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Introduction

An ecological modernisation effort has characterised environmental policy in many northern European states since beginning of the 90’ties. The targeting of corporate behaviour in envi​ronmental policy schemes has often stimulated policy co-ordination with business- and tech​nology policy, differentiated into various integrative, regulatory set-ups in a cumulative proc​ess. Within the business milieu, subsequent institutional transformations following these at​tempts have sought to promote eco-modernisation by enhancing and stabilising environmental communication on the market, in business chains etc.

This paper summarises the Danish results from an international two-year study of policy stimuli and environmental innovation
. The paper discusses selected Danish experiences with the eco-modernisation efforts at three levels: policy, sector and corporate levels. At the policy level it is analysed how the macro-policy frameworks conditions- co-ordination and discursive integration between environmental and business/technology policy in general and related to selected manufacturing sectors. At a sector level is analysed the institutional milieu for industries - environmental competencies, perceptions and communication within R&D units, trade organisations, municipal administrations etc. Lastly, at the corporate level is analysed the interactive responses among selected industries embedded in various networks - identification of the institutional development, business responses and shifts in environmental perceptions and performances.

.
Textile and electronics industry has been a priority concern of environmental policy programmes and local environmental regulation schemes for two decades in Denmark. Lately, environmental problems related to outlet of dye-stuff, heavy metals and to high consumption of water and energy have been addressed within pro-active schemes of cleaner technology, environmental management and product orientated programmes. In addition, environmental upgrading of textile and electronics industry, supported by R&D programs, has been part of a repositioning process due to global competition; a minor part of the industry has adopted green strategies based on ecological design.

The bakery and construction industries has not until recently been a policy concern of environmental programs and politics. Ecological modernisation have instead been fostered through various efforts of articulating a development path between green NGO’s, entrepre​neurs, organic farmers, city ecological projects, and even labour unions. The Ministry of Food, the Ministry of Business and the Ministry of Environment and Energy have responded by enhancing various institutions in order to frame stabile, trustworthy and competitive markets for green products and services. Thus the ministries have initiated various subvention schemes for R&D, eco-labelling, environmental codes of conduct manuals etc. A minor but still growing part of the industry have adopted green strategies - organic pastry and bread, ecological building materials and environmental concerned construction.

The paper examines how the general sector-integrated policy and the targeted policy programmes have installed specific institutional and discursive formations within the men​tioned industries. In a dynamic perspective we look at how systemic competencies and envi​ronmental perceptions are reproduced and produced within the industries, resulting in a selec​tive milieu that favours specific paths of technology development. These processes and envi​ronmental performance are studied using a bottom-up approach exploring the interpretative responses to environmental and technological policy programmes among firms and network stakeholders.

The general policy framework for corporate environmental innovation – the inter linkage between environmental policy and technology policy

If we take a rough look at how the inter linkage or crossover between EP and TP has developed we may conclude the following stages:

1972-84:  Consensus oriented building of guiding environmental standards in close consultation with Danish industrial trades, balancing environmental requirements to available purification and dilution techniques. Subvention schemes were launched for the industries having difficulties in complying with purification demands. The period was characterised by no specific technological innovation focus and no specific EP focus in the emerging TP. An exemption though was a subsidy scheme from 1981 for investments in technologies for the use of renewable energy.

1985-91:  Technology pushes by strategic co-orientation of TP and EP. Here the focus is on the technological capacity options for increased Danish subcontracts to public and private purification infrastructure, caused by increasing demands to environmental protection. Strategic environmental modernisation by stressing the competitive advantages that might emerge from a Danish environmental front running. Research and Development (R&D) TP programs in environmental oriented topics. R&D EP programs in cleaner technology and recycling related to processes and waste. A new risk- and environmental oriented concern in TP was launched with the 1986 act on Environment and Genetic Engineering, which band all experiments with genetically modified organisms (GMO) unless they were given a dispensation. 

1992-2000:  An institutionalisation of technology orientation of EP in acts and orders occurred. Strategic systems export became a new orientation for the support of developing Danish environmental infrastructure, institutionalised in various aid programs under both ministries. New R&D programs were started in cleaner technology changes towards environmental management (EMAS), technology diffusion and design support for cleaner products. Enhanced green public procurement and market pull policies were given priority. Finally new TP and EP schemes for creating new green jobs have been initiated in the end of the period. There have been developed a general discursive environmental co-orientation of TP, but only very few specific strategic initiatives have been launched. Enhanced administrative co-ordination since 1998.    

