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Abstract

Nowadays more and more companies pursuit massnoizstioon (MC)—the provision
of high product variety and customization with giemal performance levels that are
comparable to those of a mass producer—in combmatith green management (GM)—
the integration of environmental sustainabilityngiples into the business. Both the
pursuit of MC and that of GM cost companies a gdeal of effort and, when MC and
GM have to be combined, this represents a condiiechallenge for the organization.
However, literature still lacks studies that sugdesw to reduce the costs of dealing
with such a combined challenge. To narrow thisaede gap, the present dissertation
investigates whether complementarities betweennmzgtonal capabilities supporting
MC and organizational capabilities supporting GMsexand why. To that purpose, a
longitudinal case study has been conducted in aufaaturing organization that
succeeded in developing both capabilities for M@ eapabilities for GM. The findings
of this study indicate that complementarities betwéhose capabilities exist and result
in sub-additive costs for the organization. Some tledse complementarities are
symmetric, since the capabilities involved in te&ationship equally complement each
other. Other complementarities are asymmetric, las development of certain
capabilities for MC alleviates the cost of devetgpcertain capabilities for GM but not
vice versa. Collectively, these results improve ounderstanding of the
interrelationships between the economic sustaitypbdchieved through MC, and the
environmental sustainability, achieved through Gi¥lpusinesses operating in highly
competitive industries whose customers ask for Ipigiduct customization. Moreover,
the finding of asymmetric complementarities suggésat, in such contexts, companies
should first focus on developing certain capaleditior MC before embarking in the

pursuit of GM.



Sommario

Sempre piu aziende perseguonontass customizatiofMC), cioé la fornitura di
prodotti in elevata varieta con prestazioni opeeatparagonabili a quelle di un
produttore di massa, in combinazione con la gestiambientale del loro business
(GM), cioe lintegrazione dei principi di sosterditd ambientale all'interno delle
attivita aziendali. Il perseguimento della MC e lueéella GM richiedono ciascuno un
grande sforzo da parte di un’organizzazione, e Zeenale che devono combinare
insieme MC e GM si trovano ad affrontare una stidasiderevole. Sfortunatamente in
letteratura non vi sono studi che suggeriscono codchere il costo di affrontare tale
sfida. Per contribuire a colmare questa lacunadetteratura, la presente tesi indaga se
esistano complementarieta tra competenze orgaivezali supporto alla MC e
competenze organizzative di supporto alla GM e,casb esistano, quali ne siano le
ragioni. A tal fine, e stato condotto un caso didgi longitudinale in un’azienda
manifatturiera che ha sviluppato, con successopetenze organizzative sia di MC sia
di GM. I risultati di questo studio indicano chengq@ementarieta tra tali competenze
esistono e sono la fonte di costi sub-additivi perazienda impegnata nel
perseguimento sia della MC sia della GM. Alcunegdeste complementarieta sono
simmetriche, poiché le competenze coinvolte naetlazione sono complementari in
modo vicendevole. Altre sono asimmetriche, in qadatsviluppo di certe competenze
di MC allevia i costi di sviluppare competenze dMGma non viceversa. Nel
complesso questi risultati aumentano la compreesidelle interrelazioni tra la
sostenibilita economica di un business, ottenuti@warso MC, e la sua sostenibilita
ambientale, ottenuta attraverso GM, in un settaratterizzato da elevata competizione
e bisogni del mercato molto eterogenei. In aggiuntadentificazione di
complementarieta di tipo asimmetrico suggerisce lehaziende operanti in un tale
contesto dovrebbero focalizzarsi sullo sviluppocdite competenze di MC prima di
imbarcarsi nel perseguimento della GM.



Introduction

Two increasingly important trends are reshaping ¢benpetitive environment in a
growing number of industries. On the one hand,oaspetition increases and customers
become more assertive, many firms are providinghdrigproduct variety and
customization with operational performance levéiattare comparable to those of a
mass producer. The ability to provide high produatiety and customization with
operational performance levels that are compartblthose of a mass producer has
been named in literature as mass customization (@@yis, 1987; Pine, 1993; Tu et
al., 2001). On the other hand, many companies, gujshy regulatory pressure and
stakeholders’ environmental consciousness, ar@asangly integrating environmental
sustainability principles into their businesses.e Timtegration of environmental
sustainability principles into businesses has beeamed in literature as
environmental/green management (GM) (Gupta, 1998gef and Klassen, 1999;
Seuring, 2010). In industries where customers aseréive, competition is high and
companies’ environmental footprints are consideralbhe two trends can both be
observed and, consequently, more and more firmsadays are pushed to adopt MC

and GM in conjunction.

Academe has promptly reacted to the growing impodaof MC and GM for the
business community, multiplying the research itiites on these two topics (Sarkis et
al., 2011; Fogliatto et al., 2012). Previous resleahowever, has typically focused on
either MC or GM, without addressing their possiiolerrelations. The only exceptions
are a few, very recent and mostly analytical s&idrehich essentially suggest that the
pursuit of MC has some intrinsic advantages (Chih @mithwick, 2009; Nielsen et al.,
2011; Pedrazzoli et al., 2011; Petersen et al.120dnd also some disadvantages
(Petersen et al., 2011) from an environmental pointiew. However, none of these

works address the relationships between MC and @Nlavfocus on the role of



organizational capabilities, despite the fact thath the pursuit of MC and the pursuit
of GM require that an organization possess ceftmdamental capabilities (e.g. Hart,
1995; Salvador et al., 2009).

This work aims to narrow such a research gap bgstgating the existence of
complementarity between organizational capabilisiggporting MC and organizational
capabilities supporting GM, where an organizatiogapability is meant as the
replicable capacity to bring about an intendedoactising organizational resources
(Grant, 1996). This focus on complementarity isellasn the observation that the ease
of building one capability, or its effect on firmefformance, increase with the level of
another capability when this is its complement €Bee986; Dierickx and Cool, 1989).
The study of complementarities is therefore valedd@cause they are a way for firms to
increase their efficiency and effectiveness (Walked Ruekert, 1987; Moorman and
Slotegraaf, 1999). Complementarities among capegsilihave been investigated in
many areas, comprising R&D (Helfat, 1997; Moormand aSlotegraaf, 1999),
manufacturing (Malhotra and Mackelprang, 2012)onnfation systems (Aral and
Weill, 2007), and also GM (Christmann, 2000). Hoervno studies have to date
investigated the complementarities between capiaisiior MC and those for GM. This
research takes a first step toward filling such ap,gby conducting an in-depth
longitudinal case study in a company pursuing Bdt and GM. The results of this
work improves our understanding of the linkageswkenh economic sustainability,
achieved through MC, and environmental sustairtghbitichieved through GM, in
businesses that offer high product variety andarustation and face high levels of

competition.

The remainder of this dissertation is organizedodlews. Chapter 1 presents the
review of the relevant literature. Then, in Chaj@el describe the method deployed for
this work, presenting the case company, the dallection procedure and the data
analysis process. Chapter 3, which reports theltsestithe research, is organized in
three parts: namely, the description of the MC bdjies developed by the case
company, the description of the GM capabilitiest theere also developed, and the

presentation of a number of complementarities betvibese two sets of capabilities,



with the development of corresponding propositidfigally, Chapter 4 discusses the
theoretical contributions of the study, while Claapb presents the conclusions, the

limitations and the associated directions for fetrgsearch.






Literature review

cHAPTER]

Literature review

The literature review chapter is organized in fparts. Sections 1 and 2 give an
overview of previous research on the concepts ghameational capability and of
complementarity, respectively. Section 3 reviewse thelatively recent and
underdeveloped stream of research on the orgamiedtcapabilities supporting MC.
Then, Section 4 presents the larger body of liteeabn the organizational capabilities
supporting GM. Finally, Section 5 presents the ltssaf the few studies addressing the
linkage between MC and GM.

1.1 Organizational capabilities

An organizational capability is defined as the iegllle capacity to bring about an
intended action using organizational resources {GrEO96). Resources are stocks of
available factors of production that are possedsgdhe organization (Amit and
Schoemaker, 1993), such as financial resourcessigdlyresources, human resources
(Grant, 1991). While these resources or factortmpan be available to most firms, the
capability to use them to achieve a desired embisuniformly distributed (Ethiraj et
al., 2005). Deploying organizational resources,egaify in combination, to obtain an
intended result requires creating and managing t®mpatterns of coordination
activities embedded in the firm’s processes (Tescal., 1997). The complexity and
embeddedness of such underlying coordination #&etvimake capabilities hard to
observe for people outside the organization, eaflfgavhen they are numerous or when
they deploy intangible resources such as brandtagpn (Godfrey and Hill, 1995;
Zander and Kogut, 1995; Armstrong and Shimizu, 2007



Literature has long been investigating the microftation of capabilities, that is,
which their key underlying components are (e.g.t®et al., 2003; Peng et al., 2008;
Felin et al., 2012). In particular, many studieasider capabilities as being made up of
a number of interacting routines (Nelson and Wint®&82; Grant, 1991; Collis, 1994,
Winter, 2000; Salvato and Rerup, 2011), where nestiare defined as repetitive
patterns of interdependent organizational actiddgs( et al., 2008; Parmigiani and
Howard-Grenville, 2011). These recurrent patternse avhat constitute the
organizational knowledge of how to repeatedly oigama number of independent
factors of production for the organization to obtai desired outcome (Grant, 1991;
Abell et al., 2008). For example, the capabilitydevelop a new product is made up of
several recurrent patterns of interdependent #&etviinvolving many resources
(Salvato, 2009): periodic meetings bring togeth#&eknt employees, the creation of a
prototype brings together several people, instrusand technologies, etc. Capabilities
and routines are somewhat similar in that bothrtlesercise is largely repetitious
(Salvato and Rerup, 2011). However, they are tvatirgit concepts, as capabilities
generally have larger scale: namely, they usuattjude more than one routine (Winter,
2000; Salvato and Rerup, 2011). Moreover, the obtevers and the intended effects
of the capabilities possessed by an organizatiom generally known by the
management (Winter, 2000). Conversely, routinesfopmed by employees can
sometimes be unknown to the management, for exanbgleause employees
misunderstand manager’s work directions and belreaa unexpected way, or because
outdated work directions are modified by employdesnselves in highly empowered
contexts (Pentland and Feldman, 2005). Figure Iludtrates the relationship between
resources, routines and capabilities.

To conclude, a point that is worth clarifying isatithe definition of capabilities as
replicable capacity to bring about an intendedoactising organizational resources, is
typical of the strategic management literature.fddéntly, the operations strategy
literature mainly sees capabilities as “businesssumtended or realized competitive
performance or operational strengths” (Peng et 20008: 730). Coherently, works
taking this point of view, measure capabilitiesotigh indicators such as delivery time,
conformance quality or costs (e.g. Ferdows and DBeyavl 1990; Flynn and Flynn,
2004). These two conceptualizations of capabilities very different, as the strategic-
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management one focuses on the “means” or pathwagshieve an outcome, while the
operations-strategy one focuses on the outcomi¢ (&eink and Hegarty, 1998; Peng
et al., 2008).

RESOURCES

stocks of available factors that are possessed by the
organization (Amit and Schoemaker, 1993)

lusters of resources
are brought together
and organized by
routines

ROUTINES

repetitive patterns of interdependent organizational actions
(Dosi et al., 2008)

A collection of
routines creates a
capability

CAPABILITIES

replicable capacity to bring about an intended action using
organizational resources (Grant, 1996)

Figure 1.1- A framework linking resource, routine and cafigbi

adapted from Peng et al., (2008)

1.2 Complementarities in organizations

The concept of “complementarities” was originalhtroduced by Edgeworth (1881),
who defines a number of activities as complemeniadoing more of one of them

increases the returns to doing more of the othditgrom and Roberts (1994) have
subsequently modeled complementarities in formahseas the existence of positive
mixed-partial derivatives in a payoff function. dther words, complementarities occur
when the marginal returns to one variable incréiadbe levels of other variables and,
because of such synergistic effects, bundling tivesmbles together in a production
system results in an economic outcome that is grebtin the sum of the individual

contributions of the same variables taken indivilyua



In the field of strategy and organization, the ootiof complementarity gained
particular prominence after Teece’'s (1986) disarssif the role of complementary
assets in innovation, and Dierickx and Cool's (1988efinition of assets
interconnectedness. Specifically, Teece argued thabrder to increase the profits
generated by an innovation, a firm needs to acaessmber of complementary assets.
For example, distribution channels and brand namessets that enable the successful
commercialization of the innovation (Teece, 198)bsequently, Dierickx and Cool
observed that the ease of building one asset magase with the levels of another
asset, and when this happens the two assets anedief interconnected (this term is
used as a synonym of complementary, as observédiobyman and Slotegraaf, 1999).
For example, when a firm possesses an extensiveseretwork, it may be facilitated
in the new product development process, as it hagaated access to consumer
experiences and wishes (Dierickx and Cool, 1989).

Based on these seminal studies, a number of sulisequorks have addressed
complementarities by identifying organizational nreénts (resources, capabilities,
strategies...) that increase the returns an orgamizatn obtain from an asset, or that
facilitate the development of such an asset. Fetante, a culture that encourages
change is shown to increase the profitability opiementing information technology
(Powell and Dent-Micallef, 1997), and quality maeagnt capabilities are found to
decrease the cost for developing an environmengdagement system (Darnall and
Edwards, 2006).

These studies on complementarities can be clagdiised on the types of elements
investigated, which can be resources and capahilitorganizational practices and
structures, strategies, or phenomena outside gemation (Ennen and Richter, 2010).
In particular, the majority of the research to dai@s focused on resources and
capabilities (Ennen and Richter, 2010), such asdmnesources (Powell and Dent-
Micallef, 1997) or R&D capabilities (Helfat, 19973tudies on complementarities can
also be classified depending on how the complemgetaments interact, namely in an
asymmetric or in a symmetric way (Choi et al., 2008 the former case (depicted in
Figure 1.2-A), one element (Ximpacts the performance variable (Y) indepengeuit|
that is regardless of the presence of its compléangrelement (X). The role of %is to

further enhance the impact of, ¥n Y. This is equivalent to saying that Xas a direct

10
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impact on Y and Xis a moderator that enhances this impact. Thiomaf asymmetric
complementarity is coherent with Milgrom and Robe&rt(1995) observation that
complementarities can sometimes be a matter ofetbrdetween the elements in the
relationship, in that one element specifically eases the returns of the other but not
vice versa. Conversely, in the case of symmetrimpiementarities (Figure 1.2-B),
“both input variables behave in a similar manneefiiecting the performance outcome”
(Choi et al., 2008: 241). This condition implieatimot only % moderates the impact of
X1 onY, but also X moderates the impact of,Xn Y. Several examples of these two
types of complementarities can be found in litematdror instance, Powell and Dent-
Micallef (1997) illustrate the case of an asymneetomplementarity: the positive effect
of the use of information technology {Xon the firm’s financial performance (Y) is
higher when the organization develops a certaie tfpculture (%), which encourages
change and experimentation. On the other hand, Maworand Slotegraaf (1999)
provide an example of symmetric complementarityrketing capabilities (a firm's
ability to develop and maintain relationships wethstomers - X increase the positive
effect of the technology capabilities (ability @rinulate and develop new products and
related processes -,Xon product quality (Y) and technology capabittign turn,

increase the effect of the marketing capabilitieshee same performance dimension.

(A) (B)

Figure 1.2- Types of complementarity

(A) asymmetric (B) symmetric (adapted from Choakt2008: 241)

11



1.3 Mass customization capabilities

In many business environments, characterized byrégéneous customer requirements
and fierce competition, manufacturers are forcedffer customized products and
services at prices, quality and speed that are acabje to those of a mass producer.
Pine (1993: 48) defines such a “mass productiomdif/idually customized goods and
services” as mass customization (MC). The analged implementation of MC has
received growing consideration by researchers sihee late 1980s. In particular
practices and technologies that support MC haven bleegely studied (for a
comprehensive review of the literature on MC se&:Silveira et al., 2001; Fogliatto et
al., 2012).

The first authors to use the term “capability” iangunction with the tem “mass
customization” were Tu et al., (2001). They introduihe notion of mass customization
capability (MCC), defined as an organization’s i@pilto produce differentiated
products without sacrificing manufacturing costd @noduction volume and while also
being able to quickly deliver those products toividial customers (Tu et al., 2001).
Similar to the manufacturing capabilities studied the operations management
literature, this MCC is conceptualized as a contipetiperformance rather than as a
combination of resources or routines that contebitt determine such performance
(Peng et al., 2008).

