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Abtract:
This paper uses the evolutionary economic theory of the firm to examine whether there is a locational influence on the ability of firms to implement new processes and technology. The paper examines how the pharmaceutical manufacturing sector has responded to environmental regulations that require cleaner technology adoption and managerial changes. Quantitative indicators of internal firm processes for learning and problem-solving are developed using data reported to the Irish Environmental Protection Agency (EPA). These are used to look at differences in capability between firms that are part of a pharmaceutical spatial agglomeration and firms that are stand-alone. Analysis shows that spatial proximity may be a factor in firms’ ability to implement both cleaner technology and the mandated managerial processes, but that the strength of problem-solving routines may also be associated with firm-specific capabilities.
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INTRODUCTION
There is an emerging evolutionary economic geography that uses the theory and concepts of evolututionary economics to examine central questions of economic geography (BOSCHMA and FRENKEN, 2006; BOSCHMA and MARTIN, 2007). This approach emphsises the importance of knowledge and learning in understanding the mechanisms underpinning uneven geographical development. ‘Processes of knowledge evolution and their institutional underpinnings make up the core of evolutionary economic geography’ (MASKELL and MALMBERG, 2007, p.274). This paper is a contribution to this emerging body of work and uses the evolutionary economic theory of the firm to examine whether there is a locational influence on the ability of firms to implement new processes and technology. Taking routines as the unit of analysis, the research focuses on an industry challenged to implement new technical and managerial processes, comparing the responses of firms located within a cluster with those of firms without the benefit of proximity to other firms and supporting institutions. 

The structure of the paper is as follows. The following section introduces the theoretical framework, identifying the crucial role of the firm’s knowledge and capacity for learning in managing the response to changed external circumstances (such as regulation); this section establishes organisational capabilities as the key explanatory variable. The next section provides some background information on the research setting. There is an agglomeration of pharmaceutical firms in Cork. The origin and development of this group of firms are briefly described.  At a relatively late stage in the development of this agglomeration, environmental licensing of industrial activity in Ireland was introduced, with a regulatory emphasis on cleaner technology and management procedures. This group of firms, and their reaction to the new regulatory framework, constitute the research setting.  The methodological issues around measuring organisational capabilities are then discussed. This section explains the indicators developed to capture differences between firms in their response to the new licensing approach: the management systems developed, the projects achieved and firms’ underlying capacity for change. The next section is a presentation of the results of the performance and capabilities of the 16 firms that are the subject of the research. This provides the basis for drawing conclusions about the influence of location on the knowledge creation processes of firms. 

EVOLUTIONARY ECONOMIC GEOGRAPHY

The essence of the evolutionary theory of the firm is that the firm is a repository of knowledge, that this knowledge resides in the organisational capabilities of the firm and that these organisational capabilities then determine the firm’s performance. Underlying capabilities are routines, routinised patterns of behaviour which are themselves both the products of and repositories of organisational learning and knowledge (NELSON and WINTER, 1982). Capability is thus ‘a hierarchy of practised organisational routines which define lower order organisational skills and how these are coordinated and higher order decision procedures for choosing what is to be done at lower levels’ (CHANDLER, 1992, p. 85). Organisational learning is an ‘intrinsically social and collective phenomenon’ (TEECE et al., 1994, p. 15), involving joint problem solving and coordinated ‘search’. Although it may require the skills and knowledge of individuals, this still relies on ‘employment in particular organisational settings’ (TEECE et al., 1994, p. 15) for its expression. Organisational learning is also cumulative and path-dependent; what is learnt and practised is stored in routines (‘the organisational memory of the firm’ (NELSON and WINTER, 1982, p. 99)) and expressed in the firm’s capabilities. Firm capabilities can be seen to be ‘an idiosyncratic problem-solving knowledge capital’ (FOSS, 1996, p. 8). Routines, accumulated over time and evolving through selection pressures and deliberate search, are the source of persistent heterogeneity among firms (BOSCHMA and FRENKEN, 2007). 

