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Theoretical background: the environmental commitment of companies 

 

In the last decades, many companies and institutions have started to consider the importance of the 

environmental aspect of every action they take and have started to deal with it. Whereas from one side 

companies are trying to integrate this new variable into their production schemes, academics have 

started to investigate the possible role of environmental strategies in the daily activities of companies, 

without compromising the economic success of companies and even contributing positively to it. One 

of the main area of research is focusing on how moving towards sustainable development will affect 

first the survival and then the competitiveness of companies. 

According to Henriques and Sadorsky (1999), an environmentally responsive firm can be defined simply 

as a firm that has formulated an official plan for dealing with environmental issues. However, this 

definition can be too narrow to include all the different ways through which a company can demonstrate 

its commitment and a more broad definition can be considered. A company can be defined to be 

environmentally committed when it implements behaviors and acts in a way to protect the natural 

environment. What a company is actually doing or has done with reference to environmental issues can 

describe its level of commitment to the natural environment (Henriques and Sadorsky, 1999). 
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The environmental commitment of companies can be demonstrated in different ways, such as 

(Henriques and Sadorsky,1999; Buysse and Verbeke, 2003):  

1) investing in formal (routine-based) management systems and procedures (such as having an 

environmental plan and communicating it to all stakeholders, implement some forms of Life 

Cycle Assessment (LCA), publication of internal and external reports); 

2) having an environment, health, and safety (EHS) unit,  

3) having a board or management committee dedicated to deal with environmental issues; 

4) investing in conventional green competencies related to green product and manufacturing 

technologies; 

5) investing in employee skills in environmental issues; 

6) having made efforts to reconfigure the strategic planning process, by explicitly considering 

environmental issues. 

Traditionally, environmentally committed firms have been classified according to their level of 

commitment and different scales have been proposed, all ranging from reactive behaviors (mostly 

compliance driven) and proactive behaviors of companies (taking into account a variety of forces other 

than government regulation). (Schot and Fischer, 1993, Hunt and Auster, 1990; Roome, 1992; Aragón-

Correa, 2003; Buysse and Verbeke, 2003; Murillo-Luna et al., 2008).  

The work of Hunt and Auster (1990) and Roome (1992) provided an example of the typologies designed 

to classify firms according to their environmental management practices. These typologies represent an 

application to environmental issues of two earlier models developed by Carroll (1979) and Wartick and 

Cochrane (1985) on corporate social responsibility. Later on, Hart (1995), expanding the resource-based 

view of the firm to include the constraints imposed and opportunities offered by the environment, 

developed an alternative classification of environmental strategies. Buysse and Verbeke (2003), on the 

other hand, propose three categories of environmental strategy: Reactive Strategy, Pollution Prevention 

and Environmental Leadership.  
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Table 1 reports the different scales provided by the literature to classify companies according to their 

level of environmental commitment. Differences in the scales can be due to the different industrial 

sectors and geographical location analyzed by the authors. However, the important point to notice is 

that in every scale is provided a classification from reactive behavior to more proactive behavior is 

provided, where the proactive behavior is generally characterized by a consistent pattern of 

environmental practices, a high involvement of top management, the allocation of resources inside the 

companies and an environmental commitment that goes beyond regulation (Sharma and Vredenburg, 

1998).  

Table 1. Possible classifications of companies according to their environmental commitment. 

Environmental management 
literature 

Corporate social 
responsibility 

literature 

Resource based  
view 

environmental 
approaches 

 

Roome (1992) 
Hunt and 

Auster (1990) 

Wartick and 
Cochran (1985) 
Carroll (1979) 

Hart (1995) 
Buysse and Verbeke 

(2003) 

Non 
compliance 

Beginner Reactive - 

Reactive Strategy 

Compliance Firefighter Defensive - 

Compliance 
plus 

Concerned 
citizen 

Accomodative 
Pollution 

prevention 
Pollution Prevention 

Commercial 
and 

environmental 
excellence 

Pragmatist 

Proactive 

Product 
stewardship Environmental 

Leadership 

Leading edge Proactivist 
Sustainable 

development 

 

The drivers  

Different kind of environmental pressures can be exerted on companies to drive them to start or to 

increase their environmental commitment and to start to consider the implementation of an 

environmental strategy. Environmental pressures can be subdivided in internal and external pressures 
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(Henriques and Sadorsky, 1996) according to the kind of stakeholder that is exerting this pressure. 

External pressures on companies can be exerted by regulators, suppliers, customers, clients, 

environmental association, local communities and all organizations and actors that are outside the 

boundary of the company but that still have some kind of interest linked to it. Internal pressures instead 

is exerted by employees, shareholders and all the actors that are inside the boundary of the company.  

In a stakeholders perspective, the inclusion of environmental issues into corporate strategy beyond 

what required by regulation could be viewed as means to improve the alignment of the company with 

the growing environmental concerns and expectations of its stakeholders, both inside or outside the 

boundary of the company (Buysse and Verbeke, 2003; Steadman et al., 1995).  

According to Freeman (1984) stakeholders can be defined as "any group or individual who can affect or 

is affected by the achievement of the organization's objectives"; stakeholders can express interest and 

influence the practices of an organization via direct pressure or by conveying information. 

Stakeholders can be classified according to different criteria. They can be classified as primary or 

secondary according to the type of relationship they have with the company (Clarkson, 1995). Primary 

stakeholders are those stakeholders that have a contractual relation with the company (e.g. employees, 

suppliers, customers...), whereas secondary stakeholders do not (e.g. media, social interest groups, 

regulators). A different classification of stakeholders is provided by Buysse and Verbeke (2003) who 

classifies stakeholders in regulatory stakeholders, primary stakeholders (external and internal) and 

secondary stakeholders. 

An additional classification of stakeholders is provided by Henriques and Sadorsky (1999), which 

identifies four critical groups: (1) regulatory stakeholders, (2) organizational stakeholders, (3) 

community stakeholders, and (4) the media.  
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Table 2. Different classifications of stakeholders (from González-Benito and González-Benito, 2010) 

 

However, these groups of stakeholders cannot be considered as equally influential for different firms 

and companies that have adopted different environmental strategies are influenced in different ways 

by different stakeholders (Bansal and Roth, 2000; Buysse and Verbeke, 2003; Henriques and Sadorsky, 

1999). 

According to Henriques and Sadorsky (1999), the managers of environmentally proactive firms perceive 

all stakeholders except the media as important, whereas the reactive profile provided results that are 

the opposite of those found in the proactive group, i.e. no stakeholder was perceived as important 

except the media. A most interesting finding is that firms falling into three of the four commitment 

profiles (all except the proactive firms) placed importance on the regulatory stakeholder group, where 

government, trade associations, informal networks, and information from competitors are included. 

Both proactive and accommodative firms placed importance on community stakeholders, which include 

community groups, environmental organizations, and other special-interest groups.  

Buysse and Verbeke (2003) report the role that different kinds of stakeholder have in the 

implementation of different environmental strategies, in this case defined according to the classification 

of Hart (1995). The paper shows that firms with a reactive environmental strategy attach importance 

primarily to domestic regulators, local public agencies, and international agreements. The findings 

demonstrate that firms pursuing a pollution prevention strategy attach even more importance to 

regulatory pressures. In addition, these firms also appear to attach substantial importance to 

shareholders, the media, and NGOs. The firms with an environmental leadership strategy appear to be 
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associated with the largest set of stakeholders perceived as important. They differ from firms with a 

pollution prevention strategy mainly by the importance attached to employees, international rivals, and 

international customers. Primary stakeholders (in this case, primary stakeholders include all the primary 

stakeholders with the exception of regulatory stakeholders) are considered to be the highest influential 

for environmental leaders, somewhat lower for pollution-preventing firms and lowest for reactive firms. 

Finally, it is suggested that the importance attached to secondary stakeholders (rivals, international 

agreements, NGOs, and the media) would be highest for environmental leaders, much lower for 

pollution-preventing firms, and lowest for reactive firms; however this result does not hold for all 

individual secondary stakeholders. 

Institutional theory can be used to explain how stakeholders impose different kind of pressure on 

companies in order to push them to adopt environmental strategies. According to Scott (1992), the 

institutional theory emphasizes the role of social and cultural pressures imposed on organizations that 

influence organizational practices and structures. According to Di Maggio and Powell (1983) 

organization practices are strongly influenced by three institutional mechanisms: coercive, mimetic and 

normative isomorphism. Di Maggio and Powell (1983) provided a definition of these three institutional 

mechanisms:  

- Coercive isomorphism occurs from both formal and informal pressures exerted on companies 

by other organizations upon which they are dependent and by cultural expectations from the society; 

- Mimetic isomorphism occurs due to uncertainty and organizations tend to model themselves 

after similar organizations in their field;  

- Normative isomorphism comes from pressures or interventions by professional groups.  

These institutional mechanisms create a common set of values and norms to produce similar practices 

and structures across organizations that share a common organizational field (Di Maggio and Powell, 

мфуоύΣ ǿƘŜǊŜ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ŦƛŜƭŘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ΨǘƘƻǎŜ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ǘƘŀǘ ώΧϐ ŎƻƴǎǘƛǘǳǘŜ ŀ ǊŜŎƻƎƴƛȊŜŘ 

area of institutional life: key suppliers, resource and product consumers, regulatory agencies and other 

organizations that produce similar services or products (Di Maggio and Powell, 1983).  
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According to Delmas and Toffel (2004), stakeholders impose mainly coercive and normative pressure 

on firms. However, they recognize that the way firms react to these pressures depend on internal 

variables, such as the organizational structure and plant- and parent-company-specific factors. 

As already suggested by Delmas and Toffel (2004), the adoption by companies of different level of 

environmental commitment is not only influenced by the environmental pressures to which they are 

exposed and this is demonstrated by the lack of uniformity of environmental strategies adopted by 

similar firms that are exposed to the same set of pressures (Delmas andToffel, 2008).  

The literature recognizes the existence of additional variables and aspects that influenced the pressure 

perceived by companies and, consequently, the behavior of companies (González-Benito and González-

Benito, 2010).These aspects can be divided into two broad groups. The first group comprises all the 

aspects that can be seen as internal features of a company, the explanation of how these aspects affect 

the (environmental) strategy of a company are discussed according to the resource based view. In the 

second group there are other variables that influence the environmental strategy of a company that are 

related not the resources that are available to the company, but to its nature and position, both 

geographical and in the supply chain. 

According to Grant (1991) in the resource based view, the internal features belonging to the first group 

can be classified in: 

- Tangible resources: include financial reserves and physical resources such as plant, equipment, 

and stocks of raw materials; 

- Intangible resources: include reputation, technology, and human resources; 

- Personnel based resources: include culture, the training and expertise of employees, and their 

commitment and loyalty. 

However, as these resources are not productive on their own, the analysis needs to consider a firm's 

organizational capabilities to assemble, integrate, and manage these bundles of resources (Russo and 

Fouts, 1997; Aragon-Correa et al., 2008) 
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To the second group belong all these aspects that contribute to describe and identify the company and 

that are demonstrated to be influential in the adoption of environmental strategies, such as its size 

(Aragon-Correa, 1998; Buysse and Verbeke, 2003; Russo and Fouts, 1997; Sharma, 2000), the industry 

sector (Banerjee, 2002; Wagner and Schaltegger, 2004), the market in which the firm operates (Buysse 

and Verbeke, 2003), the position on the supply chain (González-Benito and González-Benito, 2010), the 

geographical position (Triebswetter and Hitchens, 2005), the history of the industry (Buysse and 

Verbeke, 2003). 

Although if the stakeholders and internal features of the company can be seen as drivers of the adoption 

of a proactive environmental strategy, there are also barriers that prevent companies to adopt it. 

According to authors such as Ashford (1993), Dieleman and de Hoo (1993) or Murillo-Luna et al. (2007), 

firms often face difficulties or barriers which hinder and prevent the development of pollution 

prevention methods, classified as proactive approaches. A comprehensive review of the literature on 

the barriers that companies face is reported by Murillo-Luna et al. (2011). The same authors confirmed 

the findings of the literature about the existence of both internal and external barriers to the adoption 

of proactive environmental strategies. In addition, they affirm that only the internal barriers are those 

that really prevent the adoption of such proactive stǊŀǘŜƎȅ όάƴƻ-Ǝƻέ ōŀǊǊƛŜǊǎύ ŀƴŘ ǘƘŀǘ ǎƳŀƭƭ ŎƻƳǇŀƴƛŜǎ 

are more subjected to this kind of barriers. These internal barriers, called by Murillo-Luna et al. (2011) 

also endemic limitations, are identified as limited financial capabilities for environmental investment, 

low employee involvement in decision-making, lack of technological information and communication 

capabilities, aversion to innovation and deficient investment of resources in R&D.  

The pressures exerted by various stakeholders may induce firms to improve their corporate 

environmental practices. Moreover, according to Buysse and Verbeke (2003), firms adopting advanced 

environmental strategies often cooperate with some stakeholders such as regulators and 

environmental, nongovernmental organizations, in the development of international environmental 

standards and the conclusion of voluntary agreements. They may also form strategic alliances with 

major competitors in order to address complex environmental problems (Buysse and Verbeke, 2003). 
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However, these drivers could have different outcomes depending of the presence and the nature of 

some enablers. Whereas a driver is defined as a factor that initiates and motivates firms to begin the 

environmental management capabilities (EMC) development process, an enabler is defined as a factor 

that assists firms in achieving development of EMC (Lee and Klassen, 2008).  

 

The effects  

Adopting a strategy has always some effects on the company and this is true also when an 

environmental strategy is considered, however there is no agreement on the identification of those 

effects. In addition, these effects can vary according to the level of environmental commitment showed 

by the company.  

The effects that the adoption of an environmental strategy can have on companies are widely discussed 

in the management literature and no agreement has been reached on the positive or negative 

correlation with the adoption of environmental strategies for most of them. To give an idea of the 

effects that can be expected, they can be broadly classified according to their nature (Figure 1): 

- Balance sheet effects: include all the effects of the economic performance of the companies, 

including the potential threat due to additional cost connected to the implementation of 

environmental strategies 

- Organization effects: include all the effects on the internal organization of the company, such 

as development of new capabilities, creation of new managerial functions  

- Competition effects: include all the effects connected to competitiveness, such as product 

differentiation, competitive advantage, price differentiation 

- Social effects: include all the effects that are linked to the acceptance of the company from 

communities and other stakeholders, such as reputation 

Already Wood (1991) explained that the concept of corporate social responsibility postulates that 

society and business are tightly interwoven and several studies have tried to link the economic 
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performance of a company with its social policies, which includes policies aimed to the environment 

and the human society. Focusing on the economic consequences of environmental performance, the 

literature traditionally presents contrasting positions. 

 

Figure 1. Schematic representation of the drivers and effects of the environmental commitment of companies 

It has been argued that environmental regulation enhances productivity and competitiveness, that 

regulations are seen as generating costs that businesses will never recover, representing financial 

diversions from vital productive investments and that the true is somewhere in the middle between 

these two positions (Jaffe et al., 1995). A number of empirical studies have returned different results, 

showing no significant link between measures of environmental performance and profitability 

(Christmann, 2000) or that better pollution performance and the adoption of proactive environmental 

strategy improved profitability (Clarckson et al, 2011; Hart and Ahuja, 1996; Orlitzky et al., 2003). 

Several authors affirm that proactive corporate environmental strategies that go beyond regulatory 

compliance have a positive effect on corporate financial performance when mediated by valuable 

organizational capabilities (Hart, 1995; Russo and Fouts, 1997; Sharma and Vredenburg, 1998). 
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Corporate environmental innovation has been also identified as one of the possible effects of the 

implementation of environmental strategy (Vredenburg and Westley, 1997). 

Sharma and Vredenburg (1998), basing their research on the resource-based view of the firm, 

highlighted the role of environmental policy in generating broader organizational advantages that allow 

a firm to capture premium profits, that can be also intangible such as knowhow (Teece, 1980), corporate 

culture (Barney, 1986), and reputation (Hall,1992). In addition, Sharma and Vredenburg (1998) affirmed 

that differentiation benefits of proactive strategies can include greater legitimacy and improved 

corporate reputation and, as a consequence, preferential treatment from consumers and stakeholders. 

Different gains in competitive advantage through more proactive or advanced environmental strategies 

have been reported (Hart, 1995; Rojsek, 2001) and also reputation effects have been identified as a 

major benefit of environmentally proactive strategies (Buysse and Verbeke, 2003). 

 

Small companies and the environmental commitment 

Traditionally, the scarcity of resources of small and medium companies (SMEs) has been considered to 

prevent the adoption of proactive environmental strategies that go beyond regulatory compliance. 

Different studies have usually found that firm size has a significant effect on the degree of proactiveness 

of companies, with larger organizations being more likely to adopt proactive environmental practices 

(e.g. Aragon-Correa, 1998; Buysse and Verbeke, 2003; Russo and Fouts, 1997; Sharma, 2000). 

Murillo-Luna et al. (2011) affirm that small companies are more subjected to experience the internal 

barriers that prevent the adoption of proactive strategies than the bigger companies. The findings of 

Christmann (2000) and Sharma and Vredenburg (1998) can be cited to confirm in some way the findings 

of Murillo-Luna et al. (2011). They affirmed that firms pursuing a proactive environmental strategy are 

most likely the ones with greater financial resources and superior management capabilities. These 

ŦƛƴŘƛƴƎǎ ƘŀǾŜ ǇŜǊƘŀǇǎ ƭŜŘ ǘƻ ŀƴ ŀǎǎǳƳǇǘƛƻƴ ǘƘŀǘ {a9ǎΩ ƭŀŎƪ ƻŦ ǊŜǎƻǳǊŎŜǎ ǇǊŜǾŜƴǘǎ ǘƘŜƳ ŦǊƻƳ 
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implementing proactive strategies. However, it must be noted that these studies mainly include 

populations of large companies in their samples. For these reasons, it cannot be concluded from the 

available evidence that SMEs are not likely to adopt proactive environmental strategies or even that 

they may not possess valuable organizational capabilities that enable them to generate such strategies 

(Aragon-Correa et al., 2008). 

According to Aragon-Correa et al. (2008), the unique strategic characteristics and capabilities 

traditionally associated to SMEs can be linked to the adoption of proactive environmental strategy by 

this type of company. The findings of the authors support the natural resource-based view perspective 

(Hart, 1995) that indicates that organizational capabilities are critical for strategies of both large firms 

and SMEs. In fact, they demonstrated that the capabilities considered, such as shared vision, 

stakeholder management and strategic proactivity, are positively associated with the adoption of 

proactive environmental strategies by SMEs.  

However, in their study Aragon-Correa et al. (2008) modelled the environmental strategy exclusively as 

a function of internal capabilities without considering the external conditions, which are also relevant 

to the development of environmental initiatives. Their findings should be integrated with the findings 

of Darnall et al. (2010) that investigated the effect of stakeholders pressures on the adoption of 

proactive environmental strategies by SMEs. Their empirical results show that smaller firms are more 

responsive to value-chain, internal, and regulatory stakeholder pressures, that there is a positive 

relationship between stakeholder pressures and the adoption of proactive environmental practices and 

that the relationship between stakeholder pressures and environmental strategy tends to vary with size. 

 

The role of industrial clusters 

As already discussed, companies face several barriers when approaching environmental instruments 

ranging from lack of knowledge, lack of resources and technical difficulties and this is particularly true 

for SMEs. One way to overcome these barriers is the joint action of more companies that share some 
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characteristics or interests. Thus, companies can belong to the same sector or supply chain or be in the 

same cluster. 

In the first case, enterprises can cooperate by identifying and assessing similar environmental aspects 

and by finding technological and operational solutions that can be applied to similar production 

processes and products, as well as by defining organizational structures suitable for the same kind of 

ǇǊƻŘǳŎǘƛƻƴ ŎȅŎƭŜǎ ό5ŀŘŘƛ Ŝǘ ŀƭΦΣ нлмлύΦ Lƴ ǘƘŜ ǎŜŎƻƴŘ ŎŀǎŜΣ ŎƻƻǇŜǊŀǘƛƻƴ ƛǎ ŦŀŎƛƭƛǘŀǘŜŘ ōȅ ǘƘŜ άǇƘȅǎƛŎŀƭ 

ǇǊƻȄƛƳƛǘȅέ ŀƴŘ ǘƘŜǊŜ ŀǊŜ ǎȅƴŜǊƎƛŜǎ ōƻǘƘ ƛƴ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ǎŀƳŜ ƭƻŎŀƭ 

ecosystem and in interacting and communicating with the same stakeholders (local population, 

authorities, etc.) (Daddi et al, 2010). 

In both cases, companies can combine their efforts, resources, knowledge and data in order to foster 

information exchange and the dissemination of experience, as well as to define and apply common 

solutions to similar environmental, technical and/or organizational problems, or to share environmental 

management resources (Iraldo and Frey 2007).  

