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1. Introduction 

 

In spite of the increasing concern on the role of technological change and innovation as a key 

factor of sustainability, environmental economics has paid little attention to the understanding 

of environmental innovation. Until recently, scholars working in environmental economics 

consider environmental innovation as induced by regulation. Within this perspective, one of 

the main research questions is the incentive effect upon innovation of different environmental 

policy instruments. This question is often tackled in quantitative terms searching to evaluate 

which policy instrument creates the highest incentive to innovate. In the literature, the focus is 

more on the design and the implementation of various policy instruments, than on the 

explanation of the innovation process itself. In such a policy oriented approach, an explicit 

and thorough representation of the innovation process is often missing, which creates a strong 

bias in the analysis of policy effects. As a matter of fact, environmental innovations cannot be 

reduced to a systematic response to environmental regulation, but should be considered as the 

result of a complex and interactive process. On that point, evolutionary economics can 

provide relevant contributions for a better understanding of the determinants and features of 

environmental innovations.  

The purpose of this paper is to discuss these contributions and to show that the evolutionary 

framework enables to put the study of environmental innovations in an industrial dynamics 

perspective.  

 

2. Literature review on environmental innovations 

 

In the existing literature, we can find different terms, i.e. eco-innovations, environmental 

innovations, eco-technologies, and definitions of environmental innovations. But whatever the 

term, environmental innovations are generally distinguished from innovation in general and 

so studied separately. Why such a distinction? Is it just because environmental innovations 

have been initially studied by researchers coming from the field of environmental economics? 

Or is it motivated by a real specificity of environmental innovations which calls for specific 

concepts and analytical tools? The answer to these questions requires a clarification of the 

definition of environmental innovations, as well as a thorough analysis of their properties and 

determinants.  
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2.1 Definition 

 

In a very broad sense, environmental innovations can be defined as innovations that consist of 

new or modified processes, practices, systems and products which benefit the environment 

and contribute to environmental sustainability (Rennings, 2000). Obviously the positive 

environmental impact of innovation is the core element of the definition. But this 

environmental impact may be intentional or not, local or global, and more or less important 

compared to current or conventional technologies.  

According to the definition, the environmental aim may be a distinguishing feature or not. 

Empirical studies on environmental innovation generally focus on intentional, or 

environmentally motivated, innovations since they generally concentrate on a selected and 

well-defined sample of environmental technologies. The intentional character of the 

environmental impact is straightforward when studying what is called 'eco-industry' that is the 

industry engaged in "the production of goods and services to measure, prevent, limit, 

minimise or correct environmental damage to water, air and soil, as well as problems related 

to waste, noise and ecosystems" (OECD and Eurostat definition). For eco-industry firms, 

environmental innovation is their core business. But when we want to study more generally 

how environmental constraints and objectives are integrated within the innovative strategy of 

industrial firms, we should opt for a broader definition including all the innovations that have 

a positive environmental impact, this latter being intentional or not. Empirically, unintentional 

environmental innovations are very difficult to identify and thus to evaluate, since the 

environmental gains of 'normal innovations' have never been the object of systematic study.  

While being the distinguishing feature of environmental innovations, the environmental 

impact is difficult to assess. The use of an environmental innovation may or may not lead to 

an absolute reduction in environmental harm. It depends on rebound effects, the classical 

example being cost-saving innovations that have a rebound effect through increased 

expenditure. So environmental innovations cannot be defined in terms of absolute 

environmental impact, but in reference to alternative technologies. Moreover, the relevant 

criteria for defining an environmental innovation is the use of the innovation which should 

results, through its life cycle, in a reduction of environmental damage compared to relevant 

alternatives
2
. This leads to the following definition of an environmental innovation: "The 

production, assimilation or exploitation of a product, production process, service or 

management or business methods that is novel to the organization (developing or adopting it) 

and which results, throughout its life cycle, in a reduction of environmental risk, pollution and 

other negative impacts of resources use (including energy use) compared to relevant 

alternatives" (MEI Report, 2008)
3
. With such a definition, every process that is more resource 

efficient is an environmental innovation. Moreover, the degree of novelty is considered at its 

minimum level, which is at firm level. This definition embraces all the innovations which 

enable a firm to decrease, progressively or drastically, its negative environmental impacts 

through new products, processes, services or methods. These innovations may be classified 

into three types: environmental technologies (pollution control technologies, cleaner 

processes, waste treatment…), new or environmental improved products (including eco-

conception) and services (for example, waste and water management services), and 

organisational innovations (environmental management and auditing systems) (MEI Report, 

2008).  

