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1 General Aspects

The topical questions related to recycling have recently been formulated by the EU-Commission: “Recycling is not only an environmental priority but is also intrinsically profitable in an increasing number of applications, thanks to energy savings and economies in materials and of other types which recycling permits compared with traditional processes. It is vital, therefore, that the framework conditions (...) do not hinder the development of these activities and, on the contrary, that Community action takes due account of the economic and job creation potential of recycling activities” (European Commission, 1998, p. 1). However, the EU-Commission recognises that recycling, especially the recycling of steel scrap and non-ferrous metals, has existed for a long time and experience shows that “in all cases, the growth of the traditional recycling industries has encountered limitations sooner rather than later, depending on the different materials concerned, in the form of insufficient demand, precarious and, for the most part, not very competitive market structures and of unbalanced competition from virgin raw materials” (ibidem). Increasing awareness of the environment, political regulation of waste management, and growing demand on the part of society for recycled products have, however, helped to boost a renaissance of recycling not only as an instrument to attain long-term environmental objectives but also as an “example of the complementary character of industrial development and environmental protection” (ibidem). 

1.1 Definition of Recycling 

For the purposes of this study we will use the definition of the European directive on packaging and packaging waste: “recycling” is the reprocessing in a production process of the waste materials for the original purpose or for other purposes, including organic recycling but excluding energy recovery. “Recycling industries” also include companies with activities such as collecting, dismantling and sorting provided they are covered by the definition of recycling in the sense of the directive mentioned above (European Commission, 1998, p. III).

Though recycling is normally expected to create jobs, the simple reuse of material residues within a production process (closing material cycles with integrated technologies) is not seen by experts as a relevant job creation source. The scant information available about some real life examples seems to bear this out. In contrast, recycling activities consisting of additional stages in the value chain of waste substances or end-of-life products are theoretically associated with positive employment effects. 

As part of the IMPRESS project, this case study (see chapter 3) aims to achieve two main goals: first, it is meant to clarify the motivations and decisions of individual eco-innovative firms and their impacts on employment. Second, it is designed to be used as an explorative analysis to test the adequacy and limits of the proposed methodology (value chain method) for the purposes of the study. Moreover, though the results of a case study cannot simply be extrapolated, the case study is intended to produce some empirical basis for a better understanding of the relationship between employment and recycling in general. 

In the study at hand, only one part of the wide-ranging recycling sector will be studied in detail: the recycling of CFC-refrigerators, which (from an environmental point of view) falls into the electronic scrap recycling industry. But, for a better understanding of the economic and political framework of this specific case, the industry and employment structures of the whole recycling sector in Germany will be outlined as will the most important political issues, especially those concerning the recycling of electronic scrap (see chapter 2). The case study Two-stage Recycling of CFC-Refrigerators in Germany will be presented in chapter 3 and the conclusions in chapter 4.

2 The Recycling Sector in Germany 

2.1 The Structure of the Sector and Recent Studies on Employment and Recycling

It is extremely difficult to provide a complete description of the recycling industry, because the boundaries between production and recycling and between recycling and other waste management activities are not clearly defined. Accordingly, it is not possible to get reliable information about employment in this sector. Empirical studies on the impact of environmental protection on employment are normally based on estimations of the labour allocated to environmental protection in private firms or public institutions in relation to the costs of or investments in environmental protection (reduction of emissions), but they do not analyse the recycling activities separately (cf. UBA, 1993, p. 17-14 and UBA, 1997, p. 50). According to one of the rare studies devoted to the recycling industry, the number of employees in private firms dealing with the collection, sorting and treatment of waste materials in Germany may be estimated at about 162,000 in 1992/93 (RWI, cited in Stiftung Arbeit und Umwelt, 1999, p. 19). Apart from this, most of the sketchy information on the number, size, capacities and employment figures of firms that state they deal with recycling activities is based on surveys in the industrial and service sectors (MUP – Mannheimer Unternehmens-Panel, Stiftung Arbeit und Umwelt, 1999; bvse, 1999
). 

Recently (in October 1999), on behalf of the Duales System Deutschland (DSD) – the most important institution dealing with the recycling of domestic waste materials in Germany – the Stiftung Arbeit und Umwelt (an institute of the trade union IG Bergbau, Chemie, Energie) carried out a study on the employment effects of the “Commercial and Industrial Waste Management Act” (the Kreislaufwirtschaftsgesetz), which was passed in 1994 and came into force in Germany in 1996. It provides for a reduction of the material throughput in the economy by closing material cycles. The law focuses especially on the fields of recycling that are already regulated by law (packaging, batteries, organic waste, paper, glass) and those that are expected to be regulated in the near future (end-of-life vehicles, electrical and electronic waste). The study states the current employment figures in the recycling industry, and also the future development of the “Closed Cycle Economy” in Germany, assuming that the legal principle of “producer responsibility” is completely implemented. The results of this study are summarized in Table 1.

Table 1: Employment in material cycles

Materials                                       Status 1997/98


Potential assuming complete producer

 responsibility

Light packaging*                                 16,650
already realised

Paper packaging*                                   1,800
already realised

Glass packaging*                                    1,850
already realised 

Batteries                                                 550
already realised

Cars                                                       8,100
                                                             6,900

Electronic scrap                                     6,500
                                                             2,500

Graphic papers                                       4,900
no changes expected

Organic waste**                           3,000-4,000
producer responsibility not possible

                            Total            ca.        44,500
           ca. 54,000

* including jobs in the DSD;   ** excluding collection 

Source: Stiftung Arbeit und Umwelt, 1999, p. 16 

On the basis of the above mentioned ZEW database MUP, which records all the firms that have been founded in Germany from 1990 on, we tried to draw up the current profile for firms that were listed under the heading “Recycling” (in September 1999). For this calculation we took the data of 1,366 newcomers (1,235 firms in Western and 931 in Eastern Germany) employing 11,682 and 11,407 persons, respectively (Table 2).

Table 2: Recycling in Germany (1999)


Number of firms



Western G. 
Eastern G. 


scrap recycling




   ferrous metals 
251
191


   non-ferrous metals
49
47


non-metal recycling




   recycling of plastic waste
272
116


   recycling of other waste materials (excluding textiles, paper and glass)
663
577


Recycling (total)
1235
931

Source: MUP - ZEW

Most of these firms are active in metal, paper and plastic recycling (Fig. 1).

Fig. 1: Jobs in the recycling sector
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Source: MUP-ZEW, 1999

Both in Western and in Eastern Germany, the sector is dominated by a large number of small firms (80% of the firms in Western Germany and 70% in the Eastern “Länder” have fewer than 20 employees). In Eastern Germany, relatively speaking, there are more medium-sized and large firms (with 50-500 employees) than in the West (Fig. 2).

Fig. 2:Firm size in the recycling
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Source: MUP-ZEW, 1999.

Though all our interview partners saw a strong trend towards concentration in the recycling sector, these findings suggest that the traditional structure of the industry has not changed significantly during the last 10 years. This apparent contradiction is probably due to the fact that a lot of intermediary waste traders have penetrated the sector during the last few years and most of our interview partners regard recycling as an industrial activity (i.e. as the transformation of materials); in this field of activity concentration is probably really increasing. A large number of small firms have been taken over by stronger competitors. 

2.1.1 Recycling of Electronic and Electrical Scrap in Germany

Estimations of the volume of electrical and electronic scrap (EES) can be based on two different methods (cf. Halstrick-Schwenk, 1999, p. 86-94): 

a) on the so-called life-cycle method that takes into account the number of electrical/electronic products sold at a given moment as well as the assumed average life of these products 

b) on the end-of-life method that takes the actual average share of EES in waste as a point of departure for extrapolation. 

Legislation in Germany and the EU has normally been based on the first method, which was also used in the so-called Töpfer Study on EES, which was roughly confirmed by estimations made by the Zentralverband Elektrotechnik und Elektronikindustrie (ZVEI) (a producers’ trade association). Using the life-cycle method they put the annual volume of electronic scrap in Germany at 1.5 million tons (ZVEI) and 1.8 million tons (Töpfer), respectively (Hafkesbrink, 1999, p. 171). 