In suggesting how barriers and limitations faced by companies could be overcome, an important 

concept to deep is that of industrial clusters, i.e. geographical concentrations of interconnected 

companies and institutions in a particular field (Porter 1998). At the European level, clusters were 

officially recognized by the Final Report prepared by the European Commission Expert Group on 

Enterprise Clusters and Networks as follows:  

άƎǊƻǳǇǎ ƻŦ ƛƴŘŜǇŜƴŘŜƴǘ ŎƻƳǇŀƴƛŜǎ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ƛƴǎǘƛǘǳǘƛƻƴǎ ǘƘŀǘ ŀǊŜ ŎƻƭƭŀōƻǊŀǘƛƴƎ ŀƴŘ 

competing; geographically concentrated in one or several regions, even though the cluster 

may have global extensions, specialized in a particular field, linked by common technologies 

and skills, either science-based or traditional; clusters can be either institutionalized (they 

have a proper cluster manager) or non-institutionalized. The cluster has a positive influence 

on: innovation and competitiveness, skill formation and information and growth and long-

ǘŜǊƳ ōǳǎƛƴŜǎǎ ŘȅƴŀƳƛŎǎέΦ 
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The industrial clusters are forms of territorial aggregation between companies operating in the same 

sector or supply chain and characterized by specific technical and social relationships among private 

and public actors. As literature emphasizes (Becattini, 1979; Becattini, 1990; Ferrucci and Varaldo,1997; 

Corò and Rullani,1998) organizational structure and entrepreneurial culture of the cluster is 

characterized by the presence of systematic business and non-business relations among the local actors 

ŀƴŘ ŀ ǎƻǊǘ ƻŦ άŎƻƭƭŜŎǘƛǾŜ ƛŘŜƴǘƛǘȅέ ōŀǎŜŘ ƻƴ ŎƻƳƳƻƴ Ǿŀƭues. 

Previous scholars have investigated the possibilities of creating synergies at the cluster level to facilitate 

the adoption of environmental management instruments, the increase of local environmental skills and 

the improvement of the environmental performances of companies and industrial local area (Biondi et 

al., 2000; Hillary, 2004). There have been various studies related to the EMAS cluster approach or other 

approaches used to facilitate the spread of Environmental Management Systems (EMS) among tenant 

companies, such as Tessitore et al. (2014), Ammenberg et al. (1999), Halila (2007) and Zobel (2007). In 

almost all the cases, the environmental and economic benefits for firms have been registered and 

synergies at the local level have been activated. Other research in this field has focused on the impact 

of the cluster approach on the competitiveness of the industrial districts (Daddi et al. 2012), on the 

application of the approach in other productive contexts such as the tourist sector (Battaglia et al., 

2012), and on the spread in the cluster of Corporate Social Responsibility tools such as the certification 

SA8000 (Battaglia et al., 2010). The cluster approach to spreading EMS is has also been adopted in non 

EU countries, e.g. the Regional Environmental Management Systems (REMS) applied in the United 

States (Welford, 2004). 

In the implementation of collective initiatives in industrial clusters, several studies have underlined the 

role of local institutions. Local associations represent the collective interest and, together with local or 

regional governments, promote joint actions among firms by providing highly specialized services and 

also a social dimension (among others, Nadvi 1999). A similar concept was also suggested by Revell and 

Rutherford (2003) who highlighted the possible role of trade associations, which are seen as the primary 
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ŀƎŜƴǘ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ ǾƻƭǳƴǘŀǊȅ άǎŜŎǘƻǊŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǎǘǊŀǘŜƎƛŜǎέΦ ¢ƘŜ ά{a9ǎ ŀƴŘ 

ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴέ ǊŜǇƻǊǘ ŎƻƴŦƛǊƳŜŘ ǘƘŀǘ ŀ άstrong support is required from 

ǎŜŎǘƻǊ ƻǊƎŀƴƛȊŀǘƛƻƴǎέ ό9ǳǊƻǇŜŀƴ ŎƻƳƳƛǎǎƛƻƴΣ нлмлύΦ According to Buysse and Verbeke (2003), firms 

adopting advanced environmental strategies often cooperate with some stakeholders such as 

regulators and environmental, nongovernmental organizations, in the development of international 

environmental standards and the conclusion of voluntary agreements. They may also form strategic 

alliances with major competitors in order to address complex environmental problems  

It has been shown that the joint action of many SMEs coordinated by local associations can obtain 

successful results in the export of goods (Mesquita and Lazzarini, 2010), in the building of collective 

facilities (Ferrer et al. 2012), and in the adoption of environmental management schemes (Daddi et al, 

2010). 

 

Scope of the thesis 

The previous sections provided an overview of the environmental commitment of companies, together 

with a discussion of the drivers and the effects commonly experienced by companies. In particular, 

specific information related to the situation of small companies and the role of industrial clusters are 

provided. Although small companies are recognized by the literature as more vulnerable to the external 

pressures exerted on them and some hypotheses on how they can succeed in responding to these 

pressures have been suggested, only a few examples of empirical research and evidences are provided 

by the literature. 

The objective of this thesis is thus to investigate different aspects related to the adoption of proactive 

environmental strategies by companies, focusing the qualitative research on small and medium 

companies located in industrial clusters. More in detail, the thesis aims at investigating the role of 

external stakeholders on the adoption of proactive environmental strategy by small companies and the 
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behavior of these companies in response to these external pressures in the particular context of the 

industrial cluster. 

The adoption of environmental management systems (EMSs) has been traditionally used as a predictor 

of environmental commitment of companies and, in particular of environmental proactive strategy of 

companies. In this work the adoption of life cycle assessment (LCA), instead of EMS, has been considered 

as a predictor of the proactive environmental commitment of companies. As already pointed out by 

Hart (1995), LCA should be the basis of proactive approaches, particularly referring to product 

stewardship approaches.  

LCA can be considered as the representation of a proactive environmental commitment of companies 

due to the following features that can be drawn from the literature as being characteristics of proactive 

environmental actions (Hart, 1995; Sharma and Vredenburg, 1998; Henriques and Sadorsky, 1999): 

- it is necessary to involve more functions and departments inside the company starting from top 

management; 

- it is necessary to interact with suppliers; 

- it needs resources (people, time, money); 

- it cannot be totally externalized to consultants; 

- it should be in line with company policies, values and ideas; 

- not required to be undertaken in fulfillment of environmental regulations or in response to 

isomorphic pressures within the industry as standard business practices; 

- outcomes are uncertain and unknown. 

For all these reasons, the adoption of LCA can be seen as a proof of a proactive approach to 

environmental commitment and can be used as a proxy of proactive environmental commitment of 

companies. 
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Structure of the thesis 

The present thesis has been structured in three chapters, each one structured as a stand-alone paper. 

Then a conclusive chapter is provided, that sums up the findings, implications and limitations of the 

whole research.  

Chapter 1 ς Perceptions on LCA implementation: evidence from a survey on adopters and non-adopters 

in Italy 

This paper, co-authored by Francesco Testa, Sara Tessitore, Fabio Iraldo and Tiberio Daddi, 

introduces the results of an Italian survey on the implementation of life cycle assessment 

(LCA). The paper has been submitted to The International Journal of Life Cycle Assessment in 

July, 2015. The paper explores the perceived and experienced benefits and barriers of 

proactive environmental commitment of companies, using the adoption of LCA as a 

discriminating factor between proactive and non proactive companies. The survey was 

conducted in 2014 among Italian companies in order to collect the data.  

Chapter 2 and Chapter 3 contain two case studies realized in two different industrial clusters in Italy. In 

both cases, the research questions on which the works are based are: 

1) Do small companies avoid to adopt proactive environmental strategies due to the lack of 

internal resources? 

2) Which stakeholders are important for the decision of small companies to adopt a proactive 

environmental approach? 

3) Do small companies accept to stipulate strategic alliances with major competitors in order to 

address complex environmental problems? 

Chapter 2 ς Enhancing the adoption of LCA by SMEs grouped in an industrial cluster: a case study of the 

tanning cluster in Tuscany (Italy) 
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This paper is co-authored by Tiberio Daddi, Fabio Iraldo and Francesco Testa. It has been 

presented at the 19th SETAC LCA Case Study Symposium held in Rome in November, 2013. 

Furthermore, the paper has been accepted for publication by the Journal of Industrial Ecology 

in July, 2015. 

The paper describes a case study performed in the industrial cluster of Santa Croce (Italy). 

Here, Life Cycle Assessment is used as a proxy of a proactive environmental commitment in 

order to answer the research questions previously stated.  

Chapter 3 ς Removing obstacles to the implementation of Life Cycle Assessment among SMEs: a 

collective marketing strategy for the valorization of Recycled Cardato 

This paper is co-authored by Francesco Testa, Fabio Iraldo and Tiberio Daddi. It has been 

presented at the 20th SETAC LCA Case Study Symposium held in Novi Sad (Serbia) in 

November, 2014. 

The paper describes a case study performed in the industrial cluster of Prato (Italy). Also in 

this case, Life Cycle Assessment is used as a proxy of a proactive environmental commitment 

in order to answer the research questions previously stated.  
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Chapter 1 
 

 

 

 

 

Perceptions on LCA implementation: evidence from a survey on adopters and non-adopters in Italy 

 

This paper introduces the results of an Italian survey on the implementation of life cycle 

assessment (LCA). Both LCA adopters and not-adopters were involved, in order to understand the 

main benefits and barriers to the adoption of LCA and how the experiences of LCA adopters differ 

from the expectations of not-adopters. Approximately 2000 Italian companies were contacted and 

122 companies participated in the on line survey, with an average response rate of 6%. To define 

the statistical population were only considered firms that had implemented an LCA or an 

environmental initiative according to an official international standard. Statistically significant 

differences in answers between LCA-adopters and not-adopters were tested by performing the 

Mann Whitney test. Companies recognize that LCA can provide useful information to drive 

strategic decisions and product design and it is perceived as an opportunity to improve the current 

monitoring systems. In addition, companies recognize the potential of LCA in marketing, making 

the communication of green attributes more substantial and robust. Focusing on the barriers 

experienced by LCA adopters, data collection can be cited. Communication issues also pose a 

barrier to the further implementation of LCA. The analysis of the results and the comparison of 

the results for the two group of respondents highlight that on average the difficulties are 
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considered as more important than the benefits, and that non-adopters tend to overestimate the 

difficulties and underestimate the benefits connected to the implementation of LCA. The findings 

shed light on LCA-related issues both for companies and public servants. The misconception of 

LCA by non-adopters suggests that an increased awareness is key to the success of LCA and to its 

more widespread adoption by companies. It is essential to create and disseminate know-how and 

sensitize companies to the real barriers and benefits of adopting an LCA. The awareness of 

potential LCA adopters can be raised by training and education initiatives, as well as by increased 

possibilities to experiment with these kinds of tools (public programs for financial support, fiscal 

incentives). On the other hand, market and communication research would contribute to better 

understand how the environmental impacts of products can be more effectively communicated 

to clients and consumers. 

 

Keywords: survey, company, life cycle assessment (LCA), benefits, barriers, incentives 

 

Introduction  

Calculating environmental impacts through Life Cycle Assessment (LCA) of products, processes and 

services is becoming common practice in many sectors worldwide (Guineè et al., 2011). Interest in this 

instrument by companies is primarily due to the increasing focus of clients and consumers on the 

environment(Baden et al, 2009; Frankl and Rubik, 1999), but is also being promoted by public 

institutions (Williamson et al., 2006; Suhaiza et al., 2012; Delmas and Toffel, 2004),  particularly the 

9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΦ Lƴ ŦŀŎǘΣ ƛƴ !ǇǊƛƭ нлмо ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴ ǇǳōƭƛǎƘŜŘ ά.ǳƛƭŘƛƴƎ ǘƘŜ {ƛƴƎƭŜ 

Market for Green Products» which introduces measurement methods and a set of principles for 

communicating the environmental performance of products and organizations. The method identified 

by the European Commission to compare and measure the environmental impacts of goods and services 

is inspired by LCA and is described in Recommendation 179/13/CE (European Commission, 2013). Thus, 

ŦƛǊƳǎΩ ŀŘƻǇǘƛƻƴ ƻŦ [/! ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƴŜŀǊ ŦǳǘǳǊŜ όDǳƛƴŜŝ Ŝǘ ŀƭΦΣ нлммύΦ  
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Although the results of LCA have usually been exploited for internal purposes and not reported to 

external entities (Le Pochat et al. 2007, Frankl and Rubik, 1999), this is slowly changing due to their 

potential in strengthening marketing claims (Molina-Murillo and Smith, 2009). In addition, firms have 

started to see the environmental fairness of their products as a way to differentiate them from 

competitors, thus increasing their competitive edge (Russo and Fouts, 1997). Although the benefits 

derived from LCA, other than the improvement in the environmental impact of the product being 

assessed, are sometimes alluded to in the scientific literature, they are rarely analyzed in depth and only 

with reference to specific case studies (Nakano and Hirao, 2011; Gamage et al., 2008; Almeida et al., 

2015).  

Likewise, barriers to the adoption of LCA have only been discussed in a few studies regarding the 

perception from a group of firms and LCA practitioners. However these studies are over 15 years old 

(Frankl and Rubik, 1999; Sholl and Nisius, 1998) or refer to a mixed group of practitioners and companies 

(Masanet and Chang, 2014; Olinzock et al., 2015), thus not exactly reflecting the view of companies.  

The literature also lacks comparative studies between the experiences registered by companies that 

have adopted LCA for their products and services, and the perceptions of companies that have not yet 

applied LCA. We believe that such a comparative analysis would contribute greatly to understanding the 

barriers that firm face or perceive they face when addressing an LCA. This would provide useful insights 

on how institutions should promote the application of LCA in order to overcome these issues. On the 

other hand, institutions and policy makers would be able acquire useful information from this analysis 

to further enhance the efforts of companies that have already decided to decrease the environmental 

impact of their products.  

The objectives of this study are twofold: first, the benefits and barriers that LCA adopters encounter are 

identified and analyzed. In addition, the differences between the experiences related to benefits and 

barriers registered by LCA adopters and LCA non-adopters are compared. Both analyses were carried 

out using data from a survey of Italian firms in 2014. 
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The rest of the paper is structured as follows. Having reviewed the literature in order to formulate the 

appropriate set of hypotheses, we describe the context of the study, the data collection process and 

illustrate the statistical method. We then present the results and the last section provides the main 

conclusions, as well as a discussion of their implications, limitations and avenues for further research. 

 

Literature review and research questions 

What kinds of benefits are experienced by the application of LCA? 

Several theoretical and empirical studies discuss what benefits influence an organization to adopt 

environmental practices that go beyond regulatory compliance (Buyesse and Verbeke, 2003; 

Christmann and Taylor, 2006; Delmas & Toffel, 2008; Hart, 1995). Within the theoretical framework of 

new institutional theory, companies may decide to adopt environmental practices in order to increase 

their external legitimacy and improve their relations with internal and external institutions (Castka and 

Prajogo, 2013; Heras-Saizarbitoria et al., 2013; Schaefer, 2007). Environmental practices also increase 

the endowment of internal resources and, as a consequence, generate internal and external benefits, 

such as environmental performance improvement (Darnal et al. 2008), increase in competitiveness 

(Russo and Fouts, 1997); higher productivity (Lannelongue et al. 2015); employee satisfaction (Iraldo et 

al. 2009); and organizational capabilities (Sharma and Vredenburg, 1998). 

Benefits related to LCA can be due to the intrinsic nature of the method and its application in a particular 

context. The first category includes benefits due to being based on ISO standards, scientific methods, or 

ŜȄǇƭƻƛǘƛƴƎ ƭƛŦŜ ŎȅŎƭŜ ǘƘƛƴƪƛƴƎΣ ǿƘƛƭŜ ōŜƴŜŦƛǘǎ ǎǳŎƘ ŀǎ άŎŀƴ ŎƻƳǇŀǊŜ ŘƛŦŦŜǊŜƴǘ ǇǊƻŘǳŎǘǎέ ŀƴŘ άƛƴŦƻǊƳ 

ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎέ ōŜƭƻƴƎ ǘƻ ǘƘŜ ǎŜŎƻƴŘ ŎŀǘŜƎƻǊȅ ό{ŀǳƴŘŜǊǎ Ŝǘ ŀƭΦΣ нлмо). In this paper the focus is on the 

benefits that belong to the second category, i.e. related to the application of LCA in real contexts.  

The most common benefit reported in the scientific literature is the environmental improvement in 

products, processes or services that is gained through the application of LCA (Early et al, 2009; Almeida 

et al., 2015; Berlin et al., 2008). This is strictly linked to the use of LCA as an instrument for the 

assessment of environmental impacts using hot spots analysis or contribution analysis for the results. 



 
 
 

 
35 

 

These analyses identify the main contributors of the environmental impact and, by acting on these 

contributors to reduce their impact, usually also reduce the environmental impact associated with the 

analyzed product.  

Often the environmental improvement of a product is gained as a result of innovation or R&D activities 

when the results of LCA are used as input information in the innovation process. A frequently registered 

benefit of the application of LCA is thus related to product innovation and product differentiation. There 

are many examples of where this benefit has been experienced both in the scientific literature 

(Siegenthaler and Margni, 2005; Cooper and Fava, 2006; Frankl and Rubik, 1999; Gamage et al., 2008) 

and in interviews with managers and common reporting by multinational firms (for example, P&G 

(White), Nestlè (Kave, 2013); Unilever (Unilever, 2015) and Tetrapack (Comere, 2012)). 

Benefits related to LCA adoption can also go beyond company boundaries and affect the entire supply 

chain. For instance, private firms have started to introduce environmental criteria, in addition to 

performance and social criteria, when assessing their supply chains, and LCA has been tested as a 

possible instrument (Hagelaar and van der Vorst, 2002). Thus, the role of LCA in procurement is stressed 

as a benefit (Ruini et al., 2013). The beneficial role of LCA in the innovation of management practices 

has also been found in the monitoring activities of corporate eco-efficiency and eco-productivity and in 

its use as a tool for a strategic EMS, thus enabling the decision maker to identify the right priorities 

(Siegenthaler and Margni, 2005).  

[/! Ŏŀƴ ŀƭǎƻ ǎŀǘƛǎŦȅ ŜȄǘŜǊƴŀƭ ŘŜƳŀƴŘǎ ŦǊƻƳ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀƴŘ ƛƴŎǊŜŀǎŜ ŀ ŦƛǊƳΩǎ ƭŜƎƛǘƛƳŀŎȅ ǘƻǿŀrds its 

institutional field. For instance, LCA is also used to provide transparent and robust information on the 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻŦ ŀ ǇǊƻŘǳŎǘ ǘƻ ǊŜǎǇƻƴŘ ǘƻ ŎǳǎǘƻƳŜǊΩǎ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜǉǳŜǎǘǎΦ ¢ƘŜ ƛƴŦƻǊƳŀǘƛƻƴ 

derived from an LCA can be used for green claims or to promote products on green markets (Nakano 

and Hirao, 2011; Teixeira and Pax, 2011), to inform consumers on the environmental aspects of the 

product (Cooper and Fava, 2006), for corporate communication (Molina-Murillo and Smith, 2009), and 

in marketing (Siegenthaler and Margni, 2005). Having sound environmental product declarations based 

on LCA that contains verified information on environmental impacts is increasingly necessary to 
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maintain commercial competitiveness (Gamage et al., 2008). However the increase in the competitive 

advantage is not commonly seen as a benefit deriving from the implementation of LCA (Teixeira and 

Pax, 2011).  

The importance of products with this kind of declaration for customers is increasingly stressed in the 

scientific literature, since the environmental attributes of products have started to be taken into 

consideration in the awarding procedures of firms and public administration. (Baden et al., 2009; 

Hochschorner and Finnveden, 2006). In addition, LCA can have a positive impact on the corporate 

reputation as well as in the reduction in product related risks (Siegenthaler and Margni, 2005). Other 

ōŜƴŜŦƛǘǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ [/! ƘŀǾŜ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ƛƴ άƛƳǇǊƻǾƛƴƎ ŎƻƭƭŀōƻǊŀǘƛƻƴ ŀƭƻƴƎ 

ǘƘŜ ǎǳǇǇƭȅ ŎƘŀƛƴέ όbŀƪŀƴƻ and Hirao, 2011; Berlin et al., 2008), in influencing legislation (Teixeira and 

Pax 2011; Siegenthaler and Margni, 2005; Saunders et al., 2013) and in raising employee awareness  

(Saunders et al., 2013; School and Nisius, 1998).  

