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1. Introduction
Several European policy documents make a direct link between government policies to support the ability of firms to innovate and employment, with job creation one of the primary goals of innovation policy. The European Commission’s First Action Plan for Innovation in Europe, for example, is subtitled ‘Innovation for growth and employment’. The introduction to the First Action Plan goes straight to the point:

A demand for new products and services is emerging. The ability to innovate in order to satisfy these new needs is a precondition for the future creation of jobs in Europe. This ability is also necessary in order to maintain competitiveness and employment in other sectors of activity. (p.2).

Another goal of European policy is to promote environmentally sustainable development,
 while a third goal is to improve the competitiveness of European firms. Combining European policy on employment, innovation, environmental sustainability and competitiveness produces an overarching policy goal to encourage environmental innovation in a manner that improves both the competitiveness of European firms and employment conditions. Where this is not feasible, the goal is to minimise any losses in competitiveness and to maintain employment levels as much as possible. 

The link between environmental innovation and competitiveness has inspired an evaluation of how government regulations could be designed to promote process innovations that use less energy and materials (Pearce and Turner, 1984; Porter, 1990). One view is that such regulation could “trigger innovation that may partially or more than fully offset the costs of complying with them” (Porter and van der Linde ,1995, p 98). This scenario is referred to as a “win-win” situation because of gains for both the environment and the competitiveness of firms. The drawback to the win-win scenario is that it usually requires employment losses (assuming no compensatory effects), since the savings in inputs that are necessary to maintain competitiveness would also results in a fall in either direct labour needs within the user firm or indirect labour needs by suppliers of energy or material inputs. 

As an example, agro-biotechnology can be used to develop new crop varieties that require fewer inputs of fertilisers and pesticides, both of which are major environmental pollutants. At the same time, a reduction in inputs of fertiliser and pesticides will lead to a reduction in employment in agro-chemical firms. These negative indirect employment effects are unlikely to be surpassed by an increase in direct employment among the firms that develop, produce, and market the new plant varieties. 

It is also possible to imagine a triple ‘win’ situation, with benefits not only to the environment and to competitiveness, but also to employment. This could occur through several compensatory employment mechanisms, such as an increase in agricultural exports or higher domestic consumer demand from a fall in prices, or higher incomes among the employees of agro-biotechnology firms or elsewhere within the agricultural value-added chain. 

Given the policy interest in environmental innovation, employment, and competitiveness, there is surprisingly little available research on the effects of innovation on employment, on the linkages between all three in a triple win scenario, or on the effect of environmental innovation via clean production technologies on employment (Gameson et al., 1997). This research gap is partly explained by the difficulty in estimating the employment effects of  innovation
. Innovation is a micro-economic phenomenon that occurs at the level of the firm, while many of the employment effects occur at the meso level, such as the firm’s sector of activity, and at the macro level of the national economy (Schettkat and Wagner, 1990).

As an example, a firm that develops a major process or product innovation can experience a rapid increase in employment. Yet, this could lead to a fall in employment at the meso level if it forces the bankruptcy of competitors that are unable to match the cost reductions made possible by a process innovation or the superior characteristics of a product innovation. At the macro level, the innovation could result in either an overall decline or increase in employment, depending on other factors. A full assessment of the links between employment and innovation would require tracing the effects of an innovation throughout the entire production chain. This requires complete data on both innovation at the firm level and employment data at the level of a sector or an entire economy. Unfortunately, this type of data is rarely available.

The lack of concrete research results for the employment effects of innovation extends to several major policy studies on innovation and employment. We give two examples here:

· One would think that the OECD (1996) report Technology, Productivity and Job Creation would closely examine the linkages between innovation and employment. In fact, the study  does not provide any empirical evidence for the linkages between technical innovation and job creation, although it briefly summarises economic theory on innovation on employment. 

· A report for the European Commission by a High Level Expert Group (HLEG, 1997), Building the European Information Society for Us All, discusses the effect of information and communication technologies on the organisation of work, but there is no discussion of employment impacts, other than a statement that information technology will provide ‘opportunities for new forms of employment in high value, high skill occupations’. 

One exception is a recent study by Passamonti and Lucchi (1998) for the FAIR project, which is funded by the European Commission. This study used basic data on current employment in electronic commerce and the traditional retail sectors to estimate the effect of electronic commerce on future employment in the European Union.

This report reviews some of the research on environmental innovation, employment and competitiveness. The focus is on perspectives that can be used in the development of a survey of the effects of environmental innovation on employment and competitiveness. Most of the relevant literature does not concern environmental innovation by itself, but innovation in general.  

2. Theory Of Innovation And Employment
The effect of innovation on employment depends on three factors: the type of innovation, direct and indirect effects in firms within the value-added chain, and compensatory mechanisms that can reduce the tendency for process innovation to reduce employment. 

2.1 Type of Innovation

There are two main types of technical environmental innovations: 

· Product innovations that use less inputs or which are more environmentally benign during their lifetime of use, including their disposal. 

· Process innovations that reduce inputs of labour or materials as in clean production. 

In addition, some environmental innovations influence both manufacturing processes and product characteristics, such as process innovations that improve product quality. We ignore here end-of-pipe environmental innovations. Although they can increase employment through a growth in inputs, they should have a negative effect on competitiveness and an unknown effect, over the long term, on environmental sustainability. 

Technical product innovation further divides into two main types. A firm can develop a better version of an existing product or it can develop an entirely new product to serve a new market. Environmental product innovations from the first category include improved versions of existing products. These environmental product innovations are usually introduced by the firms themselves. For instance, an automotive firm could develop a new engine that uses less fuel. 

The second type of environmental product innovation consists of goods developed by environmental firms and sold to user firms. An example is water treatment technology that is developed by an environmental firm and sold to a wide range of industrial users. This type of product innovation can increase employment in the EGS sector, although the net effect on employment depends on employment effects in the user firms. 