Estimations based on the second method were made by the National Office of Statistics (Statistische Bundesamt), which arrived at a considerably lower amount of EES: 210,000 t. This divergence was confirmed in 1996 by Interseroh AG, which had conducted a comprehensive empirical study and came to the conclusion that in German households there is a potential volume of 13.5 kg of electronic end-of-life products per person and year. However, only 5 kg of electronic scrap for recycling per person and year (i.e. a total of 310,000 tons) is disposed of as EES. The study showed that one reason for the discrepancy between the prognosis and reality is the fact that consumers use their equipment longer than expected; moreover, with the emergence of an active second-hand market for used electrical equipment and increasing exports to less developed countries, there is today much less EES in Germany
 than expected. Finally, a written company survey carried out by the Rheinisch-Westfälisches Institut für Wirtschaftsforschung (RWI) at the end of 1996 came to the conclusion that every year a maximum of 460,000 t of electronic scrap is recycled in about 300-400 firms with 4,600 employees (Hafkesbrink, 1999, p. 172). We will return to this point later, when we discuss the political issues related to electronic scrap in chapter 2.1.2.

2.1.2 Political issues

Almost 10 years ago, the German government announced an ordinance on electronic scrap which was meant to stipulate that producers are responsible for recovering and recycling the end-of-life products they produce. Against this background, the IT-trade association published voluntary self-commitments specifying the degree and way its members intended to achieve the goals of the ordinance (cf. Halstrick-Schwenk, 1999, p. 101). However, ten years later, it is evident that they have not managed to set up a comprehensive, functioning recycling system for electronic scrap in Germany. A first draft for a government ordinance was published in 1991. The government’s proposal failed, because it lacked a financing model for the recovery of end-of-life products. Finally, an ordinance was passed by parliament in 1998 that only covered IT-scrap (information and communications technology, which accounts for about 7% - 10 % of all the electronic scrap, cf. Halstrick-Schwenk, 1999, p. 82). Before the ordinance enters into force, it still has to pass the Bundesrat.

However, the announcement of the government’s willingness to intervene if all else fails, boosted private initiative and a market for the recovery, recycling and reuse of electronic end-of-life products arose, which has mainly been organised on the basis of regional networks. Based on the official prognosis on the development of the volume of electronic scrap (see above), industry reacted immediately and created recycling capacities, as Fig. 3 shows. In 1993 the members of the Bundesverband der Deutschen Entsorgungswirtschaft e.V. (BDE) alone accounted for recycling capacities of 270,000 t. In the same year, additional capacities amounting to 230,000 t were being planned or under construction. But in 1996 only 460,000 t of electronic scrap were actually treated in Germany. 

Public-private regional networks for waste management have been established in almost all ”Länder”. Their respective institutional arrangements not only regulate the way the recycling process is organised and the allocation of tasks and responsibilities to private and public actors. Often they are also used as political instruments for local employment policies, because the recycling sector offers numerous jobs for a particularly difficult group of unemployed people: handicapped, poorly-skilled and long-term unemployed persons. At least partially subsidised by the government, these jobs have become an important cost advantage for small recycling firms. Several interview partners even expressed the opinion that public employment subsidies have been one of the main factors making for successful, environment-friendly recycling in Germany.

Fig. 3: Recycling capacities in Germany
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Source: Stiftung Arbeit und Umwelt, 1999, p. 54

In fact, in particular with regard to the recycling of end-of-life refrigerators, institutional arrangements between municipalities (that have up to now been legally responsible for recovering end-of-life equipment from households and have had to ensure that environmental recycling standards are met) and private operators have attained quite a high level of CFC-recovery. At first, according to the legal provisions on the ban on CFCs, municipalities were obliged to look for firms complying with fairly high ecological standards. During the first half of the 90s, the public awareness of the ozone layer problem and quality-oriented competition in the market of environmental services favoured the establishment and diffusion of high technical standards in the refrigerator recycling sector. Later, due to mounting pressure in the market, companies increasingly opted for labour-saving, less expensive (albeit environmentally questionable) alternatives. Currently, environmentally friendly recycling of CFC-refrigerators is experiencing a crisis: though in many cases great efforts have been made to continue to ensure high ecological standards, there is no doubt that some environmentally efficient technologies have suffered as a result of strong market pressure exerted by cheaper disposal alternatives from competitors from Germany and abroad, especially from Eastern Europe. 

Currently the discussion is focusing on the extent to which and on how “producer responsibility” is supposed to be legally implemented. Today’s situation is totally different from the situation a decade ago, when the first drafts for an ordinance were drawn up. Now, the producers are calling for a system where the end-of-life product returns directly to the producer, or for the establishment of a centralised system similar to the Duales System for packaging waste in Germany, because they have had time to adapt to this form of regulation and now stand to gain some of the profits resulting from the positive development of the recycling industry in the future. Whereas, hundreds of small and medium-sized enterprises (SME) in the recycling industry are calling for a system that takes into account the regionally organised networks and the employment effects that will result from a change in the structure of the system. 

2.1.3 Employment: Different Estimations and Publicly Supported Jobs

With regard to employment in the recycling industry, the trade association Bundesverband Sekundärrohstoffe und Entsorgung, e.v. (bvse) maintains that this sector currently accounts for at least 10,000 jobs in Germany. According to the bvse, this estimation is based on an exhaustive survey of the association’s members that was carried out in June 1999 and had a response rate of 80%. The Stiftung für Arbeit und Umwelt, as mentioned above, estimates that for scrap recycling alone 6,500 employees are allocated to recycling activities in Germany (Stiftung für Arbeit und Umwelt, 1999, p. 52). As these studies are mainly based on internal data and direct surveys, the differences in their results may be attributable to different calculation bases, but the differences also show the uncertainty surrounding quantitative estimations in this field. On the basis of a company survey the RWI estimated that in 1996 there were about 4,600 jobs in electronic scrap recycling. This means that it represents 5% of the total employment in the recycling industry and only 0.013 of the total employment in Germany. If these estimations are correct, the direct employment effects of the separate collection and treatment of electronic scrap may be considered insignificant for the economy; in contrast, the indirect effects may be important, especially with regard to the production of capital goods for this industry during the period 1991-1995 (Halstrick-Schwenk/Löbbe, 1999, p. 617). No matter what statistical method is used, the amount of electronic scrap is expected to increase in the European Union and in Germany (bvse, 1998, p. 6). In Germany, the estimated total amount of electronic scrap (1.8 mill. t/a) is split into the following groups (Table 3):

Table 3: EES in Germany

(in 1,000 t/a)

Large electrodomestics (including refrigerators)


630


Home entertainment products




400


EDP equipment






110


Electronic office equipment





110


Communications equipment





140


Industrial electronic equipment




360


Medical electronic equipment




 50

 Source: bvse, 1998: 14

An important part of the recycling activities relating to large electrodomestics – separate collection and transport – is mostly ensured by public institutions (in 412 of the 434 waste management regions in Germany, municipal or regional public authorities are charged with the recovery of this type of equipment). In contrast, small electronic devices from households are often thrown away together with domestic waste and are sent to landfills or waste incinerators for disposal despite their risk potential. 

For the purpose of economic analysis, we can distinguish between electronic/electrical waste which retains an intrinsic economic value that can be profitably exploited through recycling and electronic/electrical waste which cannot finance its own recovery and recycling (IPTS, 1996, p. 39). In this context it is worth mentioning that currently the disposal and recycling costs of electronic waste materials are (at least partially) covered by the waste treatment charges that private households (as end consumers) have to pay to municipalities (for one refrigerator the costs are about DM 30- 40). In the future, legislation will probably put more emphasis on “producer responsibility”. Furthermore, a large number of publicly supported, non-profit organisations are carrying out waste management and recycling activities: In fact, about 1,200 handicapped persons are currently working in 150 workshops dismantling and sorting electronic scrap; another 2,200 jobs are supported by public institutions (Stiftung für Umwelt, 1999, p. 52). 