Conversely, Zipkin (2001) identifies three MCCsttlzme more in line with the
“capabilities as routine-bundles” view, which tgpical of the strategic management
literature (Peng et al., 2008). These capabilitidgt is “elicitation”, “process
flexibility” and “logistics”, are related to the enproposed by Tu et al. (2001) in that
they can be thought as the means that a comparlg neeemploy for achieving Tu et
al.’s (2001) MCC. “Elicitation” capability is theapacity to identify exactly what the
customer wants, which can be hard since custonmersigelves “often have trouble
deciding what they want and then communicatingating on their decisions” (Zipkin,
2001: 82). A way to obtain such a capability iotigh the use of customer relationship
management systems that collect information abastioeners to predict their individual
wants and behaviors (Zipkin, 2001). “Process flakyd capability is the capacity to
innovate production technology to increase its iligity. This can be achieved for
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example through the adoption of numerically-comd&al manufacturing technology

(Zipkin, 2001). Finally, “logistics” capability ighe capacity to deliver the right

customized product to the right customer. This ustegdifferent from mass-market

distribution, and switching from the latter to tfemer has proved difficult for many

companies. This capability can for example be olethiby attaching bar-codes to the
products on order to associate each variant wighrélevant information needed to
produce it and deliver it (Zipkin, 2001).

Subsequently, Salvador et al. (2008; 2009), eldimgraon Zipkin’'s (2001)
capabilities, propose three capabilities that suppbe organizational movement
towards MC. The first capability is “choice naviigat’, that is the capacity to support
the customer in choosing the product, among théfeeed by the company, that best
satisfies his/her needs while minimizing the comipyeand the burden s/he perceives
during the choice. One possible approach for obtginthis capability is the
implementation of an “assortment matching” softwanetomatically matching models
of the customers’ needs with characteristics ofekisting solution space (Salvador et
al., 2009). Another capability, called “solutionase development”, is the capacity to
identify the product attributes along which custosheéeeds diverge. This capability
can be developed, for example, by providing theéarusrs with an “innovation toolkit”
where they can themselves design a solution thdégily fits their needs, including
those needs that are unsatisfied by existing pted(uon Hippel and Katz, 2002;
Salvador et al., 2009). Finally, the third capaypiltermed “robust process design”, is
the capacity to reuse or recombine existing orgditinal and value-chain resources to
fulfill a stream of differentiated customer’s nee@se way to develop this capability is
to use flexible automation, such as reprogrammabléti-functional robots (Salvador
et al., 2009). As already mentioned, these thrgmalméties build on, and expand,
Zipkin's (2001) ones. Specifically, “choice naviget’ includes Zipkin's “elicitation”
capability, as the identification of the producaths the most suitable for a customer
first requires understanding the needs and wantthaif customer. “Solution space
development” is also related to Zipkin's “eliciati’ capability, in that identifying the
product attributes along which customer’s needsaterogeneous requires the analysis
of customer’s needs data, which the company musthibe to collect. Finally “robust

process design” is an expansion of Zipkin's “precdkexibility” and “logistic”
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capabilities, as the resources that should be m&uowmble and reusable to fulfill

heterogeneous customers’ needs encompasses alathe chain, including the

company’s production technology as well as the ugsss used for the delivery of

customized products.

A summary of the MCCs introduced in this sectiomede in Table 1.1.

Table 1.1 — Review of the MC capabilities introduced in thed#ture

Author MC capability Author’s definition
Tu et al. Mass customization “ability of a firm to quickly produce
(2001) capability customized products on a large scale at a cost
comparable to non-customized products”
Zipkin Elicitation “interacting with the customer and aining
(2001) specific information”
Process flexibility “production technology thatbfacates the
product according to the information”
Logistics “processing stages and distribution thedt
able to maintain the identity of each item and
to deliver the right one to the right customer”
Salvador et  Choice navigation “supporting the customer in idgimtg their
al. (2008; own solution while minimizing complexity
2009) and the burden of choice”

Solution space
development

Robust process design

“identifying the product attributes along
which customer needs diverge”

“reusing or recombining ieg st
organizational and value-chain resources to
fulfill a stream of differentiated customer
needs”

1.4 Green management capabilities

Companies nowadays are not only expected to b@megpe to their shareholders but

to society in general, matching their economic dimhncial results with the

minimization of ecological footprints and increaseadtention to social aspects

(McWilliams and Siegel, 2001). This attention te thell-being of society is reflected

in the concept of social responsibility, defined “dsscretionary corporate activity

intended to further social welfare” (Barnett, 20085). Corporate social responsibility
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is a theme that has gained large prominence ineati@dresearch in recent times; in
particular, large attention has been paid to thesgmvation of the environment (Russo
and Fouts, 1997). The integration of environmemstadtainability principles into a

company’s business has been termed Green Managé@idytand it is a concept that

emerged in 1990s (Lee, 2009). It was during thatde that the term “eco-efficiency”

was coined and that organizations started to lawkifinovative ways to improve

materials use and production systems (Pane Hadaln 2009). “Green organizations”

are those that have achieved a full integratiorerofironmental initiatives into their

goals and strategies, achieving in turn advantasgeh as lower costs, increased
innovation, or higher reputation (Porter and vanldede, 1995).

In recent years, management scholars have becomieufzly interested in the
organizational capabilities that underlie GM. H@I®95), in his seminal article, first
introduced the idea the firm’s pursuit of GM is ted in a set of valuable organizational
capabilities, which | term green/environmental ngeemaent capabilities (GMCs) in line
with previous literature (Lee and Klassen, 2008;n¢/et al., 2012). Specifically, the
GMCs he identified are “product stewardship”, “paibn prevention” and “sustainable
development”. “Product stewardship” aims at minimgg the product environmental
impact through the inclusion of life-cycle-analydigring the new product development
(NPD) process. “Pollution prevention” aims at imoentally reducing emissions,
effluents and waste caused by the organizationrbggtively eliminating the sources of
such pollution rather than by controlling it withdeof-pipe technologies. Finally,
“sustainable development” pursues long-term orgdimnal commitment towards
social-environmental sustainability.

Many subsequent studies in the strategic managelenature have built on these
capabilities to understand their possible antedsdamd/or consequences on the firm’s
economic performance. For example, Russo and HA®87) analyze the positive
effect of “pollution prevention” on the company’sofitability, and find that the rate of
industry growth positively moderates this relatioips Marcus and Geffen (1998) find
that government and markets are two main forcesditnge and enable the acquisition
of “pollution prevention” capability. Judge and Dybas (1998) suggest that, in order to
develop Hart’'s capabilities, a firms should alsorehdhe capability of “integrating

environmental issues into the strategic plannirar@ss”. De Bakker and Nijhof (2002)
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also analyze how an organization can shape Haiganizational capabilities, and they
propose repeated cycles of conceptualization angdlemmentation activities that

transform external stakeholders’ expectations internal capacities. Finally, Aragon-
Correa and Sharma (2003) see Hart's three capebibiis the basis for a higher-level
capability, termed “proactive environmental strgted he impact of this capability on

the firm’s competitive advantage is found to depenca number of contextual factors:
for example, the complexity of the general busine$sengthens this positive

relationship, while decision response uncertaimhegnt as the inability or risk in

predicting the consequences of individual decigioreakens it.

The concept of organizational capability supportéig has also been adopted in the
operations and supply chain management field, aathobvious focus on operational
and supply chain processes. Bowen et al. (2001)ekample, propose the “green
supply” capability, defined as the capacity to ngenéhe supply chain to improve the
environmental performance of purchased inputs dhefsuppliers that provide them.
Miemczyk (2008), conversely, focus on downstreampu chain operations, and
identify the organizational capabilities needegupport the product recovery at the end
of its life. Similarly, Wong et al. (2012) introdeicthe capacity of “process
stewardship”, focusing on the efficient use of mate and resources along the
downstream supply chain. Instead, Bremmers et2809) take a holistic view of the
supply chain, and propose the capability of “enwmnental information and
communication”. This includes the communication thle firm’'s environmental
performance to a variety of external stakeholdansl the exchange of information in
the entire supply network to reduce the produat-dijcle impact. An even more
comprehensive approach to GM is finally taken l®ywork of Lee and Klassen (2008),
proposing five GMCs that span not only operations évery area of the company
where environmental practices can be implementbd: NPD process (“product
environmental management” capability—cf. Table ,1.Zhe production and
manufacturing process (“process environmental mamagt” capability—cf. Table 1.2),
other daily business routines (“organization enuinental management” capability—cf.
Table 1.2), supply chain management (“supply chamvironmental management”
capability—cf. Table 1.2) and the communication hwiexternal stakeholders

(“relationship environmental management” capab#ify Table 1.2).
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All the aforementioned capabilities have a cleaviremmental purpose, stated in
their definition. In addition to such GMCs, the eehnt literature discusses other
capabilities that are of support to GM but do navdrsuch a deliberate environmental
purpose. Accordingly, those capabilities can bensag complementary assets for
GMCs, rather than actual GMCs, and are not includgdblel.2. For example, Sharma
and Vredenburg (1998) identify the capabilitiesstikeholder integration” (capacity to
develop trust-based collaborative relationships hwitakeholders), “continuous
innovation” (capacity to continuously generate i@an of innovations) and “higher
order learning” (capacity to develop new undersiaggl of surrounding events in order
to interpret new and existing information in a diffnt way). These three organizational
capabilities are found by the authors to give ingoar competitive benefits to
companies pursuing “green” strategies, for exarbglallowing firms to improve green
reputations. However, these capabilities do notehav explicit and primary “green”
purpose. Other examples are the organizationalbdéps proposed by Hofman et al.
(2012) (namely, advanced technological expertisest gxperiences with inter-firm
relations and capacity for product innovation) loe tcapabilities proposed by Beske
(2012) (including supply chain partner developmemd supply chain control).
Unfortunately, none of these works presenting cemgintary capabilities to GMCs,

shades light on the possible complementary roM@©Cs.
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Table 1.2 — Review of GM capabilities introduced in the litena

natural

Author GM capability Author’s definition
Hart (1995)  Product stewardship  “integrating the "voice of @amment"”... into
product design and development processes”
Pollution prevention  “emissions and effluents aéuced, changed,
or prevented through better house-keeping,
material substitution, recycling, or process
innovation”
Sustainable “effort... to sever the negative links between
development environment and economic activity in the
developing countries of the South”
Judge and Integrating the “capability to incorporate issues related to the
Douglas natural environment environment into the strategic planning
(1998) into strategic process”
planning
Bowen etal. Green supply “supply management activities thate ar
(2001) attempts to improve the environmental
performance of purchased inputs, or of the
suppliers that provide them”
Aragon- Proactive dynamic capability to “manage the interface
Correaand  environmental between a business and its
Sharma capability environment”
(2003)
Lee and Product “providing green products to the customer
Klassen environmental through environmental practices in a New
(2008) management Product Development process”
Process “sustaining cleaner production and
environmental manufacturing processes that meet or exceed
management expectations”

Organization
environmental
management

Supply chain
environmental
management

Relationship
environmental
management

“integrating environmental issues into daily
business routines by building an environmental
management system”

“motivating suppliers to be environmentally
responsible and to reduce the environmental
burdens caused by logistics”

“sustaining environmentally sound
relationships with external stakeholders
through various communication methods”
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Table 1.2 Continued

Author GM capability Author’s definition
Miemczyk, Product recovery the capabilities that support product recovery
(2008) capabilities “the aim of which is to reduce the impact of
products on the natural environment at the end
of their life”
Bremmers et Process-oriented “respond to external environmental demands
al. (2009) environmental by providing and transferring information on
information and the use of inputs, the firm’s environmental
communication organization and the level of emissions”
Product-oriented “exchanging information in a network to
environmental achieve cleaner production goals and
information and fundamentally change the impact of
communication (organizational) products along the product
life-cycle”

Wong et al. Product stewardship  “reducing environmental burdéh less use

(2012) of hazardous and nonrenewable materials in
products development, considering the
environmental impact in product design,
packaging, and material used”

Process stewardship  “reducing adverse environmenpact in the
processes ranging from production,
distribution, to end-of-life product
management”

1.5 Mass customization and green management

The studies investigating the linkage between M@ &M are few, very recent and
most of them are conference papers reporting pirgdim results of ongoing researches.
These works typically consider a few, widely ackfenwged MC enablers, such as
product modularity or postponement, to conceptuedgmine their effects, if any, on
the firm’s environmental performance. Nielsen et(2011), for example, suggest that
product modularity reduces the life-cycle enviromtaé impact of customized goods
because the increased similarity in the productiechnology used to fulfill

heterogeneous customer's needs has a positive immacenergy and resource
consumption owing to higher potential for optimgirprocesses. Badurdeen and
Liyanage (2011), in turn, point to the environmérianefits of postponing product
differentiation until customer order receipt, whi&iminates the risk of having
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inventories of obsolete products and, thereforduces waste. In another conceptual
paper, Petersen et al. (2011) argue that MC ermlrery have both positive and
negative effects on the firm’s environmental perfance, depending on the specific
type of product. In this vein, the works by Peddizet al. (2011) and Chin and
Smithwick (2009) examine the specific cases ofpeesvely, footwear and men’s dress
shirt. They investigate (partly with hypotheticalatd) whether producing and
distributing these products accordingly to the M&galigm is less or more sustainable
than doing that under the paradigm of mass produoctivhat they find is that, in both
cases, mass customization enablers, such as diedoery, lead to lower overall
consumption of energy and resources.

None of the abovementioned works, however, addhesselationships between MC
and GM with a focus on organizational capabilieeen if the latter ones are recognized
as being fundamental to the successful pursuit 6fad of GM. Moreover, a study of
the complementarities between MC and GM is stdkiag, even if this could provide
indications to companies on how to reduce the &ffagquired to pursuit both MC and
GM. To address this gap, this study joins the stred literature that investigates
complementarities between capabilities (Ennen aimcht®, 2010), by specifically
addressing the following research question: whiah tae complementarities (if any)

between MCCs and GMCs, and why do such complemgesagxist?
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CHAPTERZ

Methodology

An exploratory case study was conducted to ansiweerdsearch question motivated in
the previous chapter. Case study was consideradthulf strategy for this work, given
the early stage of the research on the topic (Edismm and McManus, 2007). Case
studies are also particularly suited for understamdhe “how” and the “why” behind
relationships (Yin, 2009), aspects which are oénest in this research. Finally, case
study research, when also relying on direct obsenvais particularly useful for
studying organizational routines (Cohen et al.,@)9%hich | consider as a constituent
part of capabilities, in line with the literatureegented in Section 1.1.

In particular, | conducted a longitudinal case gtudthich has the potential for
increasing the internal validity of results by faating the identification of cause-effect
relationships (Leonard-Barton, 1990). It additidpaklieves the risk that participants
do not recall relevant events or that their rectibe is subject to bias (Voss et al.,
2002). However, while offering these important ateges, longitudinal case studies
are also very time and resources consuming (Ams&iid Karlsson, 2009), and due to
resource constraints this work is based on a scage study.

Consistent with previous studies on organizati@agiabilities (Lockett et al., 2009),
the chosen level of analysis is the business asitlifferent business units may have
different capabilities. The theoretical proposisaterived in this work will coherently
concern the existence of complementarities betwagpabilities at that level of analysis.

The case was selected following the “extreme sdonatdecision rule (Pettigrew,
1990: 275): to limit the shortcomings of havingynhe case, it is important to choose
a situation where the phenomena of interest aree rikely to be clearly observable.

The chosen case provided such an opportunity becausas far from having high
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MCCs and GMCs but was strongly committed to devielggpoth MCCs and GMCs.
Such commitment was expected to make it more likelybserve complementarities, if
any, between MCCs and GMCs.

2.1 Setting

The study was conducted over a period of 36 moifitbisy the middle of 2008 until the

middle of 2011, in a large manufacturing firm operg in the vehicle wash equipment
sector. This industry dates back to the year ofiwaention, and it gradually gained
prominence as worldwide legislation started to tlithe possibility to wash vehicles in
uncontrolled environments, where hydrocarbons and oan contaminate the

environment. Competition in this industry is highs at least six multinational

companies (in addition to a number of regional poails) compete in the market with
similar products. The world’s leading producer idaege German company, whose
products are characterized by high technological$eand highly competitive prices.
The company selected for this study is anotheelangltinational player in this sector.
It has been producing, for over 50 years, washmgpenent for every type of vehicle:

cars, buses, tankers, trains, streetcars, undergroains and military vehicles. The
company has approximately a total of 300 employeean average production of 1100
washing systems per year. It is present with angtmistribution network in over 60

countries, with agents in Europe, North and SoutheAca, the Middle East, North

Africa, Australia, and Indochina. The company isawned for the high degree of
product customization it can provide to its custesmeffering a complete service from
the design of the product up until its final ink&&bn and start-up.

The business unit that was selected for this stisdyhe car-wash unit (150
employees, 35 million euro of sales), producindor@r units, conveyors and self-

service units for different type of customers, véne described in Table 2.1.
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Table 2.1 — Different type of customers

Type of Description
customer
C These customers are dealers of various car manouéast
ar Dealers N : : o
Aesthetics is an important factor when choosingag so it is
important that vehicles for sale are clean and melintained. For
this purpose car dealers do not need a product mdtherous
functionalities or with a particularly appealingstn.
C : Many oil companies include car washing equipmentthair
ar service- . . . "
stations service-stations in addition to the fuel pumps. Seheustomers
ask for a large variety of product functionalitiasd normally ask
for personalized looking of the product (logo amdbcs of the oil
company). Other customers in this category arepedédent car
service stations that switch from a manual waskienyice to an
automated system.
Privates It includes private customers that own a car fleed car park

operators, who are interested in purchasing a patsmar wash
system. These customers normally ask for basicugtedwith
high quality/price ratio.