More recently the literature has begun to emphasise that not all capabilities have the same potential for achieving change. The ability to identify, develop and introduce new capabilities has been identified as an important capability in its own right, particularly important for managing the firm’s response to change; ‘the term ‘dynamic’ refers to the capacity to renew competences so as to achieve congruence with the changing business environment’ (TEECE et al., 1997, p.515). CHRISTENSEN (1996) defines capability as a ‘lower-order functional or inter-functional technical capacity to mobilise resources for productive activities,’ distinguishing this from competence, which is the ‘higher-order managerial capacity of the firm or corporate management to mobilise, harmonise and develop resources and capabilities to create value and competitive advantage’. Dynamic capability is underpinned by what NELSON and WINTER defined as search routines: ‘routine-guided, routine changing processes’ (NELSON and WINTER, 1982, p. 18) which are themselves routines that ‘operate to modify over time various aspects of [firms’] operating characteristics’ (ibid., p. 17). This type of learning can result ‘in adaptive adjustments to the existing sets of routines or in enhanced recognition of the need for more fundamental change’ (ZOLLO and WINTER, 2002, p. 11). Common to all approaches in this literature is the view that routines and capabilities are unique to the firms in which they evolve;  they differentiate between firms.
The evolutionary theory of the firm has been used by a number of regional economists to develop theories of the ‘learning region’ and ‘regional systems of innovation’ (MORGAN, 1997; COOKE et al, 1998; MASKELL and MALMBERG, 1999). Focussing on the way evolutionary theory explains organisational learning, these writers argue that ‘most firms learn from close interaction with suppliers, customers and rivals.  Furthermore, processes of knowledge creation are strongly influenced by specific localized capabilities such as resources, institutions, social and cultural structures’ (MASKELL and MALMBERG, 1999).  BOSCHMA (2005, p. 71) suggests that ‘geographic proximity may facilitate inter-organisational learning, but is neither a necessary nor a sufficient condition’ because actors need a shared knowledge base, providing absorptive capacity or ‘cognitive proximity’ to be able to learn from each other. GUILIANI and BELL (2005) emphasise the importance of firm-specific absorptive capacity in determining the ability of firms to gain learning and innovation benefits from cluster membership. Notwithstanding this, geographical proximity may enhance the development and operation of other forms of proximity such as those identified by MASKELL and MALMBERG (1999) (closeness of knowledge base, shared norms and institutional frameworks, social ties of trust and experience, and organisational cooperation) (BOSCHMA, 2005). According to ANTONELLI (2008), this knowledge creation through a localised innovation system is further enhanced by ‘pecuniary externalities’; the system reduces costs of knowledge creation.. The literature on local – and sectoral (MALERBA, 2004) – systems of knowledge creation suggests that at some level the firms in that locality and sector will have similar capabilities.
The introduction of new legislation affords an excellent opportunity to study the role of organisational capabilities (ATHREYE et al, 2009). Organisational capabilities determine the extent of a firm’s fitness with the environment it operates in, and as such underpin growth and survival. The test of organisational capabilities provided by the changed regulatory environment is a strong test for the presence or absence of the requisite capabilities. Success in the competitive environment can be achieved through different capability sets; a firm that does not have strong product development capabilities may still have a competitive advantage in marketing. The IPC licence conditions operate as a uniform test that throws the absence of capability into stark relief, as firms do not have the possibility to compensate for lack of capability with an alternative capability set. ‘Organisations are poor at improvising coordinated responses to novel situations; an individual lacking skills appropriate to the situation may respond awkwardly, but an organisation lacking appropriate routines may not respond at all’ (NELSON and WINTER, 1982, p. 125). 

A particular benefit afforded by studying capabilities in the context of changes in environmental regulation is that for the pharma sector, environmental management is not considered to be a source of competitive advantage. These firms are not concerned about protecting their environmental knowledge, as it is not, for the most part, commercially sensitive. In fact, the firms in this sector are very aware that the environmental performance of every firm has the potential to impact all firms in the sector, and see co-operation and sharing of environmental management knowledge as important and beneficial to the sector as a whole. Researching organisational capabilities in a setting where firms are not actively trying to prevent diffusion of knowledge provides a strong test of the firm-specific and inimitable nature of capabilities. 