3 Employment Effects of Eco-Innovations: a Case Study

3.1 Refrigerator Recycling in Germany: General Aspects

The situation in the sub-sector "Refrigerators" is somehow different from that of EES. Because of the globally successful banning of CFCs through compulsory legal measures, the production of and trade in CFCs stopped in 1995, but old equipment containing CFCs is still in use in Western Germany
 (see below). The Federal Environment Agency (UBA) estimates that a refrigerator normally has a lifetime of 15-20 years, thus the agency forecasts that at least until 2010 significant quantities of CFC-cooling equipment will be recycled, especially in Western Germany (several studies estimated that between 2.3 and 3 million end-of-life CFC-cooling products would be recycled in 1993, cf. ifeu, 1997, p. 7). Estimations based on public statistics stated that 2.2 million end-of-life refrigerators were collected by German municipalities in 1993. Of these 260,000 were then delivered to firms dealing with waste materials, 1.8 million to recycling firms, 35,000 to shredding plants, 4,800 were taken to other countries and 23,000 were disposed of in landfills (Halstrick-Schwenk, 1999, p. 91). On the basis of these estimations (ifeu, 1997, p. 7), significant capacities for refrigerator recycling have been created in Germany in the 90s. Because of strong competition in the sector, it is extremely difficult to get objective information from firms. However, it seems that the prognosis has not completely come true. Though currently the amount of end-of-life refrigerators collected by municipalities is likely to correspond to the prognosis (i.e., over 2 million a year), some of the experts interviewed assume that probably no more than 600,000 refrigerators are actually recycled. Pessimistic forecasters even believe that only about 350,000 refrigerators remain in Germany for recycling, the rest is sent abroad or is disposed of in normal waste incinerators. Though they only used subjective estimations, some interview partners think that only 100,000 of them are recycled “in earnest”, that means according to the highest ecological standards. While there was no consensus among the interview partners about the market volume of this sector, they all put the current number of "real" refrigerator recycling firms at about 30. 

The transport, dismantling and treatment of end-of-life refrigerators require special care in order to prevent CFCs from escaping from cooling aggregates and insulating foams into the atmosphere. Thus, besides the requirements for the recycling of electronic scrap in general, for environmental reasons refrigerator recycling has to be subject to specific technical standards governing the amount of CFCs that is actually recovered and disposed of. As the law provides for a complete recovery and destruction of CFCs, no legal thresholds for a minimum CFC recovery have been established. However, public institutions like the national environment agency (UBA) and Deutsches Institut für Gütesicherung und Kennzeichnung (RAL) have set some technical standards. The RAL quality criteria are more demanding than the UBA
 ones, for the RAL-evaluation takes not only the standards in the recycling firm itself into account, but also those in the whole recycling chain. Furthermore, the RAL-labelling criteria are expected to be dynamically adapted to future technical improvements. Firms observing those standards can get a RAL-label. The UBA and/or RAL-standards are also regarded as a guideline for recycling firms participating in the EU eco-audit system. Meanwhile, important trade associations (VDMA, ZVEI and BDE) have also demanded that their members set their ecological standards according to DIN ISO 9000ff.

In the following chapters, a specific case study will be examined in detail. Against the background of the political issues and the recent history of the EES recycling, WHITE Ltd
.,the object of this case study, was selected, because it is a typical example of eco-innovators in this industry. Thus, an extrapolation of the results of this analysis to a larger group of firms in the recycling industry seems permissible. 

Before we focus on this specific case, some remarks about the methodology of the case study will be made in the next chapter.

3.2 Aims of the IMPRESS Case Study on Recycling 

The present case study deals with the recycling of end-of-life products (refrigerators) using a technology that allows different waste materials to be recovered for recycling (metals, plastics, glass), including hazardous substances such as chlorofluorocarbons (CFCs), which are later split into their original chemical components in a special plant.

Recycling itself (closing material cycles) is only an innovation from the perspective of the enterprise which introduces recycling activities. For firms involved in recycling, an eco-innovation has to be defined as new institutional arrangements, or changes in processes and/or products with greater environmental efficiency (see below chapter 3.4). This case study will focus on a specific innovative activity in the recycling industry – Two-stage Recycling of CFC-Refrigerators in Germany – which is considered beneficial to the environment. 

The hypothesis that recycling is a job-creating activity will be analysed in this context under particular restrictions, since our attention will not focus on the relationship between recycling and employment as a whole, but on the impacts of a specific eco-innovation on the quality/quantity of employment in the respective value chain (possibly ranging from the acquisition of raw materials to the final disposal, cf. Case study rules for the IMPRESS project, p. 1). Against this background, several questions will be addressed: 

a) are the environmentally positive impacts of eco-innovations in recycling coupled with positive employment effects? 

b) is it possible to distinguish between direct and indirect employment effects using the methodology proposed (value chain approach)? 

c) how do employment effects of an eco-innovation change over the years?

d) would the environmental/employment impacts exist if there had not been any political intervention in favour of recycling? 

3.3 Method and Structure of the Case Study

As was said earlier, this case study is meant to be used as an explorative analysis to test the adequacy and limits of the methodology applied for the purposes of this study. The project team decided to analyse the employment impacts of an eco-innovation along the value chain of products (value chain method). First, the analysis will focus as far as possible on the quantitative assessment of the net employment effects, including the qualitative differentiation of employment (skilled, unskilled manpower). In chapter 4 the results of this assessment will be discussed in order to categorise them according to the general methodology of the IMPRESS research project (i.e. direct and indirect effects).

Using a value chain approach, the following steps have been addressed:

· selecting an eco-innovation in the recycling industry. Identifying related innovations (chapter 3.4 and 3.5);

· describing the firm that is at the centre of the analysis. The state the business was in when the innovation was introduced and the subsequent business development; the observation period should be long enough to show the dynamic process resulting from an innovation (chapter 3.6);

· determining the employment effects in the innovating company during this period (chapter 3.7.2);

· drawing up the value chain that emerges from a specific innovation, giving special attention to the system boundaries and describing every point of the value transformation. For this, a methodology similar to a life-cycle-assessment (LCA)-analysis was used (chapter 3.7.1 and 3.7.3 ).

· fitting the empirical information collected into the context of the general and sector-specific development: motivation of innovation, relationship between innovation and employment and discussion of the results (chapter 4).

Direct interviews with firms were the main source of information for this case study. One research institute (ifeu, Heidelberg) and eight firms (see list of interview partners in the annex) were interviewed. The most important interview partner was the managing director of the department "Refrigerator-/PUR-Recycling" at WHITE Ltd.

3.4 Selecting an Eco-Innovation 

After a bibliographic overview of the recycling activities in Germany and interviews with researchers of the ifeu-Institut, Heidelberg, the decision on the main innovation for the Two-stage Recycling of CFC-Refrigerators in Germany was taken on the basis of the following selection criteria: 

· It is an eco-innovation (see below)

· Employment effects are expected 

· Information is available.

IMPRESS case studies focus on technological and organisational eco-innovations (Case study rules for the IMPRESS project, p. 4). However, so far there is no unanimity about the definition of eco-innovation. For this specific case study innovation is defined from the perspective of the microeconomic actors (enterprises), thus, a change in processes, product or organisation is an innovation when it is new in the enterprise or sector observed. Furthermore, we defined the ecological quality of an innovation with the following criterion: a process or product innovation is an eco-innovation, when it has been positively evaluated by a LCA methodologically based on ISO/DIS 14040 (i.e. product recycling, cf. Case study rules for the IMPRESS project, p. 4). The motivation of the enterprise for introducing this innovation is, from this point of view, not essential. For the scientific interpretation of the data, however, this question was discussed with the interview partners.

3.4.1 Digression: LCA of Refrigerator Recycling

As part of the “LCA of Waste Disposal”, a comparative study on the ecological aspects of different refrigerator recycling techniques was commissioned by the UBA (Federal Environment Agency). The ifeu-Institut in Heidelberg carried out this study in 1997. The eco-assessment shows that the recycling of a refrigerator consists of several main paths related to the recycling of the following materials (in parentheses the average amount for one refrigerator): 

ferrous metals (16. 8 kg), 

non-ferrous metals (2.7 kg), 

mixed plastics (6 kg), 

insulating materials (CFC-R 11. 300 g) and 

cooling agent CFC-R 12, R 22 etc. (120 g). 