Another relevant type of environmental innovation consists of service innovations, such as organised car sharing through a dedicated organisation or between neighbours or families,  and organisational innovations within firms. The latter include the establishment of environmental responsibilities, environmental teams, linkages with other companies, the use of environmental learning techniques, and company transport management schemes for employees to discourage the use of automobiles. Another type of organisational innovation that is difficult to define is a  change in the organisational “culture’ in such a way that environmental issues form part of the mind set of the firm’s staff. These include a sense of corporate responsibility and an alteration in the perception of environmental measures: as a way to save money besides a cost factor.

Environmental innovation may also consist of infrastructure changes, for example, infrastructure support for bicycling or the building or improvement of sewerage and waste water treatment plants. Such innovations may have important employment effects, but these are rarely studied.  

Process innovation usually reduces inputs of labour or materials and consequently acts to reduce employment at the level of the sector or economy, although it can improve the competitiveness of the firm that introduces the process innovation, leading to expanded sales and an increase in employment (Miles, 1990). The optimum environmental process innovation will also reduce inputs in order to maintain competitiveness. 

Figure 1 illustrates the linkages between the different factors that can influence the employment effects of environmental innovation. The first line includes policy and market demand factors that influence investment decisions within the firm. These decisions can affect both the type of environmental innovation and the location of business activities. The latter, which includes delocalisation of production or R&D in order to escape a strict regulatory environment, could reduce employment in Europe.  The fourth line includes the direct employment effects within the innovating firm. Compensatory effects can show up through trade and consumer demand. The last two lines summarise the main indirect effects on suppliers, competitors, users and waste management firms. 

2.2 Other employment output measures
The discussion so far shows that environmental innovation can influence the total number of jobs (or the total number of hours worked). In addition, innovation can also affect the composition of both existing and new jobs, by changing the required skill levels. 

Innovation, particularly through process changes, has long been thought to reduce skill requirements. Examples are Taylorism and Fordism, where organisational and technical changes to production methods reduced the skills needed to assemble products. In contrast, recent technical innovations such as the application of information and communication technologies or biotechnology tend to favour skilled over unskilled labour (Cotis et al, 1996; Siegal, 1998; Hall, 1998; Hayward, 1992).

Whether or not environmental innovation strategies are biased towards skilled or unskilled labour is an important issue for employment because of its link with wages and the supply of skilled workers. Traditionally, skilled labour has been paid above average wages. This has led to a policy preference to support innovation on the basis that it will lead, if not to more employment, at least to higher paid employment. This policy prescription is not likely to be entirely reliable because of a breakdown in the positive relationship between high skills and high wages in countries, such as France, with an oversupply of educated workers (Goux, 1996). In addition, the relationship between wages and skills will depend on other factors such as worker productivity and shortages of some highly desirable skills. These can vary by sector and by the development path of future innovations. 

Figure 1: Policy, environmental innovation and employment














3. Research On Employment And Innovation

One of the most thorough studies of the effect of innovation on employment models the direct and indirect employment effects of the adoption of industrial robots in Germany (Edler, 1990). The direct effects include employment levels among robot manufacturers and users in the car industry. The indirect effects include suppliers to the robot manufacturers and suppliers to the car industry. The results show an overall decline in employment with the adoption of industrial robots. The introduction of compensatory effects through a reduction in price and a demand elasticity of 1 leads to lower employment losses, but the net effect is still a decline in employment. 

Many of the analyses of innovation surveys have focused on the employment effects of product versus process innovation. The results of innovation surveys at the micro or firm level in Germany, the Netherlands, France, Italy and Austria generally shows that product innovation increases employment in the innovating firm. As an example, Brouwer et al (1993) examine employment growth in a panel of 771 Dutch firms between 1983 and 1989. They report a positive correlation between employment growth and the relative effort expended by a firm on product compared to process innovation. They suggest that this effect could be partly explained by product life cycle factors. Firms that expend a lot of effort on product innovation could be active in new products where both markets and employment are likely to grow. 

The results at the level of the firm for process innovation are less consistent.  Process innovation increased firm level employment in the Netherlands (Licht, 1997), Germany (Smolny, 1998) and France (Greenan and Guellec, 1997), but decreased employment in a separate study for Germany (Licht, 1997) and in Austria (Leo and Steiner, 1997) and Italy (Cesaratto and Stirati, (1997). Other results for Italy from the early 1980s show that more firms report a decrease than an increase in employment after the introduction of an innovation, but that the most frequent outcome is no change in labour requirements (Pianta et al, 1996). 

Only a few studies have estimated the effect of innovation on employment at the level of a sector or economy. Guellec and Greenan (1997) found process innovation to decrease employment in France at the industry level, as expected. 

Aghion and Howitt (1994) develop a model for the link between economic growth and employment at the macro-economic level. Economic growth occurs through innovation, which results in the destruction of older manufacturing plants. Moderate levels of innovation produce a higher natural rate of unemployment than no innovation, due to increased job turnover from a decline in the length of each job and a time delay between the loss of a job and the acquisition of a new one. However, very high rates of innovation can reduce the natural unemployment rate, producing an inverted ‘U’ relationship between natural unemployment and innovation rates.

3.1 Innovative intensity and employment growth
One expectation is that employment growth will be positively correlated with the innovative intensity of a firm. This should occur for both product and process innovation, since process innovators should be able to win market share away from their competitors. Surprisingly, this expectation is not always supported at the firm level by innovation surveys. 

Brouwer et al (1993) find that employment growth is not correlated with the firm’s R&D intensity, which is one measure of the innovative activity of a firm. Klette and Forre (1998), in a study of Norwegian manufacturing plants between 1982 and 1992, report that there is no link between net job creation and R&D intensity. In fact, they find that plants that do not perform R&D have higher job creation rates in all years than R&D performers.