                                                 
2
 This criteria is the one used in the European Environmental Technologies Action Plan (ETAP) where 

environmental technologies are "technologies whose use is less environmental harmful than relevant 

alternatives" (http://ec.europa.eu/environment/etap/index_en.htm). 
3
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2.2 Determinants and specificities of environmental innovation 

 

Traditionally, the empirical literature on the determinants of environmental innovation 

focuses on the role of regulation. Since the 1990s, a few empirical studies try to identify other 

determinants at the demand or supply side. These research works are very heterogeneous in 

terms of methodologies and results. One of the main difficulties is to find adequate data and 

indicators on environmental innovations
4
. Quantitative studies often use patent data and R&D 

expenditure as indicators of environmental innovation. Table 1 summarizes a sample of 

references on the determinants of environmental innovations. The considered references are 

based on empirical studies conducted at different aggregation levels, i.e. countries, sectors, 

firms or technology levels.  

 
References Data  Main determinants Results 

Green and al. 

(1994) 

Survey of UK 

firms 

Existence and anticipa-

tion of environmental 

regulations 

Expanding market share 

(green products) 

Cost savings 

The top three determining factors are: 

- for product innovations: the existence and 

the anticipation of regulation, and the 

prospect of expanding market share 

- for process innovations: the existence and 

the anticipation of regulation, and cost 

savings through better use of 

materials/energy. 

There is a significant correlation between 

the influence of regulation and of 

commercial factors. 

Florida (1996) Survey of US 

manufacturing 

firms 

Innovation in advanced 

manufacturing systems; 

environmental regula-

tion, corporate citi-

zenship, and other 

factors associated with 

industrial performances. 

Validation of the hypothesis according to 

which the adoption of environmentally 

conscious manufacturing is related to the 

adoption of advanced manufacturing 

systems.  

While environmental regulations and 

corporate citizenship remain key elements 

of corporate environmental strategy, a series 

of factors associated with industrial 

performance are also important, notably 

customer demands and productivity 

improvement.  

Lanjouw and 

Mody (1996) 

Environmental 

patents 

Regulation Positive correlation between pollution 

abatement expenditure (linked to domestic 

regulation) and innovation.  

Environmental innovation in a country also 

responds to regulations in other countries.  

Jaffe and 

Palmer (1997)  

Industry-level 

panel data: 

R&D 

expenditure and 

patent 

applications 

Regulatory stringency 

measured by 

compliance costs. 

No significant correlation between 

regulatory compliance costs and patenting 

activity. 

Significant positive relationship between 

regulatory compliance costs and R&D 

expenditure by the regulated industry. 

Brunnermeier 

and Cohen 

(2003) 

US 

environmental 

patents  

Regulatory stringency 

measured by pollution 

abatment and control 

expenditure. 

Positive correlations between pollution 

abatement and control expenditure and 

environmental innovations. 

                                                 
4
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De Vries and 

Withagen 

(2005) 

European 

patents on 

sulphur dioxide 

abatement 

technologies 

Policy stringency with 

regard to SO2 

Validation of the weak version of the Porter 

hypothesis: strict environmental policy with 

regard to SO2 induces new abatement 

technologies.  

Mazzanti and 

Zoboli (2006) 

Surveys on a 

sample of Ita-

lian manufac-

turing firms 

Policy effect (evaluated 

by environmental 

costs), eco-auditing 

schemes, firms‟ size, 

sector effects, industrial 

relations intensity and 

environmental R&D.  

The main drivers of environmental 

innovation are: firms involvement in group 

and networking activities, „innovative 

oriented‟ industrial relations, environmental 

policy related costs, R&D and voluntary 

environmental schemes.  

Frondel and al. 

(2007) 

OECD survey 

(2003) 

Policy stringency, 

regulatory measures, 

cost savings 

A significant positive correlation between 

policy stringency and regulatory measures 

and the introduction of end-of-pipe 

technologies.  

Cost savings tend to favour process 

integrated measures 

Popp, Hafner 

and Johnstone 

(2007) 

Patent data on 

two chlorine 

free bleaching 

technologies 

used by the 

pulp and paper 

industry 

(process envi-

ronmental 

innovation) 

Policy versus public 

(consumer) pressure 

Regulation is not the only driver of 

innovation and diffusion of these 

technologies. The development of 

alternative bleaching technologies increased 

before the implementation of new 

regulations of chlorine use, suggesting that 

public pressure was the primary driver of 

the first waive of innovation.  

Rehfeld and al. 

(2007) 

Firm level 

dataset of the 

German 

manufacturing 

sector 

Environmental organi-

sational measures, 

environmental policy 

The certification of environmental 

management systems has a significantly 

positive effect on environmental product 

innovations. 

Environmental policy seems to be a driver 

for product innovations, albeit the positive 

effect is rather small.  

Technology push (R&D) and market pull 

also have a positive effect on environmental 

product innovations. 