One of the most important criteria for the eco-assessment of the disposal of CFC-equipment is the quantity of CFCs that is recovered and neutralised. In the ifeu study, only two techniques for the neutralisation of CFCs were considered ecologically acceptable: High temperature incineration in special plants with energy recovery (Siemens-Method) and/or the splitting of CFC molecules into their original chemical components, HF, HCl and CO2 (Solvay-Method). However, only the chemical or thermal elimination of CFC-R 12 has been assessed. 

Though insulating foams consisting of CFC-R 11 can be recycled for reuse, they are normally disposed of by incinerating them together with domestic waste. But this option is risky, because CFC is heat-resistant to temperatures below 1,000°C, as analyses of gaseous emissions from waste incineration plants have demonstrated. 

Assuming that the recovered CFCs were properly disposed of and/or treated for reuse, the ifeu study assessed six different cases:

1. Manual dismantling and sorting of reusable parts 

2. Manual dismantling, sorting and reuse of different materials

3. Mechanical dismantling, sorting and specific reuse of different materials

4. Shredding, recycling of the metal parts in the steel industry, incineration of the plastic parts with energy recovery

5. Shredding and incineration in blast furnace

6. Thermal treatment in a “Schwel-Brenn” (literal translation: smoulder-burn) plant (Siemens-Method)

Conclusions from the comparative LCA carried out by the ifeu-Institut (1997):

· The labour intensive techniques 1 and 2 were given negative assessments in the LCA-study, because significant quantities of CFC-R 12 were lost during the manual dismantling. Technique 1 is used in Eastern Europe (not in Germany). 

· Techniques 4 and 5 were also rejected for technical reasons partially to do with the recycling of the mixed metal components. 

· Technique 3 was considered ecologically acceptable, if the recovered CFCs were properly treated. 

· Technique 6 (Siemens-Method) was evaluated in a pilot plant and it was positively assessed. However, this technique has been withdrawn from the market for technical reasons (it is too sensitive a technique and tends to break down frequently). 

· Technique 3 (mechanical dismantling, sorting and recycling of the different materials, including the neutralisation of CFCs using the Solvay-Method or through high temperature incineration as well as the reuse of polyurethane(PUR)-foams) is available and can be regarded as ecologically acceptable.

3.5 Other Related Innovations

The main innovation of this case study - thus the innovation on which the analysis is centred - is the above mentioned recycling procedure that closes material cycles, especially of CFCs, in an ecological way. At WHITE Ltd. this innovation was accompanied by other changes in the technical and organisational framework. Two institutional arrangements should be explicit mentioned here, because they may have direct and indirect effects on employment: 

· The co-operation between WHITE Ltd. and enterprises offering wage-subsidised jobs for unemployed persons (e.g. BLACK Ltd., a non-profit make-work and training scheme). This was the main subject in the interviews with the managers of those firms.

· Furthermore, WHITE Ltd. became a member of “RAL-Gütegemeinschaft”, an association of firms that have obtained a RAL-Label for recycling refrigerators according to the ecological criteria set by RAL.

3.6 The Company Adopting the Innovation: WHITE Ltd.

WHITE Ltd. was founded in 1987 and explicitly aimed at linking two goals: achieving the maximum operating result by recovering as much CFC as possible from refrigerators. In fact, the signing of the Montreal Convention (that laid down deadlines for the banning of CFCs) was pushed to a large extent by the strong public awareness of CFC-issues. This is also the reason why no intervention from the federal government was needed to enforce the separate collection of refrigerators at the local level: By 1988 almost all municipalities in Germany had on their own initiative established such a recovery system for end-of-life refrigerators from households, the costs of which were covered by raising local waste management charges. Therefore, there was an increasing demand for appropriate recycling plants.

WHITE Ltd. seized the opportunity to penetrate the emerging niche market with an innovative process. The first stage of recycling (extracting CFCs from the cooling aggregate) was already being done in some small recycling firms. They used a simple manual technique unsuitable for industrial application. The first task WHITE Ltd. was therefore facing was to implement R&D measures to adapt a traditional technique to industrial constraints (investment in mechanical engineering). From 1988 on, the refrigerators the municipalities collected were delivered to WHITE Ltd. and recycled with the help of this process. However, it soon became clear that two environmental problems had to be solved: 

1. a logistical problem. The refrigerators often arrived in a bad state, losing up to 50 percent of their CFCs during collection and transport; 

2. a suitable technique for the recovery of CFCs from insulating foams was not yet available but, in fact, a refrigerator contains more CFCs in its foams than in the cooling aggregate.

Attempts were made to optimise the process, and in 1990 further R&D measures led to the introduction of the innovation at WHITE Ltd. that constitutes the main innovation of this case study. It bears the following characteristics: 

· The recovery of CFCs is mainly done with mobile plants to avoid CFCs escaping during transport. These mobile plants are installed on the trucks that go to the collecting points and do the complete recycling on the spot. 

· Before the refrigerator is dismantled, the cooling agents CFC-R 12, R 22 etc. and oil from the condenser are recovered with the help of a suction system. The CFCs are filled in special containers and sent to Solvay for neutralisation at temperatures of above 1,300º C. The used oils from compressors go to oil refineries for treatment. 

· The next step consists in manually pre-dismantling the refrigerator, in the course of which some reusable parts are separated and treated for specific reuse or recycling (like glass, the compressor, and electric cables, etc). 

· Then the refrigerator cabinets are shredded mechanically. Fe- and NFe-metals as well as insulating foams are separated and treated for reuse. The insulating foams are transformed through a cellular degassing process into CFC-free PUR-powder which is used as bonding agent in other industries. The recovered CFC-R 11 is sent to Solvay for treatment. The metal and plastic parts are shipped to recycling enterprises.

3.6.1 Review of the Technical and Business Development after the Introduction of the Innovation

In 1993 the technical performance of WHITE Ltd.’s innovation was improved with the introduction of a computer-based control system with which the technique was optimised. Further technical innovation would only lead to incremental progress. 

At that time, holders of end-of-life refrigerators paid DM 40-65 for a refrigerator to be treated. Quality was related to the amount of CFCs that was recovered and was an important criterion at that time, that is why WHITE Ltd. was successful with its eco-innovation, though it asked the highest prices in the market. It increased its capacity to 12 plants in stage 1 (each with a capacity of 80,000 refrigerators a year, some of them operating in other European countries) and 4 mobile plants in stage 2 (each with a capacity of 120,000 refrigerators a year). 

In the first phase (1988-1994) WHITE Ltd. benefited from its pioneer position and captured about 10 % of the market volume by introducing an innovation that satisfied the great demand in the market. However, between 1994 and 1997, the business went through a serious crisis. Pressure on the waste treatment market grew, especially through the penetration of power-supply firms, which pushed incineration as a less expensive solution for waste treatment. 

Though the technical standards of WHITE Ltd. still represent the BAT-Standard (Best Available Technology), the business trend was negative for several years. Finally, in 1997 the management managed to stop the decline with a successful PR campaign targeting municipalities, showing them the ecological merits of WHITE’s technique. In 1998, WHITE Ltd. obtained the RAL-Label (see chapter 3.1). Together with other RAL-labelled enterprises (currently 8 firms), it built an association that aims to enforce the establishment of ecological standards in the market. Then the situation at WHITE Ltd. stabilised. But currently the discussion about a law on electrical and electronic scrap is creating a feeling of uncertainty again. In fact, in the last few years, strong competition has led to a broad price range directly related to the different types of treatment: at present the price for the treatment of a refrigerator lies between DM 12 and DM 50 (this is the price WHITE Ltd. and all those firms charge that ensure the recovery and, as far as possible, separate closed material cycles for all materials including CFCs). 

Firms with high environmental standards are therefore afraid that they will be faced with the competition of ecologically less efficient firms, if legislation does not lay down high ecological standards for the recycling of refrigerators. But neither the draft of the German government nor the proposal for an EU-directive on electrical and electronic scrap establish thresholds for CFC recovery. Thus, WHITE Ltd. supports the voluntary RAL-labelling and by means of intensive advertising tries to convince as many actors as possible of the label’s advantages. These actions of the RAL-Gütegemeinschaft aiming at enforcing high standards for refrigerator recycling can be seen as a political measure that belongs to a new generation of instruments intended to achieve environmental goals independently of government intervention. 