THE RESEARCH SETTING
This research explores questions about firm learning and the influence of spatial agglomeration on knowledge processes in the context of the introduction of technology forcing regulations requiring firms to make considerable changes to technology and organisational processes. How important are, respectively, the cluster context and the firm specific organisational capabilities in influencing how the firms react to the new regulatory framework?
The key focus of Irish industrial policy has been to attract inward foreign direct investment.  The pharmaceutical and chemical companies thus attracted were encouraged to locate in the Cork harbour area and approximately half of all activity is located in County Cork (VAN EGERAAT, 2006). Whether or not this concentration of industry constitutes a cluster is contested; the starting point in this paper is MASKELL and MALMBERG’S (2007) use of RICHARDSON’s (1972) ‘simplest of cluster definitions: a cluster is a spatial agglomeration of firms with similar and complementary competencies’ (p.611). Prior to the establishment of the EPA, firms were regulated by local authorities. The fact that there was a pharmachem agglomeration in Cork, meant that Cork County Council was responsible for a relatively large number of firms in that industry.  This allowed it to build up greater resources and experience in enforcement. It is generally acknowledged that Cork County Council had the most developed competence in regulating pharmaceutical manufacturers (MCLEAN, 1997) and that the legislation was more strictly applied and enforced in Cork than in other local authority areas (MORAN, 1997). Expertise in environmental technology for the pharmaceutical industry was also developed in the local third-level institutes. Both University College Cork and Cork Institute of Technology (CIT) have research centres with this focus. The Clean Technology Centre (CTC) at CIT was founded in 1992 with funding from the pharmachem sector. The centre describes itself as ‘a strategic partnership between Irish industry and academia’.  It is recognised internationally as a centre of excellence in providing environmental consultancy and acting as ‘a national resource allowing all concerned with the environment to avail of a pool of expertise’ (CTC, 2002). 
The concentration of firms also meant that the environmental performance of these firms became a high-profile issue for local citizens and a target of NGO pressure. This external scrutiny provided increased impetus for rigorous enforcement by Cork County Council; it provided pressure for self-regulation from responsible firms who did not want their reputation compromised by the actions of other firms. The former head of enforcement at Cork County Council, subsequently Director for Licensing at the EPA, attributed the improved environmental performance of firms to: ‘partly public pressure, partly NGO pressure, partly regulatory pressure and partly it was just the peer pressure’ (MACLEAN, 1997). Much of this was specific to Cork.  The cluster in Cork thus evolved from virtually nothing prior to the Irish policy of export led industrialisation (introduced in 1958) to a spatial concentration of pharmaceutical and chemical companies by the end of the 1990s, including subsidiaries of five of the biggest pharma multinationals in the world. In those 30 years, some of the aspects of a cluster, strictly defined, emerged.  These include related and supporting institutions, such as the research centres in the local higher education institutes, the environmentally aware civil society and the accumulated environmental regulation ability of the local authority.  Clearly the origins of this cluster do not explain its functioning and development (MENZEL and FORNAHL, 2009).  The core question of this paper is whether the firms’ improved environmental performance can be shown to be due to the evolution of the cluster in Cork and/or whether there are firm-specific effects.  The rest of this section describes the development of the regulatory environment. 
The 1990s saw a strong commitment to environmental protection in Ireland through the implementation of a progressive programme of environmental legislation. In 1992 the Environmental Protection Agency Act
 established a national authority to assume the environmental responsibilities previously held by local authorities. Central to the licensing philosophy is continuous improvement and a shift of emphasis to pollution prevention rather than pollution treatment. Pollution prevention technology, or cleaner technology, is defined as ‘approaches to manufacturing that minimise the generation of harmful waste and maximise the efficiency of energy use and material use’ (CHRISTIE, 1995, p.31). The older, more traditional approach is end-of-pipe technology where waste streams emitted from manufacturing processes are treated to reduce or abate the toxicity of discharges to the environment so as to meet emission levels set by regulators. In cleaner technology, through changes to the manufacturing process, the generation of waste is avoided; IPC licensing is  being used as a vehicle for encouraging firms to integrate environmental controls into manufacturing (cleaner technologies) in order to prevent (rather than treat) pollution. This improved use of costly inputs and avoidance of treatment costs could potentially allow firms to achieve economic advantages such as material savings, process efficiencies, reduced environmental control costs and market advantages (PORTER and VAN DER LINDE, 1995). The explicit aim of the Irish IPC licensing system is the development in licensed firms of an environmental strategy focused on cleaner technology. 
Firms are expected to demonstrate a commitment to implementing cleaner technology  over waste treatment. Licence conditions specify that firms put in place environmental management and information systems. Firms must also establish an environmental management plan that sets goals and reports on progress, to meet the regulator’s requirement that  firms to show continuous improvement in environmental performance. , and support this with environmental management procedures