However, some authors have raised doubts on the effectiveness of LCAs due to methodological 

weaknesses (Ehrenfeld, 1997; Ayres, 1995; Finnivenden, 2000). For instance, Ehrenfeld (1997) argued 

that LCA, like other analytic frameworks used in the policy and planning domains, has important uses in 

shaping the processes by which both products and policies are designed, however it must be used with 

caution. Ehrenfeld reported a list of aspects that can affect the credibility of LCA, such as the 

ƳŜǘƘƻŘƻƭƻƎȅ όάǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ƛǎ ǘŜŎƘƴƛŎŀƭƭȅ ŦƭŀǿŜŘ ŀƴŘ ŘƻŜǎ ƴƻǘ ǊŜǇǊŜǎŜƴǘ ŀƴ ƻōƧŜŎǘƛǾŜ ǘǊǳǘƘέύΤ ǘƘŜ 

ǇǊƻŎŜŘǳǊŜǎ όάǇǊƻŎŜŘǳǊŜǎ ŀǊŜ ƻǇŀǉǳŜ ŀƴŘ ƻōǎŎǳǊŜΤ ǘƻƻ ŜȄǇŜƴǎƛǾŜ ŀƴŘ ƻƴŜǊƻǳǎ ǘƻ ŀǇǇƭȅέύΤ ŀƴŘ ǘƘŜ 

ƻōƧŜŎǘƛǾƛǘȅ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎ όάƛǘ ƛǎ ƛƳǇƻǎǎƛōƭŜ ǘƻ ǎŜǇŀǊŀǘŜ ǘƘŜ ǇǳǊŜƭȅ ƻōƧŜŎǘƛǾŜΣ ŀƴŀƭȅǘƛŎ ǎǘŜǇǎ ŦǊƻƳ ǘƘŜ 

ǎǳōƧŜŎǘƛǾŜΣ ǇƻƭƛǘƛŎŀƭ ǇŀǊǘǎέΣ άǘƘŜ ǇǊƻŎŜǎǎ ŜȄŎƭǳŘŜǎ ƪŜȅ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅ ƛǎ ŘƻƳƛƴŀǘŜŘ ōȅ 

ǇƻǿŜǊŦǳƭ ƛƴǘŜǊŜǎǘǎ ǿƛǘƘ ǎǘŀƪŜǎ ƛƴ ŀ ǇŀǊǘƛŎǳƭŀǊ ǊŜǎǳƭǘέύΦ  

Ayres (1995) also pointed out that although LCA is an increasingly important tool for environmental 

policy, it is of no use (or is even negative) if the underlying physical data are wrong, uncertain or if they 

do not reflect actual industrial practice.  
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Finnivenden (2000) concludes that an increased harmonisation of LCA methodology may increase the 

acceptability of chosen methods and increase the usefulness of the tool. 

Other studies have also stressed the scarce market recognition of the information developed by LCA. 

For instance, Olinzock et al. (2015) found that the expected benefit of increasing market opportunities 

can be undermined by a lack of demand from clients. Although this study is focused on the building 

sector, it is also valid for other sectors, starting from the assumption that the implementation of 

voluntary instruments, such as LCA, is often market-driven. 

Over the last few decades of LCA studies, empirical research tended to be positive regarding the 

potential benefits and possible applications of LCA  - with a few exceptions,. However, an up-to-date 

snapshot of both the positive and negative perceptions is lacking. In addition, insights into the 

perceptions of non-adopting firms can provide useful information in order to more effectively promote 

the adoption of these instruments by firms.  

Our first two research questions are: 

RQ1:  What are the main benefits experienced by firms that have implemented LCA? 

RQ2:  Are the expected benefits of the LCA confirmed after its implementation? 

 

What are the barriers and drawbacks of LCA implementation?   

LCA is recognized as the best tool for assessing the life cycle impacts of products, however there are still 

barriers that inhibit its broader implementation such as managing time, space, and economic and social 

issues in LCA (European Commission, 2003). Despite the many benefits of LCA, there are many 

difficulties in its implementation.  

The barriers to the implementation of LCA can be distinguished between technical and non-technical 

issues. The first category includes all the practical and technical aspects related to the good design of 

an LCA study. These obstacles are usually tackled by the person or team  responsible for designing the 
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LCA. The most important issue is the collection of high quality data as the input data for LCA studies 

(Frankl and Rubik 2009; Rebitzer at al., 2004; Teixeira and Pax, 2011; Björklund, 2002; Cooper and Fava, 

2006). The quality of databases commonly used as a source of generic data can affect the final results 

of the study, thus influencing its credibility. Thus, the quality of the database is considered as an 

important barrier to the further implementation of LCA among firms (Thorn et al., 2011; Rebitzer et al., 

2004; Finnivenden et al., 2009). General methodological issues have also been identified as significant 

difficulties (Reap et. al., 2008; Clarck and Leeuw, 1999; Texeira and Pax, 2011). For instance, Frankl and 

Rubik (2009) identified the complexity of the methodology and the definition of system boundaries 

among the related difficulties. Masanet and Chang (2014) investigated which elements of LCA are 

considered as either very easy or very difficult by students at the end of a course on LCA. They found 

that goal definition was the only topic that was predominantly rated as easy, while the topics of multi-

functionality, input-output (IO) LCI, LCIA, and preparing easily interpretable results were seen as more 

difficult. 

Regarding the non-technical barriers, Hunkeler and Rebitzer (2005) argued that the implementation 

processes and related organizational approaches that deal with the above aspects are fundamental 

since they could provide a means to better exploit the potential of LCA. Non-technical barriers tend to 

be related to time and resource management; the supply chain and using the results for 

product/process improvement. The main barriers related to time and resource management, for 

instance, are the lack of human and financial resources, along with a general lack of expertise (Clarck 

and Leeuw,1999; Moss et al. 2008; Le Pochat et al., 2007; Olinzock et al., 2015; Cooper and Fava, 2006; 

Teixeira and Pax, 2011). Another barrier is the lack of time required for data collection inside the 

organization and from the suppliers (Thorn et al., 2011; Nakano and Hirao, 2011). The collection of data 

from suppliers is critical since it may compromise the know-how of suppliers and their costing/pricing 

activities. In addition, the relative contractual power of the supplier/costumer is fundamental in 

activating the dynamics of collaboration and data sharing among firms (Nakano and Hirao, 2011).  
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The communication phase is also identified as one of the main barriers behind the implementation of 

LCA by Clarck and Leeuw (1999). For instance, Molina-Murillo and Smith (2009) indicated that LCA-

based information can be effective in advertising in enhancing message credibility, attitudes toward the 

brand and company, and positively influencing purchasing behaviour, however this information is 

viewed as complex and there is the risk of information overload which can limit its application in 

marketing and communication. 

Comprehensive information is still lacking on why firms  decide not to use LCA for their products and 

processes. . A number of surveys have been carried out, but none have reported a differentiated analysis 

aimed at understanding this aspect. For example, Frankl and Rubik (2009) collected responses from both 

users and non-users of LCA, however they did not publish a separate analysis of the two subsamples in 

order to understand whether there were differences between the experiences and the expectations. 

Our third and fourth research questions are: 

RQ3:  What are the main barriers experienced by firms that have implemented and LCA? 

RQ4:  Are the expected barriers of an LCA confirmed after its implementation? 

Methods 

In order to answer our research questions, we exploited data collected by an empirical survey carried 

out within a European research project. To define the statistical population of our survey, we only 

considered firms that had implemented an LCA or an environmental initiative according to an official 

international standard. This decision relies on the following considerations: 

¶ LCA is a calculation tool that does not require a certification according to a specific standard 

(i.e. ISO 14040; PAS2050, etc.); it is a deliberate choice of a company since it is a voluntary 

instrument (ISO, 2006). Therefore, a complete list of the companies that have implemented an 

LCA is not available. One of the most important European schemes of environmental product 

declaration is the International EPD System, a programme for type III environmental 
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declarations managed by the Swedish Environmental Management Council, which is the only 

scheme providing a public list of adopters organizations; 

¶ [/! ƛǎ ǳǎǳŀƭƭȅ ŀ ƳŀƴƛŦŜǎǘŀǘƛƻƴ ƻŦ ŀ ŦƛǊƳΩǎ ƎŜƴŜǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘǊŀǘŜƎȅ ǿƘƻǎŜ ƛƳǇƭŜƳŜƴǘŀǘƛon 

requires the adoption of a set of environmental instruments (Finnveden and Moberg, 2005). 

Since LCA is a complex method of analysis (Le Pochat et al., 2007), companies are more likely to 

be familiar with them if they have a high awareness of environmental issues (Bauman and 

Tillman, 2004). 

¶ To some extent, both EMAS and Ecolabel standards rely on a life cycle perspective. EMAS, more 

than ISO14001, requires the identification and assessment of indirect environmental aspects. 

In other words, it requires assessing the environmental impact along the entire supply chain of 

a product and service, focusing on those phases in which a company has an influence (Testa et 

al. 2014). EU Ecolabel takes into account a life cycle perspective, and its environmental 

requirements were identified and quantified through a life cycle assessment (Testa et al. 2015). 

¶ FSC- Forest Stewardship Council is a global forest certification system established for forests 

and forest products. Though mainly designed for forest management for timber products, it is 

also important for non-timber products and other environmental services such as clean water 

and air and carbon sequestration. 

 

A questionnaire was designed based on the literature mentioned in Section 2. First, in order to 

understand the implementation of LCA, we asked whether respondents had implemented an LCA of 

their own products or services. In accordance with the literature, we then asked the respondent to 

indicate their level of agreement regarding the benefits that they had experienced or expected to gain 

after the implementation of the LCA. Similarly, we asked them to indicate their level of agreement 

regarding the drawbacks that their organization had experienced or expected to experience during the 

implementation of the LCA. In both cases respondents replied using a 5-point Likert scale (from strongly 

disagree to strongly agree). 

https://www.google.it/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCEQFjAA&url=https%3A%2F%2Fit.fsc.org%2F&ei=JyYuVZq4OY7vasKVgfgC&usg=AFQjCNFTC85-XKq9biRP8O8oOwOCq_6FIw&sig2=ewRUo8EdJ-z1PBDfMmHYSg
http://en.wikipedia.org/wiki/Forest_certification
http://en.wikipedia.org/wiki/Forest_product
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In addition, in order to obtain policy suggestions, respondents were asked to indicate which further 

incentives would be appreciated to support the implementation of an LCA. Finally, in order to 

characterize the type of organization, respondents were asked for the following information: number 

ƻŦ ŜƳǇƭƻȅŜŜǎΤ ŀƎŜ ƻŦ ƻǊƎŀƴƛȊŀǘƛƻƴΤ ƴǳƳōŜǊ ƻŦ ŎƻƳǇŜǘƛǘƻǊǎΤ ŀƴŘ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ ƳŀǊƪŜǘΦ 

The questionnaire was designed taking into account the potential problems of common method 

variance that can affect behavioral research. Several procedural remedies were adopted to reduce bias, 

such as avoiding vague concepts, complicated syntax and unfamiliar terms, keeping questions simple, 

specific, and concise and guaranteeing respondent anonymity (King and Bruner, 2000). 

In addition, because studies have shown that question formulation can alter results by as much as 50% 

(Cannell et al., 1989), the questionnaire was pre-tested with four companies. On the basis of feedback, 

the survey was revised and simplified. 

The questionnaire was then submitted to around 2000 organizations. The email addresses of the 

ŎƻƴǘŀŎǘ ǇŜǊǎƻƴ ƛƴ ŜŀŎƘ ƻǊƎŀƴƛȊŀǘƛƻƴ ǿŜǊŜ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ 9a!{ ǊŜƎƛǎǘŜǊΣ Lǘŀƭƛŀƴ 

EU Ecolabel register, and EPDs register. The survey was carried out between January and March 2014. 

The questionnaire was emailed to the environmental manager with a brief description of the research 

aims and the instructions to access the on-line questionnaire; further reminders were sent over the 

following months.  

By the end of the survey, 122 correctly completed questionnaires were collected, with a general average 

response rate of 6%. The response rate varied across respondents according to the certification 

instruments they applied. As expected the best response rated concerned Ecolabel (36%) and EPD 

companies (25%). organizations that had adopted standards with few connections to an LCA approach 

on products had a lower response rate: 5% for EMAS organizations, and 6% for FSC organizations. 
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Results 

Sample description 

The completed questionnaires were classified into two groups based on the adoption of LCA: in group 

1 companies that had already implemented an LCA for at least one product; group 2 no LCA 

implemented. First, the characteristics of the respondents were analysed and statistically significant 

differences in answers between LCA-adopters and not-adopters were tested by performing the Mann 

Whitney test. Table 1 reveals that LCA-adopters are on average larger companies than non-adopters, 

which confirms, how a lack of resources, which usually affects smaller organizations, is still a significant 

drawback. This is also in agreement with most findings in the scientific literature (Bauman and Tillman, 

2004). Older organizations are more likely to adopt LCA than younger organizations.  In addition, LCA-

adopters are more likely to work in a European or international market. In fact, a higher institutional 

complexity experienced by organizations that operate in foreign markets (King et al., 2005) could 

increase the potential benefits of LCA adoption and influence organizations to invest resources in its 

implementation. However, neither the number of competitors on the market nor the position along the 

supply chain seem to play a significant role in explaining whether or not to adopt an LCA. 

Table 1: Main characteristics of respondents 

Variable Weighted mean MannςWhitney U 
test. 

All 
LCA adopters 

LCA non-
adopters 

 

Number of employees 
(reported as the natural 

logarithm of the number of 
employees) 

4.29 
(120) 

5.20 
(44) 

3.76 
(76) 

***  

Age of the organization 
(years) 

41.44 
(119) 

46.84 
(45) 

38.15 
(74) 

*  

Market scope (1: local; 2: 
national; 3: European; 4: 

International) 

2.36 
(122) 

2.58 
(45) 

2.23 
(77) 

**  

Number of competitors (1: 
less than 5; 2: from 5 to 10; 3: 

more than 10) 

2.10 
(121) 

2.07 
(45) 

2.12 
(76) 

- 

Primary costumers (1: B2B; 2: 
B2C; 3: other) 

1.29 
(121) 

1.24 
(45) 

1.32 
(76) 

- 

*, **, and *** indicate the significance at the 10%, 5%, and 1% levels, respectively. 
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Benefits of LCA 

To answer to the research question 1 (RQ1: What are the main benefits experienced by firms that have 

ƛƳǇƭŜƳŜƴǘŜŘ ŀƴ [/!Κύ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ǎǳǊǾŜȅ ŦƻǊ ǘƘŜ ƎǊƻǳǇ ά[/!-ŀŘƻǇǘŜǊǎέ ǿŜǊŜ ŀƴŀƭȅȊŜŘΦ !ǎ 

discussed in Section 2, the most common benefit reported in the scientific literature is the 

environmental improvement of products, processes or services that is gained through the application 

of LCA (Early et al, 2009; Almeida et al., 2015; Berlin et al., 2008). This is easily explainable considering 

that LCA started as an instrument to assess environmental impacts, whose results are commonly 

analyzed with hot spots analysis or contribution analysis. The environmental improvement of products 

or services was also found to be an important benefit in our research, however it was not the highest 

ranking benefit. According to our findings, the benefits recognized as most important by companies 

were both internal and external (Table 2). Focusing on the internal benefits, companies described LCA 

as a tool able to provide useful information to drive strategic decisions (average value 4.08) and product 

design (3.78). It is also perceived as an opportunity to improve the current monitoring systems in order 

to make them more effective in terms of its informative capacity (4.03). A higher quality of information 

provided by LCA increases the awareness of top management (3.72) on environmental issues and, to a 

much lesser extent, employees (3.03). Finally, LCA seems to improve environmental management 

practices (3.24). Regarding the external benefits, the information obtained by the LCA makes the 

communication of green attributes to market stakeholders more substantial and robust. This is well 

mirrored in the highest benefit experienced by LCA-adopters which is an increase in marketing 

opportunities (4.08). This new information is used to iƳǇǊƻǾŜ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ǊŜǇǳǘŀǘƛƻƴ όоΦсоύΤ ŀƴŘ ǘƻ 

increase customer satisfaction (3.21), for instance, by meeting a specific request, thus improving 

competitiveness (3.40). On the other hand, companies do not experience significant benefits in terms 

of legal compliance (2.51), financing opportunities (2.09) and, in general, relations with public 

institutions (2.66. Although requiring a lot of data from the entire supply chain which greatly involves 

suppliers, the implementation of an LCA does not improve relations with suppliers (2.38). In order to 

answer to the research question 2 (RQ2: Are the expected benefits of an LCA confirmed after its 
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implementation?), we compared the distribution of answers to each item of LCA-adopters and non-

adopters by performing the MannςWhitney U test.  

Table 2. Benefits of LCA 

Benefits Weighted mean Mannς
Whitney U 

test. 

All 
LCA-adopters 

LCA not-
adopters 

 

LCA is a tool to identify environmental focal 
points to drive strategic choices 

3.83 
(97) 

4.08 
(36) 

3.67 
(61) 

**  

LCA supports the implementation of 
monitoring systems 

3.70 
(96) 

4.03 
(36) 

3.50 
(60) 

**  

Creation of new marketing opportunities 
3.28 
(94) 

4.00 
(35) 

2.85 
(59) 

***  

LCA is useful for product design 
3.53 
(97) 

3.78 
(36) 

3.38 
(61) 

*  

LCA involves top managers in environmental 
issues. 

3.39 
(97) 

3.72 
(36) 

3.18 
(60) 

**  

Improvement in the reputation of the 
organization 

3.31 
(94) 

3.63 
(35) 

3.12 
(59) 

**  

Environmental improvement in products 
objects of LCA 

3.03 
(92) 

3.42 
(33) 

2.81 
(59) 

**  

Improvement in the competitive advantage 
of the organization 

2.93 
(94) 

3.40 
(35) 

2.64 
(59) 

***  

Improvement in environmental management 
practices 

3.07 
(93) 

3.24 
(34) 

2.97 
(59) 

- 

Improvement in customer satisfaction 
2.96 
(93) 

3.21 
(34) 

2.81 
(59) 

*  

Increased awareness of employees in 
environmental issues 

3.00 
(94) 

3.03 
(35) 

2.98 
(59) 

- 

LCA increase the level of cooperation within 
the company 

2.90 
(96) 

2.92 
(36) 

2.88 
(60) 

- 

Increased differentiation of 
products/services 

2.56 
(93) 

2.68 
(34) 

2.49 
(59) 

- 

Improvement in the relations with public 
institutions 

2.56 
(94) 

2.66 
(35) 

2.51 
(59) 

- 

Improvement in legal compliance 
2.84 
(94) 

2.51 
(35) 

3.03 
(59) 

**  

Improved relations with suppliers 
2.22 
(93) 

2.38 
(34) 

2.12 
(59) 

- 

Improved relations with the owner or the 
group 

2.32 
(91) 

2.34 
(32) 

2.31 
(59) 

- 

Increased sales of the products objects of 
LCA 

2.26 
(93) 

2.24 
(34) 

2.27 
(59) 

- 

Improvement in financing opportunities 
2.38 
(94) 

2.09 
(35) 

2.56 
(59) 

**  

*, **, and *** indicate the significance at the 10%, 5%, and 1% levels, respectively. 
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Table 3 classifies the benefits according to their importance for the entire sample (> or < the average 

value 3) and to the statistical significance of the difference between the average values of the two 

subsamples. Table 3 highlights that non adopters tend to underestimate compared to the real benefits 

experienced by LCA adopters. The mean value of each benefit experienced by adopters was, apart from 

a few exceptions, consistently higher than the expectations of non adopters. 

Table 3. Classification of the benefits according to the agreement between LCA adopters and non-adopters and their absolute 

relevance 

 Not relevant  Relevant 

Not 
significant 
difference 
between LCA 
adopters and 
not-adopters  

Improvement in the relations with public 
institutions 

Improved relations with the owner or the 
group 

Increased differentiation of 
products/services 

Increased sales of the products objects of 
LCA 

Improved relations with suppliers 

LCA increase the level of cooperation 
inside the company 

Improvement in environmental management 
practices 

Increased awareness of employees in 
environmental issues 

Significant 
difference 
between LCA 
adopters and 
not-adopters 

Improvement in the competitive advantage 
of the organization (***) 

Improvement in customer satisfaction (*) 

Improvement of legal compliance (**) 

Improvement in financing opportunities 
(**)  

Creation of new marketing opportunities (***) 

Environmental improvement of products 
objects of LCA (**) 

Improvement of the reputation of the 
organization (**) 

LCA is a tool to identify environmental focal 
points to drive strategic choices (**) 

LCA is useful for product design (*) 

LCA facilitates the implementation of 
monitoring systems (**) 

LCA involves higher manager involvement in 
environmental issues. (**) 

There are also some statistically significant differences among the two groups that are worth 

highlighting. Regarding the creation of new marketing opportunities, non adopters rank the benefit as 

not relevant, whereas the experience of LCA adopters demonstrates that there is a real possibility of 
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increasing marketing opportunities by using LCA results. Similarly, non adopters underestimate the 

ability of LCA to support an improvement in competitive performance, in the environmental 

performance of products and customer satisfaction, whereas they have all been experienced by firms 

having implemented LCA. Non adopters do however expect an LCA to improve compliance with 

environmental law regarding products, whereas adopters tended to disagree regarding the 

achievement of this benefit. 