Wagner (2007) Survey and 

patent data of 

German 

manufacturing 

firms 

Environmental 

management systems 

The implementation level of environmental 

management systems has a positive effect 

on environmental process innovations 

Horbach (2008) Two panel 

databases on 

German firms 

R&D, demand pull 

effect, environmental 

regulation, 

environmental 

management tools. 

Improvement of the technological 

capabilities by R&D is very important for 

environmental innovation. 

The hypothesis that “innovation breeds 

innovation” is validated. 

An increase in the expected future demand 

triggers environmental innovations. 

Environmental regulations and 

environmental management tools are highly 

relevant determining factors.  

 

Table 1: Overview of empirical studies on the determinants of environmental innovations 
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Even if there are still some controversies on the effective impact of regulation on innovation 

and on the most efficient policy instrument in terms of incentives to innovate, many 

references emphasize a positive correlation between environmental innovation and regulation. 

These results tend to bring empirical support to the so-called Porter hypothesis according to 

which "…properly designed environmental standards can trigger innovation that may partially 

or more than offset the costs of complying with them (Porter and Van der Linde, 1995). Some 

recent empirical studies (cf. table 1) put the emphasis on policy stringency as a determinant of 

the innovative response of firms. Many authors argue that regulatory design is a key factor 

that may influence firms‟ innovative response, in particular when considering its stringency, 

flexibility and limiting uncertainty. For example, Ashford and al. (1985) argue that, while 

stringency is the most important factor for eliciting an innovative response, flexibility towards 

the means of compliance, variation in the requirements imposed on different sectors and 

compliance time periods contribute to stimulate alternative technologies. Thus the effects of 

regulation depend on the type of regulatory instrument and on the way it is implemented.  

 

In spite of the incentive role of regulation, environmental innovations cannot be considered to 

be a systematic response to regulation. Other factors linked to market conditions and to the 

technological capabilities of firms determine the technological response of regulated firms. 

There are very few empirical studies which consider demand and supply side determinants of 

environmental innovations (cf. table 1). For example, Green and al. (1994) emphasize that the 

objectives of expanding market share and costs savings are determining factors of 

environmental product and process innovations. More recently, Popp and al. (2007) 

underscore that, in the case of the development of alternative bleaching technologies, 

consumer pressure was the primary driver of the first waive of innovation. The determining 

role of cost savings, industrial relationships and environmental management systems is 

stressed by Mazzanti and Zoboli (2006), Frondel and al. (2007), Rehfeld and al. (2007), 

Wagner (2007) and Horbach (2008). Even if there is still a lack of systematic analysis of the 

whole set of determinants, this literature shows that environmental innovations are not only 

driven by regulation, but also by the traditional technology-push and demand- effects (cf. 

table 2). 

 

Regulation and policy determinants ¶ Implementation of environmental policy instruments: 

economic and regulatory instruments 

¶ Existence and anticipation of environmental 

regulations 

¶ Regulatory design: stringency, flexibility, time frame 

 

Supply side determinants ¶ Cost savings, productivity improvements 

¶ R&D activities 

¶ Industrial relationships, supply chain pressure, 

networking activities 

¶ Organisational innovations: environmental 

management systems, extended producer 

responsibility 

 

Demand side determinants ¶ Environmental consciousness and consumers' 

preferences for environmentally friendly products 

¶ Expected increase in market share or penetration of 

new market segments 

Table 2: Determinants of environmental innovation 
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This overview of the literature shows that environmental innovations are driven, as innovation 

in general, by a set of determinants which respective influence is difficult to evaluate. In spite 

of the controversies, we can argue that the main specificity of environmental innovations, 

besides their positive impact upon environment, is linked to the determining role of 

regulation. This specificity is related to what is called the “double externality” problem. 

Environmental innovations produce two types of positive externalities: usual knowledge 

externalities in the research and innovation phases, and externalities in the adoption and 

diffusion phases due to the positive impact upon environment. In other words, the beneficial 

environmental impact of environmental innovations makes their diffusion always socially 

desirable. This creates a twofold obstacle, or market failure, for firms to invest in 

environmental innovation since the private return on R&D in environmental technology is 

less than its social return. As a consequence, the double externality problem tends to cause a 

lack of private incentives leading firms to under-invest in environmental R&D and 

innovation. This double source of market failure justifies the needs of policy instruments and 

the existence of what Rennings (2000) calls the "regulatory push-pull" effect.  