At the beginning of the observation, the high degoé product customization was
provided to the customers at the expense of opetperformance. Since customers
often asked for products that were not includedtha company’s pre-engineered
solution space, the organization had to satisfgeh®quests according to an engineer-
to-order approach, with subsequent negative imipidica on delivery lead-times, costs
and also quality. Moreover, given the low pricefeddd by some of the competitors,
customers were generally unwilling to pay high @rmpremium for such customization
and higher costs resulted in decreased marginthécompany. In 2008 new owners
took over the company, changed part of its top mament and initiated a number of
activities to address the worsening operationalfopmance and the decreasing
profitability of the business. The new owners arahagement were well conscious that
it was necessary to develop organizational capegsilof support to the pursuit of MC.
For this purpose, between the middle of 2008 arw likginning of 2009, they
formalized an ambitious project including the admptof a product configurator, the
reorganization of the inventory management and ywoton planning and control
systems, the redefinition of the production cyades layout and the adjustment of the

NPD process to make it more coherent with a MQejra
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At the beginning of the study the organization waso scarcely considering
environmental issues, even though the businessciasacterized by high resource
consumption (water, energy, chemicals) and potinsavere water and land pollution
during product use. Competitors were similarly Beghg environmental issues, except
for some cases of ISO 14000 certification or oasganels use in production plants.
Starting from 2008, the new ownership and top meamant decided to try to revitalize
the brand and to differentiate it from competitdtwough the development of
capabilities of support to GM. Accordingly, in ga@009, the company’s mission and
vision were formally aligned with this objective catthe top management of the car
wash unit chose to apply for an Environmental PobdDeclaration (EPD - the
certification process is summarized in Figure 2ot)the envisioned new products as a
concrete way to implement the new strategy in theisiness unit. | considered this
choice as a sign of true dedication to environmieisgues, since EPD offers more
transparency, quantification, and verification ampared to the other standards, labels

or certifications concerning GM (Skaar and Fet,201

Consider available PCRs and prepare PCR document

Identify the Product Category Rules (PCRs) forghaduct groups of interest. If a PCR does not drist
that product category, this has to be preparechppdoved.

Collecting LCA-data to be included in the EPD

When creating an EPD, the environmental performarfi¢tbe product/service shall be described frorifiea |
cycle-based perspective.

4

Compiling environmental information into the EPD reporting format

The format for reporting LCA based and other infation in the EPD is described in the relevant PCR.

2

Verification

The underlying data, the data handling and the BRBsubject for an independent verification.

N4

Registration

Registration of EPDs into the international EPD®egs

Figure 2.1 — The EPD process (Source of the information::Hitvw.environdec.com/)
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2.2 Research protocol and data collection

To discover linkages among organizational conssrudten significant organizational
change is occurring, it is necessary to collech ddtout variations in the level of those
constructs (Ahlstrém and Karlsson, 2009). Accorblintp study the complementarities
among the MCCs and the GMCs being developed bycts® company, it was
fundamental to collect data about the variationsthe level of those capabilities.
However, since capabilities (defined as the repleacapacity to bring about an
intended action using organizational resources ((GrE996)) are difficult to observe
(see Chapter 1.1), | chose to join the streamtefdiure that considers routines as the
operationalizations (Peng et al., 2008) or “buiddiblocks” (Dosi et al., 2008) of
organizational capabilities. Therefore, in thisdstuhe variations in the level of the
capabilities of interest were measured by the tiania in their underlying routines.
Coherent with the terminology used in longitudisaldies, | termed the variations in
the levels of capabilities as events, and variatiom their underlying routines as
incidents (Van de Ven and Poole, 1990). Eventscareeptual constructs that are not
directly observable, as is the case of organizaticapabilities, while incidents are the
empirical indicators that can be observed in liéwewents (Van de Ven and Poole,
1990), as is the case of routines. In other wardsdents are the empirical indicators
that an event has happened and, on the other esigats are conceptual constructs
explaining the pattern of incidents that are ermoplty observed.

Data on incidents were collected through multipletimds, in order to triangulate
the information obtained by accessing differenbinfants and sources (Huber and
Power, 1985). A free access to relevant data wasitdééed by the established
relationship between one of my supervisors andcthr@pany, which helped me to
overcome one of the major obstacles in case stuttiasis, the fact that organizations
tend to hide their inner functioning to the extémiaservers (Sofer, 1961).

First of all, I conducted qualitative interviewstkvithe managers (Van Maanen,
1979) who were knowledgeable of fundamental prasesasd functional areas for MC
and GM: namely, the operations manager, the R&Dagan the information systems
manager, the managing director and the sales man8gee the company had a

functional structure, different parts of the samrecpsses were owned by different
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managers. This allowed me to compare multiple gadfitview about the same incident,
when this affected several parts of the organimatior example, the data about the
newly established inter-functional meetings for NRBre gathered from the managing
director, the R&D manager and the operations manaiges allowing the comparison
on multiple points of view of the same fact. Secohtelied on the field notes that |
collected over the period of observation duringutagvisits to the company (at least
once in a month), recording as accurately as plesie actions as they occurred (Van
Maanen, 1979). For example, some data about the &dfification process were
recorded based on the direct observation of thegso

Many useful data also emerged from interaction \\atker-level employees such as
IT personnel, assembly line operators and purcggsensonnel. Informal conversations
with personnel at lower levels of the firm’s hierfay improved my understanding of
organizational capabilities. This is because tlseueces used by the routines making up
a capability can belong not only to several funtsiobut also to several organizational
levels (Day, 1994). As lower-level resources angtines underlying capabilities can
sometimes be less visible to managers than to levet employees (Winter, 2000), it
was important to complement managers’ point of weith data gathered from lower-
level employees. However, the latter were not en@ry source of data as they are often
unconscious of the goals they contribute to ach{ege which organizational capability
they contribute to deploy) when using resourcestmen executing routines.

Finally, the organization made a very large amairocuments available, so that it
was possible for me to triangulate and completeddwa obtained from the periodic
interviews (Scandura and Williams, 2000). For exinmeeting reports were looked
through in order to obtain evidence of managemigions regarding MC and GM, and
process maps or plant layouts were examined inr @éodgain evidence about the main
routines underlying NPD, order acquisition etc. Tbempany website was also
analyzed to collect additional information aboute trtompany’s history and
communications to stakeholders.

The interview protocol consisted of two differemdis of qualitative interviews that
were carried out for this case study. These ingavsirequired approximately 50 hours
of meetings with the key informants, which wereed@nd subsequently transcribed,
during periodical visits between middle 2008 andddte 2011. The first kind of
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interviews consisted in the unstructured narratioy,the respondents, of what was
enabling the organization to improve its abilitygmvide high product variety to the
market in a quasi-mass production way, and of wes allowing the organization to
manage its business more environmentally. In thés/,wnformants were used as
surrogate observers (Scott, 1965). This approacdh ime with previous attempts to
measure organizational capabilities: by relyingioepth field interviews, one can
hope to capture some of the richness and compléxatyis fundamental to a concept
intrinsically difficult to measure, such as thatafjanizational capability (Henderson
and Cockburn, 1994).

The second kind of interviews, which were carried im alternation with the first
ones, consisted in semi-structured interviews. Thén was to periodically collect
incidents in a more systematic and comprehensivg Wwalping me to control and
complete the understanding gained from the unstredtinterviews, whose respondents
could overlook important themes, and from the otbata sources. During semi-
structured interviews, | asked the respondents detailed information about a
predefined list of capabilities (both MCCs and GNCrnhis list was initially obtained
based on the literature review, and was expandeidglthe case study: before each
semi-structured interview, | preliminary analyzée@ tata collected until that moment
(see the Data Analysis section), and | dynamicatljisted the interview protocol if a
new, relevant capability had emerged from the amlyThis iterative and constant
comparison between data and constructs helped roerteergence on well-measured
constructs (Eisenhardt, 1989).

2.3 Data analysis

The data collection phase produced a very largeuamof data (270 pages of
interviews transcriptions, over 1100 pages of notewl documents), which is
“paradoxically both the strength and the weakndshe in-depth longitudinal study”
(Leonard-Barton, 1990:255). For this reason, fadicularly important to follow a data
analysis process that allows reducing large amaintlata without obscuring the

relationships the researchers wish to discern.
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First of all, during the data collection phase,eripdically reviewed the collected
material and typed it up as a case narrative, ggestied by literature on longitudinal
case studies (Pettigrew, 1990; Ahlstrom and Karlss2009). The narrative was
basically a compilation of all the relevant datgameling the organizational pursuit of
MC and GM, reported in chronological order in twacdments, which were extended
as more information was progressively collected.

Then, | followed theprocedure proposed by Van de Ven and Poole (1990) f
incident coding. First of all, the two narrativecdonents were decomposed into basic
elements of information: the incidents. | identifias incidents all the changes in the
way things (pertaining to MC and GM) were routinalgne in the organization.
Conversely, ad-hoc problem solving or one-timevéatis were discarded, in line with
Winter (2003) discussion of what constitutes a irmut Consider for example the

following two pieces of narrative:

“In early 2009, the new operations manager compuletee creation of an
assembly manual, describing all the possible a@iwithat assembly line
operators may have to perform, including which rimstents they have to use
for each activity. The assembly line supervisoterathe adoption of the
manual, started to monitor the operators and carrdee behavior of | the

employees not respecting the standard procedures...”

“The idea of the top management was to obtain & 18000 certification. In

May 2010, the operations manager and the health aaféty manager,

supported by an external audit team, assessed rifenizational processes to
identify noncompliance with the prescriptions ofl&® 14000 certification (the
idea of getting the certification was however disea after some months, to
focus on the EPD). The identified non-compliancesewused to guide a few
improvements to the processes, for example in thstew management

system...”

The happening reported in the first extract wassimmred as an incident, since it
changed the pattern of actions of the assemblydpeators, who were previously used
to assemble products based on their own “way ofkingf, possibly changing

sequences of activities or instruments and, thregting products that could slightly

differ from each other even when two customerseondere identical. Conversely, the
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happening described in the second extract wasealetted as an incident pertaining to
any GMC, even though it led to a number of smaltemental improvements of the
business processes from an environmental perspgauch improvements were the
consequence of a one-time collaboration with aeresl organization, not the result of
a change in any organizational routine.

Subsequently, | analyzed the incidents obtainedbvi@hg the aforementioned
procedure (all listed in a data sheet). | begagdrerating an open coding (Strauss and
Corbin, 1990), developing categories through chusgeincidents (i.e. changes to
routines or new routines) around particular therfres.example, incidents regarding the
redesign of products with higher component commibesal (e.g. the training of
engineers in NPD techniques for increasing carsrpwr the redesign of processes to
increase the standardization of production actisi{e.g. the creation of a mixed model
assembly line), were clustered around the them®&NPBD that increases the reuse of
available resources”. Subsequently, most categove® further tied together in a
hierarchical grouping, as more abstract categovee attributed to the coded incidents.
Figure 2.2 illustrates an example of such grouping.

The result of this coding step was an initial eM&Cs and GMCs with their sub-
dimensions. Categories and sub-categories wereeguéstly revised several times
during the study; for example, some themes werkdoralown as too many incidents
got the same code, creating the problem of “buMilds and Huberman, 1994), and
some emerged over time. When a new category emémgadthe coding, | tentatively
defined a new MCC or GMC to be included in the sgjoent semi-structured
interviews for further investigation and refineméas described in Section 2.2).

Once these steps were concluded, | looked forioekships among constructs. A
simple illustrative format was used to display toeled incidents in a clear sequence
(Miles and Huberman, 1994): | created one time-s@dienatrix for each identified
capability, and sorted every incident based ondaeability sub-dimension and the
time-period it referred to. These matrices (witliatilled summary phrase for each
incident) are reported in the Appendix. Then, Iked for similarities among tables
(common incidents or overlaps) and other meaningfelations (cause-effect
relationships among incidents, output of an incidbat influences another incident...)

that could be associated with complementaritiesvéen capabilities, and looked
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through all the data to find other supporting @cdnfirming evidence. Moreover, once
certain patterns had emerged, | also began to dekee them further during the
following interviews either to confirm the pattersgarch for limits, or to abandon
disconfirmed relationships.

INCIDENT ; SUB-CODE 5 CODE
e N :

Engineers training for increasing their :
propensity to use carry over in NPD,
carried out in the first half of 2010 .
\ Z !
(" Procedure for creating new assembly h
cycles as a summing up of “standard”,
pre-defined sub-cycles approved by
\_ the operations manager, in early 2011 '

NPD that increases
the reuse of available
resources

-
Yearly audit, created in 2010, at key
suppliers’ plants to evaluate the “
- ; Robust process
flexibility of their processes M : |
ake suppliers more d "
\ X esign
( flexible

Establishment of close collaboration
with important suppliers to solve their
flexibility problems, starting from 2010

\

Ve

Creation of assembly manuals
defining standard assembly activities ,
carried out in early 2009

Avoid unneeded
variance in the order
fulfillment process

e

Increased use, since 2009, of a
configurator to associate customers
orders with the unique technical
documentation needed to produce it

\

Figure 2.2 —Coding example

2.4 Assessing reliability and validity

Judging qualitative research requires the read&ntev the steps that the author made
to achieve the results of the study (Corbin andus, 1990). In this way it is possible
to assess whether the findings are reasonable,ndfiaaen materials that have been
processed with care and discipline.

A dimension for assessing case research qualitgligbility, which means that if
another researcher replicates the study the sasoé veould be obtained (Yin, 2009).
Techniques for ensuring reliability in case studies establishing a case study protocol
for data collection and executing an interview pool (Eisenhardt, 1989; Voss et al.,

2002). Moreover, formation of a case study datee ®ws for other researchers to
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access the files (Yin, 2009). As described in tapter, | adopted all these technique
in my research.

Another dimension to assess is construct validibat is whether the study
establishes a correct operationalization of coostr{voss et al., 2002). The use of
multiple data sources provides increased constraladity and stronger substantiation
of constructs and propositions (Eisenhardt, 1988ynard-Barton, 1990; Voss et al.,
2002). As described in Section 2.2, data was delteédrom a number of different
sources and respondents, allowing for data triaatgul. In order to further ensure
construct validity, during data analysis | follow#te procedure proposed by Van de
Ven and Poole (1990). During some of the semi-gired interviews, | mentioned to
the respondents the incidents identified until theamd asked them to indicate whether
any incident was missing or incorrectly describBdsed on this feedback, incidents
were in some cases revised. Moreover, to evalbatguality of the data coding scheme
used in the analysis, my coding was reviewed bgropleople in the research group, as
suggested by (Dubé and Paré, 2003), and duringpthede some incidents were re-
coded based on group discussion. This activityadbb for alleviating the influence of
subjectivity, personal and positional biases in mg@uction of rich qualitative data to
few dimensions of meaning (Van de Ven and Pool80)1.9

Another dimension to assess is generalizabilityiclvhs a crucial issue for case
studies, in particular for single case studiesisltimportant to bear in mind that
generalization from case studies takes place tawiduebry, not towards universe (Yin,
2009). Instead of inferential statistics, this gafization relies on analytical or
theoretical arguments, to judge whether partictiladings would be valid in other
circumstances (Glaser and Strauss, 1967; Yin, 20B8) each complementarity
identified through the data analysis, | made adalgargument for its generalizability,
linking parts of these arguments with extant litere. Moreover, those arguments were
then examined in light of the literature on compdenarities, to look for possible
similarities and contradictions (Eisenhardt, 198%sed on the comparison with the
works by Milgrom and Roberts (1994, 1995) and G#aal. (2008), | observed that the
complementarities | had identified could be clasdifin two categories proposed in

literature, and which are further illustrated ircen 3.3.
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The whole data analysis process, including quakgessment, is illustrated in Figure
2.3.

Writing the narrative of the development of
MCCs and GMCs

Dividing narratives in incidents

Evaluating validity of dividing the story into
incidents

Coding incidents

Evaluate the validity of the coding

Representing incidents in graphical form

Identifying complementarities

Analytical generalizations

Figure 2.3 —The data analysis steps
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CHAPTER3

Results

3.1 Mass customization capabilities and firm performane improvement

From June 2008 to June 2011, the organization noaky steps on the way to MC, and
was successful in improving its operational perfance without reducing the level of
product variety offered to its customers. Firstalif costs were reduced, including
logistics costs (the stocks of structural composi@ftthe product—i.e. bearers and legs—
decreased by more than 20%, those of other compobg™0%) and processing costs
(the number of direct-labor hours per product uiell by 10%). Second, time
performance was improved: order-to-delivery leawles decreased by 60%, throughput
times by 40%, and time-to-market also fell (theethnew product families launched in
2011 were developed in 18 months, the same time gpeviously required to develop
one single product family). Finally, improvementsicerned also quality performance:
product quality improved (as witnessed by reflec3®do decrease in warranty costs)
and process quality also rose (-5% product spetifio errors, -50% errors in the
technical documentation for final assembly linerapa's).