Drawbacks of LCA  

Our results stress that the main barriers experienced LCA adopters is data collection (Table 4 - gathering 

of data and information, in particular from suppliers, is the most difficult phase of the LCA study (4.11) 

and even when the data are collected internally (3.44). An LCA study needs not only environmental 

parameters but also data from production, sales, logistics, purchases, R&S, distribution as well as how 

a product is used by intermediaries and clients (for example, how a paint is applied). 

Thus data collection means that an LCA may be perceived as a time consuming (3.94) and requiring 

considerable human resources (3.67). Moreover, LCA adopters mentioned the high costs involved for 

consultants (3.61) and software (3.39) as relevant barriers to LCA. Consequently firms that have built up 

an internal capacity to develop a LCA study using  software, and firms that need to acquire the necessary 

skills both experience the same drawback. 

Communication issues also pose a barrier. Although an LCA is one of the main tools for developing the 

market for green products by increasing the reliability of green information of products and making the 

relation buyer-seller more trustworthy (Iraldo et al. 2014), the results may be difficult to interpret (3.12 

and 3.18) and hard to communicate to the target audience (3.38). Finally, our study highlights that the 

initial phases of the LCA study (i.e. defining functional units, scope, or system boundaries), although very 

important, were not seen as a relevant obstacle.  

In order to answer to the research question 4 (RQ4: Are the expected barriers of LCA confirmed after 

its implementation?), we compared the distribution of answers to each items of LCA adopters and non-
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adopters by performing the MannςWhitney U test. Similarly to the analysis on benefits, Table 5 classifies 

the drawbacks according to their relevance for the entire sample (> or < the average value 3) and to the 

statistical significance of the difference between the average values of the two subsamples. Unlike the 

benefits, there are few differences between the expected evaluation and experienced drawbacks. 

Table 4. Drawbacks of LCA 

Hurdles 
 

Weighted Mean 
Mannς

Whitney U 
test. 

All LCA adopter LCA not-adopter  

Collection of data from suppliers 
3.96 
(95) 

4.11 
(36) 

3.86 
(59) 

- 

LCA is time consuming 
3.63 
(97) 

3.94 
(36) 

3.44 
(61) 

**  

Significant involvement of internal 
human resources 

3.47 
(97) 

3.67 
(36) 

3.60 
(61) 

- 

High costs for expert involvement 
3.52 
(97) 

3.61 
(36) 

3.46 
(61) 

- 

Collection of data inside the 
organization 

3.2 
(95) 

3.44 
(36) 

3.05 
(59) 

*  

Software is too expensive 
3.30 
(97) 

3.39 
(36) 

3.25 
(61) 

- 

Communication of the results 
3.24 
(93) 

3.38 
(33) 

3.15 
(59) 

- 

Evaluation of data quality 
3.47 
(95) 

3.31 
(36) 

3.58 
(59) 

- 

The coordination between 
internal and external resources is 

difficult 

3.27 
(97) 

3.28 
(36) 

3.26 
(61) - 

Collection of data from other 
sources 

3.51 
(95) 

3.19 
(36) 

3.70 
(59) 

**  

Interpretation of the results 
3.20 
(92) 

3.18 
(33) 

3.20 
(59) 

- 

Analysis of the results 
3.23 
(93) 

3.12 
(34) 

3.29 
(59) 

- 

Certification/review of the study 
3.16 
(92) 

3.03 
(33) 

3.24 
(59) 

- 

Definition of system boundaries 
3.22 
(95) 

2.83 
(36) 

3.46 
(59) 

**  

Definition of scope and object of 
the study 

2.99 
(95) 

2.69 
(36) 

3.17 
(59) 

**  

Definition of the functional unit 
3.02 
(95) 

2.5 
(36) 

3.33 
(59) 

***  

*, **, and *** indicate the significance at the 10%, 5%, and 1% levels, respectively 

First, the initial phases of an LCA study, although not identified as a relevant obstacle by LCA adopters, 

were perceived as a potential difficulty by non-adopters. The non-adopters identified the definition of 
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functional unit, scope and system boundaries as a relevant barrier to performing an LCA, whereas this 

was not confirmed after having conducted an LCA study. The lesser importance given to these difficulties 

by companies that had already implemented LCA may due to their having consultants or experts 

specialized in LCA who usually solve these problems. Non-adopters may tend to underestimate the role 

of the consultants in this kind of assessment, thus overestimating the technical difficulties connected to 

the first phase of an LCA study. Secondly, LCA adopters perceived the collection of data inside the 

organization as more difficult than non-adopters, and nonςadopters rated the collection of data from 

other sources as being more difficult than LCA adopters. In fact data collection is demanding, also when 

consultants or experts are present, due to the reliance on internal resources as well. 

Table 5. Classification of the barriers according to the agreement between LCA adopters and non-adopters and their absolute 

relevance 

 Not relevant  Relevant 

Not significant 
difference among 
the two average 
values 

 Communication of the results 

Analysis of the results 

Interpretation of the results 

Certification/review of the study 

Identification of activities for the improvement in environmental 
performance 

Collection of data from suppliers 

Evaluation of data quality 

Software is too expensive 

High costs of expert involvement  

Significant involvement of internal human resources  

The coordination between internal and external resources is 
difficult 

Significant 
difference among 
the two average 
values 

Definition of scope 
and object of the 
study (**) 

 

Definition of the functional unit (***) 

Definition of system boundaries (**) 

Collection of data from other sources (**) 

LCA is time consuming (**) 

Collection of data inside the organization (*) 
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Finally, we investigated what incentives might be able to overcome the perceived or experienced 

barriers to LCA implementation. Both adopters and non-adopters agreed that all suggested incentives 

were useful to support the implementation of LCA, particularly direct financial support and tax 

reduction.  

Also free access databases and software, which greatly reduce the costs, and facilitate the access to 

consulting services offered by the product/category associations were seen as means to break down 

barriers. However, help desks were not seen as being a valid means to overcoming the existing 

drawbacks of LCA implementation. 

Discussion and conclusions 

The objective of this paper was to understand the main benefits and barriers that LCA adopters perceive 

and how the experiences of LCA adopters differ from the expectations of not-adopters. As already found 

in the literature, the findings show that LCA adopters experience relevant benefits related to both 

internal and to external factors. Regarding the internal benefits, the survey confirms the relevance of 

LCA for driving strategic decisions and guiding product design (Siegenthaler and Margni, 2005, Cooper 

and Fava, 2006; Frankl and Rubik,1999). The implementation of LCA has also been proven to have a 

positive influence on the improvement of monitoring systems and the environmental management 

practices, thus highlighting a benefit not commonly reported in previous experiences (Siegenthaler and 

Margni, 2005).  

The survey also shows that there is an increase in the awareness of top management and employees of 

environmental issues, in general, confirming the findings of Iraldo et al. 2009. According to the 

ǊŜǎǇƻƴŘŜƴǘǎΣ ŀƴŘ ƛƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ ŦƛƴŘƛƴƎǎ ƻŦ ƻǘƘŜǊ ŀǳǘƘƻǊǎΣ [/! ƛǎ Ƴƻǎǘƭȅ ǳǎŜŘ ǘƻ ōǳƛƭŘ ŀ ƳƻǊŜ άǊƻōǳǎǘέ 

communication of green attributes towards the market stakeholders (Nakano and Hirao, 2011; Teixeira 

and Pax, 2011), to improve the compŀƴȅΩǎ ǊŜǇǳǘŀǘƛƻƴ ŀƴŘ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ŎǳǎǘƻƳŜǊ ǎŀǘƛǎŦŀŎǘƛƻƴ όaƻƭƛƴŀ-

Murillo and Smith, 2009), and, as a consequence, ultimately to improve competitiveness (Darnal et al. 

2008).  
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Most external benefits thus seem to derive from the market. This means that LCA is certainly used as a 

competitive tool, especially to support the marketing activities of those companies that apply it to their 

products and services. This is interesting especially from a business and management perspective. An 

LCA is considered a key-instrument to effectively endorse green marketing strategies, rather than to 

feed into more general and wider communication strategies aimed at all kinds of stakeholders.  

This is also confirmed by another piece of evidence collected by our study. In fact, although LCA-related 

benefits have been found in the relationship with public institutions (Williamson et al., 2006; Suhaiza et 

al., 2012; Delmas and Toffel, 2004), this was not confirmed by our respondents. One surprising aspect 

is that LCA did not improve relations with suppliers, which is contrary to findings of some case studies 

(Nakano and Hirao, 2011). The most important barrier is the collection of data, both inside and outside 

the boundaries of the organization, which is intensively discussed in the literature (Frankl and Rubik 

2009; Rebitzer at al., 2004; Cooper and Fava, 2006). We have shown that this barrier clearly persists for 

adopter companies, regardless of their size, despite the availability of new datasets and the refining of 

IT tools for data collection, etc.  

The results of the survey also confirm the findings of other authors regarding the concerning the time 

and expertise required in an LCA, together with the high cost involved in contracting external experts 

and consultants (Clarck and Leeuw,1999; Moss et al. 2008; Olinzock et al., 2015; Cooper and Fava, 2006; 

Teixeira and Pax, 2011). The comparison of the results of adopters and non-adopters reveals that, in 

general, non-adopters tend to confirm the findings of LCA adopters, although with some differences. 

Firstly, non-adopters tend to overestimate the difficulties and underestimate the benefits of LCA 

compared to LCA adopters. It is clear that the knowledge of LCA is still low and that once a company 

adopts it, it discovers that the difficulties (especially from a technical and methodological point of view) 

are more manageable than expected, and that the benefits are real and greater than normally believed.  

Significant differences emerge in the difficulties connected to the practical implementation phases of 

an LCA, such as the identification of the functional unit, the definition of the system boundaries and the 
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scope of the study. These are classified as not relevant by LCA-adopters, whereas by not-adopters they 

are seen as high barriers. Non-adopters normally expect that the adoption of LCA improves compliance, 

instead adopters do not perceive such a benefit. Exactly the opposite results regard the possibility of 

creating new marketing opportunities. Non adopters rank this benefit as not relevant, whereas the 

experience of LCA adopters demonstrate that there is a real possibility of increasing marketing 

opportunities by using LCA results. 

The study contributes to the literature in several ways. First, we provide new data on the experiences 

of companies with LCA and the potential benefits and barriers connected to this tool. The findings were 

compared to the evidence found in scientific papers and case studies in order to highlight similarities 

and differences.  The results were analysed separately for LCA adopters and non-adopters, to compare 

the findings obtained for the two categories, which is the first time that a comparative analysis of this 

kind has been performed and the results reported.  

The findings of the comparative analysis shed light on LCA-related issues both for companies and public 

servants interested in promoting sustainable production and consumption. The misconception of LCA 

by non-ŀŘƻǇǘŜǊǎΣ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ŘƛǊŜŎǘ ŜȄǇŜǊƛŜƴŎŜ άƛƴ-ŦƛŜƭŘέ ōȅ ŀŘƻǇǘŜǊǎΣ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ŀƴ ƛƴŎreased 

awareness is key to the success of LCA and to their more widespread adoption by companies, especially 

SMEs. It is essential to create and increasingly disseminate know-how and sensitize companies to the 

real barriers and benefits of adopting an LCA. The awareness of potential LCA adopters can be raised by 

training and education initiatives, as well as by increased possibilities for companies to experiment with 

these kinds of tools, also thanks to public programs for financial support or fiscal incentives (e.g. 

detaxation). On the other hand, market and communication research would contribute to better 

understand how the environmental impacts of products can be more effectively communicated to 

clients and consumers, in order to enable companies that choose to adopt a LCA to gain a competitive 

advantage and be rewarded on the market.  
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In addition to the positive features of this study, there are also various limitations. This study focuses on 

firms located in a particular geographical area (Italy) and the results cannot be extended to the whole 

population of companies worldwide. Another limitation is that only aggregate results are analysed, with 

no differentiation according to the different kinds of companies involved (small, medium or large 

companies for example). Further research is needed to better understand whether different types of 

firms (size, market and typology of products) have different attitudes toward LCA and whether this tool 

has higher or lower benefits and barriers for the different groups. This will help decision makers to adapt 

the appropriate policy actions to the different sectors, if relevant differences in terms of benefits and 

barriers emerge.  

Another interesting aspect would be to compare the Italian results with the results of other European 

member states. Despite the limitations, the study provides a useful insight into how companies perceive 

the LCA tool and what expectations and ideas the companies have that do not use this kind of tool. The 

comparison of the results of the two groups gives a valuable contribution to the understanding of the 

barriers that firms face or think they face when addressing LCA, and useful insights on how institutions 

should promote the application of LCA.  

To sum up, communicating product environmental performance is today perceived as a priority by the 

firms that use the LCA tool. The need to find a balance between accurate and scientifically rigorous data 

(and their complexity) and easily understood labels is confirmed as the key for a successful 

environmental footprint. LCA is an efficient tool for providing reliable data to the market and 

stakeholders, and for avoiding greenwashing, however firms must be able to easily communicate LCA 

numbers and indicators.  

Our survey also reveals that the stakehoƭŘŜǊǎ ƛƴ ǘƘŜ ŎƻƳǇŀƴȅ ŀƭǎƻ ƘŀǾŜ ǘƻ ƎƛǾŜ άǎǇŜƴŘŀōƭŜ έ ǇƻǿŜǊ ǘƻ 

the LCA as a decisional support tool. In this sense, we must interpret the survey results that indicated 

the problems encountered when LCA results had to be transformed into guidelines for management 

(especially for planning and setting up environmental performance improvements).  This suggests that 
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suppliers do not see or have any clear advantage in giving data to their clients to create an LCA. This 

may be due to the fear of suppliers that they will be judged on the data that they communicate, and a 

general concern regarding how the communication of these data will affect their success on the market 

in the future. 
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Enhancing the adoption of LCA by SMEs grouped in an industrial cluster: a case study of the tanning 

cluster in Tuscany (Italy) 
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Greenhouse gas emissions from SMEs account for 70% of the industrial pollution in the European Union. 

Due to limited economic and human resources, only a few SMEs start procedures to evaluate the 

environmental impact of processes and products through life cycle assessment. In this work, a cluster 

life cycle assessment (Cluster-LCA) is proposed as an instrument for the spreading and realization of LCA 

analysis in clustered SMEs. This methodology is illustrated with a case study in the tanning cluster in 

Tuscany. The different characteristics of the methodology are analyzed by identifying the intrinsic 

strengths, weaknesses, opportunities and threats. The application of this methodology in a particular 
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cluster is then discussed in order to gather some helpful insight for the application of this methodology 

in different clusters.  

Introduction 

Sustainability is increasingly becoming part of the everyday activities of firms and is seen as an important 

source of competitive advantage. This is recognized as more common for big and multinational firms, 

rather than small and medium enterprises (SMEs) (Kurczewski, 2014). However, for the European 

Union, it has been estimated that about 99% of the companies are SMEs that employ 70% of the 

European workforce and contribute 60% of the overall turnover (European Commission, 2014).  

European SMEs contribute from 60% to 70% of the total environmental impact in the European Union 

(European Commission, 2010) thus much effort has been made to involve SMEs in the reduction of their 

environmental impact and in exploiting their potential for labor creation. To promote such involvement 

European Commission has focused on promoting life cycle assessment (LCA) and life cycle thinking (LCT) 

in general (European Commission, 2003; European Commission 2014). However, the spread of these 

instruments still remains the domain of the big firms. This highlights the barriers that SMEs face when 

dealing with these kinds of instruments.  

The aim of this work is thus to illustrate how the cluster structure can help in the diffusion of voluntary, 

innovative and complex instruments for the evaluation of environmental impacts of products among 

SMEs, and to investigate which characteristics a cluster should have in order to successfully implement 

these kinds of instruments, and particularly the LCA.  

The paper describes the use, implementation and impact of a territorial approach for an LCA in an 

industrial cluster (hereafter, Cluster-[/!ύ ƛƴ ŀ ŎŀǎŜ ǎǘǳŘȅ ƻŦ ǘƘŜ ǘŀƴƴƛƴƎ ŎƭǳǎǘŜǊ ƛƴ {ŀƴǘŀ /ǊƻŎŜ ǎǳƭƭΩ!ǊƴƻΣ 

Italy.  

This study merges two different lines of research that are discussed in Section 1: industrial clusters and 

LCA, in particular on the tools and methods able to facilitate the adoption of LCA and related methods 

by SMEs. Attempts are made to link the two streams of research, underlining how the first can be fruitful 

in the diffusion of the second among SMEs. In the subsequent sections, we describe the case study of 
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{ŀƴǘŀ /ǊƻŎŜ ǎǳƭƭΩ!ǊƴƻΣ ǿƘŜǊŜ ǘƘŜ ŀǇǇǊƻŀŎƘ ƻǳǘƭƛƴŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ƛǎ ŀǇǇƭƛŜŘ ƛƴ ǇǊŀŎǘƛŎŜΦ 

In the case study, a participatory and collective approach is implemented in order to gather data and 

information for the LCA from the tanneries. In addition, some information on the cluster and a 

discussion on the managerial, environmental and policy implications arising from this case study are 

given. In order to clearly explain every facet of the suggested tool and of the case study, a SWOT analysis 

was performed and discussed. 

 

LCA and SMEs: the odd couple? 

In the last few years, LCA have been used to assess the potential environmental impact of products, 

services, organizations (Baumann and Tillman 2004). As defined by the ISO standard (UNI 2006a, UNI 

2006b), an LCA is used to assess the potential environmental impacts and resources used throughout a 

ǇǊƻŘǳŎǘΩǎ ƭƛŦŜŎȅŎƭŜΣ ƛΦŜΦΣ ŦǊƻƳ ǘƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ Ǌŀǿ ƳŀǘŜǊƛŀƭΣ Ǿƛŀ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ǳǎŜ ǇƘŀǎŜǎΣ ǘƻ ǿŀǎǘŜ 

management. The results of LCA have then been used for eco-design purposes (González-García et al 

2011, Bhander et al 2003), process analyses and improvements (Niederl-Schmidinger and 

Narodoslawsky 2008, Jacquemin et al., 2012), policy design and evaluation (Curran 1997), marketing 

(Iraldo et al., 2013), and for the management of the supply chain (Srivastava, 2007).  

Despite these important studies in the field of LCA, there are only a few works in the literature that deal 

with the adoption of LCA, or more generally LCT, in SMEs. 

Currently, most of the work conducted on SMEs and environmental issues focuses on the obstacles and 

barriers these firms face in adopting environmental best practices. As summarized by Revell (2003), an 

important barrier that SMEs face is the lack of engagement with environmental issues amongst owner-

ƳŀƴŀƎŜǊΣ ŘǳŜ ǘƻΥ ŀ ōŜƭƛŜŦ ǘƘŀǘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ άŦƻƻǘǇǊƛƴǘέ ƻŦ {a9ǎ ƛǎ ƴŜƎƭƛƎƛōƭŜΤ ŀ ƭŀŎƪ ƻŦ ŜȄǇŜǊǘƛǎŜ 

and understanding in tackling of environmental issues; a low level of compliance due to a lack of 

awareness of environmental regulations; and a low level of uptake of environmental management 

system as a result of a lack of time, money, and technical knowledge.  
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According to Pamminger (2011), there are few differences among sectors since most SMEs have a 

relatively low knowledge of environmental assessments or LCA and also a lack of experience with 

assessment tools.  

Beyond a lack of environmental culture, the problem stems from the eco-design tools that have been 

designed without any thought of integrating them into SMEs (Le pochat et al. 2007) or of meeting their 

requirements and needs (Moss et al. 2008).  

The academic world tends to focus on three different aspects regarding the adoption of LCT in SMEs: 

- Convincing SMEs to adopt LCT or environmental best practices  

- Developing simplified tools (particularly web-based) for the creation of a simplified LCA or 

carbon footprint (Naldesi et al 2004, Sherry et al. 2012). 

- Developing procedures and guidelines specifically for SMEs (Zackrisson et al. 2008, Naldesi et al 

2004, Le pochat et al. 2007) 

According to respondents in a survey performed by Pamminger (2011), the main drivers for 

implementing LCT are demand by customers and legislation, which is confirmed by Zackrisson et al. 