When we discuss TP and EP and the crossover between the two, we may distinguish between deliberate efforts to foster certain technological innovations for the benefit of the environment, from innovative technological side effects from the EP or TP.  We have primarily focused on the first category, but we have also given some systematic descriptions of the technological impacts of the various regulatory strategies within Danish EP. We have also analysed the strategies and institutions in a broader context of general policy, organisational structure and regulatory measures within EP and TP. Secondly, it is problematic to narrow the focus down to the two before mentioned ministries, as a significant increase in inter-policy or cross-sector policy efforts have taken place since beginning of the 1980´s. These have covered inter policy efforts between TP and policy sectors of housing, food, education, and taxation, and between EP and policy sectors of energy, transport, and agriculture. The general analysis of environmental policy integration have not been studied among these sectors but in our case studies we have focussed on specific programmes and strategies; e.g. schemes and policies on organic farming, schemes on ecological construction.

In the general EP-ETP paper we have told two different stories. On the one hand we have told how schemes for development and diffusion of new more environmentally friendly technologies became a factor in Danish environmental policies. On the other hand we have told how environmentally friendly technologies became an element in Danish technology policies. From these two different perspectives we have shown how the same policy papers, programmes and instruments was interpreted as a part of two different policy frames. 

The integration between TEP and ETP has developed in an institutional framework with the following characteristics:

* Denmark has a relatively strong Ministry of the Environment and Energy. The ministry has managed to establish an eco modernistic discourse as a part of the general policy of the government. Strategies and support schemes for cleaner technologies have become a part of the Ministry’s competence. The Ministry has established and been involved in policy networks with branch organisations, private firms and other actors in order to influence the technology and business policies. Furthermore, the ministry has had a many programmes focusing on the development and diffusion of technology. Thereby the ministry has been an important actor in the development of the technological infrastructure.

* The Ministry of Business and Industry has also in recent years become a strong ministry and business related research and technology policy is a part of the ministry competence area. Business policy and technology policies have been consensus oriented and branch organisations and private firms have played an important role in the formulation of new policies.

* The technological infrastructure (the GTS and the TIC’s) is an important result of the consensus-oriented business and technology policy. This infrastructure is the responsibility of ADTI (under the jurisdiction of MBI) and it combines consultative work and business related technology research financed by the Government. A big part of the money used for TEP and ETP is canalised through the infrastructure or are used to develop the basic competencies in the GTS’s.

* There is a vertical division of labour between the state level, the county level and the municipals. Counties and municipalities has a big part of the responsibility for the implementation of as well EP and TP. Therefore, there can be big regional variations according to the degree to which local authorities tries to make for example cleaner technologies an important part of the regulation. Likewise, there are established regional TIC-centres in order to support the development, adaptation and diffusion of new technologies especially in SME’s. Also business policy institutions are established on the local or regional level in order to attract enterprises or in order to strengthen networking in the local business community.

These institutional characteristics mean that there are different arenas for the interaction between ETP and TEP. At the governmental level both the Ministry of the Environment and the Ministry of Business and Industry has tried to integrate environment and technology from different perspectives. Both ministries have emphasised that it is not a hostile relation. At some occasions from the end-eighties the ministries have formulated a common strategy and they have administered programmes for the development of environmentally friendly technologies in collaboration. But most of the TEP activities have been administered by the Ministry for the environment, and the ETP elements in TP has been administered by the MBI.

On the other hand, there has been an interaction in the GTS-system and at the regional and local level. Environmentally oriented programmes have been very important for the GTS’s and the TIC’s. Therefore, in the technological infrastructure there have been a focus on the integration of ETP and TEP and this integration is especially seen in some of the new programmes or support schemes for example the centre contract scheme.

It is important to notice that TEP is a rather strong policy area while ETP must be seen as a weak area. In recent years, the development of new smart technologies and new materials has been seen as the cornerstone in the development of a more environmentally friendly and sustainable production. On the other, technology policy is traditionally a weak area and environmental concern is normally not understood, as an important element of TP. Technologies capability to enhance competitiveness is the important part.  