 ‘The targets set are expected to be demanding of the licensee and require effort to achieve them’ (EPA, 1998, p. 10).  
The impact on firms of the new regulations is that environmental management has become a strategic business issue. The IPC regulations are demanding, and reflect the regulator’s intention to secure continuing reduction of environmental impact. The EPA has strong powers to deal with non-compliance and can have a serious impact on a facility’s operations. Firms that do not meet their IPC responsibilities are open to more than just EPA censure. The law is also open to the community: ‘… non compliance with a licence, even in a minor respect, could destroy a defence to civil actions brought for damages’ (SCANNELL, 1995, p. 1). Community approval is an important constraint for these plants. Plants that have not built trust with the community have found their flexibility of action constrained when it comes to obtaining official approval, such as planning permission and IPC licences. Firms that are not able to implement effective environmental management risk limiting their ‘flexibility of action’ (HOFFMAN, 1997, p. 6) as the demands of the licence will act as a constraint on their activities. Firms that have a strategic outlook recognise that they require an unofficial licence to operate from their neighbours as well as using environmental management as a factor to leverage in internal competition with sister plants from the same corporation in the struggle to win new production. In evolutionary economics terms, firms are required to have technical capabilities for cleaner technology adoption and managerial capabilities for environmental management; given the sharp change in the external environment, these capabilities may not exist in firms, in which case dynamic capabilities will be required to identify and develop new capabilities. 

An example of the role of the legislation in pushing technology uptake and managerial capability can be seen in the experience of YICL. As part of its environmental management system (accredited to the EMAS standard) the company  developed processes for the systematic collection of a wide range of data for a site environmental profile and used this data to drive new projects. One such project was in the area of energy reduction. In collaboration with the CTC, the company gathered detailed information on energy use across the site. A cross-functional group, with members from the engineering, environmental systems, manufacturing and R&D functions, was formed to identify and implement ways of reducing energy usage. Changes were made to equipment and operating processes with the result that energy usage per tonne of output was reduced by 33% These changes support the plant’s competitive position within the corporation, as well as meeting its environmental obligations. 








RESEARCHING KNOWLEDGE PROCESSES
Seventeen pharmaceutical firms were licensed in the first phase of the Irish EPA’s introduction of licensing (1994 and 1995), and this cohort (with the exception of one firm
) forms the basis for the research on which this paper is based. Seven of these firms were located within the Cork pharmaceutical agglomeration, which provides the opportunity to examine the role of location-specific influences on the development of capability. The evolutionary theory of the firm suggests that not all firms will be able to respond to the new regulation as the regulators intend. Firms will be differentially successful in the take-up of cleaner technology solutions. They will also differ in the extent to which they have successfully introduced the managerial changes required by the regulators. Specifically firms with dynamic capability are more likely to have been successful in the development of static managerial capabilities and are more likely to have been successful in the uptake of cleaner technologies. Arguably firms located within a cluster will have enhanced access to opportunities to develop dynamic capability through spillovers of routines from other firms and the deliberate learning transferred from interaction with supporting institutions. 

The question raised here is: Do regional factors influence firm-specific, strategic development capability? In other words, is there a regional competency that manifests itself in the development by firms of superior problem-solving capabilities, affording firms in that region an advantage in meeting the challenges of a new, demanding regulatory environment? The theoretical relationship between firms and their regional context is tested in the discussion that follows.  First, a measure of dynamic cleaner technology capability is provided. Then the correlation between dynamic capability and location is examined. 
The unit of analysis in the evolutionary theory of the firm is the routine. Measuring routines and capability is an attempt to measure complex, embedded, tacit and context-dependent patterns of knowledge and practice. Capabilities may not be directly observable, and may not even be understood or articulated by the capability holders. Measuring capability requires in-depth data on internal firm behaviour. In this research a dataset has been developed from documentation made available as part of the IPC regulations. The information available at the EPA is extensive; it includes the initial IPC licence application, monitoring results, reports of audit visits by the Agency, correspondence between the firms and the Agency and the firm’s annual environmental reports. This rich source of data permits the development of measures of problem-solving and learning routines that might be expected to have determined the firm’s ability to meet the requirements of the new legislation, as well as indicators of historical capability prior to licensing, patterns of technical activity within the firm with respect to environmental technology, and processes of environmental management. 