All these performance improvements were the rasfuhe development of a number
of MCCs (summarized in Table 3.1). The organizataeveloped the capacity to
identify the product attributes along which customeeds diverge, termed as “solution
space development” capability (Salvador et al.,920This capability, since the middle
of 2009, had benefited from the systematic coltectof market information by
technical office, sales office and post-sales serypersonnel during visits to the
customers’ working sites. In November 2010, thipatality further improved due to
the creation of a dedicated marketing office ledabhyexperienced marketing manager.
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Since then, the office has been in charge of maongocompetitors’ offerings,
identifying new customers’ needs and estimatingntiaeket potential for new products
or product features. For example, in April-May 2@l tnarket research, including many
visits to customers’ sites, was carried out to usid@d how customers normally used
the product, which problems they had and which aoystiwere the most or least
preferred by different types of customers.

The business unit also enhanced its capacity tserear recombine existing
organizational and value-chain resources to fudfiftream of differentiated customer’s
needs, termed as “robust process design” capafiawador et al., 2009). In summer
2009, the organization started to use a novel pieefor developing new products.
According to this procedure, the R&D manager, thkes or (after November 2010)
marketing manager and the operations manager wqtered to evaluate, together, the
multiple technical solutions that could be usedptovide the product functionalities
asked by the market. This procedure helped the aoynpo develop new product
families that could actually be produced with theikble resources. The “robust
process design” capability further improved staytinom February 2011, when the
assembly cycles of new products started to be emleanly by combining pre-defined
assembly sub-cycles that had been approved bypérations manager.

Another MCC that was developed during the period obkervation was the
capability to support customers in identifying thewn solution while minimizing the
complexity and the burden of choice, termed “choiaeigation” capability (Salvador et
al., 2009). This capability highly increased in teecond half of 2009, when the
organization started to segment customers into lgemeous groups asking for similar
product solutions. Salespeople took advantageisfrtfarket segmentation to ease the
customer’s decision process by restricting the petslalternatives initially presented to
the customer to those typically asked by custonbeisnging to the same market
segment. In mid 2010, a product configurator alsoted to be used to direct the
customer towards the most suitable product in tlatisn space. In particular, the
configurator supported the salesperson during om@eguisition, by guiding the
configuration dialogue with the customers and bgvjaling images and descriptions
that communicate both the benefits (performancefandtionalities provided) and the

costs (impact on the product price) of the avadlgbduct choices.
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The analysis of the data collected during the cdsdy highlighted two additional
capabilities that have helped the organization moveards MC during the period of
observation, but had not been previously introducelderature. On the one hand, the
organization developed the capacity to continuogggerate a stream of incremental
innovations to reduce the negative operational itapbns of product customization,
which | term “continuous improvement for MC” caplitlyi Given the high variety of
products to be developed by the R&D departmenttithe that used to be dedicated to
the creation of the technical documents of eachdywmb was limited, and these
documents used to have many errors, such as missimgonents or wrong component
descriptions. These mistakes, in turn, increasedithe and effort required to fulfill a
customer’s order, as wrong instructions were giteethe assembly line operators. To
reduce this problem, in middle 2010 the organizatiotroduced a new procedure:
workers in the assembly line have to fill in a foewery time they find a problem in the
technical documents of the products, and the R&fizethas to monthly review these
indications to solve the signaled problems. Morepwe2011 the organization started
to collaborate with an international managementsatitng company to develop some
instruments supporting this continuous improvenedfart, such as the kaizen journal
or blackboards for tracking the progression of iowement activities. Collectively, all
these new routines improved the company’s abilgy continuously alleviate the
negative implications of product customization @em@tional performance.

In addition, the organization also enhanced itsaceyp to incorporate MC into the
strategic planning process, which | term “MC intdgn into the strategic planning”
capability. Since November 2009, the product plagmeetings started to be based on
market segmentation documents, including detailefbrination about the main
differences between market segments, both in tefmtesired product functionalities
and in terms of target price. These pieces of méiion were useful to guide the
planning of new product families launched since lileginning of 2011. For example
those new families, were dedicated to differentkeasegments, each with its needs
and a different target price. At the same time puaanager (operations, service,
R&D...) attended these meetings in order to highlightblems that each decision
could create to his/her functional area. In this/vitee product plans finally included

only solutions that did not excessively impair i@ processes.
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Table 3.1 — Summary of the MCCs developed by the organization

Capability Definition Some approaches adopted by the
case company to develop the
capability

“Solution Capacity to identify the » Post-sales, technical and

space product attributes along sales/marketing personnel visit to

development”

“Robust
process
design”

“Choice
navigation”

“Continuous
improvement
for MC”

“MC
integration
into the
strategic
planning”

which customer needs
diverge

Capacity to reuse or
recombine existing
organizational and value-
chain resources to fulfill a
stream of differentiated
customer’s needs

Capability to support
customers in identifying
their own solution while
minimizing the complexity

and the burden they perceive'

during the choice

Capacity to continuously
generate a stream of
incremental innovations to
reduce the negative
operational implications of
product customization

Capacity to incorporate MC
into the strategic planning
process

the customers’ working site to
observe the customers

Creation of a dedicated marketing
office to monitor customers’ needs

R&D manager, sales/marketing
manager and operations managers
integration for NPD

Assembly cycles created by
combining only pre-defined and
standard assembly sub-cycles

Customers segmentation into
homogeneous groups, asking for
similar product solutions

Adoption of a sales product
configurator

Procedure for collecting
employees suggestions in the
assembly line

» Adoption of instruments

supporting continuous
improvement such as kaizen
journal

Product planning decisions based
on market segmentation
documents

Every manager attends product
planning meeting to highlight
problems that each decision poses
to his/her functional area
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3.2 Green management capabilities and firm performancémprovement

During the period of observation, the organizatgyeatly reduced the environmental
impact of its products and processes. In 2009, maasumption in the production
process was reduced by 30% with respect to 200800 and 2011, the energy
consumption of the assembly line fell by 10% yeahtyJanuary 2010, the creation of
special wastes in the assembly line was complet@tyinated. In addition, the amount
of liquid paint used in the manufacturing process walved. By November 2010, the
pollution associated with product disposal was cedy as the product external panels
started to be made up of fully recyclable materidldditionally, the new products
launched in 2011 had 90% less decoration plasticsless powerful engines while
preserving the same performance levels. Followihghase achievements and a life-
cycle environmental impact assessment, in Febr@@iyl three new product families
were awarded the EPD, and this event was reponyelbdal and national journals,
drawing the attention of some big multinationaltonsers interested in “going green”.

These improvements in the firm’s environmental penfance are the result of the
development, during the observation period, of @lper of GMCs (summarized in

Table 3.2). First, the company enhanced its capaoait sustain manufacturing
processes that meet or exceed environmental targéteh is termed “process
environmental management” capability (Lee and Kas2008). This capacity was
improved starting from 2010, when the organizaappointed an employee to regularly
monitor the compliance of production processes teitget environmental performance.
The company decided that the data collected threlighmonitoring would be analyzed
every six months to look for trends and to informamagers about these trends.
Moreover, input-control practices started to be edded in the assembly line
operations, such as the switch off of the painSptayer when not used on the product
(beginning of 2010).

Another GMC developed by the company during theopeof observation was the
capacity to continuously generate a stream of merdgal innovations to proactively
reduce waste and source consumption of internabtipas, which is termed “pollution
prevention” capability (Hart, 1995). For exampliece the beginning of 2010, the R&D
department has systematically analyzed the repodated by the product testing
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department to identify possible areas of improvemaf the products environmental
impact (for example, a few reports regarding protalBc pumps revealed that the
existing gaskets increased the water consumptiothefproduct during its use, thus
prompting the change of those gaskets). Moreoveregarly 2010 the operations
manager and the health & safety manager startedntdyze data on the energy
consumption of the assembly process in order t Ways to reduce it (based on the
results of this analysis, for example, work shiftsre reorganized to decrease energy
consumption).

Another GMC that was developed is the capacity nooliporate environmental
concerns into the NPD process so as to reduce giodite-cycle impact, which is
termed “product stewardship” capability (Hart, 189%his capacity was developed
through regular collaborations with external stakdars who were competent at
managing environmental issues. Specifically, in 20€he organization started to
collaborate with some research institutions anchvitis suppliers to jointly develop
greener products. For example, one of these coléibas allowed launching a new
product, in January 2009, whose external panelse w€0% recyclable. Another
important element was the development of an orgdéioiz-wide commitment towards
the achievement of a life-cycle product certifioati the sharing of this goal across all
the departments created a “green attitude” inhaldifferent areas of the organization,
thus supporting an inter-departmental dialoguenduthe NPD process with the aim of
reducing the product impact according to a lifeleyapproach.

The supply chain was another area where GM wasuedrdn particular, a GMC
that was developed is the organizational capat#yned “green supply” capability
(Bowen et al., 2001), to manage the relationshiph vauppliers to improve the
environmental performance of purchased inputs othef suppliers themselves. For
example, since the beginning of 2010 a means feeldping such capability has been
to systematically encourage suppliers to obtairmrironmental certification, so as to
qgualify as potential suppliers of the company. Mwex the organization started to
collaborate with some suppliers to help them dgvelew “greener” components, as
happened with a new low-emissions engine and acagwash shampoo.

Another GMC that was developed is the capabilitgustain environmentally sound

relationships with external stakeholders throughows communication method, such
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as disclosure of environmental information, whicls iermed “relationship
environmental management” capability (Lee and Kas2008). This capability was
improved mainly through the acquisition of the E€dtification and the creation of all
the routines needed for yearly renovating and upgéahis certification. Specifically,
the procedures for collecting those data were lgledentified, and the marketing
department was appointed for promoting the cediiftcn among external stakeholders.

Another GMC that improved during the period of atvation was the capacity to
incorporate issues related to the environmenttilostrategic planning process, which
is termed “integrating the natural environment isti@ategic planning” capability (Judge
and Douglas, 1998). This capacity was mainly dribgnthe definition of a “green”
company vision and mission in February 2009. Thamany logo was also redesigned
to inspire an idea of eco-friendliness. These chartg the company identity strongly
influenced all the organization members, and cofibredirected all the managerial
choices during the strategic planning process. bMae since the end of 2009, the
health & safety manager (responsible for oversesomge environmental aspects) has
participated in the product planning meetings,sd €nvironmental issues can always
be taken into consideration during those meetings.

The analysis of the data collected during the ctigdy pointed out two additional
organizational capabilities that have helped tlyawization move towards GM, but had
not been previously introduced in literature. Fitseé organization enhanced its capacity
to advise, and where relevant, to educate and suppstomers in the environmental-
friendly use, transportation, storage, and dispo$airoducts, which | term “greening
the customer” capability. This capacity increasedemy at the end of 2009, the
organization started to promote among all its qusts the use of particular detergents
that were less harmful for the environment. Addiélly, the organization started, in
April 2010, to advise the customers on how to mesasut detergents, both in summer
and winter, in order to minimize their consumptiéimally, at the middle of 2011 the
R&D department concluded the developed of manuath the instructions for a
“green” use of the company’s products, that is, tles for minimizing the pollution
created by the products during their use.

Another GMC that improved during the period of alvation was the capacity to

relate to external stakeholders (customers, sugplgeneral public, governments etc.)
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to understand their priorities and needs with rédgar environmental issues, which |
term “environmental scanning for GM” capability. @009, the company began
improving this capacity through the participationindustry fairs and supplier fairs, or
contacts with NGOs and environmental agencies. Mane visits to customers’ sites
by engineers, post-sales personnel or sales pasware the other channel used to
gain understanding of the customers’ problems asites from an environmental point
of view. In November 2010, this capability was atgty improved through the creation
of a marketing department in charge of monitoriiig,a more systematic way,
competitor's green products as well as market requénts and technological

developments in the environmental domain.

Table 3.2 — Summary of the GMCs developed by the organization

Capability Definition Some approaches adopted by the
case company to develop the
capability

“Process Capacity to sustain » Regular monitoring of the

environmental manufacturing processes that  processes compliance with
management”  meet or exceed environmental target environmental
targets performance

* Input-control practices in the
assembly line operations

“Pollution Capacity to continuously * Analysis of the reports created

prevention” generate a stream of by the product testing
incremental innovations to department to identify possible
reduce waste and source areas of environmental
consumption of internal improvements for the product
operations

» Monitor of electric consumption
in the production process to
understand how to reduce it

“Product Capacity to incorporate » Use of LCA techniques to
stewardship” environmental concerns into design new products
the NPD process so as to
reduce products life-cycle
impact

* Inter-organizational relations
aimed at reducing the product
impact with a life-cycle
approach
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Table 3.2 Continued

Capability

Definition

Some approaches adopted by

the case company to develop
the capability

“Green supply”

“Relationship
environmental
management”

“Integrating the
natural
environment
into strategic
planning”

“Greening the
customer”

“Environmental
scanning for
GM”

Capacity to manage the
relationship with suppliers to
improve the environmental
performance of purchased
inputs, or of the suppliers
themselves

Capability to sustain .
environmentally sound
relationships with external
stakeholders through various
communication method, such
as disclosure of environmental
information

Capacity to incorporate issues e
related to the environment into
the strategic planning process .

Capacity to advise, and where «
relevant, to educate and
support customers in the
environmental-friendly use,
transportation, storage, and
disposal of products

Capacity to relate to external «
stakeholders (customers,
suppliers, general public,
governments etc.) to
understand their priorities and
needs with regard to
environmental issues

Encourage suppliers to obtain
an environmental certification

» Support suppliers in the

development of new “greener”
components

Acquisition and yearly renewal
of an environmental
certification

* Promotion of the certification

among external stakeholders

Definition of a green company
vision and mission

Health & safety manager
participating to product
planning meetings

Advise the customer on how to
measure out detergents

» Develop manuals with the

instructions for a “green” use of
the products

Participation to industry fairs
and suppliers’ fairs

Creation of a marketing
function monitoring customers’
environmental needs and
suppliers’ green initiatives

3.3 Complementarities between capabilities

The evidence collected during the case study stgghat some MCCs and some
GMCs are positively related. Complementarity eBeeere observed in multiple areas
of the organization, spanning from the operatigamatesses to the NPD process and the
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marketing process. In the following sections, filstpresent evidence of each
complementarity effect observed at the case compaay then, | propose a logical
argument for the generalization of the same redatigp towards other firms pursuing
MC and GM. In presenting these results, | distiBjubetween two groups of
complementarities: namely, symmetric complememarit and asymmetric

complementarities.

Symmetric complementarities

Drawing upon Choi et al. (2008), | classify a coementarity relationship as
symmetric when the capabilities involved in theateinship equally complement each
other. Specifically, in the case of the followingpositions (summarized in Table 3.3),
the cost of building one capability decreases with levels of its complementary
capability and vice versa. This is because botlaluidipes rely on a common routine,
whose cost is shared when the two capabilitiedatle developed by an organization.
For each symmetric complementarity, | present Hagesd routines, explaining why they
underlie the capabilities involved in the relatibips

A first symmetric complementarity is between “ewvimental scanning for GM”
capability and “solution space development” capgbivhich share marketing routines
for recording customers’ behavioral patterns ineortb understand their needs and
wants. The case study shows that the observatiocnstbmers’ behavior during regular
customer visits conducted by marketing/sales peedoand R&D personnel allowed
the organization to uncover, for example, that sarhets customers unexpectedly
needed to modify the product settings to enable dhyng of hand washed cars.
Observation of customers’ behavioral patternshis ¢tase, enabled the case company to
spot an unfulfilled and valuable difference amotsgtarget customers’ needs: namely,
the fact that some customers need a “drying-onptiom, which is not required by the
rest of the target market. More generally, obsérmabased marketing research routines
are of assistance in building the organizationgac#y to identify differences among
customer needs, especially the unfulfiled and madtables differences. This is a
complex and costly capability to build (Salvadoraét 2009), as it requires collecting
and analyzing a great deal of information abouividdals (Pine, 1993). The possibility

to gather data about a wide variety of aspectsonithaving to ask any questions to the
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respondents is a distinctive advantage of obsenvdtased marketing research routines,
especially of those based on personal observaMaihptra, 2002). Unsurprisingly,
Salvador et al. (2009) point to such marketing aes®e methods, which allow for
recording customers’ behavioral patterns in eitfesl or simulated experiences of
product purchase/use, as useful approaches toogetsblution space development”
capability.