 

The existence of this "regulatory push-pull" effect should not lead to under-estimate the role 

of supply and demand-side determinants. The environmental objective cannot be the only 

purpose of innovation, but come in addition to the other objectives of innovation. In that 

sense, environmental innovation appears as the result of a search for technological 

compromises between various determinants and objectives. As emphasized by Florida (1996), 

the relationship between industrial and environmental performances can take the form of a 

trade-off, but the simultaneous achievement of both objectives is also possible. Florida (1996) 

shows that firms that are innovative and adopt advanced manufacturing practices can 

simultaneously realize improvements in productivity and environmental performance. To 

some extent, environmental improvements flow from broader corporate efforts to innovate 

and implement new and more efficient manufacturing systems and practices. This 

combination of multiple objectives, and so the underlying search for technological 

compromises, is a specific characteristic of environmental innovations. As emphasized by 

Oltra and Saint Jean (2005), the capacity of firms to develop and to adopt environmental 

innovations depends on their ability to combine productive efficiency and product quality 

with environmental objectives
5
. Because of this multiplicity of objectives, the analysis of 

environmental innovations should focus more on the complex relationships between 

competitiveness and environmental performances of firms, as well as on the integration of 

environment within the overall innovative strategy of firms. It implies to go further in the 

microeconomic analysis of environmental innovation process.  

 

What is more, a thorough analysis of the whole set of determinants of environmental 

innovation could contribute significantly to a better understanding of policy effects. The 

controversies on the empirical results concerning the impact of regulation on innovation are 

certainly linked to the simultaneous effects of other factors which may impede the incentive 

effects of regulation. The technological response of regulated firms may strongly differ 

according to demand conditions, but also to technological opportunities and appropriability 

conditions. Thus it is very difficult to generalise about the innovative effects of environmental 

policy instruments since the impact of each instrument depends on the context in which it is 

implemented. The evolutionary literature on technological regimes can be particularly 

relevant here, characterizing the technological environment in which firms operate.  

 

                                                 
5
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sense of Porter and Van der Linde (1995). 
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3. Technological regimes and sectoral patterns of environmental innovation 

 

3.1 The concept of technological regime 

 

The literature on technological regimes provides a useful framework for empirical analyses of 

the microeconomic dynamics of innovation. The concept of technological regime, initially 

developed by Nelson and Winter (1982), corresponds to a description of the technological 

environment in which industrial firms operate. It identifies the properties of learning 

processes, sources of knowledge and nature of knowledge bases that are associated with the 

innovation processes of firms active in distinct sets of production activities (Dosi, 1982). 

Malerba and Orsenigo (1995, 1997) define a technological regime as the combination of four 

factors: knowledge bases, technological opportunities, appropriability conditions and 

cumulativeness of innovation. They empirically study how these factors shape the innovative 

patterns of firms and so the properties of the industrial dynamics. Using patent data the 

authors show that the patterns of innovative activities differ systematically across 

technological fields, while remarkable similarities emerge across countries for each 

technological field. These results strongly suggest that "technological imperatives", and so the 

characteristics of technological regimes, play a major role in determining the patterns of 

innovative activities.  

 

In the Schumpeterian tradition, the authors distinguish between two types of technological 

regime
6
:  

¶ the "entrepreneurial regime" is characterized by an innovative base which is continuously 

enlarging through the entry of new innovators and the erosion of the competitive and 

technological advantages of the established firms in the industry;  

¶ the "routinised regime" is based on the dominance of a few established firms which are 

continuously innovative through the accumulation over time of technological capabilities. 

 

These patterns of innovation are seen as the results of specific combinations of technological 

regime conditions. Malerba and Orsenigo (95, 97) show that "routinised regimes" are 

characterized by high appropriability and cumulativeness conditions, which allow innovators 

to accumulate technological knowledge and to build up innovative advantages over potential 

entrants. This progressively creates a technological leadership from the established firms 

which explains the concentration of innovation, the stability in the hierarchy of innovators and 

the low rate of entry which are observed in this type of technological regime. On the contrary, 

“entrepreneurial regimes” tend to be characterized by low appropriablity and cumulativeness 

conditions, which enable new innovative firms to enter the industry. In that case, the industrial 

dynamics is characterized by a turbulent market structure, which is linked to the high rate of 

innovative entry, and by a low concentration of innovation.  

 

By extending the previous taxonomic exercises of Malerba and Orsenigo (1996) and Pavitt 

(1984), and by focusing more on the role of technological barriers to entry, Marsili (2001) 

proposes a new typology which distinguishes five industrial technological regimes: science-

based, fundamental processes, complex systems, product engineering and continuous 

processes. This typology provides a more detailed framework in particular concerning the 

characteristics of the knowledge bases and the sources of barriers to entry. Each regime is 

defined by a specific combination of technological opportunities, technological entry barriers, 

inter-firm diversity in the rate and directions of innovation, diversification of the knowledge 

                                                 
6
 This distinction has been introduced by Winter (1984).  
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base, external sources of knowledge, links with academic research and nature of innovation. 