Table 1 provides a summary of the measures of capability.  The first two relate to the past.  Using data on past practice made available at the time of licensing, it is possible to infer limited measures of capability relating to past environmental management, through compliance with previous standards for air and water emissions (BATNEEC
). The requirements of the IPC licensing process can be used as a reassessment of the progress companies had made towards meeting their obligations under prior legislation. Firms are also identified as being located within the Cork region or not (CLUSTER). 

Under IPC licensing, firms are expected to demonstrate a commitment to prioritising implementation of cleaner technology  over waste treatment. Analysis of the firms’ IPC licence applications and the annual environmental reports submitted between 1995 and 1999 facilitated compilation of detailed information on 800 projects carried out in the cohort of 16 firms. CT (see Table 1) is a measure of the percentage of a firm’s total projects that fall within the category of cleaner technology, that is, all approaches that result in the production of less waste either through source reduction or recycling. Typical projects include changing drug formulations to eliminate toxic solvents; improving process control to improve yield efficiencies; changing cleaning protocols and equipment to minimise solvent and water use; process changes to reduce energy and water use; introducing solvent recycling; 
From the EPA’s guidance note (1997) it is possible to identify the key elements that the Agency expects to see in an environmental management system. These are: (i) measurable objectives and targets, supported with data collection processes (MEASURES in Table 1); (ii) environmental management procedures and documentation (SYSTEMS in Table 1). The Agency’s intention was that these managerial processes would support demonstrable continuous improvement. In evolutionary economics terms, firms are required to have static technical capabilities for cleaner technology adoption (CT) and static managerial capabilities for environmental management (SYSTEMS and MEASURES)  
Table 1: Summary of Measures of Capability
	
	ACTIVITY MEASURED
	USED TO SHOW

	HISTORIC CAPABILITY MEASURES



	CLUSTER
	Located within the Cork region.


	Influence of location.

	BATNEEC
	Compliance with air and water BATNEEC standards


	Level of investment in environmental technology.

	TECHNICAL CAPABILITY IN CLEANER TECHNOLOGY



	CT
	%  of firm’s total projects 

(from licence application to 2000)

that are cleaner technologies. 


	Static technical capability in cleaner technology.

	ENVIRONMENTAL MANAGEMENT CAPABILITY



	SYSTEMS
	Score assigned on strength of procedural and documentation routines. 


	Static managerial capability in environmental management.

	MEASURES
	Score assigned on strength of development of routines for data collection and setting measurable targets. 


	Static managerial capability in environmental measurement. 

	DC
	Score assigned on strength of routines for continuous environmental improvement.
	Dynamic capability in strategic development for environmental management.




In addition, from the literature on organisational capabilities, one would expect that responding to the challenges of the new licensing regime with an effective environmental strategy would require dynamic capability. This capability corresponds to the search routines defined by NELSON and WINTER (1982): routines for the identification and development of new routines. To measure this, each firm was assessed for evidence of environmental search routines, that is, routines for information generation, problem identification and solution, and strategic development (DC). Examples of the routinised processes classified as evidence of dynamic capability include: formal processes to give the plant environmental manager sight of forthcoming new drugs so environmental impacts can be anticipated or avoided; systematic involvement of head office resources (such as R&D and environmental specialiast) to provide support for problem solving; the routinised formation of cross-functional problem solving teams to address environmental impacts; a pattern of accessing and absorbing expert external knowledge. Table 2 outlines the criteria used to assign scores to each firm' for dynamic organisational capability.

Table 2: Criteria for scoring the dynamic capability indicator 
	Dynamic Capability 
The development of the ystematic pursuit of
continuous
environmental 

improvement.