4. Micro, Meso, and Macro Employment Effects

The development and adoption of clean technology by companies has direct and indirect employment effects at different levels: the micro level of companies adopting a clean technology or selling it, the meso level of the supply chain, and the macro level. Most of the empirical studies reviewed above examine the direct effect of innovation on employment levels at the micro level. This section looks more closely at micro effects before an evaluation of meso and macro employment conditions.

4.1 Factors Affecting Micro Level Employment

The potential employment effects of environmental innovation at the micro level include:

1. Effects from the operation and maintenance of clean technologies, including new process technologies or the adaptation of existing production systems. The labour intensity of new or improved production systems may be lower than that of the existing ones, leading to a net reduction in employment. 

2. The operation and maintenance of end-of-pipe technologies should increase employment, although the long-term effects on the goal of environmental sustainability could be negative.

3.  Lower employment due to reduced production and sales as a result of price increases that stem from increased costs. The alternative is positive employment effects connected with increased production due to a fall in costs.

4. Positive employment effects connected with the production and sales of environmentally improved products. This can be counteracted, within the firm, from negative employment effects from the replacement of old product lines.

5. Positive employment effects from research and development into environmentally improved  processes and products. This effect is temporary and could be minor.

6. Positive employment effects from support functions linked to production and research. These include environmental officers responsible for the development of environmental programmes and negotiations with regulatory authorities. 

Generally, micro level analyses need to distinguish between effects that are related to process changes and to those linked to product changes, since the general trend in employment should be positive for product changes and negative for process changes. An example of a product change is a firm that develops a new variety of environmentally-improved corn that is resistant to the corn borer and experiences a direct increase in employment due to an increase in demand for its corn seed. 

4.2 Meso level effects

Analyses limited to micro level effects are most useful in determining the types of factors that influence innovation outputs, such as the success or viability of firms. However, the policy interest in employment generally concerns aggregate job creation and job losses. These are only measurable at the meso and macro level. Analyses that are solely limited to the micro level can mask meso level declines or increases in employment, a problem which is discussed further in section 4.4.1 below. 

The focus of meso level analyses is the production chain. The employment outcomes are due to a combination of both the direct employment effects in the innovative firm and the indirect effects on upstream suppliers, horizontal competitors, and downstream users. In some cases the indirect effects can occur within the innovative firm itself, with one business unit of a large multidivisional firm developing an innovation that influences employment levels in another division (Ewers et al, 1990). 

Upstream employment effects consist of the employment that is needed to produce environmental goods and services and the net employment effect of a substitution of more environmentally benign materials for less benign one. Savings in the use of materials can lead to negative employment effects upstream. However, the magnitude of this negative effect is likely to be small since materials production is a rather capital intensive activity (needs to be substantiated).

The downstream employment effects of cleaner production include reduced employment in purchasing firms from the higher costs of ‘cleaner’ inputs, which could lead to a fall in sales. Alternatively, downstream employment could increase if cleaner production results in lower cost products or products with a greater market appeal.

Compensatory employment effects may also occur in horizontal companies, whose sales and production are adversely or positively affected by the clean production activities of other companies in their sector. In case of cost increases associated with clean production that get translated into higher prices, less environmentally benign companies gain an competitive advantage unless the more environmentally benign company is able to exploit a better public image or if consumers are willing to pay extra for products that are produced in a more environmentally sound way. (Survey research finds that consumers are unwilling to pay much more for environmentally superior products).

The end of the production chain consists of the management of industrial waste and the handling of used products. This may take various forms. In the case of products, it may consist of the disassembly and reuse of product parts or the controlled disposal of products in land fills. Industrial waste usually gets treated, to make it suitable for reuse or for disposal. Part of the waste is burnt in special incineration plants. There is a trend towards product disassembly and reuse, especially in countries with a well-developed environmental protection regime. A high percentage of automobile parts, for example, are reused. This is also increasingly true for photocopy machines, television sets, and refrigerators. The disassembly of these products is a labour-intensive activity, suggesting that the greatest employment effects from environmentally sustainable production systems could occur in waste management, at least over the short term. Waste management involve chains of it own involving the collection, separation and transport of used products and waste material. Perhaps IMPRESS should pay more attention to what happens in the final waste stage.  

One way to analyse overall employment effects at the meso level is through the use of input-output analysis. Such analyses has been performed by Duchin and Lange (1998) for plastics recycling.  A problem with these kinds of analyses is the lack of data on specific products. The available data may be too aggregated to be useful. Collecting the appropriate data is a labour consuming task.

Meso level analyses need to account for two types of compensatory mechanisms for a decline in employment from environmental process innovation. First, sectoral employment can increase if cost savings are reflected in a decline in the price of the product and if the elasticity of demand is favourable, such that a fall in the price leads to an increase in demand that is met through expanded production and employment. Second, lower prices could either replace imports or increase exports. In this  case, employment loss is shifted to a different country. 

One word of caution is necessary. Whatever the exact nature and location of the meso employment effects, they are likely to be a small fraction of total job turbulence from corporate decisions and government policies. These include the effects of automation, foreign investment, budget cuts, or large swings in exchange rates (Gameson, et al, 1997).

4.3 Macro level effects

The macro effects depend on the meso level changes and two additional compensatory effects.  The first additional compensatory effect is due to higher wages in the innovative firm or industry (from a growth in productivity) leading to an increase in consumer demand. A second, related compensatory effect is due to higher consumer demand as a result of consumers spending their savings, from lower prices for the innovative product, elsewhere in the economy. Passamonti and Lucchi (1998) use an income-consumption analysis to estimate the latter effect from the use of electronic commerce. They report that almost all of the estimated employment gains for this technology are from a savings-related increase in consumer purchases of other goods and services. 

General equilibrium analyses are a way to assess macro effects of environmental protection. An example is Jorgenson and Wilcoxen (1990).

4.4 Methodological influences on meso and macro employment effects

Several factors can have a strong influence on employment estimates at the meso and macro level. These include the problem of aggregation, outsourcing and the wider problem of how to define a sector, and job turbulence which can mask employment trends.