By collecting empirical data Marsili (2001) identifies and characterizes the industries 

composing each regime. Such a detailed analysis of technological regimes enables to qualify 

more precisely the sectoral patterns of innovation. It provides a relevant framework to 

apprehend the technological dynamics of industrial sectors and the heterogeneity among 

sectors. Within this perspective, we can study how the characteristics of technological 

regimes shape the patterns of innovation in terms of concentration, directions of research, 

sources and types of innovation (cf. figure 1).  

 

The evolutionary literature provides a range of models addressing the interplay between 

technological regimes, innovation and the evolution of market structure. The contribution of 

the concept of technological regime to the analysis of environmental innovations is twofold:  

¶ It highlights the relevance of sectoral approaches of innovation and the importance of 

taking into account the industry specific context. 

¶ It identifies the main features of the technological environment which may impact 

innovative activities of firms, thus providing a set of factors which have to be taken into 

account when analysing environmental innovations and the effects of policy instruments. 

 

 
Figure 1: Evolutionary analysis of technological regimes 

 

3.2. Towards a sectoral approach of environmental innovations 

 

One of the main outcomes of the evolutionary literature on innovation is to show that 

industrial sectors provide a key level of analysis for economists in the examination of 

innovative and production activities (Malerba, 2002). A huge empirical literature on sectoral 

case studies provides a rich (and heterogeneous) set of empirical evidence on the features of 

sectors, on their technologies, production, innovation and demand conditions. Research works 

on environmental innovations are rarely conducted at a sectoral level and the question of the 

relevant level of analysis is not discussed. Given the difficulties in collecting data, it seems 

that the level of analysis is often determined by the aggregation level of available data.  

 

Sectoral approaches could bring new insights on the effects of regulation and, more generally, 

on the patterns of environmental innovations. Horbach (2008) emphasizes that there are 

significant sectoral differences in terms of their propensity to realize innovations with 

Technological regimes 

- Characteristics of knowledge 

bases  

- Technological opportunity 

conditions 

- Appropriability conditions 

- Cumulativeness of innovation 

- Technological barriers to entry 

Patterns of innovation 

- Concentration and size of 

innovative firms 

- Directions of research 

- Sources of innovation 

(entrants, established firms, 

suppliers…) 

- Types of innovation (product, 

process, incremental/radical…) 
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environmental effects. He argues that firms belonging to sectors with high average sales of 

new products are more likely to innovate be it environmental or other innovations. Within the 

same line of inquiry, Mazzanti and Zoboli (2006) show that sector effects on innovation 

prevail over size effects on both input and output sides of the innovation process. They 

identify environmentally critical sectors like chemicals, ceramic and paper, which are more 

involved in innovative dynamics than others. They also emphasize that the types of 

environmental innovation (emission reduction, waste management, energy related…) differ 

according to sectors. These results illustrate that sectors‟ involvement in environmental 

innovations is linked to their propensity to innovate in general, and to their relationship with 

environment (type of productive activities, level and nature of polluting emissions, regulatory 

framework…). A better understanding of these sectoral specificities could help to identify the 

factors affecting environmental innovations and so to go deeper in the analysis of the 

innovative effects of policy instruments. If the literature provides a lot of comparative studies 

on the relative impact on innovation of various environmental policy instruments, there is not 

any comparative analysis of the impact of a single instrument across sectors. However, the 

same policy instrument may exert different impacts on innovation according to industrial 

sectors.  

 

By identifying the main factors characterizing the technological environment of industries, the 

concept of technological regime can be used as a departure point for a sectoral analysis of 

environmental innovation. The evolutionary framework can be used to explore how the 

properties of technological regimes affect the sectoral patterns of environmental innovations. 

Such a framework provides a set of “technological determinants” which may determine the 

sources and the types of environmental innovations carried out in a specific sector: 

 

¶ Opportunity conditions: what are the types and the levels of technological opportunity 

linked to environmental protection, and more specifically to environmental regulation? In 

several industrial sectors, environmental regulation opens new directions of research, for 

example in order to substitute polluting inputs, to find new materials and/or to develop new 

cleaner production processes, thus creating new technological opportunities for firms.  

¶ Knowledge bases: What is the knowledge base which is necessary to produce 

environmental innovations? To what extent the environmental objectives, notably linked to 

regulation, do call into question the existing knowledge bases of firms? Does the compliance 

with regulation imply the development of new knowledge, and more specifically of scientific 

knowledge? This focus on knowledge bases may be important to describe the innovation 

process and to identify potential impediments to environmental innovation. 