While WHITE Ltd. has obviously had trouble keeping its position in the German market, it has successfully expanded its activities in other European countries. Currently it has 17 plants for stage 1 (6 in Germany) and 3 plants for stage 2 operating in several European countries, especially in Scandinavia.

3.7 Employment Effects of Innovation

3.7.1 Assessment Method: the Functional Equivalence Approach (FEA)

"In the LCA methodology, environmental effects of a certain product or service are compared with a functional equivalent unit. This means for example that a product is compared with another one able to deliver a similar function. The choice of the appropriate reference is crucial in judging the value of the innovation. Similarly, for our purposes, we also need to identify a functional equivalent for the innovation that will be studied in order to understand the employment effect" - so much for the quotation from the IMPRESS-Rules for case studies (project papers Nov. 98-June 99, p. 5) concerning the assessment method. Moreover, it is assumed that the empirical assessment of direct and indirect effects requires a delimitation of the observation field, i.e. temporal and systemic boundaries (see Chap. 3.7.3). 

Three Functional Equivalence Approaches (FEA alternatives) were proposed: 

1. to compare the situation before and after the innovation (FEA-1)

2. to identify a similar context where this innovation did not take place (FEA-2)

3. to identify a theoretical reference (not applicable in this case)

To assess the employment effects of the innovation at WHITE Ltd., for pragmatic reasons, particularly because of the availability of reliable data, it seemed appropriate to choose FEA-1 first. Thus, the evolution of the innovating firm was observed over a period of about 10 years after the introduction of the innovation (see chapter 3.7.2). The advantage of this approach is that it provides information on dynamic processes on the microeconomic level.

However, regarding the results of this first approach, the question arises whether the historical evolution of the innovating firm has essentially been any different from that of its competitors. This question is pertinent, for if the evolution of innovators and non-innovators in the whole sector has been similar, this may indicate that possible employment effects discovered in this study do not actually result from innovation, but from other factors that influenced all the firms in the sector similarly during that period (legislation, international competition, etc.). As information on a sectoral level is not reliable, it seemed reasonable to complete the analysis of the case study using FEA-2, i.e. comparing the evolution of employment in the innovating firm (and respective value chain) with that of non-innovative firms in the sector. It was easy to use this approach, because the only aspect that is essentially different in the method of WHITE Ltd. is the innovative technique of recovery and treatment of CFCs. To that end, data on firms working with other technical alternatives were also collected. In the refrigerator recycling industry there are three types of firms:

· "shady" actors, that do not really recycle the end-of-life products (i.e. they export them or dispose of them illegally). The current data about the number of refrigerators that are actually recycled in Germany point to an expansion of the "shady" sub-sector in the last 10 years. Most firms operating in the EES recycling are very small enterprises (1-2 persons). They work using only a simple transport and storage infrastructure. The direct employment effect is normally reduced to the employment of the owner himself and his relatives. However, they should be regarded as competitors that changed the market structure by transferring parts of the value chain to other countries, and that have thus probably had an important impact on employment in the whole recycling industry. 

· firms performing the first stage of recycling (extraction of the CFCs from the cooling aggregate), shred the refrigerator cabinets, separate the recyclable materials (metals, plastics) and incinerate all the rest (including foams) in waste incinerators. This alternative is ecologically questionable, for it is uncertain whether the CFCs from the foams have been eliminated. But these firms work within the legal framework (which makes them respectable) and they enjoy comparative cost advantages, because they use a less demanding technique for the second stage of recycling. However, the employment situation at these firms does not significantly differ from that at WHITE Ltd., for the labour-intensive first stage of recycling is common to both WHITE Ltd. and these firms.

· firms that have a similar value chain to WHITE Ltd., but send the separated CFC materials to special plants for incineration. As incineration in special plants is seen by experts as an ecologically acceptable alternative, from an ecological standpoint they may be regarded as direct competitors to WHITE Ltd.. However, we may assume that the cost situation of these firms is quite similar to that of WHITE Ltd.. In fact, though special incineration is much cheaper than the Solvay cleavage method
, WHITE Ltd. believes that this particular cost item is not decisive, for the amount of CFCs recovered for treatment is relatively small. These higher costs are seen as the price for the qualitative consistency of the method of WHITE Ltd., which is based on the principle of closing material cycles, including CFC cycles. Since the latter is a strong selling point, the costs are accepted.

Though it is impossible to come up with quantitative statements, these remarks may provide a better basis for the interpretation of the results. In fact, firms offering services at much lower prices in the German market normally do not observe appropriate ecological quality standards for refrigerator recycling. Lower costs result a) from saving labour in the first stage of recycling in Germany (no manual dismantling and recovery of reusable parts) and/or b) from lower costs in the second stage, normally by incinerating refrigerator cabinets, including CFC-foams, in "normal" waste incinerators (probably including the recovery of any metal content). 

3.7.2 Evolution of Employment in the Innovating Firm

In 1987/1988, an engineering company was asked to plan and assist in the construction of the recycling plant at the company headquarters. Four experts from the consulting firm worked full-time on this project. With 15 skilled employees from WHITE Ltd. they built the first plant and improved it over the next few years. Currently, the number of employees is much smaller: in the consulting firm only one engineer is still working mainly for WHITE Ltd. At WHITE Ltd. itself, five skilled employees are charged with the maintenance and repair of the equipment. The persons working in the mobile plants have been trained to solve urgent technical problems while the plant is operating away from the company headquarters.

In 1994, the firm had its largest workforce ever: 120 employees. Three skilled workers worked in each mobile plant.

During the crisis in the years 1994-1997, WHITE Ltd. had to lay off 60 persons. The difficult situation the company was in required changes in the workforce. With the introduction of a computer-based control system in 1993, the number of employees in each mobile plant decreased from three to two. Furthermore, a trend toward regional reorganisation allowed a reduction in labour costs, especially in the first stage of recycling. Additionally, an expansion into foreign markets compensated for the negative trend in Germany. 

In 1997, 15 stationary plants were installed in recycling firms that have taken over the manual dismantling and the recovery of CFCs and oil from cooling aggregates with equipment from WHITE Ltd. As mentioned above, these enterprises mostly employ poorly-skilled, long-term unemployed persons that qualify for publicly subsidised wages (see chapter 2.1.3). Since 1994, there have only been direct, positive employment effects in this field. One of these enterprises is BLACK Ltd. (see chapter 3.7.4). The co-operation of WHITE Ltd. with firms like BLACK Ltd. allowed steps of the value chain of refrigerator recycling to be outsourced. At this point, it seems appropriate to describe the value chain of refrigerator recycling.

Value Chain Method: Setting the System Boundaries

Fig. 4 shows the simplified material chain of refrigerator recycling. It follows the LCA methodology that makes a systemic distinction between stock (◊) and transforming (□) items to ensure methodological stringency. Stock items are steps in the material chain, transforming items are steps in the actual value chain. In fact, only at transforming steps is it possible to change the value of materials, because that is where they are processed with the help of workers, machines, energy, etc. Thus the □-chain in the diagram may be seen as a value chain in which:

· the starting point is an end-of-life refrigerator in a household or company (first boundary)

· the relationship between steps in the chain and employment easily becomes evident, for employment is mainly related to the activities at transforming steps. For instance, when the municipal services pick up refrigerators from households, there will be employment effects. And vice versa: when holders take their end-of-life refrigerators to a recycling centre, no jobs will be created in the field of transportation. 

· the system boundaries become evident, too: the black lines represent the chain that is the object of observation; the grey lines show the excluded technical paths, for instance “disposal in landfill”.

When it comes to employment effects, the grey lines play a particularly important role in this diagram. They represent paths that are excluded from the material chain, because they are not 


Fig. 4: Value chain of refrigerator recycling
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part of the recycling concept of WHITE Ltd. Therefore, they nicely show the "alternative" chains, where jobs were probably lost due to the innovation. 