4.4.1 The problem of aggregation

The identification of micro, meso, or macro level employment effects can be an artefact of the method of aggregation. As an example, Blanchflower and Burgess (1998) investigated the employment effects in the UK and Australia from the introduction of new equipment. The employment effects depended entirely on whether or not averages were calculated using the firm as the unit of analysis or if the results were adjusted for firm size to produce a meso level analysis. The former analysis found a decline in employment while the latter found an increase in employment. The explanation of this anomaly is due to the skewed average number of employees per firm. For example, assume that a sector contains 10 firms with 20 employees and 1 firm with 1000 employees, for a total of 1,200 jobs. All firms introduce the same process innovation. The 10 small firms all lose 1 employee each for a 5% decrease in employment while the large firm gains 50 employees for a 5% gain. An analysis that is unadjusted for firm size will show that the process innovation decreased employment by an average of 4.1% per firm while an industry level or size adjusted analysis will show a 3.3% increase in employment.

The same problem arises for the reported employment effects of environmental innovation in the IMPRESS questionnaire, which need to be weighted. An obvious weight of course is firm size. But perhaps it is better to aggregate the employment results for products or product groups (like paints and coatings)  instead of a sector (the chemical industry). This would require data about sales, employment and environmental innovation at the level of product units. 

4.4.2 Outsourcing and sector definitions

Outsourcing is a problem when inputs that are normally obtained from either the same firm or from a different firm in the same sector are obtained from firms in completely different sectors. An example is the rapid increase in business services, partly due to a shift in the location of employment in manufacturing support services from manufacturing firms to service firms. Although the total number of jobs that are linked to manufacturing could remain unchanged, the movement of jobs to business service firms results in an apparent decline in manufacturing employment. One estimate is that a substantial fraction of the decline in employment in France between 1977 and 1992 in the office equipment sector was due to an increase in inputs from the service sector (Meijers, 1997). 

The problem of shifts in the location of employment due to outsourcing (or integration) can be circumvented by taking the production chain as the unit of analysis. This is what Duchin (1998) has done. Survey analysis is not well suited for this, although one could ask questions about the relocation of employment within the production chain.

4.4.3 Job turbulence

Meso and macro estimates of employment changes due to innovation are complicated by high levels of job turbulence, or the percentage of total jobs that are created and destroyed in a year. For example, research in Canada shows that 10 jobs are shuffled for every net increase in one job (Hamdani, 1997), due to job loss in some firms and job creation by other firms. Similarly, Klette and Mathiassen (1996) find that the movement of jobs from declining to expanding manufacturing sectors is only a small fraction of the total amount of job creation and destruction in Norway. There is also some evidence to suggest that high rates of job turbulence are linked to net job growth (Konings, 1995; Bellman and Boeri, 1998), although Davis and Haltiwanger (1992) report a negative correlation between net employment growth and job turbulence  in the US between 1976 and 1982.

5. The Time Dimension and Competitiveness

The short term effects of clean production are likely to be small and localised, both on employment and competitiveness. Over the longer term, environmental regulation could induce firms to relocate to countries with more lenient regulations (pollution havens) or to close down plants because they are unable to compete against foreign competitors based in countries with lax environmental policies. Compliance innovation may also crowd out normal innovation and have a negative impact on company productivity. This goes against the idea of eco-efficiency. 

There is an established literature on the effects of environmental regulation on a range of outcomes of relevance to innovation, employment and competitiveness, although the majority of these studies do not make direct links between all three of these outcomes. Two relevant outcomes that are linked to both competitiveness and to employment are productivity and GNP. 

The literature on the effect of environmental regulation on productivity is summarised in OTA (1994), Jaffe et al (1995) and the OECD report on regulatory reform
. The aim of these studies was to determine the proportion of the decline in productivity growth in the 1970s that could be attributed to environmental regulation. Such studies were predicated on the belief that regulation has an adverse effect on productivity by diverting resources from productive use. The measure of productivity used is that of total factor productivity. The studies found that environmental regulations accounted for a small share, between 8-16 percent, of the productivity slow down in US manufacturing. For some sectors, the estimated fraction of the decline in TFP growth was much higher: 30 percent for paper producers (Barbera and McConnell, 1990), and 44 percent for electric utilities (Gallop and Roberts, 1983), compared to 10 percent for chemicals. 

The cumulative, inter-industry effects of environmental regulations on growth are analysed in the general equilibrium models of Hazilla and Kopp (1990) and Jorgenson and Wilcoxen (1990). According to the latter study, the combined effect of environmental regulations in the 1974-1985 period was to reduce the average growth rate of real GNP by 0.2 percentage points per year, resulting in a reduction in real GNP in 1985 of 2.59 percent or $150 billion. The losses in GNP need to be viewed against the benefits from regulation in the form of reduced health costs, reduced nuisance, and improved environmental qualities.
 

Lanjouw and Mody (1996) link investment in environmental abatement and innovation in an analysis of the relationship between pollution abatement expenditures in different areas and environmental patents in the US, Japan and Germany. They found a positive correlation between the share of pollution abatement expenditure of GNP and the share of environmental patents in water and air pollution control out of all US patents. The share of environmental patents followed abatement expenditures per unit of GNP, especially for water pollution control. This suggests that high control costs stimulate invention in compliance technology ( in the same way that high energy prices stimulate energy-saving inventions.

These macro-level studies are complemented by micro studies into the innovation effects of environmental regulations. The micro studies consist of case studies of technology development and adoption decisions in companies in response to particular regulations (Irwin and Hooper, 1992; Hirschorn et al.; Schmidheiny, 1992; Makower, 1994; Porter and van der Linde, 1995; Council on Competitiveness, 1996), and statistical analyses of the relationship between compliance expenditures, R&D expenditures and firm performance, using panel data from a sample of companies (Jaffe and Palmer, 1996; Hart and Ahuja, 1996).