Environmental innovations in four sectors

The object of our case studies has been interpreted to examine the transformation of the environmental regulation and corresponding corporate reflection in the Danish bakery, textile finishing, electro plating and insulation industry. The approach is from the perspective of an ecological modernisation process in the Danish industry and in the Danish environmental policy scheme. The aim has been to analyse the content of this transformation, focusing on how new institutional structures and environmental perceptions have developed within the industry and how they have been interpreted and influenced the environmental activities at the manufacturing level. The analytic endeavour does have a normative motive - the process is observed and analysed with the aim to assess and develop a better understanding of which policy options we can have in relation to the development of environmentally more friendly production schemes

The interface between policy programs and the enterprises in the industry is at the centre of the analysis. On the one hand the cases raises the question, how policy programs are communicated to the enterprises and how they may succeed to install ecological modernisation and innovative responses in the industry. On the other hand the cases raises the question, how these stimuli (changed institutional framework and communicated perceptions of environment) have been reflected and interpreted by the enterprises within their strategic scheme? The basic tenet of the case studies is that the study of the processes of interaction, studied as institutional and enterprise practices, are vital to develop the means of profound environmental transformation of the industrial production. To obtain this, we have integrated two lines of analysis; an analysis of the institutional development concerning the environmental transformation of the industry sectors, and an analysis of the processes at the enterprises reflecting the changes in their milieu. At a macro level a concept of ecological modernisation has dominated the environmental and industrial policy in Denmark in the 90'ties. Main elements in this process have been a sequence of programs and policy initiatives taken by the Danish National Environmental Protection Agency (DEPA). The case studies have then focused on a meso level within the institutional regulatory complex of Danish textile, insulation, bakery and electro plating industry, how the policy programs have supported specific institutional and discursive formations, and (in a dynamic perspective) how systemic competencies and environmental perception have been produced. Here a profound number of varying constellations of R&D institutions, trade associations, labour unions, green NGO´s etc. has been examined in order to identify main drivers and their success in institutionalising their preferences in a certain eco modernistic development.  The aim has been to specify the resulting selective milieu that favours specific paths of technology development and environmental actions. At a micro level the impacts of this conditioning milieu is studied from a buttom-up perspective: Exploring how firms in networks reflect upon, interpret and perform technology in response to the environmental policy programmes. 

Methodology

The case studies are based on a series of documentary studies (complemented with interviews) of the development of the 4 Danish industries, construction-insulation, bakeires, textile and electronics, with specific emphasis on the environmental regulation and transformations and on in depth studies of the practises of five enterprises analysed in their networks and institutional setting. In these case studies emphasis has been given to the interaction with the institutional framework and with their network looking for changes in how environment was communicated and perceived.

Changes in the enterprise’s technological innovations and environmental practises were the immediate focus of the case studies
. The bottom-up studies of 5 firms and their networking allows us a) to get a more detailed understanding of, how environmental demands are communicated, interpreted and turned into practices, b) to make visible elements of processes of learning and reflections within the industry. The meso level study of the institutional set-up is made from interviews with key actors in the industry, in the knowledge and regulatory network besides a number of internal evaluation studies of the cleaner technology programmes within DEPA, of ETP programmes and environmental oriented programs in farming and construction.. The development within the Danish industries are – in this way – seen as a historical reflexive process, where changes in visions and perceptions of regulation and of enterprises and actors within the industry are interwoven. Two parallel questions are raised:

· Which environmental paths are institutionalised?

· Which institutional learning has been accomplished?

Case study selections and findings

The point of departure for the selection of case studies was the main guidelines of the ENVINNO project: 

1) There had to be inputs from the policy side, and there had to be some form of crossover between EP and ETP. 

2) In four cases an environmentally innovative output (technological, network) had to be at hand, whereas one case had to be a failure.

3) The focus was on the end users, not on the inventors of new process-technology for purchasing. 