In this context, some additional comments have to be made: 

· first, a period of 10 years was set for the assessment of employment effects, though for several aspects information was not available for the whole period; 

· second, in most studies it is normally assumed that system boundaries correspond to the existing political boundaries; however, this assumption is not methodologically stringent. In fact, from an economic point of view, if jobs are killed in Germany because the same jobs are created in France, it is not possible to say whether the innovation inducing this change has had a negative or positive net employment effects. Thus, whenever positive (negative) net employment effects of innovations are mentioned in this study, this just means that some jobs have been created (have been lost) in Germany, specifically within the value chain during the period observed. 

· and third, last but not least, it is important to be aware of a fundamental limitation of this method, namely the fact that with a vertical value chain approach we will not be able to assess (horizontal) effects produced by competitors.

3.7.3 Employment Effects in the Upstream Value Chain: 1st Recycling Stage

In this case study, upstream from the innovation the most labour-intensive step in the value chain is manual dismantling. As mentioned above, a typical development in the employment situation in the recycling industry and especially in the EES recycling sector, has been the creation of numerous jobs for long-term unemployed, unskilled and handicapped persons in this area.

Black Ltd. is a subsidized, non-profit organisation that aims to integrate long-term unemployed persons in the labour market. It has a training centre for waste treatment where 18 unemployed persons can obtain a certificate as skilled workers for the recycling of electronic scrap. These training places are directly and indirectly subsidised by the public authorities. The direct support is provided by financing ABM (the national scheme for job-creating measures), the indirect support is given by demanding services and goods produced by BLACK Ltd.
. 

In 1995 the regional administration invited tenders for the recovery and recycling of refrigerators and BLACK Ltd. was awarded the contract. For each refrigerator, it is paid DM 38. About 7,000 refrigerators are recovered annually by BLACK Ltd. The first stage of CFC recovery is done at the company headquarters with equipment from WHITE Ltd. The firm was checked by RAL inspectors as part of the chain assessment during the labelling of WHITE Ltd. 

Two full-time jobs at BLACK Ltd. consist in dismantling the refrigerators, extracting the CFCs and separating the reusable and recyclable parts. The refrigerator cabinets are then sent to WHITE Ltd. for the second stage of recycling. The average labour input for one refrigerator at BLACK Ltd., including the transport to WHITE Ltd., is about 20 minutes, i.e. approx. DM 4. This only works because of the low wages of these employers pay (on average a married worker with one child gets DM 2,426 a month).When the firm was founded, the management of BLACK Ltd. was aware of the need for a sustainable development in the region. Thus, they tried to create job opportunities mainly related to environmental protection. Recycling in keeping with high ecological standards became one of the firm’s main fields of activity. This led the management of BLACK Ltd. to WHITE Ltd., which was known for its high ecological standards. Black Ltd. contracted it to do the second stage of recycling. 

Both firms underlined in interviews that they enjoy mutual economic benefits from their co-operation. In the joint interview it became clear that the relationship between the managers of the two firms is not just a business relationship; they also agreed on the evaluation of current political issues and both argued against the new ordinance and its inherent threat to jobs (see chapter 2.1.2). In their opinion, changes expected in the legal situation may have negative effects on both firms. If the proposed legislation on EES is actually passed, the survival of BLACK Ltd. – and of all the firms in the business of collecting and manually dismantling refrigerators – is at risk. These firms fear that producers of electrical and electronic equipment will not use the existing regional networks for recovery. For WHITE Ltd. the first stage of recycling in its present form can only be kept in Germany, if labour costs are very low (i.e. subsidised, like at BLACK Ltd.). That is why they called for an ordinance that aims at achieving sustainable regional development goals and takes into account the existing networks between firms offering high ecological recycling standards and publicly subsidised firms that take on the labour-intensive part of the activities.

If we take the employment effects at BLACK Ltd. as a basis of calculation (two full-time jobs for 7,000 refrigerators), the innovation of WHITE Ltd. secures about 28.5 jobs in the first stage (currently WHITE Ltd. treats 100,000 refrigerators a year). An extrapolation for the whole market segment (assuming that 600,000 refrigerators go through the first stage of recycling in Germany) shows that upstream 171 jobs would be directly related to this innovation if all firms working like WHITE Ltd. and BLACK Ltd. 

3.7.4 Employment Effects in the Downstream Value Chain

It is difficult to quantify the employment effects for the downstream chain, because the quantities of materials delivered by WHITE Ltd. to other firms are relatively small, that is why in the opinion of all the interview partners their employment impact is insignificant. The value chain is made up of the following paths, which were mainly evaluated with FEA-2:

· Waste oil recovery - there is a binding legal framework for the treatment of used oils, thus jobs related to this path are unrelated to the innovation of WHITE Ltd.. All firms that recycle refrigerators have to have their used oils treated in special plants. Currently the price for treatment is about DM 800-1,000 a ton including transport and logistical costs. Therefore it is an important cost item for recycling firms. To comply with legal provisions, delivery firms have to organise the transport. It is thus probable that additional jobs created through recycling on account of the need to conform with the law do not emerge in oil refineries, but in the recycling industry itself. 

· Hazardous waste treatment (condenser with PCB, ammonia) - The comments on waste oil also apply to hazardous waste. Prices of chemical-physical treatment and disposal vary, but the quantities delivered by WHITE Ltd. are small (only 3% of the refrigerators use ammonia, and only one in a thousand has PCB in its condenser). Thus this treatment does not have any impact on employment.

· Distillation of mercury - only very old refrigerators have a mercury switch. They are sent to a special plant for recovery. Costs and jobs are a quantité négligeable for WHITE Ltd.. No employment impacts are expected on the following steps in the value chain. 

· Resale of (reusable) compressors - there is a great demand for used compressors. Intermediate traders deal in these end-of-life products, which are partly used in workshops to repair electrical equipment. In Germany, the average market price of used compressors is about DM 3 per unit. All firms in the refrigerator recycling business have an interest in trading in compressors. Thus, no matter what form of recycling they use, innovative and non-innovative firms will have the same impacts on the downstream value chain. 

· Fe-metal recycling: Compressors that cannot be reused go to metal-recycling enterprises together with the metal cabinets to be recycled. The comments on the resale of compressors also apply to this path. Fe-metals constitute the most important material content of a refrigerator (accounting for 40% - 70% of its weight) and there is a great demand for these secondary raw materials with prices between DM 70 and 140 per ton. Prices are currently going up. Consequently, the recovery of these materials is one of the most important motivations of all the EES recycling firms. WHITE Ltd. probably derives some comparative advantages from its main innovation, because the Fe-metals it recovers following the mechanical shredding procedure is fairly unadulterated and can therefore be sold for a good price. However, from an employment perspective this may have negative impacts on the job situation downstream. Materials that are not sorted that well normally require additional treatment in shredding firms (and add more steps to the value chain). Two metal-recycling firms (YELLOW Ltd. and BLUE Ltd.) were interviewed. Price uncertainty and concentration trends in the market are threatening SMEs (most of them have fewer than 40 employees). The Asian crisis last year had a strong impact on the scrap market. In Germany, the steel industry, the buyer of sorted Fe-metal scrap, negotiates the prices with scrap traders every month, so fluctuation is a constant problem. Scrap recycling firms claim that the quantities of scrap are decreasing in Germany and that the prices they have to pay to suppliers are increasing, whereas the steel industry is highly dependent on trends in the international market. Nevertheless, both interview partners believe that scrap recycling is a promising business. They do not see any need for additional capacities in Germany. However, to remain competitive in the market SMEs have to cut costs and an optimisation is only possible if labour costs are reduced – in other words, jobs will be lost during the next few years. 

· Non-Fe-metal recycling - The comments on Fe -metals also hold true for Non-Fe-metals, especially for aluminium (copper only accounts for 3% of this group of metals; electric cables are delivered free of charge). Aluminium is a secondary raw material which is in great demand, with prices varying between DM 600 and 1,200 a ton. 

· Plastic recycling - The plastic scrap normally goes to plastic waste traders. One of those firms, GREEN Ltd., was interviewed. GREEN Ltd.’s representative estimates that 5,000-6,000 firms operate in this sector. GREEN Ltd. accepts plastics of different sorting qualities, the best sorted plastics (like those of WHITE Ltd.) go to plastic manufacturers, where jobs have been created in the last decades
. The specific impact of WHITE Ltd. on employment is however not significant.

