anymore and 
purchase a replacement product [48, 51]. This scenario is 
less likely in the case of a customized product, as an 
individualized product should have a high compatibility 
with the customer’s needs and it also carries a premium 
price. Subsequently, it should be less likely that the 
consumer will replace the customized product with 
another product and therefore might use the product for a 
longer period of time compared to a standard product. 
This eventually enhances the environmental sustainability 
since less waste is produced. 
Furthermore, the modular nature of an MC product 
facilitates upgrading of the product and consequently 
extending its life-cycle [45]. Having a modular architecture, 
a product can be easily re-configured through changing or 
replacing one or more modules and hence it can be used 
for a longer time. Moreover, modularity facilitates the 
maintenance of the product during its usage phase since 
any defective module can be simply replaced by a new 
one [52]; whereas in products with an integrated 
architecture the defective parts cannot be disassembled 
and therefore the product cannot be used any longer. On 
the other hand, taking into account the necessity of 
efficient production in a MC environment, most of the MC 
companies try to develop standard modules which can be 
used in multiple products. As a consequence, the 
company can invest more in optimizing these modules to 
make them more energy-efficient. Considering the high 
volume of these modules, due to their application in 
several products, the level of energy consumption in the 

MC products can be significantly lowered compared to 
mass-produced products [45]. 

4.5 Impact factors in the end of life phase 
Decisions that are made at end-of-life phase 
significantly influence the environmental sustainability 
impact of the product. In this regard, several 
methodologies have been proposed in order to pursue 
a closed-loop life-cycle including the 3R concept 
(reduce, reuse, recycle) [53] and the 6R methodology 
which is an extension of the 3R concept. The 6R 
methodology considers six main strategies (reduce, 
reuse, recover, redesign, remanufacture, recycle) for a 
sustainable treatment of a product at the end of its life-
cycle[38]. While the main focus of “reduce” is on the 
prior phases of the life-cycle (design, manufacturing, 
distribution, and use) by emphasizing the reduction of 
energy and raw material consumption, the other 
strategies mainly refer to actions during the end-of-life 
phase. 
In the case of customized products, the “reuse” strategy 
might seem challenging, considering the fact that MC 
products are tailored to the individual needs of the 
respective customers. Hence, it seems very unlikely 
that the product and its attributes fit an entirely different 
consumer and can thus be re-used[43]. From this 
perspective an MC product seems quite non-reusable; 
however it can be argued that if a product contains the 
possibility to adapt / reconfigure a product after 
purchase, the likelihood of re-use increases [54]. 
 The two strategies of re-design and re-manufacturing 
emphasize on creating multiple life-cycles for a single 
product. In the words, the life of the product would be 
extended by re-designing or re-configuring some parts of 
it and creating multiple usage phases for the product. In 
the case of re-manufacturing the product would be 
disassembled, cleaned, inspected, repaired, replaced 
and finally reassembled so that it would be revived as an 
entirely new product in terms of performance and 
durability [55, 56]. Considering the characteristics of 
products within the MC strategy, re-designing and re-
manufacturing seem to be applicable and realistic 
strategies for waste management. In fact, the modular 
architecture of MC products makes them a proper choice 
for disassembling and re-assembling. In this regard, re-
manufacturing of an MC product would be much more 
cost-efficient compared to a product with integrated 
product architecture. Moreover, the redesign process can 
enable consumers to assess the impact of each 
customized alternative with regards to resource 
consumption and environmental benefits during the co-
design process [36]. The same argument could be made 
for recycling. The initial step of recycling of every product 
is disassembling and separating the recyclable parts 
from those that are non-recyclable. MC products again, 
thanks to their modular architecture, can be 
disassembled very easily and quickly. 

