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Abstract. For about two decades Mass customization (MC) has been
broadly discussed as a proper business model to satisfy heteregenous
needs of customers in an efficient manner.However, the increasing
importance of other trends such as sustainability make it inevitable for
MC companies to operate in an eco-friendly and socially-friendly way.
This paper aims investigating and identifying of potential impact factors
of Mass Customization on environmental and social sustainability fol-
lowing a Product Lifecycle management (PLM) approach.
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1 Introduction

From its early introduction as a strategy, Mass Customization (MC) has significantly
changed the market offer and value proposition for customers. The concept of Mass
Customization emerged to deal with high levels of heterogeneity of the customers’
needs [1]. In the other words, Mass Customization can be seen as a hybrid competi-
tive strategy attempting to provide customers with individualized products in a cost-
efficient manner [2]. Accordingly MC benefits the firm through profit generation
thanks to the premium price. Mass Customization can be considered as an economi-
cally viable strategy since it create revenues and thus profit through turning heteroge-
neities of customers’ needs to an opportunity to create value [3] while the cost level
can be kept in a level comparable to mass produced products thanks to implementa-
tion of flexible manufacturing processes and suitable customer interaction tools.

Although evaluation of MC from an economic point of view is crucial for success of a
MC firm but it is not sufficient considering other challenges that the global communi-
ty face today. In this regard sustainability is considered as one of the main concerns of
manufacturing companies operating in different sectors and applying different strate-
gies. Accordingly, MC enterprises need to take steps toward being more sustainable
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through development of a “Win-Win-Win” strategy which is sustainable not only
from economic point of view but also from social and environmental perspectives [4].

Nevertheless, the existing body of literature concerning MC and sustainability is ex-
tremely narrow and non-mature. There are very few studies, mainly conceptual, in-
vestigating the role of MC for environmental and social sustainability [5, 6, 7]. The
existing gap in this regard opens up interesting research streams that can be studied to
support companies in implementing MC in a more sustainable manner. Accordingly,
this paper aims at investigating and identifying of potential impact factors of Mass
Customization on environmental and social sustainability following a Product Lifecy-
cle management (PLM) approach. The paper is specifically focused on potential envi-
ronmental and social impacts of MC during the three main phases of beginning of life
of a product life cycle namely design, manufacturing and distribution.

2 Beginning of Life within the product lifecycle approach

The main objective of Product Lifecycle Management (PLM) is to all the activities
and processes along the whole product lifecycle phases which consists of three phas-
es: Beginning of Life (BOL) concerning design, manufacturing, and distribution;
Middle of Life (MOL) concerning usage and maintenance; and End of Life (EOL)
concerning waste management strategies [8]. Within the product lifecycle, the BOL
phase is considered as a critical phase due to its future impacts on the two other phas-
es of MOL and EOL. The decisions which are made during the beginning of life (e.g.
design phase) affect significantly on both MOL and EOL of a product. On one hand
the final peformance of the product during its use phase is extremely dependent on its
design [9], while on the other hand the proper waste management strategy depends on
structure of the product the way it is manufactured.

Considering the importance of BOL, in this paper we invetigate the potential
influences of MC on environmental and social sustainability during the beginning of
life. In particular the impact factors are identified within the three phases of design,
manufacturing and distribution. It should be noticed that the impact factors include
both positive and negative ones considering that while some aspects of MC can be
beneficial for sustainability, there are some other aspects which might affect
negatively the environmental and social performance.

2.1  Impact Factors in the Design Phase

In the context of Mass Customization, the approach to product design differs rather
strongly from the design of mass produced goods: the strategy of MC aims at integrat-
ing the customer throughout all phases of the PLC and thus includes a strong firm-
customer-collaboration during the design phase. This process of co-designing prod-
ucts enables the customers to articulate their individual needs and specifications for
the respective product [10]. The involvement of the customer in the design phase
potentially enhances social and environmental aspects of sustainability: from a social
perspective, this early integration of customers may enable a better consideration of
the functional needs of specific interest groups such as elderly users or disabled peo-



ple, etc. From an environmental perspective, the collaboration with customers in the
design phase bears two major impact factors: firstly, being part of the product config-
uration process provides customers with a learning opportunity concerning the envi-
ronmental impacts of their feature selection and thus increases the customer aware-
ness of environmental sustainability [11]. Consequently, providing customers with
enough information on the environmental impact of certain product attributes during
the co-design process can help the users to understand the sustainability impact of
their individual choices and thus ultimately supports the design of more eco-friendly
products. Secondly, the integration of customers in the design phase, protects manu-
facturers from implementing an excessive feature load in their products: The co-
design process helps to select product attributes, which are strongly aligned with the
specific customer needs in a respective market. Subsequently, co-designing with cus-
tomers helps MC companies to manufacture only such products that are needed and
requested by the customers and thereby avoids wasting resources for the integration
of unnecessary product features [11].