· CFC chemical cleavage - This substance goes to an intermediary firm, RED Ltd., which is charged with collecting all CFCs that are treated at Solvay S.A. by being chemically split. Solvay is the only firm in the world that uses this process. RED Ltd. is responsible for the pre-treatment of CFCs (distillation) and the transport (in pressure vessels). The most important customers are the Netherlands, for all the CFCs from the Netherlands are sent to Solvay S.A., and Austria. The interview partner believes that two thirds of all CFCs in Germany go to Solvay S.A., too, and one third is burnt in special waste incinerators. Currently, 30 persons work for RED Ltd., but only 3 of them in the field of CFC treatment, thus the impact of WHITE Ltd. is estimated to be very small. 

· CFC-free PUR-powder - The CFC-free PUR-powder is sold as a binder to firms working with oils. The powder is used for cleaning activities in the firms. This path does not create any jobs.

4 Conclusions and Discussion 

As mentioned above, this case study aims to achieve two main goals: first, it is meant to clarify the motivations and decisions of individual innovative firms and provide information about the impacts of a specific eco-innovation on employment. Second, it is designed to be used as an explorative analysis to test the adequacy and limits of the methodology employed (value chain method) for the purpose of this study. 

4.1 Employment effects

Fig. 4 gives a summary of the most important findings of this study. The first column shows the value chain of the recycling process, the second the firms that were interviewed on each item. The overview of the employment effects along the value chain assessed with two different methods, FEA-1 and FEA-2, constitutes the core part of the table (third and fourth columns). As said in chapter 3.7.1, with the first method we assessed the employment in all steps of the value chain after the introduction of the innovation at WHITE Ltd.. The situation before the innovation was introduced served as the benchmark. With the second method we assessed the possible employment situation in the different stages of the value chain, if WHITE Ltd. had not introduced its eco-innovation. Thus, in this case the benchmark is the employment situation (ex ante, ex post) at WHITE Ltd. itself and at its competitors (those, who use a legally acceptable, but less ecologically effective recycling technology). Actually, only stages of the value chain that changed because of the innovation (marked with "yes" in the FEA-2 column) are expected to show any effects which are mainly or exclusively induced by the innovation. The comments in the last column give some additional information that is useful for the classification of the net employment effects (direct, indirect effects).

By comparing the results of FEA-1 and FEA-2, we are able to qualitatively distinguish net employment effects that can be put down to the eco-innovation from effects that are attributable to other causes. Those effects are related:

a) to R&D activities and to the employees needed for the construction and maintenance of the mobile and stationary plants of WHITE Ltd.

b) to the jobs in the first stage of recycling in the innovating firm and in the upstream chain. Actually, most of the jobs related to the main innovation addressed in this study were created upstream

c) to the few jobs in the second stage of recycling (recovery of CFCs from insulating foams) and the production of CFC-free PUR-powder in the innovating firm.




Table 4: Net employment effects in the value chain assessed with FEA-1 and FEA-2
Value chain
Interview partners
Employment effects: situation before and after the innovation 

(FEA-1)
Employment effects compared with non-innovative alternatives* 

(FEA-2)
Comments 

upstream chain





transport of one refrigerator from household to recycling centre
WHITE Ltd.

BLACK Ltd.
+/-
no
Jobs are shifted from municipal services to private enterprises

manual pre-dismantling 
WHITE Ltd., BLACK Ltd., ZAUG, 
GOAB
+
no
Since 1994jobs have shifted from WHITE Ltd. to non-profit enterprises

internal chain





construction and maintenance of plants
WHITE Ltd.
+
yes
Has been decreasing since 1990

first stage of recycling (recovery of CFC-cooling agents)
WHITE Ltd. BLACK Ltd.
+
yes
Partial shift of jobs from WHITE Ltd. to other firms

second stage of recycling (recovery of CFCs from insulating foams) 
WHITE Ltd.
+
yes


downstream chain





CFCs
RED Ltd.
+/-
yes


Oil
WHITE Ltd.
+/-
no


Condenser
WHITE Ltd.
+/-
no


Mercury
WHITE Ltd.
+/-
no


Compressor
WHITE Ltd.
BLACK Ltd. 
+
no
is sold

Ammonia
WHITE Ltd.
+-
no


Cables
WHITE Ltd.
YELLOW Ltd.
+/-
no


Glass
WHITE Ltd.
+/-
no


Fe-metals
BLUE Ltd 
+/-
no
are sold

non-Fe- metals 
YELLOW Ltd.
+/-
no
are sold

Plastics
GREEN Ltd. 
+/-
no
are sold

PUR-powder
WHITE Ltd.
+
yes
is sold

 * Pre-dismantling, shredding, separation of recyclable materials and incineration of the residual cabinets and foams.

In sum, the following conclusions can be drawn:

· In Germany since 1987 most municipalities have established facilities to pick up end-of-life refrigerators from households. Sometimes they contracted private recycling centres for this job. Jobs in the upstream chain collecting refrigerators were thus created before WHITE Ltd. introduced its innovation. These positive direct employment effects were induced by a public awareness of environmental issues in the late 80s (creation of demand). The net effects of the innovation are zero. As the number and quality of those jobs do not depend on whether the firm is publicly or privately owned, there have not been any substantial changes in employment regarding collection.

· Manual dismantling was a common technique in the early 80s in Germany, but the diffusion of mechanical methods made some of those jobs redundant (indirect negative effects of technology change). Only pre-dismantling still offers job opportunities for unskilled labour. WHITE Ltd.’s innovation created some jobs in the firm itself and in the upstream value chain (direct effects), but these jobs replaced jobs in non-innovative firms - thus on a larger scale the net effects are zero.

· The main innovation of WHITE Ltd. was induced by environmental policy measures starting in 1987 (banning of CFCs). Municipalities had to find an ecological solution for end-of-life refrigerators. For this reason waste charges were raised and a new market was created, in which SME pioneers like WHITE Ltd. were able to seize the opportunity. The direct employment effects in the innovative firm were positive (R&D, construction). The jobs were for skilled persons. However, once the innovation had been implemented, the number of employees working in those areas decreased significantly.

· In 1989 the German government announced an ordinance for electronic waste (including refrigerators) enforcing recycling activities and energy recovery. As a consequence, large capacities for the recycling of EES were created in Germany. Strong competitors, especially from the energy industry, penetrated the waste management sector and pushed incineration (that is why they were chosen as a benchmark for the FEA-2 assessment). However, the expectations concerning the quantities of EES available for recycling have not been completely met. In the course of time, the competitiveness of environmental options for the disposal of CFCs has declined compared with the incineration option. WHITE Ltd. laid off workers. This was a negative indirect effect caused by market competition

· In the following years WHITE Ltd. tackled the crisis by introducing further institutional and technical innovations, for example: 

· the first stage of the recycling process partially moved to BLACK Ltd. and other socially committed firms where unskilled labour is supported through public subsidies. This shift of jobs was due, on one hand, to WHITE’s cost reduction strategy and, on the other hand, to political concern about unemployment. The shift of jobs had positive direct net effects on the upstream chain, because presumably more (unskilled) workers found a job in those enterprises than WHITE Ltd. had previously employed. Thus, compared with those of competitors, this value chain is probably more labour-intensive than the alternatives. 

· the diffusion of mechanical dismantling processes (by WHITE Ltd. and its competitors) replaced all of the manual dismantling that used to be the main technique in Germany in the 80s. Now there are not any firms in Germany that still apply the old technique. At first glance, the elimination of this path of the value chain might induce negative employment effects in Germany, mainly with regard to unskilled jobs. But actually, it seems that this recycling path has not been totally eliminated through technical innovations. In particular recycling alternatives like the one WHITE Ltd. came up with, which requires reusable parts of refrigerators (for example, the compressors) to be carefully separated from the cabinets, involve a considerable input of labour. Experts think that the decrease in the number of jobs in this field has not been dramatic so far. The refrigerator recycling industry is now confronted with increasing exports of end-of-life products to Eastern Europe, where recycling consists of manual dismantling and reuse of usable parts. This development suggests a transfer of parts of the value chain from Germany to other countries. In this study, these effects have not been assessed, because no reliable information was available. However, we may assume that there are probably positive direct and indirect employment effects outside the system boundaries.