Although it is not possible to make statistical generalisations from five case studies, we decided that in order to cover different aspects of EP/ETP crossover it was important to have a large degree of variation in our cases on the input side, the output side and the mediation. Furthermore, it was important to select cases from branches of industry that are important part of the production and consumption structure or have a considerable amount of environmental impact. The criteria’s and the evaluation points are summarised in the scheme below:

	Generally
	Criteria's for selection
	Evaluation points

	Not representative in the statistical sense

Greatest possible variation

There is some kind of innovative, materialised result


	EP/ETP inputs variation:

· Programs

· Rules

· Discursive campaigns

· Institutional configuration

Variations in actors of mediation

· trade organisations

· R&D institutions

· Consumers, customers, competitors

Companies variation:

· small/big 

· types of networks involved

Technological output variations

· radical/standard

· process, product or market


	Success or failure

· environmental, technological,          economic

Other impacts
· network constellation

· strategic orientation

· environmental rationality within the product-chain

· competence and infrastructure in network

Change in technology etc.
· in technology, trajectory

· in networks 

· in modes of invention and consulting




The criteria resulted in five case studies in four branches of industry (construction, food, textile and electronics). We chose to make some kind of direct comparison of a failure innovation and a success innovation in the textile industry. The textile industry is relatively important in Denmark, there has been several integrated EP/ETP programmes addressing the industry, and the industry’s environmental impact is well known, and there a national user-producer network linked to international production facilities. Our aim was to examine how the same regulatory and institutional frame produced different innovative outputs. Likewise, the construction industry has a national network, very important environmental impacts and there have been different kinds of environmental oriented technology programmes addressing the industry. Furthermore, the industry is characterised with an institutional framework making shifts in technological paths very difficult. An important aspect of the environmentally oriented development of the industry is the social movement for ecological housing. The food industry is also characterised by a national network and the importance of a social movement for organic food. In this case, however, the eco-labelling scheme has framed the industry and supported the production of organic food. The forth industry, electronics, is in many aspects different from the others. There has not been specific programmes targeting the industry, and the Danish production is linked to an international production chain setting the standards for as well product and production technologies. Therefore, this case is very important because it demonstrate some of the linkages between national policies focusing on the implementation of new technology paths in industries fully dependent of their ability to comply with international standards.

The selection of companies, the focal innovations, the relevant ETP/EP policies, the mediators, the network and the impact analysed is summarised in the following tables:

	Company
	Kvickly/Superbrugsen

-retail chain, bakery
	Textile Soedahl

Design
	Textile: Danish Colour Design

	Change
	All products in bakeries turned into organic, 
	Heavy metal and toxic substance free colouring
	New no-low VOC containing paints

	EP/ETP policies
	Eco-labelling, R&D subvention
	R&D programs in EP, rules, TP competence schemes   
	R&D subvention programs, working health regulation, 

	Mediation
	Public debates, GMO discourses, 
	Trade discussions, local enforcement of EP, green NGO (NOAH) 
	Pressure from unions, local enforcement of rules, 

	Networks
	Supplier networks, green NGO´s
	DTI, textile R&D units, regulatory, 
	DTI, business, trade organisation, regulatory 

	Impacts
	Changed not only products of 72 shops but the whole market 
	Lowered emittants, new market profiles

New network constructions
	Lower emission of VOC´s, improved working conditions, new technology path, cost gains, new standards


	Company
	Electroplating 
	Construction: Dansk Naturisolering

	Change
	Finishing: Closed loop, ion-exchange
	Environmental monitoring (product development)

	EP/ETP policies
	R&D programs in EP, rules, regional ambient water quality plans, voluntary regulation
	Innovator TP programs, subvention of R&D Network (Center contracts) 

	Mediation
	Local enforcement, trade consultancy, 
	Co-operation, marked driven. Pressure from unions

	Networks
	R&D from TP policies, trade, consultancies
	Research institutions, unions, 

	Impacts
	Reduced emissions of heavy metals from waste water, reduced water consumption
	Development of environmental technologies


Conducting the case studies we had a general research curiosity on whether the loose Danish coupling between the EP and TP policies have had any impacts on environmental innovation, and what are the successful pathways for policy inputs to the business sector?  We presumed that the way policies may cause impacts on corporate behaviour are varying a lot, depending on both the input side, the side of the respondents and their form of mediation. Whereas others may focus on the type of firms or polices as dependent variables we tended to focus on the institutional, discursive and regulatory dynamics in the relationships between market and state. Therefore, we focused on the following points in the five case studies:

1. How was the crossover between EP/ETP communicated? Institutionally (service, R&D), discursively, rules, rules enforcement, funds and aid schemes.