Beside the co-design process itself, the aspect of modularity has to be considered in
the context of the product design phase. MC products are usually characterized by the
use of modular product architectures, as modularity serves as one of the main opera-
tional enablers of Mass Customization. A modular architecture enables manufacturers
to produce a large number of varieties by using different combinations of product
modules. That way, modularity allows manufacturers to benefit from economies of
scale and reductions in production lead-time, even though mass customization typical-
ly requires firms to reduce lot sizes and standardization [12]. However, besides this
large economic benefit of modularity, the use of modular product architectures also
carries environmental implications: whereas a modular product might be more envi-
ronmentally-friendly in terms of maintenance and its end-of-life treatment, it carries
negative environmental impacts for the product design. Modular products are always
inferior to integrated product designs in terms of weight and performance. Hence,
more material resources are required for a product that is designed in a modular way
[13, 14].

Lastly, an additional negative effect of MC can be assumed with regard to product
design: the design phase is not only the initial stage of a product lifecycle, but can
also be regarded as an essential step in a closed-loop lifecycle that merges the BOL of
a new product with the end of life of a former product [15]. In this context, the im-
plementation of a closed-loop lifecycle can be realized more easily in a mass produc-
tion system than in the context of MC, as mass production deals with more standard-
ized products. Whereas the combination of the EOL product and the new product is
standardized in mass production, a mass customizer will be confronted with new
combinations of old and new products with every customer.

2.2 Impact Factors in the Manufacturing Phase

Typically, manufacturing companies focus on waste reduction during production,
when they pursue the issues of environmental and social sustainability for the first
time. According to the National Council of Advanced Manufacturing (2009) sustaina-
ble manufacturing refers to the “creation of manufactured products that use processes



that are non-polluting, conserve energy and natural resources, and are economically
sound and safe for employees, communities, and consumers™ [16].

Similar to the situation in the design phase, the implementation of Mass Customiza-
tion shows controversial effects on the manufacturing processes in terms of environ-
mental and social sustainability. However, it has to be noted, that the most important
environmental impact factor of MC can be observed in the context of manufacturing:
most MC companies operate a so-called X-to-order fulfillment strategy. This means
that products are produced only after a respective order has been received from the
customer. This approach prevents overproduction, as only those goods are manufac-
tured that are actually needed by the customers. This results not only in a significant
decrease of waste in terms of unwanted products, but also in a much lower level of
energy consumption for the overall production. According to a 2009 estimation, 300
million pairs of shoes are over produced each year. Considering the energy required
to produce each pair of shoes, the total energy consumption to manufacture all these
unsold pairs of shoes equals 14% of the annual energy consumption of Switzerland
[17]. This study shows that Mass Customization indeed has a major beneficial impact
on sustainability in terms of manufacturing.

On the other hand — as mentioned above — there are also negative aspects to MC man-
ufacturing. For example, it has to be acknowledged that the realization of customized
goods typically consumes more energy and resources than the manufacturing of mass-
produced products. Coming back to the example of shoes, every customized pair re-
quires an individual type and cut of the leather, while for a standard pair of shoes the
same type and cut of leather can be used. In consequence, manufacturing processes
and the usage of raw material can be optimized in mass production and overall a low-
er consumption of raw materials and energy can be realized [18]. Hence, the increase
of manufacturing complexity that results from an increase in product variety leads to a
negative environmental impact of MC.

Besides these environmental aspects, the implementation of Mass Customization also
shows social impacts in the manufacturing phase: whereas the rise of mass production
has led to an increased used of offshoring of manufacturing, it can be observed that
MC oftentimes goes along with more localized manufacturing concepts. As the prod-
ucts in MC are highly customized, fast response times and local distribution channels
are of higher importance for manufacturers than in the context of mass production.
Therefore, the implementation of Mass Customization carries the beneficial social
impact factor of building and protecting a healthy, local job base.