	4
	· Established routines for data collection and problem identification

· Established programmes for generating cleaner technology  projects

· Established use of cross-functional continuous improvement teams



	
	3
	· Systematic identification of cleaner technology  projects 

· Recent introduction of continuous improvement teams

· Integration of problem-solving capability into EMS
 

	
	2
	· Recent/limited adoption of routinised data collection or problem-solving

· Data collection without use in follow-up problem-solving



	
	1
	· No systematic pursuit of cleaner technology  

· Evidence of environmental management problems due to incomplete information



	
	0
	· Absence of cleaner technology projects

· Explicit abatement-only focus

· Significant delays in IPC application process due to lack of information





Analysis of the indicators is performed using nonparametric measures of association and related tests of significance. The choice of nonparametric measures was determined by the nature of the data. The use of nonparametric tests is advisable where the data cannot be assumed to be normally distributed, and also where the sample size is small. More importantly, nonparametric tests can be used where the data can be ranked in an ordinal scale, but where a more exact measure of the differences between ranks, that is, an interval scale, cannot be established (SIEGEL and CASTELLAN, 1988). These conditions apply to the data used in this study. The sample size, although the entire population, is small, comprising 16 firms. The population is not normally distributed. The measures discussed above allow for firms to be ranked on various indictors, but most of the measures do not allow for the construction of a more precise interval scale. For any given indicator, one firm can be shown to be better than another, but the strength of the difference, how much better, cannot always be established. All associations of interest, and all tests for the influence of third variables, were measured and tested for significance using the Kendall correlation coefficient. The important advantage of the Kendall statistic is that it can be used to calculate the partial correlation coefficient. This is used to check if the correlation between two variables is genuine or results from the fact that both variables are actually correlated with a third variable. 

In the next section the data collected using the indicators in Table 1 are analysed. Statistical tests of association are used to examine both the role of dynamic capability in the sector’s response to a changed regulatory regime and the influence of location on the presence of that dynamic capability in firms. 

FINDINGS
All firms have been able to implement some cleaner technology projects; however, firms differ in their ability to adopt cleaner technology projects. The EPA has signalled to firms that the least favoured solution is the introduction of abatement equipment to treat waste; while some firms are making minimal (less than ten percent of new projects) use of this technology, other firms are more heavily reliant on it (more than 30 percent of new projects). The regulator had required firms to implement managerial processes to underpin and support the development of cleaner technology projects. The Kendall rank order correlation between the strength of the management processes (SYSTEMS and MEASURES) and the level of cleaner technology uptake was calculated. While initial calculations suggested a significant correlation, this disappeared when the influence of the dynamic capability DC was controlled for by calculating the Kendall rank order partial correlation coefficient. There is no independent association between the possession of the required processes and the adoption of cleaner technology.  Furthermore, there was a large variation in the strength of the managerial processes firms had adopted, suggesting that some firms struggled to introduce new management practices just as much as they struggled to introduce new technology. 

Specifically firms with dynamic capability are more likely to have been successful in the uptake of cleaner technologies. They are more likely to have been successful in the implementation of managerial processes. There is a very high, statistically significant correlation between the existence of the dynamic capability for environmental strategic development and the development of environmental management systems, as well as between the existence of the dynamic capability and the development of environmental measures. The correlation coefficients are summarised in Table 3. 

Table 3: Correlation between Search Routines and Environmental Performance

	VARIABLES
	Kendall rank order 

correlation coefficient

	
	
	

	SYSTEMS 

( DC
	+ 0.7638
	***

	MEASURES
( DC
	+ 0.7136
	***

	MEASURES
( SYSTEMS
	+ 0.5758
	***

	MEASURES
( SYSTEMS | DC(
	+ 0.0679
	-

	DC
( CT
	+ 0.6812
	***

	SYSTEMS
( CT
	+ 0.4719
	***

	SYSTEMS
( CT | DC(
	- 0.1026
	-

	MEASURES
( CT
	+ 0.6199
	***

	MEASURES
( CT | DC(
	+ 0.2609
	-

	
	
	

	BATNEEC 
( SYSTEMS
	+ 0.6078
	***

	BATNEEC 
( SYSTEMS | DC(
	+ 0.2838
	-

	BATNEEC 
( MEASURES
	+ 0.5825
	***

	BATNEEC 
( MEASURES| DC(
	+ 0.2705
	-

	BATNEEC 
( CT
	+ 0.2552
	-

	
	