The outcomes of the micro studies are mixed. Whereas a study of the Council of Competitiveness (1996) contains examples of regulations that forced aircraft and automobile companies in the US to devote a large part of their research expenditures to projects related to meeting regulations, most of the case studies contain examples of improved environmental performance at no or little cost. This is sometimes taken as evidence that there is no trade-off between environmental protection and economic performance. 

It must be noted that the focus of these studies is on environmental practices and programmes and not on R&D and invention. Accordingly, they provide little information about how environmental regulation affects technical innovation. An exception is Porter and van der Linde, who provide many examples of, what they call, “innovative offsets” or innovative responses to environmental regulations that offset the cost of compliance. According to Porter (1990), environmental regulations made US sectors such as chemicals, plastics and paints more competitive; something which goes against the common view that regulation creates compliance costs and a subsequent competitive disadvantage for sectors. Porter’s views are also at odds with the statistical evidence of compliance costs of 1-2 % of GDP in developed countries.

The Porter hypothesis, which received much attention in policy circles, has been tested by Gray and Shadbegian (1993), Repetto (1995), and Hart and Ahuja (1996). The results of the tests are mixed. Whereas Gray and Shadbegian, using US data, find a negative relationship between pollution control expenditures and plant productivity (but a positive relation between productivity and enforcement, lower compliance and higher emissions), Hart and Ahuja find a positive relationship between environmental performance and economic performance, especially for high polluters. Repetto (1995), also using different environmental and economic performance measures, finds a weak (but often insignificant) negative relationship between the two performance variables in only a few sectors (such as metal plating and industrial detergents). In most sectors, however, there is no negative correlation, which leads him to conclude that “improved environmental performance does not put firms at a market disadvantage or adversely affect market performance” (Repetto, 1995: 19) . It should be noted that the studies of Repetto and Hart and Ahuja do not examine the relationship between regulation and productivity as such; they only examine to what extent differences in environmental performance are connected with differences in financial performance. As differences in environmental performance in a sector usually stem from voluntary action on the part of companies, they merely indicate whether there are cost-reducing solutions besides mandatory changes. These studies do not say anything about the compliance costs of environmental regulation and can therefore not be taken as evidence that environmental regulation does not impose costs or inflict an additional burden on innovation programmes.

The possibility that firms will react to environmental regulation by moving production abroad could have a significant impact on employment. Tobey (1990) found no evidence to indicate that domestic environmental policies influenced trade patterns. This suggests that environmental regulation has not led to a decline in domestic employment from the movement of production to jurisdictions with a more lenient regulatory system.

Other studies have used survey techniques to look at the effects of environmental regulation on employment at the firm level. Golombek and Raknerud (1997) determined the effects of strict versus weak environmental regulation on manufacturing employment in Norway in three sectors: pulp and paper (PP), steel and ferroalloys (SF), and basic industrial chemicals. Strictly regulated firms in PP and SF had greater employment growth than weakly regulated firms. These unexpected results could be due to compensatory effects, such as an increase in either domestic or foreign demand, among the more strictly regulated firms.

ZEW (1999) used case studies and a telephone survey of German firms to evaluate the direct and indirect employment effects of adopting end-of-pipe and integrated environmental technologies. They found a slight net increase in employment at the firm level, although between 80% and 90% of the respondent firms reported no change in employment levels. 

A recent Statistics Canada survey directly investigated the link between the adoption of environmental biotechnology – a group of new technologies that are rapidly diffusing in Canada – and cost offsets. The majority of firms that have adopted these technologies reported lower production costs from either a reduction in labour requirements, material consumption, energy consumption, or lower product rejection rates. All of these effects would tend to reduce employment, either directly in the firm itself or among its suppliers. (Arundel and Rose, 1999).

Taken together, these studies provide abundant evidence to suggest that environmental regulation does not bring about great losses in productivity or create a large competitive disadvantage for companies. This is the conclusion of both Jaffe et al. (1995) and a review by the OTA (1994). The conclusion from Jaffe et al. (1995: 157), in the most authoritative review to date, is that:

“Overall there is relatively little evidence to support the evidence that environmental regulations have had a large adverse effect on competitiveness ... Although the long-run social costs of environmental regulation may be significant, including adverse effects on productivity, studies attempting to measure the effect of environmental regulation on net export, overall trade flows, and plant-location decisions have produced estimates that are either small, statistically insignificant, or not robust to tests of model specifications.”

The authors also state the reasons why the effects of environmental regulation on competitiveness are likely to be small. The first reason is that in most industries the costs of complying with environmental regulation is a relatively small fraction of total production costs (usually between 0-5% of total costs with an average of 2 % for the US industry as a whole). The second reason is that the differences in environmental requirements between developed countries are not great, especially for air and water pollution control. In those cases where there do exist notable differences in environmental regulations, as between developed and developing countries, this factor is most likely to be overwhelmed by other factors such as labour cost differentials, energy and raw materials cost differentials, and infrastructure adequacy. This conclusion is substantiated by empirical studies into plant location decisions. Finally, the authors note that when multinational firms invest in foreign countries, they often build state-of-the-art plants that embody more pollution control than is required in these countries, which suggests that companies do not greatly exploit differences in environmental stringency (Jaffe et al., 1995: 158).

They also note that there is little evidence for the revisionist hypothesis that environmental regulation stimulates innovation and improved international competitiveness, which suggests that the truth regarding the relationship between environmental protection and international competitiveness lies in between the two extremes of the current debate (Jaffe et al., 1995: 159).

5.1 Regulation and Innovation In Europe

Some recent results on the relationship between environmental regulation and competitiveness are available from the PACE survey of Europe’s largest industrial firms
, while the CIS provides results on the importance of reducing environmental damage as an innovation goal
.