(2008). Moss et al. (2008) suggest that one method for increasing the interest of SMEs in the 

environment is to stress the financial advantages resulting from the assessment and the possible 

improvement in their marketing potential. In Le pochat et al. (2007), the LCA is described as difficult to 

use in a business, time-consuming and complex to manage, while a simplified LCA is seen as more user-

ŦǊƛŜƴŘƭȅ ōǳǘ ƭŜǎǎ ŀŎŎǳǊŀǘŜΦ IƻǿŜǾŜǊΣ ōƻǘƘ ŀǊŜ ŜȄǇŜǊǘ ǘƻƻƭǎ ŀƴŘ {a9ǎ ǿƻǳƭŘ ƘŀǾŜ ǘƻ Ǉŀȅ ŦƻǊ ŀƴ ŜȄǇŜǊǘΩǎ 

services and invest in the software.  

One way to overcome these barriers is the joint action of more SMEs in the same cluster or supply chain, 

who can combine their efforts, resources, knowledge and data in order to create a scientifically sound 

LCA. This approach was proposed by UNEP (2005), which sugƎŜǎǘŜŘ ǘƘŀǘ ŀŎǘƛƻƴǎ ǎƘƻǳƭŘ ōŜ ǘŀƪŜƴ ōȅ άŀ 

ōǊŀƴŎƘ ƻŦ ŦƛǊƳǎέΣ ŀƴŘ {ŀƭŀ ŀƴŘ /ŀǎǘŜƭƭŀƴƛ όнллфύΣ ǿƘƻ ǇǊŜǎŜƴǘŜŘ ŀ ŎŀǎŜ ǎǘǳŘȅ ƛƴǾƻƭǾƛƴƎ ŀ ŎƻƴǎƻǊǘƛǳƳ ƻŦ 

enterprises in the furniture supply chain. The outcomes of their case study highlighted the importance 
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of the wider involvement of supply chain and stakeholders, and that the role of a consortium of firms is 

crucial in promoting and disseminating best practices among firms. 

A similar concept was also suggested by Revell (2003) who highlighted the possible role of trade 

ŀǎǎƻŎƛŀǘƛƻƴǎΣ ǿƘƛŎƘ ŀǊŜ ǎŜŜƴ ŀǎ ǘƘŜ ǇǊƛƳŀǊȅ ŀƎŜƴǘ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ ǾƻƭǳƴǘŀǊȅ άǎŜŎǘƻǊŀƭ 

ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǎǘǊŀǘŜƎƛŜǎέΦ ¢ƘŜ ά{a9ǎ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ƛƴ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴέ ǊŜǇƻǊǘ ŎƻƴŦƛǊƳŜŘ 

ǘƘŀǘ ŀ άǎǘǊƻƴƎ ǎǳǇǇƻǊǘ ƛǎ ǊŜǉǳƛǊŜŘ ŦǊƻƳ ǎŜŎǘƻǊ ƻǊƎŀƴƛȊŀǘƛƻƴǎέ ό9ǳǊƻǇŜŀƴ ŎƻƳƳƛǎǎƛƻƴΣ нлмлύΦ  

Such strong support is especially important when talking about industrial clusters, i.e. geographical 

concentrations of interconnected companies and institutions in a particular field (Porter 1998). An 

industrial cluster has long been seen as a competitive advantage for the SMEs involved. Several studies 

have underlined the importance of collective initiatives boosted by local institutions. Local associations 

represent the collective interest and, together with local or regional governments, promote joint actions 

among firms by providing highly specialized services and also a social dimension (among others, Nadvi 

1999). 

It has been shown that the joint action of many SMEs coordinated by local associations can obtain 

successful results in the export of goods (Mesquita and Lazzarini, 2010), in the building of collective 

facilities (Ferrer et al. 2012), and in the adoption of environmental management schemes (Daddi et al, 

2010). 

This work therefore investigated how the joint action of local institutions and firms can be successful in 

the diffusion of LCA thanks to the creation of an average LCA of the main products of the industrial 

cluster. 

In addition to the studies already cited, practical sectorial experiences or average LCA of the typical 

product can be found in the International EPD System. The latter is a programme for type III 

environmental declarations managed by the Swedish Environmental Management Council which, 

answering the needs of the industry, recently introduced the concept of sector EPD in its General 

Programme Instructions (EPD 2013), also specifying the rules for the creation and certification of this 
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particular type of LCA. In the International EPD system, several average or sectorial LCAs have been 

registered and are reported in Table 1.  
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Table 1. Summary of the average or sectorial EPDs certified in the EPD System ® 

Information 
Trentino Alto 
Adige apples 

Greek oil Puglia oil Greek kiwis 
Coop mineral 
water 

European 
galvanic 
industry 

European 
waterproofing 
bitumen industry 

Cement Buzzi 
Unicem 

Concrete Buzzi Unical 

Sector agri-food 
agricultural and 
food (agroindustrial) 

agricultural and 
food (agroindustrial) 

agricultural and food 
(agroindustrial) 

 
beverages 

 
galvanic 

bitumen cement concrete 

Type of 
application 

typical product, 
territorial cluster 

typical product, 
group of farmers 
(small group of olive 
growers) 

typical product, 
territorial cluster 

group of companies, 
territorial cluster 

average product sectoral EPD sectoral EPD average product average product 

Location Italy Greece Italy Greece Italy Europe Europe Italy Italy 

Type of 
enterprises 

apple growers 
olive growers and oil 
producers 

olive farms kiwi growers supermarkets 
galvanic 
companies 

bitumen producers 
cement 
producers 

concrete producers 

Number of 
enterprises 

4 organisations 
with 13.250 
producers 

68 Greek olive 
growers from The 
Peloponnese and 
Crete 

63 farms located in 
Puglia that supply 
two cooperatives  

99 growers from Pieria 
Prefecture located in 
the Municipal 
department of Karitsa  

1 of supermarkets 
(5 water springs) 

46 located in 
the EU 

42 located in 
European countries 

13 Buzzi group 
plants , located 
in different 
Italian regions 

1 plant that produces 5 
kinds of concretes 

Involved 
actors 

Assomela, 
organisations of 
producers, 
cooperatives 

farmers' group and 
union of 
cooperatives 

farms and two 
cooperatives: 63 
olive farms of the 
OASI / ASSOPROLI 
BARI  

producers' 
organization 
consisting of 99 
growers.  

COOP Italia and 5 
producers of 
spring water 

European 
Association of 
Galvanic 
Companies 46 
companies 

Bitumen 
Waterproofing 
Association, 42 
enterprises 

Buzzi Group 
plants 

Buzzi Group plants 
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In the literature, there are examples of average or sectorial LCAs. Iraldo et al. (2013) report the average 

LCA of olive oil used in a green marketing strategy, and Van der Harst and Potting (2014) present an 

average LCA of disposable polystyrene beverage cups.   

LCA studies for clusters of enterprises: the Cluster-LCA 

Some of the most important practical barriers encountered by SMEs in the creation of an LCA can be 

overcome using a cooperative approach based on developing common instruments and exploiting 

synergies among firms. We coined term Cluster-LCA in order to differentiate this kind of cooperative 

LCA from the LCA for an individual firm. The Cluster-LCA is based on the possibility that some factors 

ǘƘŀǘ ŀǊŜ ŎƻƳƳƻƴ ǘƻ ŀ ǇŀǊǘƛŎǳƭŀǊ ƎǊƻǳǇ ƻŦ ŦƛǊƳǎ ŜƴŀōƭŜ ŀ άŎƻƭƭŜŎǘƛǾŜέ [/! ǎǘǳŘȅ ǘƻ ōŜ ŎǊŜŀǘŜŘΣ ŦǊƻƳ ǿƘƛŎƘ 

the firms can later draw different benefits. 

At the European level, clusters were officially recognized by the Final Report prepared by the European 

Commission Expert Group on Enterprise Clusters and Networks. Previous scholars have investigated the 

possibilities of creating synergies at the cluster level to facilitate the adoption of environmental 

management instruments. There have been various studies related to the EMAS cluster approach or 

other approaches used to facilitate the spread of Environmental Management Systems (EMS) among 

tenant companies, such as Tessitore et al. (2014), Ammenberg et al. (1999), Halila (2007) and Zobel 

(2007). In almost all the cases, the environmental and economic benefits for firms have been registered 

and synergies at the local level have been activated.  

Describing a Swedish project co-funded by EU Structural Funds involving 30 companies, Zobel (2007) 

describes how EMS can be promoted by drafting joint EMS documentation, as well as setting up 

extensive joint training initiatives, joint internal and third party audits. Other research in this field has 

focused on the impact of the cluster approach on the competitiveness of the industrial districts (Daddi 

et al. 2012), on the application of the approach in other productive contexts such as the tourist sector 

(Battaglia et al., 2012), and on the spread in the cluster of Corporate Social Responsibility tools such as 

the certification SA8000 (Battaglia et al., 2010). The cluster approach to spreading EMS is has also been 
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adopted in non EU countries, e.g. the Regional Environmental Management Systems (REMS) applied in 

the United States (Welford, 2004). 

 

Similarly to the EMAS cluster approach, the firms that decide to share the same practical path for the 

creation of an LCA can be characterized by different factors, for example they: 

- work in the same supply chain, in the production of the same product 

- involve the same upstream phases of a certain production chain, producing semi-finished 

products or intermediate products that would be used by a small group of firms (or at least only 

one firm)  

- independently use similar processes for the production of similar finished products, and, in the 

ŎŀǎŜ ƻŦ ǎƛƳƛƭŀǊ ŦƛƴƛǎƘŜŘ ǇǊƻŘǳŎǘǎΣ ŀǊŜ ƛƴ ǘƘŜ ǎŀƳŜ ƎŜƻƎǊŀǇƘƛŎŀƭ ŀǊŜŀ όŎŀǎŜ ƻŦ άǘȅǇƛŎŀƭ ǇǊƻŘǳŎǘέύ  

- work in a homogeneous productive area, characterized by several similar products linked to 

traditional manufacturing that is promoted as a guarantee of quality. In this case, there is a 

mixture of relationships already described: competition, supply chain, collaboration and 

workload sharing based on co-opetition (i.e. cooperative competition). 

When one of the above four factors is operative, it is possible to consider the marketable product 

produced by the group of firms as sufficiently homogeneous for the synergic application of the LCA 

ƳŜǘƘƻŘ ŀƴŘ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ ŀ άǎƘŀǊŜŘέ [/!Φ Lƴ ƻrder for Cluster-LCA to be an advantage, the 

relationships between the firms and other institutions should be studied and in some way used in the 

LCA study. The structure of the cluster, in terms of the typology of firms it is composed of, and the 

nature and kind of relationship between the different actors within the cluster provide useful 

information. 

The Cluster-LCA can be also seen as an expression of Life Cycle Management (LCM) practices, where the 

Ƴŀƛƴ ƻōƧŜŎǘƛǾŜ ƻŦ [/a Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ άǇǳǘǘƛƴƎ [/! ŀnd LCT into practical application and seeing the 
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ǊŜǎǳƭǘǎ ŀŎŎŜǇǘŜŘ ōȅ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŀŦŦŜŎǘŜŘ ǎǘŀƪŜƘƻƭŘŜǊǎέ όCǳƭƭŀƴŀ-i-Palmer et al., 2011). Also in the 

application of Cluster-LCA, the main principles of LCM should be considered, such as: the search for an 

agreement among the stakeholders, consensus on the scope of the work, and the calibration of the 

workload according to the scope. 

 

Case study and data sources 

Since it is interesting to understand which mechanisms succeed in getting firms onboard, and how a 

proactive response can be stimulated by the firms themselves, the case study (Yin, 2009) was chosen as 

the research method. This enables the dynamics within the cluster and the individual firms to be 

examined, which is important when dealing with environmental aspects. 

The main goals of this study are to: 

Å  create an average LCA for the main products of the cluster  

Å increase the awareness of SMEs and trade associations regarding environmental issues 

Å set up a collaborative and networking approach for carrying out the scenario modeling and 

collecting data  

The creation of an average LCA for the main products of the district can be seen as a driver that 

stimulates a response in the actors inside the cluster. The responses can be seen in the establishment 

of collaboration and networking among firms, and between firms and institutions and in the increased 

awareness of SMEs and institutions in environmental issues. 

/ŀǎŜ ǎǘǳŘȅΥ ¢ƘŜ ǘŀƴƴƛƴƎ ŎƭǳǎǘŜǊ ƻŦ {ŀƴǘŀ /ǊƻŎŜ ǎǳƭƭΩ!Ǌƴƻ  

¢ƘŜ ŎƭǳǎǘŜǊ ƻŦ {ŀƴǘŀ /ǊƻŎŜ ǎǳƭƭΩ!ǊƴƻΣ ƭƻŎŀǘed in Tuscany (central Italy), covers an area with a radius of 

about 10 km, 90,000 inhabitants, and includes six municipalities. The tanning cluster of Santa Croce 

ǎǳƭƭΩ!Ǌƴƻ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƛƴ ǘƘŜ ŦƛŜƭŘ ƻŦ ƭŜŀǘƘŜǊ ǇǊƻŘǳŎǘƛƻƴ ōƻǘƘ ŀǘ ǘƘŜ Lǘŀƭƛŀn and 

international levels. Tanning in this region dates back to the 19th century and after Second World War  

greatly expanded and became an intertwined part of the urban settlement. In the 1970s, the tanneries 

began to move away from cities to industrial areas. This process established an industrialization path 
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characterized by the shared plan of development policies by the local public administrations and the 

enterprises, usually represented by local associations. The industrial cluster accounts for about 35% of 

the Italian production of tanned leather and 98% of the Italian production of leather for shoes. The 

productive model is characterized by an extremely fragmented SME structure. In the cluster there are 

about 600 enterprises (tanneries and subcontractors) with 8000 operators. The cluster is characterized 

by an extremely active collaboration among the most important stakeholders that facilitates the 

development of networks and strategies for the creation of services for the entire supply chain and for 

the protection of the environment.  

The tanneries inside the cluster are supported by local associations in dealing with issues related to their 

ǿƻǊƪΦ ¢ƘŜ ǘǿƻ Ƴŀƛƴ ŀǎǎƻŎƛŀǘƛƻƴǎ ƛƴ ǘƘŜ ŎƭǳǎǘŜǊ ŀǊŜ ά!ǎǎƻŎƛŀȊƛƻƴŜ /ƻƴŎƛŀǘƻǊƛ Řƛ {ŀƴǘŀ /ǊƻŎŜέΣ ǿƘƛŎƘ 

includes about 200 tanneries mainly specialized in the production of chrome tanned leather, and 

ά/ƻƴǎƻǊȊƛƻ /ƻƴŎƛŀǘƻǊƛ Řƛ tƻƴǘŜ ŀ 9ƎƻƭŀέΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ŀōƻǳǘ тл ǘŀƴƴŜǊƛŜǎ Ƴŀƛƴƭȅ ǎǇŜŎƛŀƭƛȊŜŘ ƛƴ ǘƘŜ 

production of vegetable tanned leather and leather for shoe soles. 

The local associations provide highly specialized technical support on issues related to the environment, 

safety, financial, education, research, and others. Local associations also support export activities, 

promoting and coordinating the participation of the cluster at international events. 

Regarding environmental issues, with the support of the local associations, the tanneries have dealt 

with: 

¶ Waste water treatment plants 

¶ Industrial areas 

¶ Recovery of by-products 

¶ Reuse of sludge from wastewater treatment plants 

¶ Recovery of chrome 

From the activities of tanneries and local associations, a large number of consortia and facilities were 

established inside the cluster such as waste water treatment plants, a plant for the recovery of chrome 
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from exhausted solutions, various consortia for the recovery of by- products and sludge, consortia for 

exports, promotion, and urbanization (Figure 1). 

 

Figure 2. Relationships between tanneries and the consortia inside the cluster 

Another institution that plays an important role inside the industrial cluster is a technology park called 

the Polo Tecnologico Conciario (Po.Te.Co.), which trains technical personnel and carries out applied 

research. The main fields of Po.Te.Co. are environmental sustainability, the innovation of products and 

processes, a laboratory for experimental activities and  training in human resources. Recently, local 

associations together with a few local associations from other industrial clusters, promoted some 

research which, thanks to the support of the regional government of Tuscany, after a few years resulted 

in the first draft of a methodology for an EMAS scheme at a cluster level. 

Method and data collection 

This study was performed using a methodological framework based on the ISO standards (UNI 2006a, 

¦bL нллсōύ ŀƴŘ ǘƘŜ t/w ǇǳōƭƛǎƘŜŘ ōȅ 9t5 ŦƻǊ άŦƛƴƛǎƘŜŘ ōƻǾƛƴŜ ƭŜŀǘƘŜǊέ ό9t5 нлммύ ǿŜǊŜ ŦƻƭƭƻǿŜŘΦ 

In the case study, the Cluster-LCA was used in order to create an average LCA for the main products of 

the cluster: 

- Chromium tanned leather 

- Vegetable tanned leather 

- Sole leather 
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The system boundaries were taken from cradle to gate, since the analyzed products are intermediate 

products that undergo a variety of subsequent processes. The investigated system includes livestock of 

animals, transportation of the raw hides from the country of production, tanning, wastewater 

treatment, and the production and transportation of chemicals and packaging. 

The following key issues were also considered: 

- problems related to the data collection regarding the chemical substances used  

- how to reconcile the data collected by the different firms 

The ISO suggests several ways of dealing with the contribution of each product from multi-output 

systems, such as the expansion of system boundaries or allocation according to different criteria. In this 

ǎǘǳŘȅΣ ǘƘŜ ŀƭǊŜŀŘȅ ŎƛǘŜŘ t/w ǿŀǎ ŦƻƭƭƻǿŜŘ ŀƴŘ άƴŜȄǘ ƭƛŦŜ ŎȅŎƭŜέ ŦƻǊ ŘŜŀƭƛƴƎ ǿƛǘƘ Ƴǳƭǘƛ-output systems 

was chosen, which considers the total amount of environmental impact due to the production of the 

product. Since by-products have an economic value, an economic allocation between the by-products 

and the main product may also be suitable. Although the discussion on the allocation in the field of 

tanned leather is very active, it was decided not to question the indications reported in the PCR, since 

the study is not focused on methodological issues but on the application of LCA in a cluster context.  

There is also a debate within the leather industry regarding whether raw hides should be considered as 

a waste of the slaughter process or if they should be considered as a by-product, thus carrying a certain 

percentage of the upstream burden and, in this case, how to establish the percentage of this burden. 

Many researchers have dealt with this issue (e.g. Brugnoli, 2012; Clarke, 2014). Since leather was 

included in the first round of EU pilot trials for developing environmental footprint approaches to 

standardized products, hopefully this point will be clarified once and for all.  

In the meantime, in this work the indications of the PCR that suggest a mass allocation factor to raw 

hides for the upstream burdens were followed. We also followed the PCR and in terms of the choice of 

ǘƘŜ ǇǊƻŎŜǎǎ ǳǎŜŘ ǘƻ ƳƻŘŜƭ ǘƘŜ ŦŀǊƳƛƴƎ ǇƘŀǎŜΣ ƛΦŜΦ έ/ŀǘǘƭŜ ŦǊƻƳ ŦŀǊƳέ ŦǊƻƳ ǘƘŜ [/! ŦƻƻŘ ŘŀǘŀōŀǎŜΦ ¢his 

greatly influences the final results of the study, which must be taken into consideration in the analysis 

of the numerical results. The EU pilot scheme will end in 2016 and will clarify, apart from these two 



 
 
 

 
73 

 

issues, the choice of the functional unit, the allocation factors to be used in the tanning process and 

how to deal with other general assumptions, such as inventory data for chemicals and transportation. 

The work will be of great interest since the decisions will be taken by representatives of at least 70% of 

the European producers of tanned leather and, thus will be shared and accepted by the industry and 

stakeholders.  

According to the PCR, the functional units are defined as: 

- chromium tanned leather: 1 m2 of finished bovine leather 

- vegetable tanned leather: 1 m2 of finished bovine leather 

For sole leather, another functional unit was used which was well-known to the producers and was also 

suggested by Brugnoli (2012): 

- sole leather: 1 kg of finished bovine leather 

In our study, annual production and consumption data were collected in 2010 and 2012 from 44 

tanneries in the industrial cluster. The representativeness of the data in terms of production is reported 

in Table 2. The representativeness of the data for chromium tanned leather and vegetable leather was 

evaluated for the two products together, since the data for the total production of the cluster is given 

as an aggregated value of chromium tanned leather and vegetable tanned leather. 