The same observation-based marketing researcmesuproved to be helpful for
building “environmental scanning for GM” capabilitgt the case company. The
observation of customer behavior during regulartamser visits conducted by
marketing/sales personnel and R&D personnel allothhecbrganization to uncover, for
example, that customers typically overlooked theiogécal maintenance activities
required by the water purification system (suchtlas regeneration of exhausted
chemicals), even though they claimed water putificato be one of their main
concerns. Observation of customers’ behaviorakepadt in this case, enabled the case
company to understand that target customers neadeery simple water treatment
technology, since they were unwilling to put mudfior into the maintenance of a more
complex system. More generally, observation-basatketing research routines are of
assistance in building the organizational capattitynderstand external stakeholders’
priorities and needs with regard to environmentssues. Gathering self-report
information about external stakeholders’ attituda®gferences and actual behaviors in
the environmental domain is difficult, as peopl&emsabout ethical topics, such as the
aforementioned ones, are unlikely to report anyustanable behaviors (Roxas and
Lindsay, 2012). The possibility to gather data dbareas that the respondent is
unwilling to discuss honestly is a recognized adlvge of observation-based marketing
research methods (Malhotra, 2002).

Based on the above arguments, | propose that:

P1.The cost of jointly developing “environmental sciaugrnfor GM” and “solution space
development” capability is lower than the sum @& tosts of developing them

separately.

A second symmetric complementarity is between “pobctewardship” capability and
“robust process design” capability, which shareerat relations-based coordination

43



routines in the NPD process, where lateral relatiare defined as “joint decision
processes which cut across lines of authority”Ifb@sth, 1974: 32). In my case study, |
observed that cross-functional meetings were utstk at various stages of the NPD
process for the design review activities, with edst the presence of R&D manager,
operations manager, sales or marketing manageraddition, to increase the
effectiveness of these joint decision processesptbanization invested in the breaking
of interpretive barriers between departments, tlgatbarriers to linkages and
collaboration mainly due to different styles in wipeople organize their thinking and
action (Dougherty, 1992). In particular, in earl§08, the company organized outdoor
team-building activities for all its managers (abthirty people) in order to share a
common vision of the company identity and innovatgoals. Moreover, in middle
2009, the design review meetings started to be mtggb by a document guiding the
formalization of the participants’ opinions in arusttured way, thus helping the
managers of different departments to communicate istandardized language and
format. These initiatives contributed to the effiemhess of the cross-functional
meetings that, since 2009, have been systematidafpjoyed to design products with
reduced life-cycle impact. For example, during wmfethe NPD meetings for the
development of a new product family in May 201@& tperations manager pointed out
that a highly polluting painting process would hdeen necessary to produce the new
careening design solution that the R&D departmeas wontemplating to make the
product look like greenery (and thus reduce théhatis impact of the product in the
urban landscape). Further team discussions ledet@doption of an alternative design
solution, not requiring the same polluting processle still allowing the achievement
of the desired product aesthetic. More generalty tise of lateral relations is of
assistance in building the capacity to incorposateironmental concerns into the NPD
process to design products with a reduced lifeecyehvironmental impact. This
capability is difficult to obtain since every stepthe value-chain (from the supply of
raw materials up until the disposition of used pidd) contributes to build up the
product environmental impact, and this must be rtaka&to consideration while
designing the product (Hart, 1995). The great dingrof knowledge needed for the
development of “greener” products increases theessty to coordinate diverse

organizational members through networks that alfowsharing a large amount of
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information (Lenox and Ehrenfeld, 1997). The poisitto increase the organizational

information-processing capacity during the exegutiba task is a distinctive advantage
of the use of lateral relations (Galbraith, 197@yce et al., 1997). Unsurprisingly, the
GM literature suggests that cross-functional tegiinsnox and Ehrenfeld, 1997;

Johansson and Magnusson, 2006; van Kleef and Ro2@®F) or liaison personnel

between different departments (Simon et al., 2086jjitate the development of eco-
friendly products.

The same NPD routines proved to be helpful fordimg “robust process design”
capability at the case company. The use of effedtteral relations in the NPD process
facilitated the design of products that could bedpiced by using the available
resources in the assembly process. As explainedealtbe organization established
regular, cross-functional meetings during the NRDcess, and also invested in the
breaking of interpretive barriers between differeiepartments, for example through
team-building initiatives. During one of these &dgnctional meetings, for example,
the operations manager, the R&D manager and thketiag manager jointly assessed
a couple of alternative design solutions for thglaah vertical movement of the product
brushes. Such a joint evaluation, from a technaad operational and commercial
perspective, allowed for identifying the designusimin that, given the estimated
production volume, could be produced by using telable human and technological
resources in the assembly process. Converselydidearded solution would have
required additional resources. More generally,ube of lateral relations is of assistance
in building the capacity to satisfy each customerder by reusing and recombining
existing organizational and value-chain resour@egrig and Jiao, 1998; Salvador et al.,
2009). Designing a solution space that enables suchuse and recombination of
resources requires a high capacity to processm#ton during the NPD process.
Considerable information exchange is necessaryexample, between marketing and
operations to determine optimal product assortn@éhlstrbm and Westbrook, 1999;
Morgan et al., 2001; Trentin et al., 2012a). Coasaflle information exchange is also
necessary between design and manufacturing tosaatesher each of the high number
of product options being developed can be prodingedsing the available production
resources. A recognized way to augment the infaomgprocessing capacity of an

organization and thus enable fast information emghaamong different areas of the
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company is to use lateral relations (Galbraith, 2t Joyce et al., 1997).

Based on the above arguments, | propose that:

P2.The cost of jointly developing “robust process dasicapability and “product
stewardship” capability is lower than the sum of ttosts of developing them

separately

A third symmetric complementarity is between “cantus improvement for MC”
capability and “pollution prevention” capability,hich share routines for employees’
involvement in improvement actions. The organizatiobserved in my study
developed, in middle 2010, a procedure for coliertithe suggestions of line
employees, analyzing them, signaling the statemgflementation of those that were
consistent with the company goals, and giving feedlb about all the accomplished
results. The rapid implementation of many improvemeuggestions and the
availability of constant feedbacks (possibly to lakpwhy certain suggestions had not
been accepted) made employees feel the importahdbeo contribution for the
ongoing change of organizational processes. Coelersn the past, workers had
partially given up signaling problems because tkaggestions had rarely been taken
into consideration and implemented, so that problead kept on repeating over time.
After the introduction of the new procedure, foample, some assembly line operators
highlighted that, during the zinc-coating procesggrmed by a supplier, the holes and
the threading of some components were covered amdequently, they needed to be
reworked during the assembly process at the compday Such finishing activities
caused the scattered production of small quantitiesnc powder dispersed along the
assembly process, which were hard to collect femtisal. The suggestion made by
employees initiated the project for shifting sudhishing activities down to the
supplier's zinc-coating plant, which is equippedhnspecific processes for the proper
dismissal of zinc powder. More generally, employ@&lvement in problem solving
favors the capability to continuously generate raash of incremental innovations to
reduce waste and source consumption (Hanna &08I0). Identifying and working on
the organizational areas where waste and soureaetied is viable is a complex task
because even ancillary operations, such as starageterials handling, can be sizable
sources of waste that must all be considered tatifgieareas for improvement (Higgins,
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1995). Given the diverse information that has tedléected, employee involvement -“a
participative process to use the entire capacitywofkers, designed to encourage
employee commitment to organizational success” t@Dpt1993: 3)- is particularly
valuable in waste reduction initiatives (e.g. Dentd999; Hanna et al., 2000;
Govindarajulu and Daily, 2004). To enable an effecemployee involvement in the
continuous reduction of waste and source consumptite company must create an
environment where workers are encouraged to sudgestideas for innovation, for
instance through reward systems (May and Flanri395) or through some form of
review and feedback of the workers’ ideas (Goviafldn and Daily, 2004).

The same routines for employees’ involvement protgedbe helpful for building
“pollution prevention” capability at the case compaThe organizational procedure for
effectively collecting and analyzing the suggestionade by assembly line operators,
helped the R&D personnel to uncover and resolveiraber of little problems in the
product architecture. For instance, some structw@hponents, which must be
assembled together in certain low-volume produdamés, needed to be reworked to fit
each other (with the subsequent loss of efficiemtythe process) due to their
incompatible shapes. Employees’ signaling of theblems helped the organization to
quickly resolve them. More generally, employee imement in problem solving assists
the capability to continuously generate a streannofemental innovations to reduce
the negative operational implications of producstomization (Kristal et al., 2010).
This capabilityimplies not only the continuous enhancement ofviddial product
components and of individual transformational atiég, which task is shared by both
mass producers and mass customizers; it also el continuous improvement of
both the product architecture and the process taathre, which link those individual
parts and activities, respectively (Pine et al93)9Many authors argue that a modular
architecture is a key to pursuing MC, becauseaviples a means for producing a large
variety of products while preserving repetitiven@ssproduction (e.g. Duray et al.,
2000; Tu et al., 2004). However, in many practaades, products and processes are not
perfectly modular (Schilling, 2000) because comesaiiy to balance between the gains
and the costs of decomposing a system into re-auable modules (Mikkola, 2007). In
the presence of non-perfectly modular product/meachitectures, there is a higher

risk that problems in some interfaces between parttivities are detected only after

47



the launch of a product family. This is becausethasdegree of modularity decreases,
the variety of parts and processes tends to iner@disich, 1995), and a company may
choose to focus its NPD resources only on highé&rme parts and processes because
of budget and time constraints. Consequently, problin some interfaces may not be
detected and overcome before the product famillusiched, just because they are
specific to low-volume product variants. The idéostion of these problems is
facilitated if the employees involved in the opemaal processes are encouraged to
voluntarily make suggestions and signal interfacdlems where they actually occur.

Based on the above, | posit that:

P3.The cost of jointly developing “continuous improwesinfor MC” capability and
“pollution prevention” capability is lower than theum of the costs of developing them

separately.

A fourth symmetric complementarity involves “robugtocess design” capability,
“product stewardship” capability and “green suppdgpability, which all share routines
for external integration with suppliers. Since 201le case company has organized
yearly meetings of an inter-organizational teanmposed of both company’s personnel
(purchasing manager, quality manager, the dedicdteger and sometimes the
operations manager) and supplier's personnel (fomat managers and, in some cases,
the owner/s), to analyze the supplier’s procestés plant. During these meetings, the
team members discuss about the available produptioresses in order to understand
their levels of performance and, in particularjdentify constraints to manufacturing
flexibility. During one of these visits, for inste@, it emerged that the plastic injection
molding process of one supplier was a main comgttaithat supplier’s flexibility. This
was because components of different sizes wereéneltdy developing an ad-hoc mold
for each of them, with negative consequences on fiekbility, because of large
minimum lot size constraints. To alleviate this staint, the company and the supplier
personnel worked together to develop a systemadibstructs different parts of the mold
cavity depending on the size of the plastic compbrie be produced. This action
enabled the supplier to produce a large varietgoofiponents for the case company by
re-using the same molds. More generally, extemmgration with suppliers supports
the capacity to reuse and recombine existing vathain resources to fulfill
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heterogeneous customers’ needs (Mikkola and Skgatien, 2004; Squire et al., 2006b;
Zhang et al., 2010). This capability requires ustierding possible constraints to
suppliers’ flexibility, either to set them as limitluring the NPD process (Tseng and
Jiao, 1998; Zhang et al., 2008) or to try to redinen (Rungtusanatham and Salvador,
2008; Brabazon et al., 2010). However, both undadihg these constraints, as well as
reducing them, is not that straightforward, sin@naofacturing flexibility is a complex,
multidimensional, and hard-to-capture concept (Satid Sethi, 1990; Upton, 1994;
Koste and Malhotra, 1999; Fogliatto et al., 200Qn the one hand understanding
constraints to manufacturing flexibility requiressassing a large variety of aspects,
ranging from technological or “hardware” featuresich as the setup costs of the
machines used in the process, to “software” feafusach as organizational structure
and coordination mechanisms, which affect the zatbn of the full potential of
manufacturing technology (Sethi and Sethi, 1990;TPri and Tonchia, 1998). Given
the large amount of information needed to evaltiaemanufacturing flexibility of its
suppliers, a company is more likely to seek, witlemi, a relationship form that
contributes to reduce ambiguity and risk (Cannonl &erreault, 1999). Supplier
integration -the process of interaction and colfabon in which buyer and supplier
work together in a cooperative manner to arrivenatually acceptable outcomes for
their organizations (Pagell, 2004)- is recognizexd beeing an appropriate type of
relationship in that respect (Cannon and Perrea@R9; Premkumar et al., 2005). On
the other hand, reducing the identified constraititssupplier's flexibility is also
facilitated by supplier integration as the two ablbrating organizations generate
significantly more knowledge than one company aldKeufteros et al., 2007).
Moreover, collaboration with supplier's personnéhys a direct and critical role in
achieving significant supplier improvement, morerthother supplier development
activities such as providing incentives for imprdveerformance or instigating
competition among suppliers (Krause et al., 200@grefore, external integration with
suppliers facilitates “robust process design” capgloy easing both the identification
of suppliers’ flexibility constraints and their renal.

Similarly, the case study showed that strong collation with suppliers during the
NPD process helped the organization to redesigreXample, its painting process so as

to make it “greener”. The supplier that collabodatie this redesign was the one
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responsible for supplying and managing (i.e., titrg removal of exhausted
materials...) some chemicals used in the productimecgss. The deep knowledge of
this supplier in the field of low-pollution chemlsaenabled the substitution of the
phosphate-based materials previously used in theeps with new nanotechnological
materials, thus eliminating the creation of speevalste in the assembly line. More
generally, external integration with the supplipossessing specialized environmental
expertise supported the organization in the devedy of a “product stewardship”
capability(Geffen and Rothenberg, 2000). Desigrimoduct with a reduced life-cycle
environmental impact requires understanding andmimmg the negative effects of
different design choices at every step of the vahagn, from raw material procurement
up to disposition (Hart, 1995). However, this i€ acsimple process, since companies
are not directly involved in all of these stagesttt# product life-cycle (Albino et al.,
2012), and for this reason they need to complenieit experience and competencies
by drawing on outside expertise (Geffen and Roteemk2000). Supplier integration is
of support in this situation, as suppliers can hiélp company to understand the
environmental impacts of the product componentg grteduce and to identify ways of
reducing these impacts (Lamming and Hampson, 1996).

Finally, collaboration with suppliers helped thegamization to improve the
environmental performance of some of its suppliéms: example, the organization
started a partnership with a supplier of detergémtshe development of a new, eco-
friendly car wash shampoo, which the company waulbsequently have suggested to
all of its end customers. This prospect of rewaadivated the supplier to develop one
of the “greenest” detergents in the market (whi@swactually promoted among all the
company’s customers). More generally, upstreamgraten is of assistance to the
development of a “green supply” capability. The a@ty to manage the relationships
with suppliers to reduce their environmental impacjuires a company to trigger not
only small incremental improvements, but also mareovative changes to the
suppliers’ products and processes (Geffen and Rb#rg, 2000; Vachon, 2007).
However, the push towards innovative changes iseieéhe risk borne by the supplier,
as it becomes more difficult to predict how welhavations will eventually address the
identified environmental problem (Sharfman et a@D09). To motivate suppliers to

work toward environmental innovation of productsl gmocesses, it is important for the
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company to interact with them in cooperative effdad share risks and rewards of the
innovation initiatives (Geffen and Rothenberg, 20BOwen et al., 2001; Sharfman et
al., 2009). For example a possible reward is tigadn opportunity, for the supplier, to

embed its product in the customer’s value chaimiinégng and Hampson, 1996).

Therefore, | posit that:

P4.The cost of jointly developing “robust process dasicapability, “product
stewardship” capability and “green supply” capaltiliis lower than the sum of the

costs of developing them separately.

Table 3.3 — Summary of the symmetric complementarities

Proposition Routines shared by the
complementary
capabilities
P1.The cost of jointly developing “environmental  Recording customers’
scanning for GM” and “solution space behavioral patterns so as to
development” capability is lower than the sum understand their needs and
of the costs of developing them separately. wants

P2.The cost of jointly developing “robust process Lateral relations-based
design” capability and “product stewardship”  coordination in the NPD
capability is lower than the sum of the costs of process
developing them separately

P3.The cost of jointly developing “continuous Employees’ involvement in
improvement for MC” capability and “pollution improvement actions
prevention” capability is lower than the sum of
the costs of developing them separately.

P4.The cost of jointly developing “robust process External integration with
design” capability, “product stewardship” suppliers
capability and “green supply” capability is lower
than the sum of the costs of developing them
separately.

Asymmetric complementarities

Drawing upon Choi et al. (2008), | classify a coementarity relationship as
asymmetric when the cost of developing one capghbdecreases with the level of

another capability, but not vice versa. Stated mitse, in each complementarity it is
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possible to univocally distinguish between a “coempénted” and a “complementing”
variable, whose roles are not symmetrical. In tieoWing paragraphs, | present five
asymmetric complementarities (summarized in Tablg providing empirical evidence
of each complementarity at the case company andrtireking a logical argument for
the generalizability of the same complementarity.