2. Within the case: who were the main institutions, organisations and networks that used and interpreted the EP/ETP communication?
3. How was the rules and the EP/ETP communication interpreted by case-companies and their regulatory, R&D, and business networks?
4. How were these inputs influencing the technological innovations that were at stake within the companies?
5. Did the EP/ETP inputs have any innovative impacts on the constellation of actors within the firm’s networks?
6. What kind of innovations in relation to the ambitions of the EP/ETP policies, mediation forms and corporate conditions was the result of the innovation process.
In our opinion this focusing of the analyses has made it possible to come up with some results of general importance according the communication and the institutionalisation of the EP and the ETP. Additionally the consequences for the specific configuration of networks surrounding the innovations, the radicality of the innovations from a technological and environmental point of view, and the grade of success and failure.

The first finding of general importance relates to the often experience ambiguity of EP and ETP communication and institutionalisation. The cases in mind here are from textile industry where the local authorities enforces demands upon the firms that forwards traditional end-of-line technologies, on the expense of cleaner technology options recycling water reducing hazardous chemicals. The other case is the construction sector, where mineral wool is favoured by the public rules on construction, by the R&D institutions and by occupational health regulation. But at the same time new programs for alternative insulation from other ministries makes a brake trough. One may consider it as an advantage that several technology paths are being stimulated, but on the other hand it may leave firms confused when they try to be innovative adjusting to public demands. The best case in mind here is our electronics case where a perceived market advantage in converting to a non-led silver technology has withered away from lack of public enforcement of a phasing heavy metal out strategy. The same picture, though somewhat successful, may be the case in our Danish Colour Design case, where the weak market pull in non-toxic dying partly is due to hesitating public regulation on eco-friendly clothing. 

The second general conclusion is that communication and institutionalisation vary a lot. Among successful environmental cases there is a constructive co-appearance between communicated environmental perceptions, institutional configuration, prohibitions, subventions etc. But it is a case in point that this does not mean that there has to be a pre-planned co-ordination of policy inputs, a genuine EP and ETP fusion. What is of importance is that there is some kind of shared discursive horizon – e.g. an eco-modernistic community perception – the diverse inputs relate to. Plus the fact that the co-existence of the various incitements and rules actually do stimulate the entrepreneur into innovative processes. 

The third general conclusion is that the different policy-inputs in all cases have stimulated an open interpretation of scale and scope of what is to be innovated. From here it is the institutional embeddedness of the focal firm in value chains, user-producer networks and relations to R&D institutions that determines the way inputs are transformed into innovative processes. Thus, it is vital what the network of the focal firm may offer in innovative solutions.

Fourthly, the state driven environmental innovation by R&D schemes, purchasing policies, labelling etc. is of outmost importance for the establishment of a new technological path, when a deeply institutionalised technological path controlled by few “dinosaurs” is the case. Thus, the enhancement of new insulation materials and methodologies depended upon basic research stimuli and policy stimuli for new entrepreneurs.   

Concluding remarks on policy and regulation

In our perspective the institutional learning process within the Danish industries have shown a green responsiveness. This can be seen as an interplay between a national ecological modernisation strategy, a construction of policy programmes and institutions directed towards the industry and enterprises responding to the programmes and given their own strategic interpretation of the programmes. This interaction establish a dynamic learning process with the construction of new actors, the establishing of a new technological selection environment, and the building of new competencies within the enterprises and their network. We have identified two types of industrial responsiveness: the incremental learning of integrating environmental concern into business strategis, and secondly the construction of new ecological or green products as a respond to general eco-discourses and ecological movements

Concerning the first category, the incremental learners the main findings of the institutional learning process are summarised in the table next page.

Within the environmental regulation of the textile industry a wastewater track of development has been dominating, giving fewer impulses to other paths of development such as more radical substitution schemes and optimising material flow (reducing the materials suspended in waste water). Thus it was here we found our failure case, were the technological trajectory of a certain membrane technology filter was pushed as the solution.

The targeted cleaner technology program within the textile industry, alternative insulation and Electro plating has produced knowledge resources concerning cleaner technologies. Technological options, that offer substantial reduction in the consumption of water, chemicals, heavy metals and energy and reduces the discharge of suspended material in the waste water, is documented and is accessible in the environmental knowledge network.  