Figure 2
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The PACE survey asks specifically about the importance of environmental regulation as an obstacle to the ability of the firm to profit from its innovations in European markets. The phrasing of the question therefore refers to post-innovation results. Figure 2 shows that the majority of firms, from all technology classes, find that environmental regulations are of no importance (these results are not employment weighted). 

Another related facet of regulation is the importance of environmental issues to a firm’s innovation objectives. The CIS asks innovative firms to estimate the importance of reducing environmental damage as a goal of their innovative activities. Employee-weighted results for food sector firms (major users of environmental biotechnology) and for low, medium and high technology firms are given in Figure 3
. Slightly more than half of the firms (except for agro-food firms) find the goal of reducing environmental damage to be a ‘very important or ‘crucial’ goal for innovation.

Figure 3
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These simple descriptive results from the PACE and CIS surveys of European firms are relevant to the linkages between innovation, employment and competitiveness. The PACE results given in Figure 2 indicate that environmental regulation is unlikely to act as an important barrier to the ability of European firms to profit from their innovation, which means that such regulation is unlikely to pose problems for competitiveness, at least for Europe’s largest firms. The CIS results show that the majority of firms include reducing environmental damage as an important innovation objective. At the same time, other results show that most European firms also intend to reduce both direct and indirect labour costs. This suggests that it will be important to separate out the labour saving effects of other innovation projects from the employment effects due to the adoption of environmental innovation.

6. Estimating Employment from Environmental Innovation

This final chapter raises several issues and problems related to the linkages between environmental innovation and employment that are directly relevant to the possible survey techniques to be used by IMPRESS. These issues are drawn from the above review of the existing empirical and theoretical literature. 

Although this review is reasonably extensive, one conclusion stands out: very few studies have attempted to estimate the effect, on employment, of the adoption of innovative process technology. This particular formulation of the problem is of immediate relevance to IMPRESS, since our core task is to estimate the employment effects of the adoption of a family of similar innovative process technologies – in this case clean production technology. This is a different problem from estimating the effect of undefined innovation on firm level employment, which has been the focus of the majority of the studies using survey data. In contrast, the definition of the problem for IMPRESS requires an evaluation of meso and macro level employment effects, since our target technology can be used by firms across the entire spectrum of manufacturing and even by service firms.

The first section below returns to the core problem for IMPRESS by examining some of the potential problems of  two simple methods for estimating the employment effects of specific families of process innovations. The next section discusses how IMPRESS could “go further” than these simple approaches. 

6.1 Simple methods for estimating employment  from process innovation

Both ZEW and Arundel and Rose (1999) have estimated the employment effects of environmental innovation by asking firms if the innovation increased, decreased, or had no effect on direct and indirect employment levels. Although useful as a first step, this method provides very little information on either the relative or absolute effect of innovation on employment. We may learn that a certain percentage of firms report a decline or increase in direct employment, or that most report cost offsets which suggests a decline in indirect employment, but we don’t know about the size of these changes. This means that it is not possible to estimate indirect effects or scale up to the meso or macro level.

Furthermore, most of the questions contained in ZEW’s environmental innovation survey
 will not help us to go beyond simple estimates, since investment rankings and information on increases or decreases in employment do not provide enough detail to estimate aggregate employment effects at the meso or macro level. The same problems apply to the biotechnology survey questionnaire used by Arundel and Rose (1999).  

The advantage of the ZEW questionnaire is that it is elegantly constructed and built around simple questions that most respondents should be able to answer. The challenge for IMPRESS is to develop a questionnaire that can obtain the necessary information without resorting to difficult questions that most respondents won’t be able to answer.

6.1.1 Current employment levels

In some sectors, simply estimating the number of employees that are engaged in a specific technology is a valuable first step to provide estimates of direct employment levels. This has been done, for example, for the EGS sector (Gameson, 1997). Data on direct employment levels can then be combined with forecasted growth rates on the use of the technology to estimate direct future employment. One drawback, of relevance to clean production, is that one needs to be able to define the sector. This is very difficult if the environmental technology has an enormous number of potential users. 

The method is also subject to several serious hazards. One example is the study by Burke and Thomas (1997) on the employment effects of biotechnology. The authors estimate current and future employment levels in biotechnology by attributing 100% of product sales that contain a biotechnology component to biotechnology
. The authors argue that this assumption is reasonable, since the firm would lose its competitive advantage and go bankrupt without the use of the biotechnology at some crucial point. This is unrealistic, since many alternative technology exist. The use of a different technology might increase costs slightly or influence consumer preferences, resulting in a small decline in profits or output, but it is not likely to cause bankruptcy. The effect of the author’s assumptions are to reassign many existing jobs to biotechnology. This will also be a problem for IMPRESS: how do we identify and manage job reallocation?

The approach taken by Burke and Thomas could be acceptable for very small firms that are dedicated to a specific technology. This is illustrated in Table 1, which gives the percentage of employees among ‘biotechnology’ firms that are actually involved in biotechnology in some capacity. For small firms, almost all employees are engaged in biotechnology. This figures falls to 38% for firms with more than 100 employees and should decline further for very large firms. 

Table 1: Average percentage of employees that are engaged with biotechnology for core biotechnology firms in Canada 


Firms active in non agbio biotechnology

No. employees
N
Percent of employees that are engaged in biotechnology

< 10
39
88%

10 – 49
55
88%

50 – 99
17
79%

100 +
27
38%

p for trend

< 0.001

Source: Statistics Canada, Biotechnology Firm Survey – 1997

6.2 Going further

IMPRESS needs to go beyond estimating nominal changes in employment at the firm level or estimates of current and future direct employment levels. As part of this goal, we make several suggestions below on how IMPRESS could ‘go further’. We would also like to stress that these are only suggestions – they need to be more carefully thought out and suitable questions to acquire the necessary information need to be developed.

6.2.1 Type of firm

As an initial step, we need to identify the following basic types of firms: 

· Firms that belong to the EGS sector.