A first asymmetric complementarity is between “rebprocess design” capability
and “relationship environmental management”. Theecstudy shows that the reuse of
existing parts and processes to fulfill heterogesemustomer’s needs facilitated, at the
case company, the development of the capacityftonmexternal stakeholder about the
life-cycle impacts of the new product families metdd since 2011. For example,
estimation of the energy and raw materials necgdsaproduce the drying module of
one product family necessitated developing appat@rinstruments, measurement
procedures, employees’ skills, etc. These estimatre used by the organization to
compute and communicate the life-cycle impact of ooly the abovementioned
product family, but of another two families sharittge same drying unit. The same
happened with most of the other product componésish as the wheel washer
module, the measuring pumps,...) because the dedremmponent commonality
among the new product families had risen up to 8d%as 40% in middle 2008) as a
result of the improved organizational capacity éase value chain resources to fulfill
heterogeneous customer’s needs.

To generalize, the communication of the firm’s eammental performance to
external stakeholders, with the aim to develop remvhentally sound relationships with
them, goes beyond the obligatory reporting to tbeegnment and encompasses the
voluntary disclosure of more comprehensive envirental information relevant to the
general public (Lee and Klassen, 2008). Such dadisce requires collecting, analyzing
and reporting a large amount of information abdwe tise of inputs (energy, iron,
lead,...) and the levels of pollution (gQvaste water,...) caused by the firm’s internal
processes and products (Bremmers et al., 2009)higher the number of diverse parts
and processes used by the company, the more resoymstruments, dedicated
employees, ...) are needed to assess the companmprmental impact, because the
use of inputs and the levels of pollution have &dstimated for a great number of

different elements. Conversely, the reuse of exgstparts and processes to fulfill
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heterogeneous customer’s needs reduces the numtbdrederogeneity of elements to
be assessed in terms of input use and pollutioatiore thus reducing the costs of
developing the capacity to estimate and communidhte firm’'s environmental
performance in high-product-variety contexts.

Based on these considerations, | propose that:

P5.As “robust process design” capability increases tiost of developing “relationship

environmental management” capability decreases.

A second asymmetric complementarity is between Usblprocess design” and
“greening the customer” capability. The evidenckected in the case study shows that
the reuse of existing parts and processes to Ifliéterogeneous customer’s needs
facilitated, at the case company, the developménthe capacity to educate the
customer to a more sustainable use of the produntlies launched after 2011. To
educate the customers to a “green” use of the memupts, the company decided to
provide customers with a user manual. These mamullsde the description of all the
possible environmental impacts of the product esg.,(energy consumption per cycle,
water consumption per cycle, percentage of chemicalhe waste water, noise...) and
a threshold value for each impact. In case of avenf these thresholds, the manual
also includes specific guidelines for the custonmishow to improve their way of
using the product so as to bring back the pollutmacceptable levels. The creation of
these manuals required that the organization detedrthreshold values for a number
of environmental impacts for each product familipng with the “best practices” to
follow in case of overrun (further differences beem variants were left aside, since
they are considerably less relevant than differdreteveen families). Due to the high
commonality of parts among the new product familiess a result of the improved
organizational capacity of “robust process desigiie manuals were largely the same
for all the three new product families (e.g., theagtices for reducing chemical
consumption). Additionally, most of the family-sjfec information (e.g., the water
consumption thresholds) could be determined forttedl three product families at a
relatively low cost, since the needed proceduresa@urement steps, computation
algorithms...) and resources (employees, instrumephtaiere the same for all the

families.
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More generally, the reuse of existing parts andcgsees to fulfill heterogeneous
customer’s needs reduces the cost of developingetgng the customer” capability in
high-product-variety contexts. The latter capaogguires that the organization identify
which aspects of the product can have a signifiesavironmental impact during the
product life-time and how to minimize that impaShould the products of a company
not share any parts or processes, the analysisiviavle to be conducted from scratch
for each product, thus requiring the processinglasfe amounts of information.
Conversely, commonalities between products redbiseinformation-processing load,
because when a part is found to be responsibléghtorenvironmental impact of one
product, and a best-practice is identified to redihat impact, the same information can
be exploited for all the products sharing the saare.

Therefore, | propose that:

P6.As “robust process design” capability increases ttost of developing “greening the

customer” capability decreases.

A third asymmetric complementarity is between “rebprocess design” and “pollution
prevention” capability. The case study shows thatthe reuse of available resources to
satisfy heterogeneous customers’ needs increast atase company, it became less
costly for the organization to identify and intr@guincremental process improvements
to reduce waste in its assembly line. At the begimpmof the study, assembly activities
used to be organized in separate work cells, vathesmodules or subassemblies being
processed by more than one cell and each cell gsoge more than one module. In
2010, the lay-out was redesigned to create a nmxedel assembly line, and the
variability of assembly tasks performed at eachimtaof the assembly line was
minimized, while still allowing the system to prasuall the required variants. The
increased standardization of the assembly proeesigdted the execution of statistical
analyses to identify areas of possible improvementhe process environmental
performance. Thanks to the lower variability ofksarried out at each station, the
analysis allowed identification of some factors tthaegatively affected the
environmental performance of the assembly prodemsexample, the working schedule
was identified as one of the drivers influencing #nergy consumption of the painting

line, so the shifts allocation criteria were chahdge paint products during the most
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favorable part of the day.

More generally, the reuse of existing parts andcgsees reduces the cost of
developing “pollution prevention” capability in Higproduct-variety contexts. The
capacity to continuously generate a stream of merdgal innovations to reduce waste
and source consumption requires identifying anahiakting the causes of waste, rather
than just reducing its effects with end-of-pipelptbn-control technology (Hart, 1995,
1997). Such proactive attitude towards pollutiod aaurce reduction is generally based
on instruments, grounded in total quality managdmengather and analyze relevant
information (Hart, 1995; Kitazawa and Sarkis, 200@yi and Jose, 2010). However,
when the variety of parts and processes used bgrgemization is high, systematic
analysis activities, such as cause-effect analysistatistical process control, become
harder and more costly to perform because inpa@sraidti-type and batches are small
(Mikkola, 2007; Jiang et al., 2012). The reusex$ting parts and processes to fulfill a
large variety of customer’s needs, converselywalincreasing volumes of individual
parts and processes, thus simplifying those arsahivities.

Based on these considerations, | propose that:

P7.As “robust process design” capability increases tiost of developing “pollution

prevention” capability decreases.

A fourth asymmetric complementarity is between tsibprocess design” capability
and “product stewardship” capability. The evider#lected at the case company
shows that the former capability facilitated thesiga of new products with a reduced
life-cycle environmental impact. For example, ter@ase the energy consumed by one
product family during the use, its air-drying magltomposed of a number of nozzles
and their interfaces with the rest of the produsfs entirely redesigned. Such a
redesign required a complex fluid dynamic optim@atexecuted in collaboration with
external consultants. Given that the air-drying mledvas common to all the three new
product families (finally awarded the EPD) - duethe company’s enhanced “robust
process design” capability — the same “green” iration was applied to all of the three
product families, without the need to perform ansttfer design activity.

More generally, “robust process design” facilitatte development of “product

stewardship” capability in high-product-variety ¢exis. The latter capability results in
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components and processes with reduced impact orermk@onment, for example
processes using less toxic materials or componeiits more recyclable materials
(Maxwell and van der Vorst, 2003). When productiarais have high component and
process commonality, by virtue of “robust processigh” capability, the eco-friendly
redesign of such variants is less resource-intengian a similar redesign of product
variants with totally different components and @sges. This is because the number of
parts and processes to be redesigned decreases.

Therefore, | posit that:

P8.As “robust process design” capability increases tiost of developing “product

stewardship” capability decreases.

A final asymmetric complementarity is between theabilities of “choice navigation”
and “product stewardship”. The case study showsthigacapacity to support customers
in the identification of their best solution amotigose offered by the company
facilitated the design of products with reduced-tifycle environmental impacts. In May
2009, the company launched the first eco-friendigdpct family, designed for low
water and energy consumption. At that time, howetlez organization still had low
“choice navigation” capability, and sometimes costos ended up with ordering a
product solution requiring ad-hoc engineering ewdren an available product variant
could perfectly satisfy their needs. This happebechuse the solution space was very
wide and complex, and was continuously changed®yR&D department with limited
communication to the salespersons. For exampl@damoc product variant was once
developed to satisfy the customer’s request foroalyct that could wash under the car
body shell. Such ad-hoc engineering was unneces$mgause there was a pre-
engineered variant of the new eco-friendly prodbet fully met that request. Yet, it
was a product variant that was rarely asked byoocwsts, and salespersons did not
know it existed. The ad-hoc engineering of the megluvariant led to a product that was
not as energy and water efficient as the pre-eegateone, since the price and delivery
time expected by the customer did not allow fofuding environmental considerations
in the engineering of the new product. In 2010, trganization adopted a sales
configurator, which automatically executes the cledor the product variant best fitting

the set of requirements specified by the custoifiee. search is based on algorithms,
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implemented in the configurator software, which npagsible customer’s requests into
the available product options in the company sofutspace. The introduction of the
configurator contributed to decrease the numbeispécial” orders (orders requiring

ad-hoc engineering activities) by 90% from 2002@4d.1: almost every product sold by
the company nowadays belongs to its pre-enginegso&dion space, which includes
products that have been designed with a focus@néhvironmental optimization.

More generally;‘choice navigation” capability eases the developitdra “product
stewardship” capability in the case of companieferofg complex capital goods,
typically sold through salespersons or agents. Gones offering such products are
typically willing to perform ad-hoc engineeringfiafill the idiosyncratic needs of their
customers. In this context, there is a risk thatthe order acquisition process, the
salesperson and the customer agree on a soluabmettiuires ad-hoc engineering even
when a fully pre-engineered product, belonginghi® ¢company’s solution space, could
equally satisfy the same customer’s needs (FordaSaivador, 2002; Trentin et al.,
2011, 2012b). This risk tends to materialize wheis too complex for the salesperson
to identify that product within the solution spao&fered to the market. Ad-hoc
engineering activities introduced in the orderifinfent process tend to augment costs
and lengthen lead-times (Squire et al., 2006a} thaking it more difficult to meet the
price and delivery date expected by the customea.dontext of tight resource and time
constraints, optimization of product environmentapacts may be penalized, since
reducing environmental impact is usually not thestfipriority issue during design
(Lofthouse, 2006). “Choice navigation” capabiliypnversely, reduces the risk that
salespersons sell a solution requiring ad-hoc emging even when it is not necessary.
By doing that, this capability decreases the nee@d-hoc engineering activities during
the order fulfillment process, so that most NPDwvitaes are performed on a to-forecast
basis, in larger scale, and with larger availapitif resources for the reduction of the
product life-cycle impact.

Based on the above considerations, | propose that:

P9.As “choice navigation” capability increases, thest@f developing “product

stewardship” capability decreases
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Table 3.4 — Summary of the asymmetric complementarities

Proposition

Summary of the complementarity
mechanism

P5.As “robust process design”
capability increases, the costs
of developing “relationship
environmental management”
capability decrease

P6.As “robust process design”
capability increases, the costs
of developing “greening the
customer” capability decrease

P7.As “robust process design”
capability increases, the costs
of developing “pollution
prevention” capability
decrease

P8.As “robust process design”
capability increases, the costs
of developing “product
stewardship” capability
decrease

P9.As “choice navigation”
capability increases, the cost
of developing “product
stewardship” capability
decreases

The reuse of existing parts and processes to
fulfill heterogeneous customer’s needs
reduces the number of elements to be
assessed in terms of input use and pollution
creation

The reuse of existing parts and processes to
fulfill heterogeneous customer’s needs
reduces the information-processing load of
identifying which product aspects have a
significant environmental impact during the
product life-time, and which the way is to
minimize that impact

The reuse of existing parts and processes to
fulfill a large variety of customer’s needs
allows increasing volumes of individual

parts and processes, thus simplifying the
identification and elimination of the causes
of waste

When existing parts and processes are
reused to fulfill a large variety of
customer’s needs, the number and variety
of parts to be redesigned in an eco-friendly
way decrease

Choice navigation” capability decreases the
reliance on ad-hoc solutions to fulfill
customer’s orders: in this way NPD
activities are less pressured by time and
cost constraints and they can include more
environmental considerations
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Discussion

cHAPTERS

Discussion

This dissertation has empirically investigated tieistence of complementarities
between MCCs and GMCs. The results support the titktadeveloping specific pairs
or triples of MCCs and GMCs results in sub-additests.

In particular, two types of complementarity relastips emerged from the study. In
the first type—the symmetric ones—an MCC and a Gdh@re a routine that form a
strong foundation for both of them. For this regstwe cost for jointly developing the
two capabilities is lower than the sum of the cosis developing each of them.
Specifically, what is shared by specific MCCs armmkdfic GMCs are marketing
routines for recording customers’ behavioral paten order to understand their needs
and wants, lateral relations-based coordinatiotimes in the NPD process, employees’
involvement routines and routines for externalgnéion with suppliers.

The second type of complementarities—the asymmeinies—involves an order
between the capabilities under consideration, as capability facilitates the
development of the other, but not vice versa. Sigatly, the MCCs that increase the
reuse of available resources and processes (ndroblyst process design” and “choice
navigation”) facilitate the development of the GMGE communicating the firm’s
performance to external stakeholders, of educatirsgjomers to a “greener” use of the
product, of incrementally improving the firm's ersmmental performance, and of
redesigning products and processes to reducelifieetrycle impacts.

Noteworthy, in these two types of complementaritfes role of time is different. In
the symmetric case, the complementarity existsrddgss of the time sequence in
which the complementary capabilities are develop&ey can be developed

concurrently, in a certain sequence or in the opgase: complementarity will exist all
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the same. Conversely, in the case of asymmetriplmnentarities, the improvement in
one capability must precede the development of dtieer capability; if they are
developed in the opposite sequence, complementailityot hold. Such a distinction
could be made due to the observation of the org#piz over time, as longitudinal
studies facilitate the understanding of mechanisbehind causal relationships
(Leonard-Barton, 1990). Conversely, with a retratipe study the different role of
time in the relationships would have more likelgbéidden from the researcher.

The present dissertation contributes to the liteeain at least two ways. First, it
answers the call for more studies on the relatipnbbtween the socio-environmental
pillars and the economic pillar of sustainabili§u¢roca et al., 2010; Seuring, 2012).
Specifically, this is the first work to study thaelationship in the case of an
organization operating in a highly competitive istty whose customers ask for high
product customization. In such a context, commomémy companies nowadays, the
organization | have studied was able to ensure th@heconomic sustainability of its
car wash equipment business, by developing a nuofddCCs, and the environmental
sustainability of the same business, by developingmber of GMCs. More important,
these two pillars of sustainability were not ongmpatible, but also complementary to
some extent, as the development of certain paild@Cs and GMCs resulted in sub-
additive costs for the organization.

Secondly, the results of this study contribute dthithe literature on MC and that on
GM by highlighting complementary assets for theseo tstrategies, where a
complementary asset for a strategy is defined as aaganizational element that
increases the value of that strategy (Teece, 1B86en and Richter, 2010). On the one
hand, with regard to MC, the dissertation indicatest, when a company possesses
complementary GMCs, the costs associated with ¢lreldpment of a number of MCCs
decrease. This study is one of the first to idgntiimplementary assets for MC, the
only exceptions being two works investigating tbke rof organizational web-expertise
in the commercialization of mass-customized godd=e (et al., 2000; Dellaert and
Dabholkar, 2009). Lee et al. (2000) find that tse of the Internet is complementary to
the commercialization of mass-customized prodwgitge it allows consumers to better
understand product characteristics and how thegtedb users’ needs. This, in turn,

decreases the cost of collecting consumer indiVidueferences to tailor the
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product/service accordingly and thus increases dbpany profits. Dellaert and
Dabholkar (2009) suggest that, when a mass cuséoriszable to develop specific on-
line services supporting its e-commerce channeth(sas immediate visual product
feedback at each stage of the product configurapoocess), this enhances the
customer’s perception of the value of the prodiee $s configuring, his/her enjoyment
in configuring the product and his/her perceptidrcantrol over the outcome of the
configuration process. This, in turn, increases ltkelihood of customers purchasing
mass-customized products. Previous research lodkingomplementary assets to MC
has therefore focused only on assets that supp®dale of mass-customized goods. In
this work, | enlarge the scope of the debate ttudea higher number of organizational
areas, ranging from production, to NPD and marketin

On the other hand, with regard to GM, the disseraindicates that, when a
company possesses complementary MCCs, the costsass with the development of
a number of GMCs decrease. The inquiry of compleargrassets for GM is a longer
history in literature. Previous works have ideetifiseveral complementary assets for
GM, such as process innovation and implementatiapacty (Christmann, 2000),
quality and data management practices (SimpsonSanason, 2010) or acceptance of
change by the organization members (Lopez-Gameab,62008). However, this is the
first research that examines complementary aseetS¥ in a business context where
offering product variety is critical to win customerders. In such a context, the MCCs
of “solution space development”, “robust processigi#, “continuous improvement for
MC” and “choice navigation”, which had never bederitified by previous studies as
complementary assets for GM, are found to lower thsts associated with the
implementation of GM.