	
	Permits 

1990-
	Cleaner Technology

1991- 
	Environmental Management systems 1995-
	Product oriented

1997-

	Construction of actors
	Command and control oriented regulators, reactive firms
	Closed corporate network of actors (Knowledge institutions, proactive branch organisation, proactive firms focusing on win-win technologies) 
	Proactive firms with enhanced capacity to control the process operations
	Proactive firms actively trying to construct new markets for environmentally friendly products.

Corporate institution focusing on eco-labelling, new stakeholders from for example retail industries

	Technology paths
	Reduction of over consumption, reuse of water, cleaning technologies
	Technology push – development of win-win technologies combining cost reduction and environmental improvements
	Environmental management systems, chain management and documentation of environmental performance
	Product and life cycle orientation

	Competencies in knowledge network
	Knowledge of wastewater and hazardous chemicals in environmental agencies
	Construction of new technologies in knowledge institutions, capacity building in business network
	Supply chain management in business network
	Chain and market oriented, development of instruments for environmental documentation

	Competencies in firm
	Water reduction and reuse of water
	Lack of ownership to cleaner technologies, no focus on competence building
	Supply management system
	 eco-labelling, ability to communicate and document environmental performance

	Strategic interpretation in firms
	Environmental action as cost
	Win-win perspective focusing on cost reduction, reactive response to public demands
	Competitive advantages related to environmental documentation and ‘green cotton’ concept
	Win-win perspective focusing on new business opportunities renvironmentally friendly products


The implementation of the cleaner technology program within the industries has been based on a strategy program brought forward by the stakeholders in the industry and the related network of knowledge institutions. This has focussed and strengthened the program, but it has also produced a closure in terms of actors involved and in terms of the environmental perception in the program and industry. The program has been technique oriented and focussed on wastewater, spills and single substances. However, the program has also conditioned a learning process. New schemes on eco-management, eco-design and product development are now being taken up within the industries. 

The environmental regulation and the resources produced in the cleaner technology programs highly influenced the way the enterprises have dealt with their environmental problems. It has influenced how they defined their problem, and it has influenced the solutions that were considered, it has influenced their decision to implement or not and it has greatly influenced their final choice of technologies.

The textile and electronics industries had been object to a number of targeted programs and regulatory initiatives aimed at supporting an environmental upgrading of the industry. Part of these programs has directly addressed the task to spur and define an environmental innovative behaviour in the industry. Taken all together they have defined a changed playing field, which has influenced the pace and the direction of environmental innovations in the industry. The construction sector has kicked of later but resembles the development path in regulation and industry response.

Consensus and close co-operation among the main actors in the textile, electronics and partly construction industry (the trade organisations, the knowledge institutions, DEPA, the municipalities and counties, and national R&D institutions) have characterised the programs and regulatory initiatives within the industries. The fact, that the trade organisations have adopted a strategy of the restructuring of the branch, which has included an environmental modernisation as a strategic option, has paved the way to environmental initiatives in the industry. In general, the programs and initiatives have benefited of this consensus and co-operation. It has contributed to the consistency in the programs and initiatives and has enabled concerted action on the framework program of cleaner technology, introduction of environmental management, the elaboration criteria to eco-labelling, and the product-oriented program.

The outcome of the programs and initiatives has been a high environmental awareness in the industry. Environmental considerations are now integrated in the search and decision processes of the enterprises. Throughout the process a group of frontrunners has participated actively - and have in this process developed their environmental perception, i.e. the problems addressed and the horizon of solution strategies. Adoption of technological solutions may have been limited, but they have participated in a collective learning process, in which they have moved from good housekeeping and substitution, to environmental management systems, to product oriented and to LCA and eco-labelling schemes. The main result has been a change of the way enterprises reflects environment may show to be the main achievement of the program. 