· Waste management companies (they could be combined with EGS firms)

· Firms that are not part of the EGS sector but which sell or license environmentally improved processes or products.

· Other manufacturing and service firms.

The distinction is necessary for the statistical analyses aiming at determining the direct and (first order) indirect effects of clean production in a sector. By making a distinction within a sector between manufacturing companies that sell or license environmentally improved processes and products and those that do not, we may establish employment effects through a comparative analysis using econometric techniques. This will supplement an analysis based on company answers to questions about environmentally related employment.

Furthermore, we will need better measures of the environmentally innovative status of firms.  Basic data on the adoption and development of environmental technology provide some indication on their environmental status, but do not provide a full answer. It may also be worth asking manufacturing firms:

· At what stage of the product cycle are environmental issues addressed: the R&D stage, product design and testing stage, production stage, marketing stage.

· How their environmental performance compares to that of other companies in their sector, both their home country and abroad (especially those in the most important trading countries).

Such information may be used for estimating employment effects and for analysing the link between environmental innovativeness and economic well being. Of course to do we need an indicator for economic well being. Profitability or sales growth may be used as possible indicators for this. There are no good indicators for competitiveness. 

6.2.2. The type of environmental innovation

IMPRESS should limit the variety of technologies to examine. Most taxonomies of environmental innovation includes six main categories: recycling, clean-up remediation technology, environmentally-friendly products with lower impacts throughout their life cycle, end-of-pipe pollution control technologies, and environmental process innovations that reduce the generation of waste products and reduce input requirements (Kemp and Arundel, 1998). For the purposes of employment estimates, these six categories can be reduced to three: process innovations, product innovations that reduce environmental impacts, and remedial product/process innovations (end-of-pipe, remediation). The latter group is one of the main outputs of the EGS sector. 

We suggest that the most important innovation categories for environmental sustainability are improved processes and products. These should form the focus of IMPRESS. The output of the EGS sector is less crucial, since major improvements in clean production and clean products should reduce demand for EGS services, which are primarily of a remedial nature. Of course, many EGS firms could make the transition and develop equipment that firms could install in clean production systems. Under this scenario, EGS firms will gradually transform themselves into equipment suppliers and play the same role as current manufacturers of pulp and paper equipment, who supply paper firms.

An evaluation of the employment effects of environmental process innovations raises an immediate problem due to the diversity of firms that make them. Process innovations can be developed by firms that manufacture capital equipment, by manufacturing firms for their own production lines, or by EGS firms (assuming that such firms make the transition). It is relatively easy to identify environmental innovations developed by EGS firms or by capital equipment firms, but what about innovations developed by a manufacturing firm itself? Many of the latter might be introduced for reasons that have nothing to do with the environment. At the same time, most process innovations, almost by definition, will reduce inputs and will therefore improve environmental sustainability per unit of production. However, some process innovations could reduce labour at the expense of increasing material and energy inputs, which would work against environmental sustainability. 

The possibility that most process innovations could be environmentally beneficial suggests that survey questions on process innovation by non EGS firms should not be limited to environmental innovation that are motivated by the goal of environmental protection. Similarly, it could be misleading to inquire about ‘environmental jobs’. Instead, the firm should be asked about the effects of all its process investments over a defined time period. This allows us to get an approximate idea of the magnitude of environmental benefits that are obtained for “free”. It is also important to determine if these innovations reduce labour costs at the expense of an increase in energy or material use. A rough example of a question format that could obtain such information is given in Figure 4. For multi-divisional firms, this question format may need to be limited to a specific product or to the firm’s main output.

Figure 4

Since 1997, what effects have your firm’s process innovations had on the following inputs per unit of production:


> 25% decrease
5% to 25% decrease
No notable change
5% - 25% increase
> 25% Increase

Total labour hours






     University/college labour hours






Cost of energy inputs






Cost of material inputs






Cost of waste disposal






Cost of end-of-pipe technology






The form of the question in Figure 4 does not differentiate between in-house process innovation and the purchase of equipment from EGS and capital equipment firms. Should these differences be identified and assessed separately? It may also be useful to repeat the question 4 format for different types of environmental investment or to concentrate on a few specific types of environmental investment. Here one could think about different samples for different environmental investments in a sector. The questions could ask companies what part of their environmental investments (in terms of capital investment)  is environmentally motivated and what part is economically motivated. One could image that there are 3 categories: investments that are purely environmentally motivated (usually end-of-pipe investment), those that are purely economically motivated (integral process changes) and those that are both environmentally and economically motivated (clean production or eco-efficiency improvements).

Employment effects can also be assessed indirectly  by asking about the costs of environmental investment in these three main categories and the cost gains from such investments (offsets). The costs effects of a shift to clean production and sales from environmentally improved products may be used to estimate employment effects related to environmental innovation or to check companies’ reported estimates of employment effects. If there is a substantial cost increase one should expect a negative employment effect, even though there may be a temporary employment gain associated with the introduction and operation of the new technology.  Such information is also useful to establish the way in which environmental innovation affects the economic position of a company.

6.2.2 Location of the employment effect within the firm

It is important to clearly distinguish the location of different types of employment effects and the sources of the effects. We should try to gather more precise data than employment estimates for the company as a whole. This is best constructed on the basis of a set of questions that try to determine the employment effects at different places in the organisation: in production, the environmental department, marketing and sales, etc.

As an example, we could ask about changes in job content that are environmentally related or motivated: how much time people in production, research, marketing &sales, management and accounting spend on environmental tasks at this moment, and how much time they spent on environmental affairs 5 years ago.

6.2.3 Competitiveness

 The questionnaire should include one or more questions on competitiveness, such as whether environmental protection has provided them with a competitive disadvantage or advantage (in general and for specific products). We need to think of an indicator for competitiveness. Competitiveness is not the same as profitability but about the ability to secure economic profits in the future. It depends on companies’ technical capabilities, the ability to identify and act upon new market opportunities, the skills of the work force, the ability to absorb external knowledge and so on. The ability has thus technical, managerial and organisational elements. Competitiveness also depends on external elements: on knowledge and capabilities that are available in knowledge institutes and on economic, social and political frame conditions.