¶ Appropriability conditions: What are the modes and the levels of appropriation of 

environmental innovations? Are environmental innovations patented? If yes, what is the 

impact of patents on the diffusion of environmental technologies? 

¶ Cumulativeness of innovation: As emphasized by Horbach (2008), the accumulation of 

technological capabilities is an important determinant of environmental innovations. 

Cumulativeness of research and innovative activities tends to create path-dependency and 

“innovation breeds innovation” effects. These effects strongly determine the sources of 

environmental innovation, in particular in the sectors corresponding to „routinised 

technological regimes‟ which innovation dynamics is driven by large established firms. 

¶ Technological barriers to entry: Are potential entrants and new firms a source of 

environmental innovations? As emphasized by Marsili (2001), technological barriers to entry 

strongly determine the industrial dynamics of sectors. Established firms versus entrants tend 

to develop different patterns of innovation. 
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As emphasized in evolutionary models, the properties of technological regimes influence the 

sources and the nature of innovation. The application of this framework opens new research 

perspectives on environmental innovations. The concept of technological regime offers a 

useful tool to develop a sectoral and dynamics approach of environmental innovation. It 

enables to consider environmental innovations within an industrial dynamics perspective and 

to study how environment is integrated within the technological dynamics of sectors. Such an 

integrated approach is necessary since, as underlined in paragraph 2.2, the environmental 

objective cannot be the only purpose of innovation, but come in addition to the other 

objectives of innovation. Finally, the evolutionary literature on technological regimes can be 

used to grasp the diversity of environmental innovation dynamics and the role of sectoral 

determinants. It can also shed light on the effectiveness of policy instruments according to 

industrial sectors.  

 

4. Technological competition and demand-side dynamics 

 

A review of the recent literature on evolutionary modelling of technological competition and 

the role of consumer demand is presented in order to emphasize the main results that can be 

applied to environmental innovations.  

 

4.1 Overview of the literature on technological competition 

 

The evolutionary literature on technological competition can be split up into two types of 

literature: on the one hand, research on technological competition and network externalities, 

on the other hand, industry life cycle analyses. Research on network externalities considers 

contemporaneous competitions between rival variants of the same technology and focuses on 

increasing returns and technological lock-in phenomena (Arthur [1988, 1989], Katz and 

Shapiro [1986], Farrel and Saloner [1985]). In the industry life cycle literature, the focus is on 

the evolution of industry structure and on the emergence of a dominant design: through time 

the technology stabilizes and so does the industry structure, which generally becomes quite 

concentrated (see for example Abernathy and Utterback [1988], Klepper [1996], Malerba and 

al. [1999]). More recently there have been versions of this theory that stress demand side 

dynamics. A dominant design emerges and industry stabilization occurs not so much because 

a particular satisfactory technological mode is found, but rather because there are network 

economies of bandwagon effects on the demand side (Malerba and al., 2007). Progressively 

more research works focus attention on the role of demand conditions and heterogeneity in 

consumers' preferences in the process of technology diffusion and adoption
7
. 

 

One of the most influential expression of the role of demand in technology competition has 

been Christensen (1997) examination of disruptive technologies. Disruptive technologies are 

new technologies that introduce a different performance package from mainstream 

technologies and are inferior to mainstream technologies along the dimensions of 

performance that are the most important to mainstream consumers. Technology disruption 

occurs when, despite its inferior performance on focal attributes, the new technology 

displaces the mainstream technology from the mainstream market (Adner, 2002). Christensen 

                                                 
7 According to Metcalfe (1988), adoption analysis considers the decision taken by agents to incorporate a new 
technology into their activities, while diffusion analysis is concerned with how the economic significance of a new 
technology changes over time. Moreover it is important to precise that in the evolutionary literature the diffusion 
process is characterized by post-innovative improvements of the diffusing technology. These post-innovative 
improvements play a vital role in increasing the rate of diffusion within existing applications and in extending the 

technology to new applications (Georghiou and al. (1986) and Rosenberg (1982)). 
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introduces the idea of 'performance oversupply' to explain that mainstream consumers adopt 

the disruptive technology in spite of the superiority of the incumbent technology. The 

principles of performance oversupply states that once consumers' requirements for a specific 

functional attribute are met, evaluation shifts to place greater emphasis on attribute that were 

initially considered secondary. Adner (2002) develops further this demand-based view by 

formally modelling the role of the demand environment in shaping competitive dynamics. By 

building a model characterizing the utility functions of different market segments, the author 

explores the influence of the structure of demand, which is posed in terms of heterogeneity in 

consumer requirements and preferences, upon technology rivalry. It is showed that the 

essential aspect of technology disruption is consumers' decreasing marginal utility from 

performance improvements beyond their requirements, which translates into a decreasing 

willingness to pay for improvements. This argument complements the notion of performance 