Looking at the Danish textile finishing industry, the construction sector industry, and the electronics industry the environmental and technological policy programmes has led to a wide incremental introduction of cleaner technology. In this process a selective milieu of the industry has been produced: 

a) Within the Danish technology programme a stable constellation of consultants and research institutions have formed a interwoven net of competencies on textile dyeing processes, 

b) The industry and (local) environmental authorities have developed a high degree of consensus on environmental perception (e.g. regulatory score-system of the environ​mental load of dyes based on a common prioritisation). The industry and the produced constellation of actors have been bound together in a specific environmental perception.
c) A progression in the systemic competencies were build up within this network, in a dynamic learning process the sector as a whole has gone through the stages of dissemination of information, development and diffusion of technology, introduction of environmental management and product oriented strategies. 
Concerning the second type of industrial responsiveness, the construction of new ecological or green products, we have found a radical approach inventing or co-shaping new green markets. Within the construction and in the bakery sector we have traced a number of buttom-up initiatives among green lifestyle promoters, green consumers and political movements that have formed the discursive and pragmatically background for new green entrepreneurs. Thus it was these groups that formed the front running organic movement in the 1970´s that pawed the way for an incremental institutionalisation during the 1980´s – the organic labelling scheme that confirmed and normalised organic food.  The same type of movement occurred in the 80´s and 90´s within the housing sector, and a number of ecological housings and constructions pupped up during 1982-1997, before an institutional response took place.

The Ministry of Food has been innovative in taking over the various private labels on the marginal green markets in order to establish a state guaranteed green market. By time the health-, drinking water and environmental regulation from the Ministry of Food and the Ministry of Environment and Energy has benefited from this market authority based recognition of organic food; they have been able to use the precautionary principle by ruling and subventioning for the enlargement of organic manufactured fields in Denmark. The normalisation and stabilisation policies have together with solid supports for organic agriculture formed the business route opportunity for the retail chain Kvickly to establish their 100% organic bakeries. Thus, the transformation could take place as organic flour and sugar was on the market, whereas Kvickly could pass impetuses for subcontractors on margarine, marzipan, chocolate etc. to make an organic switch. Secondly the knowledge networks and R&D institutions within the food sector provided the necessary primary insights to make the organic transformation. Secondly the market stabilisation of organic foods have discoursively institutionalised an alternative to all negative risk connotations in the food sector: GMO´s, straw shortens, penicillin, pollution of ground water etc. 

The construction sector have gone through a parallel development, but the Ministry of City & Housing have been very late responsive to these development paths, and have been hesitant to leave a co-dependency upon the major construction, housing and construction material industries. Regulatory it has been the Ministry of Environment and the Ministry of Food that have been issuing subvention schemes for radical innovations in construction technologies and materials. In fact these extra-construction/housing policy sectors have been able to avoid the path dependency and technological trajectory that the Ministry of City and Housing have been locked in. Of special interest is that labour unions and occupational health interests have been major forces in pushing forward a need for finding technological alternatives with both an occupational health and an environmental benefit. By the gradual articulation of a joint and coherent eco-health discourse within housing and construction a stabile front has been met by a responsive policy that have issued R&D , subvention schemes and eco-standards for ecological housing and construction materials. New green entrepreneurs have on this background of state supported R&D been able to penetrate the regulative, economic and technological barriers to alternative, ecological housing technology. The result has been new materials and knowledge that have kicked off a number of local ecological housing projects. 

The latter type of policy responsiveness to green social movements and discourses has been important for the second wave of entrepreneurs who have dared to form new technological innovations and profiles.

The most obvious strength of Danish EP is that it is developing in quite a responsive way, enabling the Ministry of the Environment to take up new environmental problems and initiatives from research results, public debates and business technology options at very short warning. The consensus policy style is, according to general evaluation studies of Danish EP (Andersen 1995, 1997, Christiansen 1996, Holm 1999, Mortensen 1999, Nielsen 1997, Wallace 1995), both a strength and a weakness. A strength, because industrial trades are open to communicating on technological options and to participating in finding environmental protection measures they may benefit from. There is a practical capacity for co-ordinating consulting and environmental monitoring with R&D initiatives in cleaner substitutes or technologies, which have established effective feedback mechanisms between the DEPA, the political system, research and networking. The weakness is that the minister and DEPA very often hesitate to enforce legal and binding rules that industry strongly opposes. A weakness is also the risks of falling into technological trajectories, which fit to what industrial suppliers of environmental equipment offer.