This framework includes (Becher in Kemp, 1999)

· the overall economic situation and development, such as the state of the economy, price stability, the development of exchange rates or the situation in the financial and labour markets, 

· the availability of an efficient and complete tangible and intangible infrastructure,

· regulations contained in collective agreements and labour law,

· political determinants such as command and control policy, economic policy, financial policy or the vast sphere of regulations, for instance in the area of consumer protection, insurance, in banking and the transport sector, in the energy industry or in the field of social regulations,

· influences emanating from society and impacting the economic players, like social stability, a society's openness for technological innovations and for economic growth in general, the willingness to put up with negative environmental impacts, etc. 

Innovation is a distributed process – its inputs in terms of knowledge and resources are distributed among many participants and contributors, linked to each other in networks of relationships. Moreover it is a dynamic process, one which involves learning and change within the social and economic spheres.

6.2.4 Long versus short term effects

The long term effects of environmental innovation are potentially more pronounced than the short term effects. This raises the question of whether or not IMPRESS should be more focussed on the long term. At this moment IMPRESS is almost exclusively focussed on the short term effects. We suggest giving more attention to long term effects. 

Two main factors could determine long-term effects: the fierceness of competition and the opportunities to reduce environmental costs through innovation. The effects also depend on the existence of first mover advantages that are related to appropriability conditions and the size of the market for environmentally benign goods. If the market for environmentally improved products is not developing but remains small, first mover advantage will not provide a company with an opportunity for sustained growth. 

6.2.5 Meso and macro effects

Meso effects can partly be estimated from investment cost estimates or from the information acquired in a question similar to Figure 4. Other factors that are important to aggregate effects, such as production chains and trade patterns, could be more suitably investigated in the case studies, although basic data on the percentage of output that is exported outside of the EU will provide an estimate of the potential for compensatory effects. Neither surveys or case studies, however, are able to track and quantify employment changes due to changes in consumer spending linked to the adoption of environmental protection measures. 
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� Environmental goals for European policy are listed in Articles 130R, S, and T of the Maastricht Treaty.  The importance of both environmental and employment goals are restated in the Amsterdam Treaty as a major objective: to promote economic and social progress and a high level of employment and to achieve balanced and sustainable development”.


� Other explanations include the focus of economic research on other employment issues, such as the distribution of wages, and the widespread use of equilibrium models which assume full employment.


� The studies are: Denison (1979; 1982), Norsworthy et al. (1979), Haveman and Christiansen (1981), Gallop and Roberts (1983), Gray (1987), Barbera and McConnell (1990).


� There is disagreement about whether the benefits from environmental regulation exceed the costs. According to a study of Hahn and Hird (1991, quoted in OECD, 1997: 6), the costs of environmental regulations are between $55 and $78 billion in 1988, while the benefits ranged from $17 to $136 billion (in 1988 dollars). According to a study by the EPA the benefits from clean-air policy are $1.3 trillion 1990, and the annual cost of control about 2% of these benefits (EPA, 1996). For a critical review of the latter study,  see Crandall et al. (1996).


� The CIS is not useful in this regard because the question on regulations also includes ‘legislation, norms, standards, and taxation’. Regulations and standards can be beneficial or harmful, depending on the circumstances, while firms usually consider taxes as harmful. This makes the results difficult to interpret.





� The CIS results are drawn from analyses conducted in 1995 as part of an EIMS project on innovation strategies.


� These results are drawn from a 1995 EIMS report for the European Commission.


� A CATI version of this questionnaire has been distributed to the IMPRESS group.


� Thomas (1998) notes that ‘crucially, it was assumed that the use of biotechnology is central to sustain the overall competitiveness of the manufacturing process in question...on the basis of these assumptions, the impact of biotechnology was valued as being 100% of the manufacturer’s sales turnover’ (p. 11).
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High Technology (1592)

High Technology (1592)

High Technology (1592)

High Technology (1592)

High Technology (1592)

42.3

9.2

18.7

12.4

17.4

33.9

18.7

30.4

13.3

3.7

25.8

19.4

22.2

29.6

2.9

19.5

26.9

16.2

14.1

23.3

Agro-food (62)

Agro-food (62)

Agro-food (62)

Agro-food (62)

Agro-food (62)

Low Technology (175)

Low Technology (175)

Low Technology (175)

Low Technology (175)

Low Technology (175)

Mid Technology (363)

Mid Technology (363)

Mid Technology (363)

Mid Technology (363)

Mid Technology (363)

High Technology (197)

High Technology (197)

High Technology (197)

High Technology (197)

High Technology (197)

58.8

10.3

8.8

13.2

8.8

61.1

10.9

16.0

5.1

6.9

60.3

12.7

10.5

12.4

4.1

68.0

11.2

9.6

8.1

3.0

Food Sector (901)

Low Technology (4850)

Mid Technology (5874)

High Technology (1967)

not important

slightly important

moderately important

very important

crucial

Direct and indirect labour effects from innovation (CIS)

DIRECT

Food Sector (901)

Low Technology (4850)

Mid Technology (5874)

High Technology (1967)

not important

slightly important

moderately important

very important

crucial

INDIRECT

Food Sector (901)

Low Technology (4850)

Mid Technology (5874)

High Technology (1967)

not important

slightly important

moderately important

very important

crucial

REGULATIONS

Food Sector (893)

Low Technology (4157)

Mid Technology (5123)

High Technology (1592)

not important

slightly important

moderately important

very important

crucial

REGULATIONS _ PACE

Agro-food (62)

Low Technology (175)

Mid Technology (363)

High Technology (197)

not important

slightly important

moderately important

very important

extremely important