	

	SIZE 

( CT
	- 0.2605
	-

	PROCESS 
( CT
	- 0.0412
	-

	
	
	

	*** 
significant at ( 0.01

** 
significant at ( 0.05

* 
significant at ( 0.1

(
partial correlation coefficient controlling for influence of third variable




Alternative explanations for the success of firms in adopting cleaner technology were explored. It could be argued that larger firms have an advantage, in access to capital and other resources, that makes it easier for them to adopt cleaner technology projects. This is not supported by the data as there is no statistically significant correlation between firm size and the level of cleaner technology adoption. Nor do firms with access to specialised resources, through the possession of a process development department, have a greater level of cleaner technology take-up. 

The possession of a dynamic capability for environmental strategic development is however strongly correlated with historic compliance with BATNEEC standards (see Table 4). It is not possible to identify directly the direction of causality, that is, to identify which variable is the cause and which the effect. It may be that the process of achieving BATNEEC compliance influenced the accumulation of learning and experience within the firm and led to the development of a dynamic capability for environmental strategic development. Alternatively, it may be that those firms that possessed a dynamic capability for environmental management were in a better position to achieve BATNEEC compliance. It does however suggest that dynamic environmental capabilities did not develop as a response to the IPC regulations, but rather that they were pre-existing. 
Table 4: Correlation between Search Routines and Cluster Membership

	VARIABLES
	Kendall rank order 

correlation coefficient

	
	
	

	CLUSTER 
( BATNEEC(
	+ 0.7460
	***

	CLUSTER
( BATNEEC | DC(
	+ 0.7420
	***

	CLUSTER
( DC
	+ 0.3024
	*

	CLUSTER
( DC | BATNEEC(
	- 0.2800
	-

	DC 
( BATNEEC
	+ 0.6047
	***

	DC 
( BATNEEC | CLUSTER(
	+ 0.5970
	***

	
	
	

	*** 
significant at ( 0.01

** 
significant at ( 0.05

* 
significant at ( 0.1

(
partial correlation coefficient controlling for influence of third variable




Table 4 shows that BATNEEC compliance has an association with location – firms that were located within the Cork cluster were more likely to be in compliance with previous standards at the time of IPC licensing. This is to be expected, given the reputation of Cork County Council for a policy of strict enforcement but other cluster effects may also have contributed to the BATNEEC compliance among Cork companies. However, the possession of superior problem-solving routines was not statistically associated with cluster membership – firms located in Cork were no more likely to demonstrate strong dynamic capability for environmental improvement. It should be emphasised here that with the small number of firms, the effect of one or two companies either way – in Cork not demonstrating strong dynamic capability, or in Dublin, say, demonstrating strong dynamic capability – could make a big difference to the statistical results.  The source data are shown in Table 5.

Table 5: Measures of regulatory stringency, compliance and dynamic capability
	FIRM
	LOCATION
	WATER BATNEEC COMPLIANCE
	AIR BATNEEC COMPLIANCE
	DYNAMIC
CAPABILITY

	
	
	
	
	

	JANSSEN
	CORK
	(
	(
	4

	NOVARTIS
	CORK
	(
	(
	4

	SB
	CORK
	(
	(
	3

	PFIZER
	CORK
	(
	(
	3

	ELI LILLY
	CORK
	(
	(
	2

	CARA PARTNERS
	CORK
	(
	(
	2

	HICKSON
	CORK
	
	
	0

	
	
	
	
	