oversupply, by suggesting that technology disruption is likely to occur when consumers are 

willing to accept a worse price/performance ratio because the absolute price of the new option 

is sufficiently low. So the price at which the new technology or product is offered becomes 

critical to a disruptive outcome. Adner (2002) also shows that the structure of consumers' 

preferences shapes the competitive dynamics and in particular the degree of preference 

asymmetry among market segments which determines firms' differential incentives to 

compete for new segments. Within the same line of inquiry, Malerba and al. (2007) show that 

the successful introduction of a radically new technology in an industry, where a dominant 

design and a small collection of dominant firms had emerged, may be dependent upon the 

presence of a group of experimental users, or of a niche of consumers, willing to experiment 

the new inferior product or technology. 

 

The various contributions on technology competition depart one with each other regarding 

their respective assumptions on the characteristics of the competing technologies. Do the 

competing technologies offer exactly the same characteristics in the sense of Lancaster 

(1971)? And so do they compete on the same market segment? Is the new technology inferior 

or superior to the old one? These elements strongly determine the outcome of the competitive 

dynamics. Windrum and Birchenhall (2005) use the distinction between two cases of 

displacement of an established technology by a new one: technological substitution and 

technological succession. In the latter case, the new technology offers one or more new 

service characteristics
8
 that were previously unavailable using the old technology. The authors 

identify a set of potential conditions for a technological succession to occur. Using a 

simulation model, they show that successions are more likely to occur when the gain in direct 

utility of consumers from the new technology is high. The results emphasize that the initial 

quality differential between the new and the old technology designs is an important 

determinant of successions. Windrum and Birchenhall also identify a strong "sailing ship 

effect" in the sense that the entrance of new firms competing with a new technology 

stimulates old technology firms to innovate in order to improve the quality of their products
9
. 

Consequently, the probability of a succession depends on the relative rates at which new and 

old technology firms successfully innovate. 

                                                 
8
 For a presentation of the concepts of technical and service characteristics of technology and product, see for 

example Frenken and Saviotti[]. 
9
 Significant improvements are often induced in technologies under competitive threat from the new technology, 

so that the diffusion curve is shaped by the evolving pattern of competitive advantage between rival technologies 

– a phenomenon which is called "sailing ship effect" (Graham, 1956). 
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4.2 Technological competition and environmental technology diffusion 

 

These findings can be of great relevance when studying environmental innovations. More 

precisely, it can shed light on the mechanisms underlying the competitive dynamics between 

an established technology and a new environmental one, with a focus on the role of demand 

conditions. Without considering an endogenous process of preference formation, the recent 

literature on technological competition can bring new contributions on the role of demand 

structure and consumers' preferences in the adoption and diffusion of environmental 

technology
10

. Indeed in many cases, the adoption and the diffusion of environmental 

technologies can be viewed as a typical case of technological competition between an 

established technology, or a dominant design, and an alternative (or a set of alternative) 

environmental technology. The findings of the literature on technological competition can be 

used to draw some lessons on the most favourable demand conditions for the adoption and 

diffusion of environmental technology.  

 

As emphasized by Adner (2002) and by Windrum and Birchenhall (2005), the price and the 

utility associated to the new technology (or product) are critical to determine the outcome of 

the competitive dynamics. These arguments are particularly relevant in the case of 

environmental technology for which the price-performance ratio is often critical. By referring 

to Saviotti (1996), we can consider an environmental technology to be a new technology 

introducing new or improved service and technical characteristics in terms of environmental 

performances. But the competitiveness of the technology is not merely determined by its 

environmental performances, but by the whole performance package characterizing it. The 

outcome of the competitive dynamics depends on the global performances (environmental and 

non-environmental) of the new technology, and more particularly on the performance criteria 

that are the most important to what Christensen (1997) calls "mainstream consumers". The 

more efficient the new environmental technology on the mainstream characteristics, the more 

likely its diffusion. Consequently, the crucial element of the competitive dynamics is the 

correspondence between the global performances of the new environmental technology and 

the distribution of consumers' preferences on the whole set of performance criteria. Within 

this perspective, the question of tradeoffs and synergies between the various performance 

criteria of environmental technology (or product) appears as a central element of the 

competitive dynamics which should be explored further.  

 

But very often, environmental performances are improved at the expense of other product 

characteristics. In that case, there is a tradeoff between the environmental performances and 

the quality of products. Here the literature on technology competition can be of interest to 

identify the conditions which may be conducive to a technology disruption or succession. As 

emphasized by Windrum and Birchenhall (2005), the initial quality differential between both 

competing technologies (or products) and the direct utility of consumers linked to the new 

technology are important determinants of successions. The literature on technology disruption 

highlights that a shift in consumers‟ preferences is necessary for the diffusion of the 

disruptive technology to occur. Such a shift in preferences implies that consumers place 

greater emphasis on environmental attributes that were initially not considered or as 

secondary. In summary, it means that when a new environmental technology exhibits inferior 

performances along the dimensions that are the most important to mainstream consumers, a 

change in preferences is a necessary condition for the diffusion of the considered technology. 