Concluding remarks on ecological modernisation in Danish industries

The aim of the paper was to analyse the dynamic interplay between:

1. The establishment of a societal discourse on ecological modernisation

2. The construction of policies and policy integration between the Ministry of Business and Industry and the Ministry of the Environment and Energy in order to facilitate ecological modernisation

3. The set up of new institutions in some important branches of industry

4. The practices of firms in order to carry environmentally sound innovations through  

In relation to the discourse of ecological modernisation we note that the perspective of win-win has been established as the way to understand the interplay of environment and economy. Furthermore we note that this discourse has led to change of policies and to the establishment of new policies. As well in the Ministry of Business and Industry as in the Ministry of the Environment and Energy it is reflected how to set the agenda in relation to ecological modernisation. From the perspective of the Ministry of Business and Industry ‘Environment’ is seen as an element in a strategy to secure international competitiveness for Danish firms and the national economy thus the market is seen as the prime ‘driver’. On the other hand, from the perspective of the Ministry of the Environment and Energy there has been a focus on environmental capacity building in order to support a transformation of the environmental behaviour of the companies. These two different focuses in relation to ecological modernisation’s result in significant differences in relation to the institution building and the constellations of actors. Later on, we are going to discuss our findings in relation to those different perspectives because the relation between marked stimuli and environmental capacity building is very important in order to understand the results of specific innovations.

On the other hand, a very important conclusion of the studies are that institution building in order to support ecological modernisation has to be understood as a reflective learning process. In a top-town perspective we note that policies has resulted in a long range of institutional transformations in the studied sectors. The programmes have resulted in capacity building and new ways to support innovative conduct. In relation to this process there has been established learning processes based on as well internal as external interpretations of strengths and weaknesses on the existing configurations. This conclusion has to be seen in relation to the marked differences concerning as well the form of institutional development as the characteristics of the involved actors. 

A common horizon for the four studied sectors are that there have been a dominant trajectory of technology that has been developed in connection with the sector specific capacity building, establishing of standards and so on. This trajectory has been a cognitive framing for the common interpretations that the stakeholders in the sector has used to communicate choice of technology and thereby determining the environmental performance of the companies. Another common aspect is that the development of new technologies is seen as the way to reduce environmental consequences of the production or related to the product. Then there are distinct differences between the sector that results in substantially different dynamics and thereby give some important knowledge concerning how the discourse of environmental modernisation’s results in the change of industrial practices. 

An important starting point is the characteristics of the technological change, i.e. whether it represents a radical break with the technology path in the sector. This concerns as well the degree of change in relation to the substituted technology as it concerns how the innovation fits into the existing technological system. The not to surprising conclusion is that changes not representing a radical break with existing trajectories are easier to realise because of a strategic selectivity in the technological system. A somewhat less trivial conclusion from the study of the most radical innovation, the transformation to organic bakery, is that the radical innovation is preconditioned by an interaction of a range of simultaneous processes. A dominant company with the capacity to construct its own markets and a central role in the value chain is staging the transformation process in combination with a sector specific capacity building and institutionalisation process in relation to organic food. Furthermore, there is a support from other social actors especially the consumers. On the other hand, companies that lacks these preconditions have severe difficulties to stage radical transformations in spite of environmentally related capacity building and demands from regulation.  

This could be read as if market is the most important driver, but the case studies show that the existence of a market is a necessary but not sufficient condition. Furthermore, it would be wrong to consider the market an external variable. On the other hand, the cases show that the markets are constructed in a social process. For example in electronics it was difficult to transform an incremental innovation to a commercial success because regulation could not deliver the promised marked for lead free circuits.  In the textile industry the innovation is realised in an interplay with a niche market for ‘green cotton’ established as an element of a business strategy while the failed innovation did not succeed because it was in no way related to the business strategy of the firm. Organic bread was a extensive construction of a market based on an established market for organic food. And lastly, the case in the building industry is an example of an innovation that is integrated in a niche market for ecological building supported by a social movement. 

The market as a necessary but not sufficient conditions is for example illustrated by the building and textile cases. In both cases the innovation is established in an interaction with the customer or the consumer. In the first example it is a business to business relation to a company with a green market niche. In the second case it is a social movement. The first innovation is from a technological point of view not especially radical. Nevertheless, there is a very limited diffusion of the innovation. Although the second innovation from a technical point of view very easily can substitute an existing product it slightly more radical because it confronts established standards in the industry. Therefore, it is situated as a niche product. Thus it can be concluded that the diffusion of such innovations and more radical breaks with existing trajectories presupposes an institutional learning process involving capacity building supporting the establishing of new technology paths.  
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