Table 2. Representativeness of the collected data 

 
Year Sample 

Total production 
of the cluster 

Representativeness 

Chromium and 
vegetable tanned 
leather 

2010 8,574,815 m2 47,943,700 m2 17,8% 

2012 7,436,245 m2 31,000,000 m2 24% 

Sole leather 
2010 2,077,482 kg 39,198,000 kg 5,3% 

2012 4,785,897 kg 37,984,000 kg 12,6% 

During the inventory phase, it became clear that the tanning process in the cluster under study is 

characterized by a high level of personalization and fragmentation. The tanning process performed in 

the industrial cluster is much more of an artisanal, rather than an industrial process. This introduces the 

additional difficulties regarding collecting data that have a high variability and high uncertainty, and 

reconciling data from different firms that often perform different types of processes and outsource 
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different phases. In order to take the structure of the cluster into account, where outsourcing is quite 

common, the process is divided into three main phases: i) beamhouse and tannage; ii) retannage, dyeing 

and fatliquoring; and iii) finishing.  

Primary data were collected for the supply of raw hides and for the energy and material consumption, 

as well as waste production and emissions for the tanning process. Some of the tanneries started with 

semi-finished leather, such as wet-blue, wet-white or pickled leather. For this reason, annual data were 

collected regarding the types of hides bought (if raw or semi-finished and if so, what kind of semi-

finished) and the provenience of each type of hide.  

Annual data for the tanning process were collected from tanneries using questionnaires. Po.Te.Co. 

provided technical expertise in the collection of internal data and in the completion of the 

questionnaires. After the collection of the questionnaires, Po.Te.Co. carried out a quality check on the 

data and defined some indicators of consumption in order to identify any mistakes in the numbers. The 

indicators defined are listed in Table 3. In the calculation of the average LCAs, the average values among 

the firms of each input and output data were considered. However, in addition to the calculation of the 

average values, the range of variation for each value was also calculated. Table 3 reports the average 

values and the ranges of variation for the most important parameters for the three leather products. 

 
Chrome tanned 
leather (x/m2) 

Vegetable tanned 
leather (x/m2) 

Sole leather 
(x/kg) 

Electricity (kWh) 3.09 [1.90-4.41] 3.35 [2.30-4.23] 0.59 [0.11-0.96] 

Natural gas (Sm3) 1.09 [0.89-1.21] 0.77 [0.24-1.03] 0.11 [0.07-0.14] 

Water (m3) 0.18 [0.15-0.21] 0.12 [0.07-0.21] 0.02 [0.02-0.03] 

Chrome (kg) 0.55 [0.43-0.73] -- -- 

Tannins (kg) 0.15 [0.00-0.44] 1.49 [1.10-2.05] 0.81 [0.74-0.90] 

Sulphate (kg) 0.15 [0.08-0.25] 0.14 [0.09-0.20] 0.05 [0.04-0.06] 

Lime (kg) 0.18 [0.14-0.21] 0.2 [0.00-0.41] 0.11 [0.11-0.12] 

Deliming agents (kg) 0.11 [0.09-0.12] 0.12 [0.01-0.23] -- 

Sodium bisulphate (kg) -- -- 0.09 [0.06-0.17] 

Table 3. Average values and ranges of variation for the most important parameters for the production of the three types of 

leather. 
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When dealing with an LCA of tanned products one of the main tasks is related to the chemicals used in 

the process. A typical tannery can use up to 600 different chemicals, most of which are proprietary 

mixes and the only information available is related to the content of dangerous substances. These 

products are usually sold by local suppliers who do not produce the chemicals, but simply act as 

commercial entities. In addition, the chemical compounds used are often very complex or uncommon, 

so the use of databases for the inventories of these chemicals is not always feasible. Concerning the 

chemicals, the major problems were: 

- No information on the place of production of the chemicals 

- No primary data for the production of complex/uncommon chemicals 

- Often an unknown composition of the blends of chemicals  

- Lack of inventories in the commercial databases  

For our study, a list of chemical substances and classes of chemicals was defined and each tannery 

provided the annual amount bought. In order to identify the classes of chemicals, the document drafted 

by the Italian Association of Leather Producers (UNIC, 2011) was taken as a starting point and adapted 

in order to make it easily understandable for the tanneries. A class of chemicals instead of a single 

substance was required when there were many different chemicals that could perform the same task, 

and when no precise information on the composition of the blend was available. In order to model the 

classes of chemicals, a representative product available in the databases was chosen with the help of 

Po.Te.Co. It was possible to find primary data directly from the producer only for vegetable tannins. 

Since the chemicals used in the tanning process heavily affect the environmental impact, the quality of 

the data is currently being improved. 

 

Results of the Cluster - LCA 

The results of the average LCA are reported in Table 4. The impact categories analyzed are those listed 

ƛƴ ǘƘŜ t/w ŦƻǊ άŦƛƴƛǎƘŜŘ ōƻǾƛƴŜ ƭŜŀǘƘŜǊέΦ ¢ƘŜ 9t5 ƳŜǘƘƻŘ ǿŀǎ ǳǎŜŘΦ {ƛƳŀtǊƻ тΦоΦо ǿŀǎ ǳǎŜŘ ǘƻ ŎŀǊǊȅ out 

the analysis. 
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Table 4. Results of the average LCA for the three main products of the cluster. 

Impact Category Unit 

1 m2 
vegetable 
tanned 
leather 

1 m2 
chromium 
tanned 
leather 

1 kg sole 
leather 

Global warming (GWP100) kg CO2 eq 16.6 14.2 5.79 

Ozone layer depletion (ODP) 
kg CFC-11 
eq 

1.12·10-4 2.91·10-5 3.45·10-5 

Photochemical oxidation kg C2H4 eq 2.13·10-2 0.01 9.77·10-3 

Acidification kg SO2 eq 9.09·10-2 8.61·10-2 3.49·10-2 

Eutrophication kg PO4 3- eq 6.89·10-2 5.55·10-2 2.72·10-2 

Water depletion m3 0.25 0.18 5.11·10-2 

Bulk waste kg 1.46 1.64 0.59 

Hazardous waste kg 1.7·10-3 1.15·10-3 3.25·10-4 

Material resources (non-renewable) kg 16 5.51 8.12 

Non-renewable resources for energy 
conversion 

MJ eq 318 178 117 

Material resources (renewable) kg 7 7 2.5 

Renewable resources for energy 
conversion 

MJ eq 6.7 3.91 2.52 

As can be seen from the table, vegetable tanned leather has a higher impact compared to chrome 

tanned leather for all the impact categories, except for bulk waste and photochemical oxidation. The 

higher impact of vegetable tanned leather is due to the higher amount of chemical products used in the 

process. The impacts of chrome and vegetable tanned leather cannot be compared with sole leather, 

because of the different functional units.   

The contributions to the overall environmental impact of raw hides (including transportation) and 

chemicals used in the tanning process are highlighted for the three types of leather in Fig. 2. These two 

contributions constituted more than 70% of the overalƭ ƛƳǇŀŎǘΣ ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǘƛƻƴ ƻŦ άǿŀǘŜǊ ŘŜǇƭŜǘƛƻƴέ 

- water consumption is very high in the tanning process.  

Regarding the contribution of the chemicals to the overall environmental impact, the qualitative results 

of this analysis are reported in Table 5, which shows the chemicals that contribute more than 60% of 
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the environmental impact. These chemicals are also important in terms of the amount used in the 

tanning process. 

 

Figure 2. Contribution to the overall environmental impact: a) vegetable tanned leather, b) chrome tanned leather, and c) 

sole leather. 
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Table 5. Highest contributing chemicals for each type of leather 

Impact category 
Vegetable tanned 

leather 
Chrome tanned leather Sole leather 

Global warming 
(GWP100) 

Vegetable tannins; 
Synthetic tannins 

Chrome salts Vegetable tannins; 
Synthetic tannins 

Ozone layer depletion 
(ODP) 

Synthetic tannins Chrome salts; 
Synthetic tannins 

Synthetic tannins 

Photochemical 
oxidation 

Vegetable tannins Surfactants; Deliming 
agents; Chrome salts 

Vegetable tannins 

Acidification 
Vegetable tannins; 
Synthetic tannins 

Chrome salts Vegetable tannins; 
Sodium bisulphite 

Eutrophication 
Vegetable tannins Anti-wrinkle products; 

Chrome Salts 
Vegetable tannins 

Water depletion 
Vegetable tannins; 

Surfactants 
Surfactants; Chrome 

salts 
Vegetable tannins 

 

Discussion 

Cluster-LCA is an innovative instrument for the SMEs inside the cluster, since it directly involves SMEs 

in the creation of an average LCA. The latter can then be used for marketing or improvement purposes 

without the ŦƛƴŀƴŎƛŀƭ ŀƴŘ ƘǳƳŀƴ ŎƻǎǘǎΣ ǳǎǳŀƭƭȅ ǊŜǉǳƛǊŜŘ ŦƻǊ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ŦƛǊƳΩǎ [/!Φ 

The particular feature of an LCA passing through the cluster structure is that the analyst has to deal with 

multiple firms, each with its own characteristics, and evaluate the quality and reliability of the data. On 

the other hand, since the firms belong to the same sector, the difficulties and amount of work needed 

is the same as that required for one firm. In addition, the structure of the checklist and the model 

developed for one firm can be used for all the firms in the cluster. Exploiting the particular features of 

the cluster, reduces the time and efforts of the analyst, thus making possible for each SME in the cluster 

to gain their first experience with LCA and have a good model available for their product at a lower cost. 

Passing through the cluster for the collection of data makes a significant amount of data available for 

each production step, which allows the analyst to complete an inventory of firms that perform only a 

particular phase with specific data.  
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With a Cluster-LCA, it is possible to introduce firms to the LCA approach at a cluster level first and then 

later at a firm level. At a cluster level, the LCA study is coordinated by local associations, and each firm 

involved can supply data for the construction of the average inventory of the main products of the 

cluster. These data are then used for the environmental assessment of the average products, 

highlighting the hotspots of the average production and providing recommendations for local policy 

makers. Once knowledge at the cluster level is well established, the study can move to the firm level 

and the LCA study can be customized to specific products. 

On the basis of the current literature on EMAS Clusters and LCA, a SWOT analysis on the LCA-cluster 

was compiled. Information on the strength, weaknesses, opportunities and threats related to these two 

instruments was gathered and examined in order to build a framework related to the Cluster-LCA 

approach.  

SWOT analyses were created in the 1960s to be used in business. In this context, the SWOT analysis 

enables organizations to identify both internal and external influences. The first two letters in the 

acronym, S (Strengths) and W (Weaknesses), refer to internal factors, while the second two letters O 

(Opportunities) and T (Threats) refer to external factors. In addition to its use in business, the SWOT 

analysis has also been used in social contexts and in community work as a tool to identify positive and 

negative factors within organizations, communities, and the broader society. The SWOT analysis has 

thus been used to identify the characteristics of the Cluster-LCA methodology and the application of 

this instrument in a particular cluster. A comparison of the results from these two different analyses 

enables some conclusions to be drawn on the characteristics that a cluster should have in order to 

successfully implement this methodology. The main points from the SWOT analysis are reported in Table 

6 and further discussed below. 

CƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǘƻƻƭ ά/ƭǳǎǘŜǊ-[/!έΣ ǘƘŜ Ƴŀƛƴ ǎǘǊŜƴƎǘƘ ǿŀǎ ǘƘŜ Ǉƻǎǎƛōƛƭƛǘȅ ǘƻ ŎǊŜŀǘŜ ŀ 

culture around environmental issues in the cluster. The weaknesses are due mainly to the complex 

nature of the LCA, in its implementation and communication phase. The main opportunities relate to 
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the possible use of the results in setting local policies and marketing strategies, while the threats relate 

to the risk of low involvement of firms and on the misuse of numerical results from the analysis.  

If the focus of the analysis is the implementation of a Cluster-LCA in the cluster of Santa Croce, the 

emerging results, compared to the results of the previous step of the analysis, highlight the main points 

that facilitate the adoption of this methodology in clusters also considering a life cycle management 

perspective. The strengths in this case are the proactive and supporting institutions and associations 

inside the cluster, which promote the involvement of firms and consortia. They thus overcome the main 

ǘƘǊŜŀǘǎ ƛŘŜƴǘƛŦƛŜŘ ǎǳŎƘ ŀǎ άƴƻ ŀƴǎǿŜǊ ŦǊƻƳ ƛƴǾƻƭǾŜŘ ŦƛǊƳǎέ ŀƴŘ άǊŜǇǊŜǎŜƴǘŀǘƛǾŜƴŜǎǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜέΦ ¢Ƙƛǎ 

high environmental awareness of the key actors and firms located in the cluster is due to the 

implementation of EMAS at the cluster level in 2005, which enabled the cluster to obtain official 

recognition by the Italian EMAS Committee. The first strength is helpful in overcoming some of the 

weaknesses of the Cluster-LCA, i.e. the complexity related to the LCA and the communication of the 

results. The second plays a synergic role together with the proactive institutions and associations in 

involving and motivating firms inside the cluster. 

Another key element that facilitates a high representativeness of the data collected is linked to the 

particular aspects of the leather sector. Leather is a basic input for the final products of the fashion 

ǎŜŎǘƻǊ ƛΦŜΦ ƻƴŜ ƻŦ ǘƘŜ ƪŜȅ ǎŜŎǘƻǊǎ ƻŦ άƳŀŘŜ ƛƴ LǘŀƭȅέΦ Historically, in this sector the producers of leather 

products are particularly sensitive to environmental and social issues, and this sensitivity has been 

transferred to the tanneries as one of the main polluting industries in the supply chain. Thus, 

entrepreneurs in the S. Croce cluster regard environmental issues as an important part of the quality of 

their products in the face of emerging competitors in third world countries. 

Although the previous experience with EMAS applied at the cluster level facilitates the application of 

LCA, the latter still remains a new instrument with some complex issues that need addressing at the 

cluster level, which can be classified as a weakness. Two more weaknesses relate to the application of 
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LCA in the tanning industry, i.e. the lack of inventory data for chemicals and the lack of common category 

ǊǳƭŜǎ ŦƻǊ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ [/! όƴŀƳŜŘ άǊǳƭŜǎ ƻŦ ǘƘŜ ƎŀƳŜέ ƛƴ ¢ŀōƭŜ сύΦ  

Table 6. SWOT analysis for the Cluster-LCA methodology and for the application of this methodology in the tanning cluster of 

Santa Croce. 

 Strengths Weaknesses Opportunities Threats 

C
lu

st
e

r-L
C

A 

Reduced cost in the case 
of LCA adoption at the 
firm level 

Complicated tool to be 
managed and updated 
by local actors 

Starting point for LCA 
elaboration at the firm 
level 

Representativeness of 
the sample 

Improve knowledge and 
awareness of 
firms/institutions 

Results are dependent 
on the quality of data 

Possibility of 
benchmarking 

No answer from 
involved firms 

Creation of a culture 
inside the cluster 

Difficult 
communication of the 
results 

Indications to policy 
makers 

Risk of benchmarking 

  Territorial marketing  

  
Obtainment of a third 
party certification of 
LCA 

 

C
lu

s
te

r-L
C

A
 a

p
p

lie
d

 in
 S

a
n

ta
 C

ro
ce

 
 

Environmental 
awareness at the firm 
level, highly developed 
(EMAS cluster)  

New tool, not yet 
implemented at the 
cluster level 

Territorial label based 
on Cluster-LCA 

Poor data on upstream 
phases 

Public and private 
institutions and 
associations deeply 
involved 

Poor data on 
production of 
chemicals  

Possibility to actively 
participate in the EU 
PEF Pilot scheme for 
ά[ŜŀǘƘŜǊέ 

Important contribution 
of upstream phase on 
the environmental 
impact 

Availability of data from 
sub-contractors and 
environmental cluster 
infrastructures 

άwǳƭŜǎ ƻŦ ǘƘŜ ƎŀƳŜέ 
not yet established 

Learning about LCA, 
data collection 

Not effective 
application at firm level 

Strong interest of 
stakeholders in the topic 

 

Interest of key actors 
belonging to the 
supply chain (e.g. 
shoes production) 

 

 Strengths Weaknesses Opportunities Threats 

The opportunities that the cluster is investigating include the creation of a territorial label based on 

Cluster-[/! ŀƴŘ ǘƘŜ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ŀǘ ǘƘŜ 9¦ t9C Ǉƛƭƻǘ ŦƻǊ άƭŜŀǘƘŜǊέΦ ¢ƘŜ ǘƘǊŜŀǘǎ ǊŜƭŀǘŜ ǘƻ ǘƘŜ ǇƻƻǊ Řŀǘŀ 

availability for upstream phases (e.g. farming) considering the relevance of this phase in the entire life 

cycle of the finished leather. While the application at the cluster level has been successfully completed, 
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the application at the firm level is still not effective and, in the long run, this could affect the trust of 

firms in the Cluster ςLCA and its effectiveness. 

Conclusions  

This work has analyzed how the cluster structure can help in promoting voluntary, innovative and 

complex instruments for the evaluation of environmental impacts of products among SMEs, and in 

addition which characteristics a cluster should have in order to successfully implement these 

instruments.  

The Cluster-[/! ƳŜǘƘƻŘƻƭƻƎȅ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘ ƛƴ ǘƘŜ ǘŀƴƴƛƴƎ ŎƭǳǎǘŜǊ ƻŦ {ŀƴǘŀ /ǊƻŎŜ ǎǳƭƭΩ!ǊƴƻΣ LǘŀƭȅΣ 

and the impact of its implementation has been discussed at different levels.  

Some technical issues related to the application of the LCA methodology in the tanning industry have 

been investigated, possible approaches have been presented and applied in the Cluster-LCA. Strictly in 

terms of the application of LCA in the clusters, the production and transportation of raw hides and the 

use of certain chemicals in the tanning process were found to be the most relevant contributors to the 

environmental impact, with the exception of water depletion. In particular, the impact of chemicals is 

dominated by a handful of chemicals. The positive and negative characteristics of the Cluster-LCA 

methodology and its application in Santa Croce were addressed in two SWOT analyses.  

The aspects highlighted in these analyses can be used to understand if a certain cluster has the 

necessary characteristics to successfully apply a Cluster-LCA. In terms of the Santa Croce experience, 

the strengths of this cluster are able to overcome the threats and the weaknesses of the Cluster-LCA. 

The analysis was first performed on the Cluster-LCA as a possible tool for the diffusion of innovative 

solutions. The main strength of the tools was identified in the possibility of creating a culture around 

environmental issues in the cluster, raising the awareness of firms and institutions. The weaknesses 

mainly relate to the complex nature of the LCA, in the implementation and in the communication 

phases. The main opportunities relate to the possible use of the results in forming local policies and 
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marketing strategies, while the threats relate to the risk of low involvement of firms and the misuse of 

numerical results from the analysis. 

The successful implementation of the Cluster-LCA in a specific cluster can be obtained if some 

characteristics of the cluster are able to overcome the intrinsic difficulties of the tool. These 

characteristics may involve the strong commitment of the local institution and associations, the maturity 

of the cluster in terms of environmental issues, not necessarily in LCA. Also an interest in the topic on 

behalf of the main stakeholders, such as the main customers and clients, can drive the interest of firms 

and thus the activity of the clusters. 

Although the experience in Santa Croce has proven to be successful, the research could be extended to 

address some of the weaknesses of this study. Future research could focus on asking the tanneries to 

be more specific in the compilation of the list of chemicals, also considering that the most of the impact 

comes from a limited number of chemicals. In terms of the primary inventory for chemicals, further 

steps to involve producers should be taken. On the managerial side, the focus should be on how firms 

could easily implement an LCA at the firm level and how the results of the analysis can be used and 

communicated to external stakeholders. 
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Chapter 3 
 

 

 

 

 

Small companies and external pressures: a case study 

 

Small companies have always been recognized as characterized by a low availability of resources, both 

material and immaterial, that can hinder the adoption of proactive environmental strategies. However, 

external pressures are increasingly exerted on these companies to drive them towards a more 

sustainable production pattern. In order to understand how small companies, despite their limitations, 

can respond to these external pressures, a case study performed among small companies of the fashion 

industry located in the industrial cluster of Prato (Italy) has been performed. The adoption of Life Cycle 

Assessment is taken as representative of a proactive environmental action and the structure of the 

scheme developed jointly by the companies and the chamber of commerce in order to overcome the 

barriers usually faced by small companies is described in the paper. The case study has thus 

demonstrated how small companies can join efforts with their major stakeholders to react to this 

external pressure. In addition, the paper explains also how some technical difficulties related to the 

implementation of LCA can be solved in such an approach.  