	YICL
	DUBLIN
	(
	(
	4

	KLINGE
	KERRY
	(
	
	4

	LEO
	DUBLIN
	
	(
	2

	SIFA
	SHANNON
	
	(
	2

	SCHERING PLOUGH
	WICKLOW
	
	
	1

	SWORDS
	DUBLIN
	
	
	1

	MSD
	TIPPERARY
	
	(
	0

	ROCHE
	CLARE
	(
	
	0

	WARNER LAMBERT
	DUBLIN
	
	
	0


DISCUSSION AND CONCLUSION
BOSCHMA and FRENKEN argue that ‘evolutionary economic geography is mainly interested in determining whether, and if so in what way, geography matters, rather than theoretically pre-assuming that it matters in all cases’ (2006, p.288). In this paper, using the evolutionary economic theory of the firm, it has been possible to open the black box and examine directly the learning processes of firms. This is also important for understanding the evolution of clusters, as indicated by MENZEL and FORNAHL
 (2009, p. 230). They hypothesise that clusters become established ‘where knowledge bases of companies converge around technological focal points’ (p. 231). There is at least some doubt, from the evidence above, that not even this first ‘emerging cluster’ stage was reached by the pharmachem agglomeration in Cork. Certainly with regard to Hickson, which was not even BATNEEC compliant, but even with regard to a major like Eli-Lilly, which had a very different dynamic capability performance from the likes of Janssen and Novartis, there was no convergence. 
The findings support the centrality of search routines and dynamic capability in determining the response of firms to problem-solving and taking on new learning. The concentration of industry and the presence of related and supporting institututions seem to be related to BATNEEC compliance, but the regional influence on the ability of firms to learn in this case seems to be limited. The mechanisms of myopic learning identified by MASKELL and MALMBERG (2007), where bounded learning by firms favours local transfer of routines and knowledge search, if they do operate here, do so to a lesser extent than other factors. There are aspects of clustering, but if diffusion of knowledge is considered to be very important, then this may be a missing element, at least in relation to the responses of these companies to changes in environmental protection regulation, and the EPA.  The responses are better explained through firm-specific factors. This conclusion concurs with that of ATHREYE et al (2009).  Although their study is of pharmaceutical companies in a very different economic and political context (India) and examines the response of these companies to very different regulations (on patents and Trade Related Intellectual Property Rights – TRIPs), they also find that individual firms’ dynamic capabilities are key factors in their different responses to changed regulations.
The finding that the Cork pharmachem agglomeration lacks a key element of what some define as a cluster is not novel to this paper. There is a willingness amongst policy makers, influenced by PORTER’s  (1990) work on the role of clusters in national economic development, to identify the industry in Cork as a cluster. Academics however have been more more circumspect, pointing to the lack of linkages (BRENNAN and BREATHNACH, 2009), the export focus without connection to the domestic market (O’MALLEY et al, 2001), and the absence of any significant agglomeration economies as well as the importance of government policy in the formation of the agglomeration (VAN EGERAAT, 2006). 

Certainly, from a spatial point of view, it [the drug substance sector in Cork] is a cluster. But if you look at the broader definition of a cluster, as defined in terms of the interaction between the companies, with the broader environment, a greater level of interaction with the community ... I think there is a long way to go yet before you can describe it as a full cluster (Industrial Development Authority representative, quoted in VAN EGERAAT, 2006, p.19).

Whatever the reasons for the growth of a spatial agglomeration, one might expect that, after 30 years of geographical proximity, the evolution of related and supporting institutions, and the presence of region-specific selection pressures, the region would have developed an extra-firm capacity to learn and change. In this paper it has been possible to investigate directly the presence or absence of a spatial proximity aspect to the capacity of firms to adapt their organisational knowledge and take on new processes and technology. This facilitated testing of some of the key arguments of the literature on learning regions and regional capability; taking an approach based on the evolutionary economic theory of the firm offers new perspectives on the central questions of interest to economic geographers. 
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� Environmental Protection Agency (Establishment) Order, 1994 (S.I. No. 213 of 1993).


� Environmental Protection Agency (Licensing) Regulations, 1994 (S.I. No. 85 of 1994).


� Proposal for a Council Directive on Integrated Pollution Prevention and Control. Commission of the European Communities COM (93) 423 (Final).


� One plant was not included as the manufacturing process is was markedly different, being biotechnology and fermentation based; the other 16 firms are carryingcarried out organic synthesis or other high-solvent activities. 


� BATNEEC stands for Best Available Technique Not Entailing Excessive Cost.  It is a well-known term in environmental studies and used by many EPAs.


� BATNEEC stands for Best Available Technique Not Entailing Excessive Cost.  It is a well-known term in environmental studies and used by many EPAs.


� They argue that their paper is, among other things, an ‘attempt to open the black box of the firm during cluster development’ (MENZEL and FORNAHL, 2009, p. 230).