5. CONCLUSION 
From its emergence as a trend, MC has been 
extensively discussed as a proper business model to 
satisfy the individual needs of customers. However, the 
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increasing importance of sustainability in the last 
decades has pinpointed it as a crucial point of attention 
for manufacturing companies. This paper tries to have a 
closer look at the concept of MC from the perspective of 
environmental sustainability. It discovers potential 
interdependencies in order to explore the impact factors 
of MC on environmental sustainability. To this end, a 
product life-cycle approach was considered including 
five separate phases of a product’s life. 
The analysis of each product life-cycle phase reveals 
that in some aspects MC products can enhance the 
environmental sustainability thanks to the employment 
of specific practices and capabilities, which are required 
for successful implementation of MC. For instance the 
modular architecture that is typically used in many MC 
products can have a positive impact on environmental 
sustainability. It facilitates disassembling of the product 
at the end of its life as well as re-designing or re-
manufacturing to extend the product life-cycle and 
decrease waste production. Customer involvement in 
the co-design process (during the design phase), make-
to-order nature of MC and robust production processes 
used to produce MC products (during the manufacturing 
phase) are other examples of MC practices which might 
result in lower environmental impacts.  
Nevertheless, beside their positive impacts, MC 
practices can also negatively affect sustainability. 
Taking into account the necessity for individual 
shipments during the delivery of MC products, the level 
of energy consumption and emissions could increase 
significantly. Moreover, the customized features of an 
MC product make implementation of re-use policy quite 
impossible at the end-of-life of the product. Considering 
all the above mentioned points, It can be observed that 
MC is a strategy which can both benefit and harm the 
environmental sustainability through various impact 
factors. The final influence of MC on sustainability, 
however, is a trade-off which should be managed by 
MC firms to reach the desired level of sustainability 
performance. In other words, the main challenge of MC 
enterprises, in terms of sustainability, would be the 
implementation of MC in a more eco-friendly manner. 
While the current paper brings into light some potential 
interrelations between MC and Sustainability, it’s still 
soon to conclude about the real impact of MC practices 
on sustainability. In fact, the open research streams in 
the field of Mass Customization and Sustainability bring 
into lightthe necessity of defining a research agenda 
targeting at exploring the potential interdependencies 
between the two concepts from different perspectives. 
From a general perspective, the issue of externalities is 
always a challenge: How shall we measure and what 
shall we measure? How many of the indirectly used 
products, services and processes shall be incorporate in 
order to discuss if or if not the MC industrial process is 
sustainable? And how do we ensure that we have been 
mapping the cost and benefit right? From a practical 
perspective, firms would have to evaluate how the 
different impact factors are related to their specific MC 
business model. Certain mapping methodologies such 
as the Business Models Canvas [16] could lead them to 
solve this assignment. Also, the Business Model Cube 
could be a useful mapping tool [57]. This tool helps to 

link the identified impact factors to seven different 
dimensions of the business model. Doing so, an MC firm 
will get a detailed picture of the interrelation with the 
relevant impact factors. As in each case some impact 
factors may be regarded as more important than others a 
ranking of impact factors could be a useful next step. 
An additional research stream relates to analysis of 
social effectsof MC beside its environmental impacts. 
MC products can be extremely socially sustainable 
during the usage phase due to their customized 
features and attributes (e.g. in the case of people with 
special needs or disabled people). Moreover MC can be 
seen as a driver to create local jobs and protect local 
labor thanks to the use of mini-factories and 
decentralized production systems. Consequently, the 
future research directions should be focused not only 
on the environmental dimension of sustainability, but 
also on the concept of sustainability as described in the 
concept of the triple bottom line [8]. In addition, the 
increasing interest and involvement of MC companies in 
sustainability might make it feasible for future 
researchers to extend the qualitative research into a 
quantitative phase by measuring the impact of MC on 
sustainability through quantitative key performance 
indicators. The “MC assessment and measurement 
framework for industrial applications” [58] could be used 
as a reference for such a quantitative assessment.  
Eventually, as described in the introduction, this paper 
tried to take an initial step toward definition of a research 
agenda in terms of Mass Customization and 
Sustainability. The proposed approach of analyzing the 
potential impacts of MC on environmental sustainability 
considering different phases of a product life-cycle is an 
initial step toward cause-effect analysis of MC and 
sustainability and definition of a structure for a research 
agenda. Hence, the above mentioned research streams 
along with the findings of future works can be used to map 
the open issues and build an extensive research agenda. 
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Rezime 
O kastomizovanoj industrijskoj proizvodnji (KIP) se veoma mnogo diskutuje u 
menadžerskoj literaturi kao o potencijalnom poslovnom modelu namenjenom za 
heterogena tržišta. U tržišnim uslovima koje karakteriše visok nivo heterogenosti 
potreba kupaca, KIP mora biti uzeta u obzir kao validna strategija. Međutim, moguće 
je da je pristup poslovnim modelima samo na bazi ekonomskih indikatora nedovoljan. 
Problemi životne sredine i pogoršavanja u pogledu klimatskih promena su podstakli 
globalnu debatu o ekološkom razmišljanju i održivosti. U ovom kontekstu, postojeća 
literatura opisuje potrebu za strategijama koje su pogodne u pogledu ekonomskih, 
socijalnih i ekoloških aspekata. U skladu sa ovim gledištem, sve više autora tvrdi da 
KIP – pored toga što je ekonomski privlačan poslovni prilaz – takođe sa sobom nosi 
potencijal da bude ekološki i socijalno koristan poslovni model. Ovaj rad ima za cilj 
da identifikuje potencijalne faktore uticaja KIP-a na održivost kako bi se ustanovila 
istraživačka agenda koja se tiče uloge KIP-a u održivosti. 
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