Keywords SME, LCA, textile, label, collective action, PEF, cluster 
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Introduction  

An ever growing number of companies and institutions is increasingly concerned about the 

environmental impacts of their products and services and a huge amount of research is being carried 

ƻƴΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ŘƛŦŦŜǊŜƴǘ ŀǎǇŜŎǘǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ άŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛǎǎǳŜέ ŀƴŘ ŎƻǾŜǊǎ 

different disciplines, from management to economics, from engineering to social sciences. In this 

flourishing of research on environmental themes, Life Cycle Assessment (LCA) is gaining a prominent 

role (Guineè et al., 2011). LCA can be described as a quantitative methodology that can be applied to 

calculate the environmental impacts of product and services, taking into consideration the entire life 

cycle, from the extraction of raw materials to the end of life (Bauman and Tillman, 2004). Although born 

as a scientific instrument used mainly to improve processes, LCA has soon gained increasing popularity 

as a tool to be used in environmental management, marketing, supply chain management and as a 

source of innovation (Bauman and Tillman, 2004). Interest in LCA by companies is primarily due to the 

increasing focus of clients and consumers on the environment (Baden et al, 2009; Frankl and Rubik, 

1999), but is also being promoted by public institutions (Williamson et al., 2006; Suhaiza et al., 2012; 

Delmas and Toffel, 2004), particularly the European Commission. In fact, in April 2013 the European 

/ƻƳƳƛǎǎƛƻƴ ǇǳōƭƛǎƘŜŘ ά.ǳƛƭŘƛƴƎ ǘƘŜ {ƛƴƎƭŜ aŀǊƪŜǘ ŦƻǊ DǊŜŜƴ tǊƻŘǳŎǘǎη ǿƘƛŎƘ ƛƴǘǊƻŘǳŎŜǎ ƳŜŀǎǳǊŜƳŜƴǘ 

methods and a set of principles for communicating the environmental performance of products and 

organizations. The method identified by the European Commission to compare and measure the 

environmental impacts of goods and services is inspired by LCA and is described in Recommendation 

179/13/CE (European Commission, 2013). 

Despite the difficulties in practically implementing LCA, many scholars in the management area started 

to consider this tool and its potential outcomes in their research. In particular, LCA is recognized as an 

example of proactive environmental action that can be implemented by companies in order to answer 

to environmental pressures (Hart, 1995) and many benefits deriving from its implementation have been 
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discussed (Siegenthaler and Margni, 2005; Teixeira and Pax, 2011; Cooper and Fava, 2006; Molina-

Murillo and Smith, 2009).  

Scholars agree that companies, rather than focusing solely on in-house environmental impacts, must 

take the environmental impact throughout the entire life cycle of a product into consideration (Zailani 

et al., 2011), thus extending their environmental responsibility beyond its own boundaries and involving 

the entire supply chain (Canning and Hanmer-Lloyd, 2001). 

Although this approach is widely accepted and proven to be effective in improving the sustainability of 

products and services (Early et al, 2009; Almeida et al., 2015; Berlin et al., 2008), it can pose very 

important problems when it comes to be applied in practice. Clear examples of these difficulties can be 

seen when the suppliers are small companies, when there are multiple suppliers to be involved and 

when supply chains are complex. These characteristics are quite common in the case of multinational 

companies, which are often supplied by a multitude of small companies with limited resources (Lee and 

Klassen, 2008). When comes to social and environmental aspects, these companies are always in the 

spotlight and are expected to be responsible not only for their own behavior and impacts but also for 

the behavior and impacts of their suppliers (Keating et al., 2008; Andersen and Skjoett-Larsen, 2009; 

Green et al., 2000; Hall 2000). 

In the case of environmental impacts, the company has to take into account its environmental impact 

and the environmental impacts of all its suppliers, no matter how small they are, to take into 

consideration the entire life cycle of the product or service. Whereas big or multinational companies 

have the resources and the capabilities to deal with this, this is often not the case for the small 

companies that supply them (Lee and Klassen, 2008). However, these small companies have to provide 

environmental data to their customers. 

This situation can pose a significant problem for small companies that are in this position, because 

although they do not have the resources to implement this kind of proactive actions they are forced by 

the market to do so. 



 
 
 

 
91 

 

Although many authors have focused their research on the role of environmental aspects in supply chain 

management (Srivastava, 2007) and on the importance of normative pressure exerted by big and 

multinational companies in spreading environmental best practices and proactive behaviors among 

companies (Friedman and Miles, 2002), only a few researchers have analyzed the situation from the 

other side, e.g. from the point of view of the small companies (Lee and Klassen, 2008). The idea behind 

this paper is to understand which kind of pressures are felt by small companies and how they can react 

in order to answer to these pressures.  

In this paper, a case study realized in the textile district of Prato (Italy) is described with the objective of 

gaining insights into the behavior of small companies under environmental pressures and to describe 

how proactive environmental actions, exemplified by the adoption of LCA in this case study, can be 

implemented.  

The paper is structured as follows. Having reviewed the literature in order to formulate the appropriate 

set of research questions, the context and the case study are described providing detailed information 

on the cluster and the products on which the paper is focused. Then the scheme implemented in the 

cluster in order to make the companies respond to external pressures is presented and discussed. Some 

conclusive remarks are then provided.  

Theoretical background  

Classification and role of environmental pressures exerted on companies 

Environmentally committed companies have been classified according to their level of commitment and 

different scales have been proposed, all ranging from reactive (mostly compliance driven) and proactive 

behaviors (taking into account a variety of forces other than government regulation). (Aragón-Correa, 

1998; Buysse and Verbeke, 2003; Murillo-Luna et al., 2007). 

Although different classifications have been provided by the literature (Hunt and Auster, 1990; Roome, 

1992; Carroll, 1979; Wartick and Cochrane,  1985; Hart, 1995; Buysse and Verbeke, 2003), they all 

describe the proactive behavior as generally characterized by a consistent pattern of environmental 
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practices, an high involvement of top management, the allocation of resources inside the companies 

and an environmental commitment that goes beyond regulation (Sharma and Vredenburg, 1998).  

LCA can be considered as representative of an environmentally proactive behavior since it is 

ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ άōŜȅƻƴŘ ŎƻƳǇƭƛŀƴŎŜέ ƴŀǘǳǊŜΣ ǘƘŜ ƴŜŜŘ ƻŦ ƛƴǘŜǊ-department and inter-organization 

collaboration, the allocation of dedicated resources and the integration with the policy of the company 

to be effective. 

The growing interest of companies on the environmental issue is due to the different pressures that are 

exerted on them (Clarkson et al., 2011; Darnall et al., 2010). As reported by Seuring et al. (2008), this 

kind of pressure is higher in industries that are characterized by an important environmental impact and 

high visibility, however it is now spreading also in sector always recognized as less impactful. Henriques 

and Sadorsky (1996) classified the environmental pressures exerted on companies in internal and 

external pressure according to the kind of stakeholder that is exerting this pressure. According to them, 

external pressures on companies can be exerted by regulators, suppliers, customers, clients, 

environmental association, local communities and all organizations and actors that are outside the 

boundary of the company but that still have some kind of interest linked to it. Internal pressures instead 

is exerted by employees, shareholders and all the actors that are inside the boundary of the company. 

However, the different stakeholders cannot be considered as equally influential for different companies 

and, according to the environmental strategy they have adopted, companies are influenced in different 

ways by the different stakeholders (Buysse and Verbeke, 2003; Henriques and Sadorsky, 1999). 

According to Delmas and Toffel (2004), stakeholders impose mainly coercive and normative pressure 

on firms. However, they recognize that the way firms react to these pressures depend on internal 

variables, such as the organizational structure and plant- and parent-company-specific factors. The 

literature recognize the existence of additional variables and aspects that influenced the pressure 

perceived by companies and, consequently, the behavior of companies (González-Benito and González-
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Benito, 2010). These additional variables can be represented by the available resources, the 

organizational capabilities and the characteristics of the company.  

Although if the stakeholders and internal features of the company can be seen as drivers of the adoption 

of a proactive environmental strategy, there are also barriers that prevent companies to adopt it. 

According to Murillo-Luna et al. (2007), firms often face difficulties or barriers that hinder and prevent 

the development of proactive approaches. 

Murillo-Luna et al. (2011) affirmed that existed both internal and external barriers to the adoption of 

proactive environmental strategies. In addition, they affirms that only the internal barriers are those 

ǘƘŀǘ ǊŜŀƭƭȅ ǇǊŜǾŜƴǘ ǘƘŜ ŀŘƻǇǘƛƻƴ ƻŦ ǎǳŎƘ ǇǊƻŀŎǘƛǾŜ ǎǘǊŀǘŜƎȅ όάƴƻ-Ǝƻέ ōŀǊǊƛŜǊǎύ ŀƴŘ ǘƘŀǘ ǎƳŀƭƭ ŎƻƳǇŀƴƛŜǎ 

are more subjected to this kind of barriers. These internal barriers, called by Murillo-Luna et al. (2011) 

also endemic limitations, are identified as limited financial capabilities for environmental investment, 

low employee involvement in decision-making, lack of technological information and communication 

capabilities, aversion to innovation and deficient investment of resources in R&D.  

Moreover, according to Buysse and Verbeke (2003), firms adopting advanced environmental strategies 

often cooperate with some stakeholders such as regulators and environmental, nongovernmental 

organizations, in the development of international environmental standards and the conclusion of 

voluntary agreements. They may also form strategic alliances with major competitors in order to 

address complex environmental problems (Buysse and Verbeke, 2003). 

Small companies and the environment 

Traditionally, the scarcity of resources of small and medium companies (SMEs) has been considered to 

prevent the adoption of proactive environmental strategies that go beyond regulatory compliance. 

Different studies have usually found that firm size has a significant effect on the degree of proactiveness 

of companies, with larger organizations being more likely to adopt proactive environmental practices 

(e.g. Aragon-Correa, 1998; Buysse and Verbeke, 2003; Russo and Fouts, 1997). 
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Murillo-Luna et al. (2011) affirm that small companies are more subjected to experience the internal 

barriers that prevent the adoption of proactive strategies than the bigger companies. The findings of 

Christmann (2000) and Sharma and Vredenburg (1998) can be cited to confirm in some way the findings 

of Murillo-Luna et al. (2011). They affirmed that firms pursuing a proactive environmental strategy are 

most likely the ones with greater financial resources and superior management capabilities. These 

ŦƛƴŘƛƴƎǎ ƘŀǾŜ ǇŜǊƘŀǇǎ ƭŜŘ ǘƻ ŀƴ ŀǎǎǳƳǇǘƛƻƴ ǘƘŀǘ {a9ǎΩ ƭŀŎƪ ƻŦ ǊŜǎƻǳǊŎŜǎ ǇǊŜǾŜƴǘǎ ǘƘŜƳ ŦǊƻƳ 

implementing proactive strategies. However, it must be noted that the cited studies mainly include 

populations of large companies in their samples. For these reasons, it cannot be concluded from the 

available evidence that SMEs are not likely to adopt proactive environmental strategies or even that 

they may not possess valuable organizational capabilities that enable them to generate such strategies 

(Aragon-Correa et al., 2008). 

According to Aragon-Correa et al. (2008), the unique strategic characteristics and capabilities 

traditionally associated to SMEs can be linked to the adoption of proactive environmental strategy by 

this type of companies. The findings of the authors support the natural resource-based view perspective 

(Hart, 1995) that indicates that organizational capabilities are critical for strategies of both large firms 

and SMEs. In fact, they demonstrated that the capabilities considered, such as shared vision, 

stakeholder management and strategic proactivity, are positively associated with the adoption of 

proactive environmental strategies by SMEs. However, in their study Aragon-Correa et al. (2008) 

modelled the environmental strategy exclusively as a function of internal capabilities without 

considering the external conditions, which are also relevant to the development of environmental 

initiatives. Their findings should be integrated with the findings of Darnall et al. (2010) that investigated 

the effect of stakeholders pressures on the adoption of proactive environmental strategies by SMEs. 

Their empirical results show that smaller firms are more responsive to value-chain, internal, and 

regulatory stakeholder pressures, that there is a positive relationship between stakeholder pressures 
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and the adoption of proactive environmental practices and that the relationship between stakeholder 

pressures and environmental strategy tends to vary with size.  

The findings of Bozarth et al. (2007) and Lee and Klassen (2008) suggested that an industry cluster might 

prove to be a powerful external enabler for SMEs. In fact, co-locating suppliers in a concentrated 

geographic area might enable, among others, a faster adoption of greener practices.  

According to the review of the literature, the research questions that the case study aimed to answer 

have been identified: 

1) 5ƻ ǘƘŜ ƭŀŎƪ ƻŦ ƛƴǘŜǊƴŀƭ ǊŜǎƻǳǊŎŜǎ ƛǎ ŀ άƴƻ-Ǝƻ ōŀǊǊƛŜǊέ ŦƻǊ ǎƳŀƭƭ ŎƻƳǇŀƴƛŜǎ ƛƴ ŀŘƻǇǘƛƴƎ ǇǊƻŀŎǘƛǾŜ 

environmental strategies? How companies with limited resources can respond to external 

pressures? 

2) Do small companies accept to stipulate strategic alliances with major competitors in order to 

address complex environmental problems? 

In order to answer to the research question, the case study provides an example of how a group of 

companies can joint efforts in order to implement a proactive environmental action, in this case LCA, to 

respond to external pressures and how technical difficulties can be overcame. 

Methodology  

The research methodology chosen for this work is the exploratory case study since the aim is to gain 

deep insight into the reaction of small companies to environmental pressures, trying to understand their 

drivers and behaviors. Quantitative research methodology proved quite useful in testing hypothesis, 

however qualitative research, such as the case study, provide useful material to formulate hypothesis 

based on the observation of the companies in a particular context.  

The textile cluster of Prato was chosen for the case study for different characteristics that make it 

adequate to answer the formulated research questions. First, it is composed mainly by small and 

medium companies that are involved in the supply chain of recycled wool products and these products 
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are bought mainly by international and multinational companies. In addition, the supply chain for the 

chosen products is really complex, since it involves usually more than ten companies with various degree 

of power. The geographical proximity of the companies was also a point that drive towards the choice 

of this cluster, so to verify the hypothesis of Bozarth et al. (2007) and Lee and Klassen (2008). 

The case study: the textile cluster of Prato and the production of Recycled Cardato 

The textile district of Prato is located in Tuscany (Italy) and it covers an area of 700 km2 including 12 

municipalities in the provinces of Prato, Pistoia and Florence. The district of Prato represents one of the 

biggest industrial districts in Italy and one of the most important in the world for the production of wool 

fabrics and yarns used for clothing and furniture. In addition to the traditional production of wool yarns 

and fabrics, in the districts are produced also nonwoven fabrics, special fabric for industrial applications, 

finished garments and products made by different raw materials, such as silk, cotton and synthetic 

fibers. Today, the district of Prato includes about 9000 textile companies, the majority of them being 

small and medium enterprises (SMEs), that employ more than 45000 employees1. 

The strength of the Prato district is due to the high flexibility that enable its producers to answer rapidly 

to the request of the market. This high flexibility is guaranteed by a capillary network of small and 

specialized enterprises that is present inside the cluster. This organization of the work, that guarantee 

the survival of the district in the increasingly competitive fashion market, pose also some difficulties in 

the implementation of environmental and innovation strategies, since the production is usually 

fragmented.  

Traditionally, inside the cluster commercial companies and subcontractors can be recognized. 

Commercial companies are those companies that have the direct contact with the market and 

customers, which manage orders and design the product. However, these firms usually do not perform 

any productive process inside but they externalize every activity to a number of subcontractors that 

                                                           
1 ά5ƛǎǘǊŜǘǘƻ ŘŜƭ ǘŜǎǎƛƭŜ ςŀōōƛƎƭƛŀƳŜƴǘƻ Řƛ tǊŀǘƻά !ǾŀƛƭŀōƭŜ ŀǘΥ ƘǘǘǇΥκκǿǿǿΦƻǎǎŜǊǾŀǘƻǊƛƻŘƛǎǘǊŜǘǘƛΦƻǊƎκƴƻŘŜκнунκŘƛǎǘǊŜǘǘƻ-del-
tessile-abbigliamento-di-prato, (Accessed 12 August 2015) 
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perform the work according to the requirements of the commercial companies. Subcontractors are 

highly specialized firms that perform only one phase of the production. It is not unusual that 

subcontractors are more powerful than the commercial companies that externalize the work. This 

organization of the work can cause strong difficulties for example in the implementation of 

environmental and innovation strategies, since the companies that could have interest in demonstrating 

their efforts to their customers are not able to influence the behavior of subcontractors, that usually 

perform all the productive processes and cause the majority of the environmental impact associated to 

the products.  

Description of the products  

Recycled or regenerated carded wool (recycled cardato), even if disregarded in recent years, represents 

the traditional production of the district and it can be seen also as a recycling process. Recycled wool 

provided, for over a century, a phenomenal opportunity for the development and growth of the textile 

district of Prato on world markets. Carding is a specific way of processing fibers. The yarns and fabrics 

are produced reusing fibers obtained from recycling old clothing or knits, and cuttings of new fabrics 

used in the garment industry. The important feature of the carding process is that it can use short fibers 

and different lengths, in blends of the most variable composition. The result is a yarn or fabric with a 

particular aspect that distinguishes it from the other type of yarn and fabric, known as worsted. The use 

of regenerated fibers has been neglected in recent years with the discovery of new synthetics and the 

growing demand for more expensive virgin fibers, partly as the response to expanding economies and 

also to the new consumer logic. In order to produce fabrics and yarns from old textile scraps, these 

scraps should be processed to obtain fibers, named mechanical or recycled wool. The process from 

scraps to fibers is a proper recycling process. The main phases of this process are the following (Magi 

and Ceccarelli, 2002): 

Manual sorting The used clothing or cuttings of new fabrics used by the garment industry are sorted 

according to quality and color. In some cases linings, buttons and zippers have to be removed from the 
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ŎƭƻǘƘƛƴƎΦ ¢Ƙƛǎ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŀǎǇŜŎǘ ƻŦ ǘƘŜ ǇǊƻŎŜǎǎ ǿƘŜǊŜ ǘƘŜ άƘŀƴŘ ŀƴŘ ŜȅŜέ ƻŦ ǘƘŜ ŜȄǇŜrt worker are 

essential. 

Carbonizing Carbonizing is a process that eliminates any vegetable impurities from the wool. Rags and 

cuttings are dry cleaned with hydrochloric acid, while new wool fiber is soaked in sulfuric acid. The 

treated fabrics or staples are then beaten to eliminate the carbonized particles. 

Tearing In this process, the rags become fiber again by being mechanically torn and washed: the two 

operations are carried out in tanks where the rags are forced by the current of the water through two 

pairs of cylinders with steel teeth that tear them. The fiber is then dried and from here on it takes the 

name of mechanical wool. 

Dyeing (optional process). In this process, the mechanical wool is dyed according to the requirements of 

the market in term of color. Often the recycled fibers are old fashioned colored and are not suitable to 

produce fibers to be used nowadays by the fashion industry. 

Mechanical wool is now suitable for further traditional processing to produce yarns and fabrics to be 

used for clothing whose main characteristic is of being produced by textile scraps. Whereas the process 

to produce the mechanical wool from textile scraps is unique, the processes to produce yarns and 

fabrics are the same that are necessary to produce yarns and fabrics from virgin wool, only minor 

adaptations are necessary according to the particular characteristics of the fibers obtained from the 

recycling process (e.g. length of the fibers). 

The processes necessary to produce mechanical wool, yarns and fabrics are schematized in Figure 1. 

The processes that are in bold in Figure 1 are not realized internally but are externalized to at least one 

subcontractor for each process. To lower the risk connected to the externalization of works to 

subcontractors usually at least two subcontractors are involved for each phase. 
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Figure 3. 

5ŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ƭŀōŜƭ άwŜŎȅŎƭŜŘ /ŀǊŘŀǘƻέ   

As previously mentioned, inside the Prato district there are mainly small manufacturing companies that 

face all the difficulties that SMEs of other sectors traditionally face when approaching innovative 

management practices, such as: low level of knowledge and awareness related to this topic, scarcity of 

time and of skilled personnel, scarcity of financial resources. In addition to this traditional barriers, small 

companies in the Prato district that decide to go for innovative management practices have to deal with 

a very fragmented supply chain, made up by other small companies that face the same problems as 

well. In this context, the implementation of life cycle based instruments and procedures seems to be 

impracticable due to the difficulties in involving all the actors of the supply chain. However, the market 

increasingly asks for information on the environmental impact of products that take into account all the 

life cycle stages of the product, starting from extraction of raw material to end of life. In order to enable 

companies in the Prato district to fulfill the increasingly asked requirements on environmental 

information, a label has been designed that combine requirements related to life cycle assessment to 

additional requirements. 
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¢ƘŜ ƭŀōŜƭ ά/ŀǊŘŀǘƻ wŜŎȅŎƭŜŘέ ƛǎ ŀ ƭŀōŜƭ ǘƘŀǘ Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘ ŦƻǊ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ƛƴǘŜǊƳŜŘƛŀǘŜ ǇǊƻŘǳŎǘǎ 

that are part of the same supply chain: mechanical wool, yarns and fabrics made with mechanical wool. 