Another contribution to the GM literature arisegnfr the asymmetric nature of some
of the complementarities identified in this disaddn. These asymmetric
complementarities support the existence of a pa&jendency (or sequence) in the
pursuit of GM, as suggested by several studiesoomptementary assets for GM (Hart,
1995; Christmann, 2000; Darnall and Edwards, 208&)t (1995) first observed that,
when a firm lacks well-developed basic competensash as those for quality
management, the implementation of “pollution preigi capability can be hindered.

For this reason, a company first has to focus an ithprovement of these basic
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competences and then on the development of “pofiuprevention” capability. Other
studies have added on that work by identifying ptemplementary assets, such as a
guality-based management systems (Darnall and Edwa006), that should be
developed before trying to achieve GM. My findirgggoport the perspective of these
studies and contribute to this literature by docuoiing the existence of a specific path
dependency in a competitive environment where oosts ask for high product
customization. In such an environment, a companyheadly pursue GM at acceptable
costs before the company develops high “robust gg®cdesign” and “choice
navigation” capabilities.

A final contribution to both the MC literature atite GM literature is the fact that,
while most of the capabilities discussed in thiskvavere introduced in literature by
previous studies (for example, “robust process giésicapability or “product
stewardship” capability), other relevant capalasitare proposed here for the first time.
The relevance of these MCCs or GMCs is supportethéyact that, in one case, they
can be mapped onto particular sub-dimensions oéluhies already introduced in
literature. This is the case of “greening the comobase” capability, which can be seen
as a part of “product-oriented information and caimination” capability (Bremmers et
al., 2009), which concerns communication with costcs (while communication with
suppliers is included in “green supply” capabilitir) the case of the other capabilities,
which do not find correspondence in previously wedi organizational capabilities,
nonetheless there is an implicit support by thesteng literature. “Environmental
scanning for GM” capability reflects the importarmfescanning behaviors for staying
abreast of competitive trends and future legistatio the environmental domain
(Anderson and Bateman, 2000). “MC integration witthe strategic planning process”
capability is supported by those works that hidhtlithe importance of developing a
manufacturing/operations strategy to support thesyptof MC (Brown and Bessant,
2003; Duray, 2006). “Continuous improvement for MCapability, finally, finds
support in those works discussing the importanceoottinuous improvement for the
pursuit of MC (Selladurai, 2004, Liu et al., 20G6jang et al., 2008).
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Conclusions, limitations and future research

CHAPTERD

Conclusions, limitations and future research

The results of this study support the existenceoofiplementary relationships between
individual MCCs and individual GMCs, leading to sathditive costs for a company
pursuing both MC and GM. These results contribatihé literature on the relationship
between economic and environmental sustainabifitiebusiness, by showing that the
two pillars are, to some extent, complementary wheompany operates in a highly
competitive industry whose customers ask for produstomization.

This work additionally contributes to the literaguon MC and to the literature on
GM by indicating complementary assets that, foiheaicthese two strategies, had not
been identified by previous research. On the onedhthis study shows that some
GMCs are complementary assets for MC. On the dthed, it shows that some MCCs
are complementary assets for GM when the compataytget market requires high
product variety.

As regards the implications of this study for pieet the theoretical results of this
research can be of interest especially for comgasig@plying complex customized
products in highly-competitive business-to-businesstexts. These firms can achieve
significant cost savings when pursuing both MC aB#1, by exploiting the
complementarities identified in this study. In partar the theoretical results of this
research suggest that part of these cost savimgsrdg be achieved if it the company
first improves or develops certain MCCs, namelybtrst process design” and “choice
navigation” capabilities, and then starts workimg@M\.

While contributing both to the academic literataed to managerial practice, this
study is not without limitations: results are basmd a single case study, which is

subject to limits in generalizability and severatgntial biases (Voss et al., 2002). Even
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though reasoning about contextual factors has Hetpe identify some boundaries of
validity, more complete boundaries of validity dikeely to emerge from the testing of
the propositions in various settings (Whetten, 3988oreover, additional work is
needed to include the social pillar of sustaingbil the debate, since this study only
focused on the economical and environmental pill&isally, future studies should
complement the research on the relationships betweECs and GMCs by
investigating the existence of tradeoffs betwe@&s¢htwo set of capabilities and how to
alleviate such trade-offs, if any.
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Table A.1 — Solution space development” capability

Capability

sub- BEGINNING 52%8 -l 2009- | sem. 2009 - Il sem. 2010 - | sem. 2010 - Il sem. 2011- | sem.
dimension :
Customer’s needs analysis Develo_pment_ ofa Lean sales purchasing
and sales estimates arg The sales office marketing office, project: creation of an
made bv the sales office starts to formalize directed by an _ information system for
onl baged on their personal their market The organization experlencgd ma_rketmg determining more
yo P . knowledge by 9 N manager, including reliable sales forecasts
experience and past sales The technical . starts to make in- gome technical persons :
creating a market : : p per product family.
trends. These analyses are department starts : depth interviews  (more expert of the ;
: segmentation . pertc Agents are trained for
not performed routinely, but to collaborate with a roduct technical
. document - . p the use of such system.
on the need based, when the with the post eriodicall representative set characteristics) and an
Identify R&D office needs sales personnel P y of customers area manager (more  The marketing office is

heterogeneity
in customer’s
need through
the analysis
of customer’s
expressed
preferences

indications for some NDP
choices.

Sales personnel are not
evaluated based on the
correctness of such
information and are not
incentivized to improve.

As a consequence the
organizational
understanding of the
customers’ characteristics is
low, and this results in a
solutions space that does not
match the customers’ needs.

(who follow the
installations of

the products in
the customers’
working site) to
have more precise
information about
customers’ habits
in terms of
product use

presented to the
entire
organization. The
documents
include the
product
functionalities
preferred by each
segment and the
characteristics of
the segment. This
increases the
reliability of the
sales forecasts.

(both their own
customers and
competitors’
ones) to better
understand their
profiling
characteristics
and their
priorities in terms
of the available
product features

The office startsto ~ Pre-competitive
survey large pools of ~analysis of new
customers to improve Product features
the organizational (agents are also
understanding of their involved in the
characteristics and ~ analysis)

complains Creation of an

New incentives-based @utonomous service
initiatives aimed at office that has to

increasing the monitor (and report)
correctness of the systematically all the

agents’ sales forecasts Problems experienced
by the customers
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Anticipate
customer’s
need by
looking for
customer’s
unexpressed
preferences

New products concepts are
limitedly tested, with
maximum two customer
evaluating them

Salespersons
together with
some technical
personnel start to
visit customers
(company’s and
competitors’
ones) to support
the market
segmentation
activity with
observational data

Visiting clients to
test pre-series
products (10 tests,
for 3-4 months)
becomes a formal
procedure,
involving
operations, R&D,
salespersons,
post-sales. After
the pre-series, a
higher number of
pre-production
products (10-15)
are similarly
tested by
customers for
several months.

Planning of a regular
data collection
procedure, for
gathering data about
customer's behavior
through automatic
instruments




89

Table A.2 — Robust process design

Capability

sub- BEGINNING 52218 -l 2009- | sem. 2009 - Il sem. 2010 - | sem. 2010 - Il sem. 2011- | sem.
dimension '
There are five different technological Development of a  Training of the Technical Definition of a
products platforms, with a low degree new procedure for ~designers, to Redesign of the ~ Personnel visit the new process for
of component commonality (on design review strongly assembly process manufacturing creating the
average 14% of common components, during the NPD emphasized the 0 10 create o (aCHIties. This assembly
36% for portals). Many product sub- process (including a Need to increase multi-product makes them cycles of new
assemblies are (unneeded) duplication series of the carry-over of , cembly line understand the  products: new
of other available sub-assemblies (for multifunctional components in (with fixed takt problems cycles can only
example numerous variants of dosing meetings to ensure the NPD process o "\ i, experienced by  be created by
umps perform exactly the same that the product can ; | operations summing up
]E) po b li hi 3|/-f i f b duced - Restructuring of parallel because of the “standard”, pre-
unctionality). This proliferation of e produced reusing existing BOMs ~ workstations for _ _
component variants happens because , available processes) and assembil erformin high variety of  defined sub-
there is no product planning (the sale§Perations . y o per | 9 components and  cycles
NPD that bt and R&D  Adoption of the cycles, so that  particular activities to aooroved by the
. office gives indications for NPD, f : , one product customization o pproved by
increases . . manager, generic BOM” in product > manage. Thisin  operations
based on their experience of the : functionality is  activities ge. _ p
the reuse i with the R&D onaty i turn creates higher manager. When
: market, or the designer themselves : associated with ! nig anager.
of available experience  department (the Procedure for attention during  this is not
invent some new module normally . onlv one product g
resources . iti is). inand abstract y one p includin NPD to avoid ossible, the
without a pre-competitive analysis). attitude for representation of a Sub-assembly iing . p e,
Moreover designers use single-level P suppliersinthe  problematic operations

BOMs (hampering the analysis of parf"°V2Hion

commonalities among products), they
have low familiarity with the

assembly process (so they design
product that are difficult to be
produced), there is no culture
supporting carry over in the NPD
(designers sometimes redesign
available component based on their
own creative vein) and there are no

set of product
variants as the
result of the
combination of
different types of
components)

New procedure for
product coding: the
code uniquely
represents (in

and exclusively
with one
assembly cell.
The management
control office
helps designers
in this activity
illustrating the
implication of
different ways of
structuring the

NPD process, to
modify design
elements that
cannot be
produced
efficiently by
suppliers given
their available
processes

design solutions.

Substitution of a
designer that
resisted against
the
standardization of
product modules
and parts. The
R&D department
increases its

manager herself
has to create
new sub-cycles
that are
compatible

with the
available
assembly line
characteristics.
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strict rules for product coding (two
identical components can result in
two different codes because they are
named in different ways by different
designers).

addition to other
information) the
sequence of

assembly steps

needed to produce

the variant
(speaking code).
This forces
designers to keep
into account the
production cycle
during the NPD

BOM on cost
computation.

Institutionalizati
on of yearly
product plan
meeting, whose
decisions are
used by the R&D
office to direct
the NPD
activities

openness to the
change.

New procedure
for the design of
engineered-to-
order products:
they can be
developed only
after ensuring
their alignment
with the
organizational
product plans,
their operational
feasibility given
the available
process and their
economic return
given a target
price

The marketing
office includes
technical
personnel to
facilitate the
communication
between the two
offices, and thus
the correct
transfer of
commercial
information for
the NPD process

Continued on the next page
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Continued from previous page

Capability

sub- BEGINNING 299811 2000-1sem.  2009-lsem.  2010-Isem.  2010-Iisem.  2011-1sem.
dimension '
Even identical customers’ needs can Creation of a new
result in different products design. The rule for product
technical documentation of past products coding and
is sometimes absent or too difficult to description. The
retrieve when needed to produce a variant responsibility of
again after some time. In these cases the the coding process .
. . o . Starting the
product technical documentation is given to a single . .
) . . implementation of
(drawings, bills of materials...) are person, to further )
N the new technical
recreated from scratch, often resulting in ensure the confiqurator
a product that is different from the homogeneity of the . 9 "
X . . integrated with the
previous one. Creation of coding. sales confiqurator
Avoid Moreover during order acquisition, assembly Increased use of a This inte rgtion * The product
salespersons often agree on the provision manuals to ; . gratio configurator
unneeded f enai d d d dardize th technical avoids errors in - 5tomatically
variance in 0. SngIneere -to-order products, standardize the configurator to the transfer of the i
regardless of whether these orders can be behavior of . . determines the
the order . : ; o . automatically commercial order nroduct
. fulfilled with the available organizational operators in the : p
fulfillment : generate the to the technical  ghjpping-
resources or not. For this reason new assembly ; . pping
process ; technical office related
assembly cycles are continuously created, processes documentation ! ]
increasing the variability in the activities reauired for the Weekly information
performed by employees. q interfunctional

Another problem is the low degree of
standardization of the assembly activities.
Experienced operators assemble the
product by memory, in their own
personal, historical way. This affects the
repetitiveness of the product testing
activities, as identical products can be
assembled differently, thus requiring
changes to the quality checks procedure.

production of all
the solution
modeled in the
software. The
system eliminates
the creation of
redundant design
solution when an
existing one can be
reused

meeting for the
planning of the
order fulfillment
activities
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Make
suppliers
more
flexibile

The supply chain is particularly dispersed
and fragmented, mainly for historical
reasons. Lot sizes required by many
suppliers are large and this increases
inventory cost for the organization (for
example, a supplier of structural
components requires minimum purchase
lot that produced inventory for up to four
months). In addition, due to the
company’s inability in making accurate
sales forecasts, suppliers are often
required to deliver components with tight
time constrains, which most of them are
not able to satisfy. Such a low reliability
in the supply process causes high
workloads on the purchasing department
— for day-to-day troubleshooting —
leaving no resources for strategic and
longer-term relationship development
with suppliers

Establishment of
an annual meeting
with the most
important suppliers
(fifty) to
communicate the
company's strategy
—included MC-
related goals- and
discuss the
implication for the
suppliers (to allow
them proactively
react to expected
changes to the
company’s supply
strategy)

Creation of annual

audit at key
suppliers’ plants,
to conduct a risk
assessment of
their supply
capability (based
on company size,
type of ownership,
number of
machines
available ...) and
of the robustness
of their business

Establishment of
close
collaboration with
important
suppliers to solve
problems
identified during
the audits and in

Adoption of a
procedure for
dismissing non-
crucial or low-
performing
suppliers (based
on the periodic
assessment and
benchmark of
suppliers'
characteristics) to
free resources for
the development
of close relations
with the most
important ones

some case develop

a kanban-based
supply
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Table A.3 — Choice navigation

Capabilty — — gegINNING 200811 5009-1sem.  2009-lisem.  2010- I sem. 2010-Ilsem.  2011- | sem,
sub-dimension sem.
When the
customer hasto The newly adopted
make a difficult  sales configurator
choice, the provides detailed
o The communication of the pros and agents are explanations of each
Minimize con of the available product choices instructed to use product option, lustrative i
complexity and s yp to the agent - for highly market helping the agent to ustrative Images,
the burden i o . ; texts and 3D
. experienced agents this is not a segmentation explain to the rendering of the
perceived by problem, while in other cases the information customers the d 9 ilabl
the customer  salesperson supports the customer (which start to be advantages and plro ?Ct ?va! aole
Wheﬁ making a only in the choices he is more provided by the disadvantages of a sok or foreign
choice knowledgeable about (generally no sales office) to  each choice, through markets
new products or top-class products) suggest to the illustrative images,
customers the texts and 3D
option typically  rendering of the
chosen by the product
same segment.
Agents/salespersons are given an Increases inthe Agents are Between May 2009 Availability of the  |_gepth
Present to the overview of the new products during agents’ instructed to use and June 2010, a  Sales configurator  training of the
customer only ~ SOMe meetings, often insufficient to propensity to market cross-functional to the foreigner  agents and

the choices
that lead
him/her
towards the
best product in
the solution
space

make them understand the value and
the functionality of the most

complex products. These meetings
are, moreover, very few so
agents/salespersons are often not
aware of the ultimate solution
launched by the company. Given the
lack of support some salespersons
offer to the customer only the few

direct customers
towards pre-
engineered
products, thanks
to the new
process for order
validation: before
launching an
order in the

segmentation
information to
initially present
to the customer
only the part of
the solution
space which is
typically chosen
by the same

team creates the

sales dialogue of the
new sales product
configurator (and the
manual for using it).

markets, by virtue

of the translation
of the
configuration
dialogues in a

The system suggests Number of
an ordered sequence languages

salesperson has to

on the use of the

salespersons on
the new
products (they
start to sell the
top-level
products
because they
finally have the
required
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products they are more expert on,
even when a more suitable product
is available for the customer in the
solution space (this is especially true
in the case of conveyors — which are
more complex and salesperson
expertise is even more limited). In
other cases the agents accept every
customer's request (being unable to
propose other solutions), even when
these requests lead to a product that
is not included in the solution space.
This happens for more or less 10%
of orders — up to 50% in the case of
conveyors. In some of these cases
the customer has to be re-contacted
by customer service personnel to
change his/her order, because it is
found to be unfeasible (given
incompatible functionalities). In
other cases the R&D office develops
a new product that tries to reconcile
the incompatible functionalities.

production segment
system the
company staff
(customer
service) has to
insert it into the
ERP system,
correcting errors
in the
configuration,
price and delivery
times promised to
the customer.
Then the agent is
required to
validate the
revised version of
the order before it
is formally
accepted.

ask to the customer. configurator

The dialogue
changed based on
previous answers of
the customer,
therefore adapting to
his/her needs

knowledge)
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Table A.4 — Continuous improvement for MC

Capabtity sub™ - BEGINNING 2008 - Il sem.  2009-1sem.  2009-lisem.  2010-Isem.  2010-lisem.  2orl-!
imension sem.