2.3 Impact Factors in the Distribution Phase

Due to its typical x-to-order fulfillment strategies, the implementation of MC also
requires new approaches for the distribution of final products, which in turn result in
particular impacts on environmental sustainability. As in most cases of MC produc-
tion can only start after the customer order has been placed, the customer cannot di-
rectly receive the product at the point of sale. Thus — irrespective of whether the order
was placed in a store or via an online sales channel — most MC companies have to
realize home delivery for individual products. Naturally, such individual shipments of



products require additional resources in terms of packaging and energy consumption
[18, 14]. Moreover, this single batch delivery also leads to the consequence that each
product is shipped individually, instead of transporting a larger batch of products to a
store or distribution warehouse. Subsequently, a higher number of delivery operations
is needed and hence more transportation emissions have to be expected. On the other
hand, if MC was realized as an online retail business, customers do not have to travel
to a store for picking up the final product. This suggests that MC may also have a
positive environmental effect in terms of the distribution phase [18].

Additionally, the overall environmental impact of the distribution phase depends
largely on the distance between the production site and the respective customers. A
study by Kleer and Steiner, for example, shows that for a manufacturer of individual-
ized shoes the individual shipment of products from the production site in China to
the customers in Europe makes up a considerable part of the overall CO, emissions of
this specific business model [6]. However, if MC is realized in combination with a
localized production — for example in the form of so called micro factories [39] — the
negative environmental effect of individual distribution can be strongly mitigated. In
such a case, the distribution distance could be reduced significantly and would result
in lower energy consumption and less emissions during the distribution phase [20].

Lastly, the impact of reverse logistics is a critical point with regard to the distribution
phase. Generally speaking, MC companies enjoy a less complicated distribution sys-
tem in terms of reverse logistics: as MC products are tailored to the specific needs of
individual customers, it is rather difficult to apply a return policy for these products.
The lack of such a return policy has its own controversial impacts in terms of envi-
ronmental sustainability: on one hand, companies do not have to deal with reverse
logistics, as customers cannot return the goods. This significantly reduces the level of
energy consumption and transportation emissions. On the other hand, the lack of a
return policy could also result in an increase in the level of waste: a customized prod-
uct that does not meet the expectations of the customer, for whom it was customized,
will most likely be disposed without being used, because it simply is not compatible
with the needs of any other customer. This limitation towards re-use of the product
may thus be regarded as a negative impact that results from the specific role of re-
verse logistics in mass customization.

3 Conclusion

Mass customization is mainly recognized as strategy to fulfill the individual needs of
the customers in an efficient manner. The increasing interest of customers in in-
volvement in the design phase and creating a customized product has made MC a
proper business model and an attractive trend for many companies. Nevertheless for
most companies, specially manufacturing companies, it is not the only trend to be
followed. The increasing importance of sustainability both among customers and
governments has pinpointed it as a critical point of attention for manufacturing com-
panies including MC firms. In this paper we try to target this topic by having a closer
look to the concept of Mass Customization from the sustainability point of view, both
environmental and social. The paper tries to discover the potential interdependencies



between MC and sustainability and eventually explore the environmental and social
impacts of Mass customization. Following the product lifecycle management ap-
proach, the study is particularly focused on the beginning of life of MC products con-
sisting of three main stages namely, design, manufacturing, and distribution.

The analysis reveals that while in some aspects MC can act as a positive driving force
for sustainability, in some another aspects it could cause challenges for sustainability.
For instance, from an environmental point of view, the modular architecture of a MC
product can be seen as a significant positive driver for sustainability positive impact
factor for sustainability due to facilitating of disassembly and therefore implementa-
tion of sustainable waste management strategies such as re-manufacturing and re-
design at the end of the life of the product. However, from a different perspective, the
customized nature of MC products makes them very single customer oriented and
approximately impossible to be re-used by another customer. The elimination of re-
using as a proper waste management strategy at the EOL phase, would lead to an
increase in waste and a shorter lifespan of the MC products.

On the other hand, from a social perspective MC seems to be a more a positive driv-
ing force. Thanks to the co-design process, the strategy benefits customers, especially
those with special needs (i.e. disabled customers), through providing them with prod-
ucts which are designed to satisfy their specific requirements in terms of function,
performance or aesthetic. Meanwhile it would result in creation of more local jobs.
Consequently, it is not possible to label Mass Customization as a sustainable or non-
sustainable strategy. The environmental and social impacts of Mass Customization
mark it as a bilateral business model. In fact, the challenge for the MC enterprise is to
realize the trade-off and try to implement MC in a more sustainable manner.
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