                                                 
10

 Here the term 'environmental technology' encompasses process and product innovations. For a definition, see § 

2.1. 
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This argument may help to understand why certain environmental technologies (or policies 

promoting them) fail or succeed.  

 

Research works often cite consumers pressure as playing a role in the environmental 

performances of firms, with particular emphasis on the emergence of "green consumers"
11

. 

But even if the ecological concerns of consumers and the expected increase in future demand 

for environmental products is assumed to trigger environmental product innovations, a formal 

analysis of the structure of preferences and of purchase criteria is still lacking. A critical issue 

remains how do consumers valorise and take into account the environmental characteristics of 

products. Here a particularly relevant preference is the preference to consume in an 

environmentally friendly manner. Frey (1999) characterizes this consumption behaviour as 

intrinsically motivated behaviour as oppose to externally motivated behaviour. But the 

evolution of consumers‟ preferences also raises the question of the perception and the 

assessment of the environmental characteristics of products. Consumers have to cope with the 

typical problem of experience goods since they cannot know ex ante the environmental 

characteristics of goods. To be able to valorise the environmental characteristics of products 

and so to set up some environmental preferences, consumers need some information and 

specific knowledge on the environmental properties of goods. It is the reason why policy 

instruments such as information provision and eco-labels are necessary to inform consumers 

efficiently and to stimulate the diffusion of environmental products
12

. More generally, the 

understanding of the social dynamics underlying preference change can bring important 

contributions on the demand-side dynamics of environmental technologies
13

. 

 

The literature on technological competition also insists on the determining role of the relative 

price of each competing technology. A technology disruption can occur only if the absolute 

price of the new technology is sufficiently low to compensate its worse price-performance 

ratio (Adner, 2002). Very often this condition is not fulfilled since many environmental 

technologies are characterized by a price premium. In that case, the willingness to pay of 

consumers become critical and the price associated to the environmental technology may 

impede its diffusion. In these conditions, the diffusion of the technology may be restricted to 

small niche markets characterized by what Malerba and al. (2007) call “experimental users”. 

To avoid the diffusion of environmental technology being doomed to isolated experiments 

remains one of the main challenges that need to be addressed by public policy. 

 

 

4. Conclusion: towards a co-evolutionary approach of sectoral systems of environmental 

innovation (to be completed) 

 

As a conclusion, we argue that in an evolutionary framework environmental innovations are 

considered to be the result of the dynamic interplay between technological regimes, market 

demand conditions and environmental policy. Recent works on sectoral systems of innovation 

provide a relevant framework for analysing environmental innovations at the industry level. In 

order to provide a multidimensional, integrated and dynamic view of sectors Malerba (2002) 

develops the concept of "sectoral system of innovation and production", which is defined as 

"a set of new and established products for specific uses and the set of agents carrying out 

market and non-market interactions for the creation, production and sales of those products" 

(Malerba, 2002, page 250). This notion provides a useful tool for a descriptive analysis of the 

                                                 
11

 See for example Gladwin (1993), Drumwright (1994) and Conolly and al. (2006). 
12

 For an evolutionary modelling of the effects of eco-labels, see for example Bleda and Valente (2008).  
13

 See for example Janssen and Jager (2002). 
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structure and boundaries of sectors, for the identification of the factors affecting innovation 

and competitiveness of firms, and for the development of new public policy indications. Such 

a sectoral framework can contribute to the analysis of environmental innovations by 

integrating their various determinants on the supply, technological and demand sides. By 

acknowledging that environmental innovations, like innovation in general, result from a 

dynamic and interactive process of knowledge creation and diffusion, the emphasis is put on 

the coevolution between the various elements of the system. Within this perspective, 

institutions, technology and industry structure develop in a co-evolutionary relationship in 

which policies are adjusted to emerging technological paradigms and paradigms are adjusted 

to policies (Nelson, 1994). As depicted in figure 2, such an evolutionary framework can be 

used to analyse the sectoral patterns of environmental innovation as the result of the interplay 

between technological regimes, market demand conditions and environmental policy. It may 

help to understand the microeconomic dynamics of environmental innovation and to draw 

policy implications on the type of instrument to be used according to the stages of the 

innovation process and the type of targeted industrial sector. 

 

 
 

 

Figure 2: Sectoral systems of environmental innovation: a co-evolutionary framework  
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