The organization suffers fro_m large From the end of

product quality problems_ (high 2009 visiting

warranty and non-compliance clients to test

costs). The information collected re-series Training of

ﬂuring post-sales in(tjerventions, Post-sales Broducts employees on

systematically solve problems: this h hnical regular statistica f | helps to further

; o . the technica : : orma

information is revised abOL_Jt every department: he information on procedure. It structure the

three months by the techmcall starts to pro.mote the product helps to ' product testing
Continuous department but the appfoach IS culture of quality problems eliminate phase, increasing
enhancement of unstructured (no farrllalyss of th_e ContinuouS that are obs_erved “batches” of The_ prodhuct _ the attention on
individual _occurrencfeshor 0 :)le economic improvement E)ex. mearf1 t_||me problems (that testing p _asg is objggt!ves |
product impacts of the problems, nor a among all etween failures) were previously systematized - gefinition, analysis
components and structured approach in solving them, and on the cost o no product can  of the results, and
COTTIE designers ded to fi eliminated one be deli d )
individual - e.g. PDCA). Moreo_ver (especially in needed to fix by one only as e deliveredto  formal reporting of
transformational _employees’ suggestions for terms of defining them. These data the cuStomers the customer results.
activities improvement are often not start to be S before testing _ _

analyzed for lack of time and lack clear analyzed by 'dﬁ ntified therr]n Adoption of visual

of a structured procedure for Improvement R&D office when using the management

suggestion implementation. The gbjectlves. and every 3 months phroducts). After principles to signal

testing of new products is often notré)scuultrg ;e nting to identify ;uempbrgso?‘nerza things that the

executed because of time constrains improvement 0 ductionp employees have to

in the development of engineered- priorities P improve in their

to -order products. Solutions of
quality problems signaled by the
customers are not extended to other
products that have similar problems

products are
similarly tested
to look for
problems

way of working




Continuous
improvement of
the product
architecture and
the process
architecture

At the beginning of the observation,
the continuous design and
introduction of new product variants
creates a high number of production
problems: the lack of time that is
devoted to the design of each product
does not allow the R&D department
to make a thorough inspection of the
technical documents produced, and it
is impossible to validate each new
projects together with the production
department to check its practical
feasibility. This leads to numerous
errors in the bills of materials or in
the technical drawings (in 10% of the
portals): bills can have missing
component (e.g. solenoid valve), or
blueprints can have wrong
information. When assembly line
operators notice the error, they
normally have to rework some pieces
or pause production to gather missing

components. These errors detected by
production personnel are reported in a

"defects file" (since 2007). However,
there is no well-defined process for
the routine analysis and systematic
resolution of these problems (in mid-
2008, the percentage of problems
solved is about 60%)

The "defects
file" starts to be
reviewed every
month to correct
compatibility
problems among
product
components

A blackboard is
introduced
alongside of the
assembly line, with
forms for
suggesting
improvements or
report problems
(both about product
and process). The
operations manager
The creation of and a production
the assembly line person analyze
allows weekly those forms
employees to to implement
better observe  suggestions that are
incompatibilities considered valid.
/problem in the  Suggestions/proble
transition from  ms regarding the

one working product architecture

station to the are discussed every

other two weeks with the
technical
department to
create an

implementation
plan. Once the plan
is created detailed
and actions are
taken, and
feedbacks are
provided to the
employees.
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Table A.5 — MC integration into the strategic plannng

Capability

sub- BEGINNING 2008 - Il sem. 2009- | sem. 2009 - Il sem. 2010-1 5010 - 11 sem. 2011-1
. . sem. sem.
dimension
The strategic planning The product
process includes the planning meetings
Zale_s.manageé butd Formalization. are iupported by
Include ecisions are based on in the company market
customer's  his own perception of vision and segmentation
needs in the the customers' needs, mission, of the documents and pre
staisg oton formal mare o et
planning Iead)s{ to .the customer is at the r¥1arketin ’
process misinterpretation of the center of office, to kee% into
what the market wants, business strategy consideration what
and to product plans that the customers really
are unprofitable want
Institutionalization of yearly
New managing " : product plan meeting, attended
director, aiming at ;‘;‘3, ff,trr "’,S,ect‘}?-'c by the all the top management
Minimize improving the (including the (I.e.lfp.eratlons,. R&?, sales, .
operational o profitability chooses a product control, information systems an
impact of No contribution of the  phew top management configurator, human resources, quality and
the strategic 0P management to the that can support his redesign of the health & safety). All participants
planning product plan decisions  yjsjon (innovation- NPD process..) evaluate the proposed product
decisions oriented persons) i set as the most P/an: highlighting the problems

Formalization of the
strategic plan for the
pursuit of MC

it could create in their
department: this helps to
reconsider product choices in
order to ensure their economic
viability

important
improvement
plan of the year
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Table A.6 — Pollution prevention

Capability sub-
dimension

BEGINNING

2008 - 1l
sem.

2009- |
sem.

2009 - 1l
sem.

2010 - | sem. 2010 - Il sem. 2011- | sem.

Continuously
reduce the
environmental
impact of the
process

Continuously
reduce the
environmental
impact of the
product

No actions to
reduce the
environmental
impact of the
process

No actions to
reduce the
environmental
impact of the
products

The Health and Safety manager
presents the results of his
environmental analyses to the
managers that stand over
polluting processes. These
managers have to present an
improvement plan to reduce
impacts that are found to be
excessive. The Health and Safety
manager has to assess and
eventually modify the plan before
large scale implementation

A blackboard is introduced
alongside of the assembly line,
with forms for suggesting
improvements or report
problems (both about product
and process). Once an
improvement plan is created
based on an employee's
suggestion, feedbacks are
provided.
The company starts to monitor
L . New procedures for
electricity consumption of the . . .
) environmental improvements:
production process to understand.
. . ; improvements have to be
which variables influence such
) ; carefully planned,
consumption. Data is then used to
. Implemented and assessed
make improvements to the
process to reduce its energy
consumption

The maintenance technicians
are trained (through their
participation in the process
assessment for the EPD ) to
identify product
malfunctioning that hamper
environmental performance

The R&D department starts to
collaborate with the product
testing department to carry out
experimentation to identify
possible environmental
improvements of the product

Planning of a large-scale
customer data collection to
identify problems - in the
product use - that affect
environmental performance
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Table A.7 — Process environmental management

Capability sub-

BEGINNING 2008 - Il sem. 2009- | sem. 2009 - Il sem. 2010 - | sem. 2010 - Il sem. 2011- | sem.

dimension

Monitoring of
process
environmental
performance

Managing
current
processes to
minimize their
environmental
impact

The company respects
the environment
regulation about
process monitoring
(special waste,
wastewater, oils). The
employee charged of
this activity is the
Health and Safety
manager. Feedbacks
are given to the
manager supervising
non-conformant
processes with
irregular periodicity

Work instructions
include the
prescription of
separate collection of
waste materials,
(paper and plastic).
Maintenance of the
production technology
is regularly performed

QOutsourcing of the
management control
activities regarding
the organizational
EM system

The new environmental

manual includes instructions
(and appoints a responsible)
for periodical measuring and
assessing: wastewater in the
painting process (monthly), Consumption of paint

special waste (every six

powders starts to be

months) energy and water monitored

consumption (every three
months). In addition, every .
six months reports are to b
created based on these dat

The monitoring of the

Titration of chemicals

oS done twice a day
évs. once every week)

chemical processes starts to
be made by a (more expert)

supplier

Switch-off of the painting
sprayer when no products
are in the painting process

Waste powder paints is

recovered and used

Warehouse
reorganization: stocks
of products that are
rarely handled are
located in more
distant zones, while
high-turnover ones
are placed near the
picking point to
minimize the
emission of the
internal logistics
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Managing
current
processes to
minimize risk of
environmental
incidents

Chemicals are
sometimes stored in
unprotected areas;
some are expired and
not disposed for a long
time. Employees
training on
management of
environmental risks is
performed every two
years

Following two

breaks in a washing

plant that had

resulted in the waste

of large volumes of

water, the company vyearly training

introduc_es a for employees
monitoring system gpout

in the event of risks

abnormal water management.

consumption -
Specific

New procedure for  {rgining for

the closure of the  employees in
water plant when  he warehouse
there is the risk of  that handle
further breakage of chemicals

pipes

Formal procedures
for tracking the
expiry date of
chemicals

Revision of the safety
manual to include
environmental issues (thus
becoming the "environment
and safety" manual). It N
) reorganization:
includes all the relevant

X : Jharmful products are
environmental regulations, i !
) o ocated in lower
identifies personnel A

; shelves to minimize

responsible for : .

X . __their handling
environmental emergencies
and procedures to be
followed in case of
environmental incidents

Warehouse
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Table A.8 — Product stewardship

Capability sub-

- BEGINNING 2008 - Il sem. 2009- | sem. 2009 - Il sem. 2010 - | sem. 2010 - Il sem. 2011- | sem.
L Procedure for
E)ir;?rfar\?zleps\imrzhsﬂdio including suppliers in The design of the
t0 identify mogre the NPD process to product takes into
Beginning of a recyclabie materials receive suggestion on consideration the
regular collaboration that can replace the hovgto qe5|gg the produqt shipment
Reduce the with research ones used in the product in order to operations

environmental
impact caused
by external
stakeholders
through product
redesign

Reduce the
organizational
environmental
impact through
product/process
redesign

The impact of the
product outside the
company’s
boundaries is
unknown and there
are no attempts to
reduce it

There are no
organizational
attempts to design
the product in a
way that it can be
produced with low
environmental
impact — only
personal initiatives
of few designers

institutions to
develop technical
innovations that can
reduce energy
consumption of the
product in use and
end-of-life product
impact

The new R&D and
operations manager
share an interest for
environmental
preservation and
informally discuss
about possible
improvements to the
company’s products
and processes

current products

Formalization of the
redesign objectives to
be accomplished with
the research
institutions:
optimization of fluid
jets, use of renewable
energy, reduction of
noise levels

include supplier's
"greener" products

Long-term
collaboration with a
consultancy company
to identify the

product life-cycle
steps that are the
most polluting — to
guide the design of
the future products.

Visits of the

technical personnel
to manufacturing
facilities to make
design review during them understand

Interfunctional
meetings for the

the NPD process startthe problems

to include

environmental operations —

aspects of the productincluded
environmental
issues

experienced by

(decomposition of
the product into sub
assemblies that fit a
standard container
— to allow the 3PL
to optimize its
routings — and
redesign of the
packaging to make
it reusable)
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Table A.9 — Green supply

Capability sub-
dimension

2008 - Il
sem.

2009- |

BEGINNING
sem.

2009 - Il sem.

2010 - 11

2010 - | sem.
sem.

2011- |
sem.

Reduce the
environmental
performance of
the supplied
components

Monitoring of
suppliers’
environmental
performance
improvement

No collaboration
with existing
suppliers to reduce
their environmental
impacts

The company
looked for reliable
suppliers who
complied with the
laws including
environmental
ones.

Establishment of an annual
meeting with most critical
suppliers to communicate the
company's strategy, including
green objectives. During these
meeting the company
communicates that suppliers'
“going green” will be preferred
over other suppliers

The purchasing department is highly
involved the EPD project
(participation to suppliers’
presentation of new green products,
collaboration with the R&D to find
greener components on the market —
with training on what “greener”
means -...). When assigning a new
supply contract (and multiple
suppliers are available), the office
starts to look for current suppliers
that can provide a greener product. If
no one does, the personnel try to find
a supplier that is available to redesign
its component, in collaboration with
the company R&D, to make it more
environmental friendly

If none of the current supplier is
available for green procurement, the
purchasing office looks for a new
supplier that can provide evidence of
higher environmental performance
(e.g. LCA or other certificates)

Yearly supplier evaluation procedure
includes supplier's possession of
environmental certifications
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Table A.10 — Relationship environmental management

Capability
sub-dimension

2008 - 2009- | 2009 - Il

BEGINNING
Il sem. sem. sem.

2010 - | sem. 2010 - Il sem.

2011- | sem.

Relationship
environmental
management

The company creates
the compulsory
documents required
by the legislator
(about waste and
chemical
management, water
pollutions...)

Development of the
procedures and
instruments for
computing the life-
cycle impact of the
product. Nomination
of a responsible for the
EPD certification

Beginning of
participation to
industry fairs to
present products in a
way to visually
communicate their
green performance
(reproduction of a
natural environment in
the stand, green
colors...)

The company is the first in the

world in its sector to obtain the
environmental product declaration
EPD® for its products. This
declaration certifies the
environmental impact of the
products calculated in all phases of
its life cycle. The marketing office
starts to promote the achievement of
the environmental certification
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Table A.11 — Integrating the natural environment irto strategic planning

Capability sub-
dimension

BEGINNING

2008 - Il sem.

2010 - 11

2009- | sem. 2009 - Il sem. 2010 - | sem. sem.

2011-1
sem.

Integrating the
natural
environment
into strategic
planning

No resources
dedicated to
green
management

New top management,
interested in
environmental values
and ethics. The
management and
ownership agreed
immediately about the
increasing importance of
environmental issues in
their business. They
initiate the review of the
corporate vision and
mission

Redefinition of company’s
mission and vision and
redesign of the corporate
logo to reflect
environmental
sustainability. This
operatively results in the
definition of important

Institutionalization of yearly

product plan meetings, also

attended by the Health & Safety )
manager (responsible for The strategic
overseeing some environmentaldecision to
aspects), who gives an opinion Pursuit the EPD

Pigh Iveaments for | about the environmental __ certfication
9 : . implication of different strategic guides the

collaborations with . : company’s

universities and research choices avallable_ o top decisi f

institutions management. This helps to ecisions o
identify the choices that are ~ resource

Meeting with the middle ~ more in line with the green allocation

level managers to strategy among new

encourage the sharing of product/service

These meetings are additionally projects
supported by information about
OIcompetitors' initiatives in the
environmental domain

the new "green”
organizational values.
Managers are then charge
to be spokesman of the
green mission among the
rest of the employees
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Table A.12 — Greening the customer

Capability sub-
dimension

BEGINNING

2008 - 1l
sem.

2009- |
sem.

2009 - Il sem.

2010 - | sem. 2010 - Il sem.

2011- | sem.

Determine the
information that
can help the
customer to be
"greener")

Instruct the
customer on
how to be
"greener" when
using the
product

No initiatives to identify
new information that can
be used by the customer
to reduce the
environmental impact of
the product during use

The user manual given
to the customer includes
instructions that must be
followed to avoid
incompliance with
environmental
regulations (mainly in
the water treatment).
Salespersons are not
trained on the
environmental
implication of the
products therefore they
cannot give further
support to the customer

The organization
starts giving
samples of low-
pollution
shampoo to the
customers, to
promote the use
of such chemical

Systematic testing of the
new products to estimate
their environmental
performance under
different use conditions
and to find which

Beginning of product
testing aimed at
understand the best
dosing of shampoo
under different climate

conditions )
influence such

performance

Start of the creation of a
“green manual” with
instructions for the proper
use of the product to

Personnel advice minimize its

customers, during post environmental

sales visits or new performance. The manual

product installation, on includes threshold value

how to dose chemicals of recommended
environmental impact of
the product in use and
suggestions on how to
reduce such impact.

customers' behaviors may

In-depth training of the
agents and
salespersons on the
new products
characteristics — so
that they are able to
give indications to the
customer about the
environmental
advantages of the new
products

Planning of a
communication
campaign with an
NGO, to discourage
the use of
unsustainable practices
in car washing
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Table A.13 — Environmental scanning for GM

Capability sub-
dimension

BEGINNING

2008 - Il sem.

2009- | sem.

2009 - Il sem.

2010 - | sem.

2010 - Il sem.

2011- | sem.

Environmental
scanning for GM

The company was

not conscious of
the customer's
need for more
environmental
friendly products.
It was losing
market share
because it was
disregarding the
importance of
water treatment
systems (a
complementary

product sold to the

customer with the
washing
equipment).

An external office
is used for
monitoring
environmental
legislation

The participation
to industry fairs

and suppliers' fairs

allows monitoring
competitor's
initiatives in the
environmental
domain and
discussing with
customers about
their interest for
"green products".

Some contacts are

additionally made

with NGOs present Salespersons >
together with some Personnel during

technical personnel the testing of
product pre-series

are used to identify

at fairs, to
understand what

they would like the

company to do in
the environmental
domain.

The R&D manager

scans specialized
magazines to
identify technical
development that
can be used for
green product
redesign

The sales office,
supported by the
R&D office, starts
to analyze and
benchmark
competitors'
products from a
green point of

start to visit

(company’s and
competitors’ ones)
to support the
market scanning
with observational

The purchasing

department starts

to monitor new
green supply
opportunities

Visits to the
customers' site,
conducted by

R&D, salespersons

and post sales

customer's

priorities in terms
of environmental
improvement of

the product

Creation of a
Marketing
department
responsible for
monitoring
customer's
environmental
needs and
competitors' green
initiatives -
through in depth

interviews, surveys
and customer visits

Planning of a
large-scale visit to
customer's site to
gather reliable data
on how customers
normally use the
product and which
environmental
problems they
have
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