Producers of mechanical wool and producers of yarns and fabrics made from recycled wool can apply 

for the label. To obtain the "Cardato Recycled" trademark, fibers, fabrics and yarns must fulfill: 

¶ A geographical requirement: the products should be produced in the Prato district; 

¶ A minimum recycled content: the products should be made with at least 65% recycled material (this 

applies only for yarns and fabrics since recycled wool is made 100% of recycled material) 

¶ A procedural requirement: the products should have their environmental footprint measured 

according to the protocol and in line with the PEF Recommendation. In addition, producers should 

at least communicate three environmental aspects: water depletion, energy and climate change. 

The Cardato Recycled label can also be seen as a scheme that companies can join if they guarantee the 

fulfillment of all the requirements. Once the requirements are satisfied, companies can take advantage 

of the collective marketing actions organized periodically by the management of the scheme both at 

national and international level. In addition to the marketing actions, companies can use the label 

άwŜŎȅŎƭŜŘ /ŀǊŘŀǘƻέ ƻƴ ǘƘŜƛǊ ǇǊƻŘǳŎǘǎ ŀƴŘ Ŏŀƴ ŎƻƳƳǳƴƛŎŀǘŜ ƛndividually to their customers about their 

activities. 

The scheme is managed by the chamber of commerce of Prato that involved experts in LCA for the 

drafting of the protocol, checklists and guidelines and a certification body in charge for the verification 

of the fulfillment of the three requirements by the companies. 

¢ƘŜ ǎŎƘŜƳŜ άwŜŎȅŎƭŜŘ /ŀǊŘŀǘƻέ Ƙŀǎ ŜȄǇŜǊƛŜƴŎŜŘ ǘƘǊŜŜ ŎƻƴǎŜǉǳŜƴǘƛŀƭ ǘŜƳǇƻǊŀƭ ǇƘŀǎŜǎ ǎǘŀǊǘƛƴƎ ŦǊƻƳ 

the drafting phase, when the scheme has been designed and all the documentations drafted, to the use 

phase, passing through a test phase. The test phase was necessary in order to validate the drafted 

instruments for each one of the product and to verify if the hypothesized assumptions are viable. During 
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the test phase, three commercial companies, one for each product, were involved together with their 

own supply chain.  

 

Figure 4 

PEF application to the supply chain of Recycled Cardato  

One of the requirements of the scheme is the calculation of the environmental footprint of the eligible 

product, which can be either mechanical wool, yarn or fabric. The PEF Recommendation has been 

published in April 2013 by the European Commission (European Commission, 2013) with the objective 

of reducing the uncertainties connected to the calculation of environmental footprint of product thus 

promoting one particular set of rules for the calculation. However, the Recommendation consider the 

development of a set of rules for each product category in order to further reduce the uncertainty 

connected to the calculation of the environmental footprint. At the moment, a number of pilots at 

European level are developing set of rules for particular product categories, but intermediate textile 

products, such as the one object of this case study, are not included. For this reason, a set of rules for 

our product category does not exist and, in order to uniform the calculation for all the companies that 

decide to apply to the Cardato Recycled scheme, a protocol equivalent to the product category rules 

has been developed. (Chamber of Commerce of Prato, 2014) ό¢ƘŜ ƴŀƳŜ άtǊƻǘƻŎƻƭέ Ƙŀǎ ōŜŜƴ 
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intentionally chosen to differentiate this set of rules from the product category rules developed 

according to the requirements established by the European Commission, which expect the involvement 

of the majority of European stakeholders for each product category). 

Inside the Protocol have been reported all the mandatory information that allow the homogenous 

calculation of the environmental footprint of the products, irrespective of the analyst that conduct the 

study. Examples of information reported in the Protocol are the scope, the intended audience, the unit 

of analysis, the system boundaries and the list of impact categories that should be analyzed. The system 

boundaries for each product, together with the list of processes that should be included and for which 

data should be collected are depicted in Figure 1.  

Additional assumptions and simplifications have been established in the Protocol to overcome some 

specific difficulties that small companies in the district of Prato face mainly due to the particular 

industrial context in which they operate, i.e. the fashion industry, and to the organization of the 

production in the district, i.e. fragmented production. 

The fashion industry is known to be a very dynamic environment with rapidly changing trends and styles 

and, consequently, rapidly changing productions. In addition, highly differentiated products also 

characterize fashion industry. These aspects represent a challenge to be addressed for the successfully 

implementation of life cycle based instrument. First of all, the calculation of an environmental footprint 

requires past or average data on production and supply of raw materials and this is easily achievable 

when the product under study is already in production, but it is a bit more difficult, but still possible, if 

the product is in the design stage. The true challenge arises since the time that it is usually required to 

perform a complete life cycle assessment is much longer compared to the life of some fashion products, 

thus the results of the study will be available to the producer only when there are useless because 

already outdated. Secondarily, there is the need to reproduce the flexibility of the fashion industry, able 

to produce very differentiated products, in the implementation of life cycle based instruments thus to 

allow the differentiation among products also when calculating environmental impacts. 
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The aspects of time and flexibility represent two obstacles to the routinely use of life cycle based 

instruments in the fashion industry. In order to overcome these problem two aspects were investigated 

and implemented in the scheme: 

- How to deal with very differentiated products? 

- How to deal with changing trends? 

In order to allow the differentiation of products the scheme has been structured in a modular way, so 

to reproduce exactly the process of production for each eligible product. To do that, the checklist and 

the draft PEF report are flexible and can be adapted for every carded wool product. Regarding the 

second point, of course the timing nor the lifespan of fashion products can be influenced. For this reason 

ƛǘ Ƙŀǎ ōŜŜƴ ǇǊŜŎƛǎŜƭȅ ŘŜŦƛƴŜŘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ άŦŀƳƛƭȅ ƻŦ ǇǊƻŘǳŎǘǎέ ǘƘŀǘ ŀƭƭƻǿǎ ǘƘŜ ǇǊƻŘǳŎŜǊ ǘƻ ƎǊƻǳǇΣ 

under certain conditions, different products and calculate the environmental impacts only for the worst 

performer of the family, thus representing in a conservative way the impact of all the products of the 

family. 

On the other side, the peculiar organization of the production inside the district of Prato has a role in 

determining some features of the scheme. As previously described, each phase of the production is 

externalized to at least one subcontractor, which is highly specialized in the realization of only one 

activity. Although if this become an advantage guaranteeing flexibility to the producers, it becomes a 

disadvantage if we consider this aspect in the framework of life cycle assessment. Life cycle assessment 

requires the collection of data to cover the whole life cycle of the products. In the case of recycled 

carded products, it means that data from all the subcontractors should be collected in order to calculate 

the environmental impact. Unfortunately, this is not feasible in the majority of cases because the 

commercial companies (the ones that legally produce the product) has often less power than the 

subcontractors and are not able to collect data from them. Also assuming that the commercial company 

is able to collect data from subcontractors, the situation could be difficult to manage if we consider that 
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subcontractors can be also four or five for each externalized process. In addition, also problems of know-

how, competition and pricing can arise when asking data to subcontractors.  

In order to overcome this practical difficulty for commercial companies without affecting the aspect of 

traceability of the product, a trade-off has been established. In particular, the Protocol requires the 

identification of the suppliers that supply 100% of the mechanical wool used and that specific data 

should be collected from the suppliers that supply at least 70% of the mechanical wool for the eligible 

product, the remaining percentage can be modelled using average data contained in the database of 

the district. These enable the traceability of the raw material used to produce yarns and fabrics. 

Commercial companies are dispensed from the collection of data from suppliers of mechanical wool 

only if the suppliers are already certified in the same scheme. Regarding sub-contractors, the Protocol 

requires that specific data be collected from the subcontractors that work at least 50% of the produced 

amount for the specific product for each externalized process, the remaining percentage can be 

modelled using average data for each process contained in the database of the district. To make this 

possible, average data for processes realized inside the district are calculated and made available to all 

the companies.  

Discussion of findings  

The design and implementation of the scheme for the calculation of the environmental footprint of 

άŎŀǊŘŀǘƻέ ǇǊƻŘǳŎǘǎ ƛƴ ǘƘŜ ǘŜȄǘƛƭŜ ŎƭǳǎǘŜǊ ƻŦ tǊŀǘƻ όLǘŀƭȅύ Ƙŀǎ ōŜŜƴ ǇƻǎǎƛōƭŜ ǘƘŀƴƪǎ ǘƻ ǘƘŜ ŜǎǘŀōƭƛǎƘƳŜƴǘ 

of a network among the companies and between the companies and the local institution, here 

represented by the chamber of commerce. The main driver of the development of such a scheme has 

been represented by the growing interest on the environmental issue shown by the customers of these 

companies, mainly big and multinational companies. However, this kind of pressure has been 

experienced mainly by the so-called commercial companies that have direct contacts with the 

customers and have to answer to their requirements. These pressures were not experienced by the 

producers of mechanical wool, which have contacts only with the local commercial companies, and by 
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the different subcontractors. Whereas the producers of mechanical wool are keen to follow the 

requests of their clients (in this case local commercial companies that produce yarns and fabrics from 

mechanical wool) on the environmental issue, thus experiencing this pressure indirectly, this is not the 

case for the subcontractors. Although the survival of subcontractors and producers of mechanical wool 

is directly or indirectly dependent on the satisfaction of the requirements of the final consumers (the 

big manufacturing and clothing companies) the behavior of these two types of companies was different. 

Subcontractors initially refused to collaborate to the project, whereas the producers of mechanical wool 

agree from the beginning on the projects thus collaborating as commercial companies and their product 

(e.g. mechanical wool) has been included in the list of products that can obtain the label. The different 

behaviors can be explained referring to the different power relationship that exists among the different 

types of company. Subcontractors are more powerful than commercial companies due to their size and 

their reduced number in the district, they have only a few competitors and it is unlikely that they lose 

clients only because they do not want to participate in this kind of project. Very differently is the 

situation for the producers of mechanical wool, which felt a strong competition with other kind of 

materials and saw in the recycled nature of their product and its consequently presumed reduced 

environmental impact a way to compete with other producers of different raw materials and thus 

survive in a very competitive market. 

Although the pressure exerted by final consumers was highly felt by companies, they were not able to 

react properly to it due to a lack of internal competence and knowledge on the environmental 

instruments that they can use, but also due to a lack of financial resources that make not affordable for 

them to involve an external consultant. In order to answer to these external pressures, the intervention 

of the chamber of commerce was decisive. The chamber of commerce, having collected from multiple 

companies the same perceptions on the interest on the environmental aspects from their customers, 

decided to start to organize meetings in order to better understand which kind of requests they received 

and if it would be possible to organize something at collective level.  
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As a result of the isomorphic external pressures exerted on the companies and the informal meeting 

organized by the chamber of commerce it was possible to set a scheme to answer to the environmental 

concern of their clients. Such a scheme, which is based on the horizontal collaboration among 

competing commercial companies, imply also a vertical collaboration among companies in the same 

supply chain. As already explained, this was easily granted by the producers of mechanical wool that 

collaborate in the construction of the scheme, but was not guaranteed by the subcontractors. Although  

the chamber of commerce take care of this aspect, it was not completely solved and the scheme has 

been designed in order to face the potential lack of data from subcontractors.  

The lack of internal resources, although proven to be a limitation to the isolated action of only one firm, 

is overcome thanks to the stipulation of an informal agreement with competitors and a formal 

agreement with the chamber of commerce. The stipulation of such contracts allows the design of a 

scheme that can be used by the single firm in order to answer to the requirements of their clients at 

reduced costs ad efforts. A summary of the features of the scheme are reported in Figure 3, where are 

highlighted the elements of the scheme that contribute to the reduction of costs, to the reduction of 

efforts and to the increase in the reliability of the results. 

 

Figure 5. 
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Conclusion and implications  

In this paper, the findings of a case study performed in the textile cluster of Prato are reported in order 

to investigate if and how small companies react to external pressure related to the environmental 

aspect. The case study has demonstrated also that small companies can join efforts with their major 

stakeholders to answer to this external pressure and this was described referring to the design of a 

scheme that allow the companies to calculate the environmental impact of their product. In addition, 

the paper explains also how technical difficulties related to the implementation of LCA can be overcome 

in such an approach. 

The scheme here described is based on different documents that explain how the chamber of 

commerce manages the whole system and how the environmental impact of the product should be 

calculated. Due to the nature of the project and the characteristics of the products, it was necessary to 

make multiple choices in order to make the system functioning and effective. The most important 

choices are related to the structure of the supply chain and how it is possible to have reliable results 

also if the access to all the primary data from suppliers is not possible. This system represents a possible 

solution that make affordable for small enterprises the implementation of proactive environmental 

strategy and the satisfaction of perceived pressures from costumers overcoming the common barriers 

faced by this kind of company.  

The scheme and all the tools connected to it can contribute to simplify the relation between suppliers 

(in this case commercial companies) and their clients about the environmental issue. In fact, the small 

companies located in the district of Prato are usually suppliers of multinational or big companies that 

are committed to the environmental issue and implement supply chain strategies to monitor and 

evaluate suppliers. To maintain their role of suppliers, SMEs should fulfill the requirements of these 

companies also providing environmental and consumption data. The participation of a company to this 

scheme guaranteed the availability of these data, which have been also certified by a third part. 

According to the findings of this case study and confirming the findings of Holt et al. (2001), the external 
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pressure exerted by the customers proved to be decisive to drive small companies to implement 

proactive environmental actions, such as the implementation of LCA. However, these pressures alone 

would not have the same outcome if some enablers were not presents.  

Whereas a driver is defined as a factor that initiates and motivates firms to begin the environmental 

management capabilities (EMC) development process, an enabler is defined as a factor that assists firms 

in achieving development of EMC (Lee and Klassen, 2008). In this case, enablers are represented by the 

involvement and proactivity of the chamber of commerce and the possibility to reduce costs and efforts. 

In this case the reduction of costs and efforts connected to the implementation of LCA has been possible 

thanks to the interest of multiple firms of the same type that decide to work together in order to provide 

an answer to the request of the market. However, this reduction of costs and efforts would be possible 

also following other ways suitable for the different contexts and sectors. As an example, Lee and Klassen 

(2008) suggested that an increasing environmental support by the buyers can be expected as a critical 

ŎƻƳǇŜƴǎŀǘƛƻƴ ŦƻǊ {a9 ǎǳǇǇƭƛŜǊǎΩ ŘŜŦƛŎƛŜƴǘ ƛƴǘŜǊƴŀƭ ǊŜǎƻǳǊŎŜǎΦ 
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Overview of the results  

 

The three chapters of this thesis are focused on the understanding of different aspects connected to 

the adoption of proactive environmental strategies by small companies. Differently from what usually 

done in the literature, in this case the adoption of Life Cycle Assessment (LCA) instead of Environmental 

Management System (EMS) has been used to distinguish environmentally proactive from non 

environmentally proactive companies. LCA can be considered as representative of an environmentally 

ǇǊƻŀŎǘƛǾŜ ōŜƘŀǾƛƻǊ ǎƛƴŎŜ ƛǘ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ άōŜȅƻƴŘ ŎƻƳǇƭƛŀƴŎŜέ ƴŀǘǳǊŜΣ ǘƘŜ ƴŜŜŘ ƻŦ ƛƴǘŜǊ-

department and inter-organization collaboration, the allocation of dedicated resources and the 

integration with the policy of the company to be effective.  

The first chapter is focused on the understanding of the experienced and perceived barriers and benefits 

that companies face when adopting proactive environmental strategies, represented in this case by the 

implementation of life cycle assessment (LCA). The second and the third chapter are aimed at 

understanding the role of external stakeholders on the adoption of proactive environmental strategy by 

small companies located in industrial clusters and the behavior of SMEs in responding to these external 

pressures. In addition, the willingness of small companies to establish relationship with major 
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competitors and other relevant stakeholders in order to react to external pressures and the role of local 

institutions and associations are investigated.  

In Chapter 1 the results of an Italian survey on the implementation of LCA among Italian companies were 

described. Both LCA adopters (environmentally proactive companies) and not-adopters (not 

environmentally proactive companies) were involved, in order to understand the main benefits and 

barriers to the adoption of LCA and how the experiences of LCA adopters differ from the expectations 

of not-adopters. Statistically significant differences in answers between LCA-adopters and not-adopters 

were tested by performing the Mann Whitney test. Companies recognize that LCA can provide useful 

information to drive strategic decisions and product design and it is perceived as an opportunity to 

improve the current monitoring systems. In addition, companies recognize the potential of LCA in 

marketing, making the communication of green attributes more substantial and robust. Focusing on the 

barriers experienced by LCA adopters, data collection can be cited. Communication issues also pose a 

barrier to the further implementation of LCA. The analysis of the results and the comparison of the 

results for the two groups of respondents highlight that on average the difficulties are considered as 

more important than the benefits, and that non-adopters tend to overestimate the difficulties and 

underestimate the benefits connected to the implementation of LCA. The misconception of LCA by non-

adopters suggests that an increased awareness is key to the success of LCA and to its more widespread 

adoption by companies. It is essential to create and disseminate know-how and sensitize companies to 

the real barriers and benefits of adopting an LCA. The awareness of potential LCA adopters can be raised 

by training and education initiatives, as well as by increased possibilities to experiment with these kinds 

of tools (public programs for financial support, fiscal incentives).  

Chapter 2 described a case study performed among small and medium companies located in the 

industrial cluster of Santa Croce (Italy) aimed at understanding how external pressures can influence 

small companies to adopt environmentally proactive strategies, represented by the adoption of LCA. In 

addition, the willingness of small companies to establish joint actions with main stakeholders to answer 
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to external pressures has been observed. In this work, the cluster life cycle assessment (Cluster-LCA) 

methodology was implemented in the tanning cluster and the impact of its implementation has been 

discussed at different levels.  

Some technical issues related to the application of the LCA methodology in the tanning industry have 

been investigated, possible approaches have been presented and applied in the Cluster-LCA. The 

positive and negative characteristics of the Cluster-LCA methodology and its application in Santa Croce 

were addressed in two SWOT analyses. The aspects highlighted in these analyses can be used to 

understand if a certain cluster has the necessary characteristics to successfully apply a Cluster-LCA. In 

terms of the Santa Croce experience, the strengths of this cluster were able to overcome the threats 

and the weaknesses of the Cluster-LCA. According to the results of the SWOT analysis, the successful 

implementation of the Cluster-LCA in a specific cluster can be obtained if some characteristics of the 

cluster are able to overcome the intrinsic difficulties of the tool. These characteristics may involve the 

strong commitment of the local institution and associations, the maturity of the cluster in terms of 

environmental issues, not necessarily in LCA. Also an interest in the topic on behalf of the main 

stakeholders, such as the main customers and clients, can drive the interest of firms and thus the activity 

of the clusters. 

Chapter 3 described a case study performed among small and medium companies located in the 

industrial cluster of Prato (Italy). The case study has been performed in order to understand how small 

companies, despite their limitations, can respond to external pressures by relevant stakeholders related 

to the environmental issue. The adoption of Life Cycle Assessment is taken as representative of a 

proactive environmental action and the structure of the scheme developed jointly by the companies 

and the chamber of commerce is described. The case study has demonstrated how small companies 

can join efforts with their major stakeholders to answer to this external pressure and the decisive role 

played by the local chamber of commerce. According to the findings of this chapter, the main driver of 

the development of such a scheme has been represented by the growing interest on the environmental 
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issue shown by the customers of these companies, mainly big and multinational companies. The ease 

in the involvement of subcontractors was found to be directly related to the commercial power between 

the company and the subcontractors, however the involvement of the chamber of commerce 

contributed to increase the involvement of subcontractors in the project. The scheme implemented in 

the cluster was able to obtain a reduction in the costs and efforts required for each company and an 

increase in the reliability in the environmental communication to external stakeholders. In addition, the 

paper explains also how some technical difficulties related to the implementation of LCA can be solved 

in such an approach. 

Concluding remarks 

The three chapters of the thesis allow us to get useful insights into the beliefs and behaviors of small 

companies located in industrial clusters that implement proactive environmental strategies, the nature 

and role of the external pressures that are exerted on them from stakeholders and the reactions on 

these small companies to these pressures. In addition, the role of the local associations and institutions 

in promoting the activities of the clustered companies has been investigated. 

The research provided an answer to the research questions initially stated and here reported:  

1) Do small companies avoid adopting proactive environmental strategies due to the lack of 

internal resources? 

2) Which stakeholders are important for the decision of small companies to adopt a proactive 

environmental approach?  

3) Do small companies accept to stipulate strategic alliances with major competitors in order to 

address complex environmental problems? 

According to this research, it is possible to confirm both the findings based on the resource based view 

and those based on the stakeholder theory. The lack of financial and human resources has always been 

recognized for SMEs as a barrier to the implementation of innovative strategies (Revell and Rutherfoord, 

2003) and has been confirmed by the findings of the survey performed among Italian companies in 