· two mobile CFC-extraction plants expanded the geographical dispersion of WHITE Ltd.’s activities in other countries (about 4 skilled workers work at those plants; other effects of this expansion have probably been felt at a local level abroad, i.e. outside the system boundaries of this case study, too).

· intensive marketing and advertising of the ecological advantages the two-stage recycling system offers. Since 1997 no worker has been made redundant. This can probably be classified as an indirect effect of the innovation, for it is a result of marketing strategies which increased the acceptance of WHITE Ltd.’s higher prices (because of its higher ecological standards) on the part of its customers. 

· So far, the recovery and pre-dismantling have normally been organised in labour-intensive, regional networks in which jobs for unemployed, unskilled persons have been created with public subsidies. Currently, the ordinance for electronic waste is again the object of political discussion. According to the government's draft, producers will probably be forced to recover their own end-of-life products and recycle them. An ordinance similar to the one on the Dual System for packaging waste is now under discussion. If such an ordinance is passed, it is expected that the recovery and pre-dismantling will be concentrated in as few as 5 big recovery locations in Germany. 

· The employment effects in the downstream chain are less significant than in the upstream chain. The innovation of WHITE Ltd. mainly affects the recovery and treatment of CFCs. Therefore, employment only changes at the steps directly related to the recovery and treatment of this hazardous substance. Apart from the jobs created at WHITE Ltd itself, the innovation has hardly generated any jobs downstream, because either the quantities for recycling are relatively small or the corresponding paths in the value chain are not labour-intensive. However, the importance of the downstream chain from a business standpoint should not be underestimated. The very business objective of the firm is to recover plastics and metals and sell these secondary raw materials in a market with increasing potential.

4.2 Some Remarks about the Methodology

As part of IMPRESS, the case studies are expected to contribute to a methodological improvement, too. As for this goal, the following comments should be made:

· Theoretically, employment effects in competitive markets may be 

· related to their location, i.e. in the firm we are dealing with direct effects, outside the firm with indirect effects. Theoretically, this definition is not suited to facilitate an understanding of the complexity of the issues at stake; 

· related to their causes (motivation-oriented assessment): if employment results from intentional cost reduction or sales expansion strategies, this is a case of direct effects. But employment effects may also result from a reaction to changes occurring outside the firm, for example to changes in legal provisions, or to changes caused by the competition in the market, and in particular from reactions to changes brought about by substitution mechanisms and/or income effects. These are indirect employment effects.

· related to a particular change (i.e. a specific innovation) no matter where and why the effects occur within given boundaries. 

The value chain approach used in this case study falls into this last category. One of the most important results is that this method makes transparent the role of the system boundaries for the assessment of net effects. In order to distinguish between direct and indirect effects, a motivation-oriented assessment was used. Because the linkage of the value chain approach with the motivation-oriented approach is not trivial, some critical comments should be made.

· The assessment of the direct employment effects of an innovation along the value chain is difficult, because direct effects result from intentional measures at the company level. As said above, if the innovation is introduced to reduce labour costs and some jobs actually become redundant, these are direct effects. However, if the innovation is introduced because legal provisions or market pressure force the firm to do this, the employment effects triggered by  the innovation are indirect effects. But when firms in the value chain modify their own production or organisation in order to adapt to the innovative measures taken by suppliers (or customers) it is debatable whether the employment effects of these measures should be seen as direct or indirect effects.

· As for indirect labour effects, other problems arise. Indirect effects are caused by changes concerning the market position of the firm (thus they are not directly related to the innovation, but to competition, marketing strategies, institutional arrangements, legislation, etc.). If there is an increase in income (profits or wages) due to the innovation and this increase makes it possible to create some jobs, probably in other industries, these effects are indirect effects of the innovation. However, an assessment of this type of effects is not possible if one only looks at the value chain. Substitution effects by competitors cannot be properly analysed with this approach either. In fact, the incompatibility of both perspectives (motivation-oriented and value chain) becomes evident when an innovation prompts job losses in other industries. From a motivation-oriented perspective, these effects are indirect effects caused by changes in the competition in the market. From the point of view of the value chain method, however, these effects are not normally taken into account, because they occur outside the system boundaries. But if the system boundaries are wide enough to include them, they should probably be directly attributed to the main innovation and therefore be seen as direct effects. 

The present study shows that the distinction between direct and indirect effects requires a consistent approach. By using a value-chain approach, especial attention should be given to the definition of the system boundaries. The use of a two steps assessment method (FEA-1 and FEA-2) seems to be a suitable way to make the value-chain method compatible with a motivation-oriented assessment. 

4.3 Final conclusions

A case study is per definition a descriptive tool. It does not allow general statements about the real relationships of the elements observed. Moreover, the results of a case study cannot simply be extrapolated. However the present case study is expected to deliver some empirical basis for a better understanding of the relationship between employment and recycling in general. The following assessment sums up the results of the present case study:

· In the short term, the innovation had positive employment effects on the firm and the upstream value chain (but probably negative indirect effects on the sector). In the medium term we identified negative effects in the innovative enterprise itself. The unfavourable market situation created incentives for the innovative firm to make new innovation efforts. These had no positive employment effects on the enterprise, but they stopped the downturn and had positive (direct/indirect) effects on the upstream value chain. This positive effects in the upstream chain would not be so significant, if the concerned jobs were not publicly subsidised. The long-term direct employment effects of the recycling innovation seem to be negative for the innovative enterprise in this specific case study, positive for the upstream chain and insignificant for the downstream chain. 

· In spite of the hopeful message that we quoted in chapter 1, the EU-Commission also recognises the problem that inevitably arises from the high expectations of a “double dividend” from recycling, as the following text shows: “The implementation of recycling objectives in the context of an environmental policy has given rise to a situation where the activity of recycling is not profitable, unless some direct or indirect public intervention takes place” (European Commission, 1998, p. 2). This case study bears out this statement. Jobs in the recycling sector in Germany are highly dependent on public support.

· The Commission’s report also states that “if markets function correctly and in conditions of maximum efficiency and minimal costs, recycling may become profitable in an increasing number of cases” (European Commission, 1998, p. 2). It remains questionable, whether the best technical option of recycling will success in the European market, if legal regulation does not stipulate minimal ecological standards on international level.




5 References

European Commission, DG III - Industry (1998): The Competitiveness of the Recycling Industries. COM (1998) 463 final.

bvse – Bundesverband Sekundärrohstoffe und Entsorgung e.V. (1998): Elektronikschrottrecycling – Fakten, Zahlen und Verfahren. Bonn. 

UBA – Umweltbundesamt (1993): Beschäftigungswirkungen des Umweltschutzes – Abschätzungen und Prognose bis 2000. Texte 42/93. Berlin.

UBA – Umweltbundesamt (1997): Daten zur Umwelt – Der Zustand der Umwelt in Deutschland. Berlin.

ifeu (1997): Ergebnisbericht zum UBA-Forschungsvorhaben Nr. 10310606 „Ökologische Bilanzen in der Abfallwirtschaft“. Fallbeispiel: Verwertung von Haushaltskühlgeräten. Heidelberg.

IPTS – Institute for Prospective Technological Studies (1996): The recycling industry in the European Union: Impediments and Prospects. Sevilla.

Stiftung Arbeit und Umwelt (Hrsg.) (1999): Beschäftigungseffekte durch Kreislaufwirtschaft. Hannover.

Halstrick-Schwenk, Marianne (1999): Entsorgung und Wiederverwertung von Elektroaltgeräten und Elektronikschrott - Ökologisches Gefährdungspotential und umweltpolitischer Handlungsbedarf. In: RWI-Mitteilungen, 1999, Jg. 50, 1/2: 81-107.

Hafkesbrink, Joachim; Halstrick-Schwenk, Marianne; Löbbe, Klaus (1999): Abschätzung der innovativen Wirkungen umweltpolitischer Instrumente in den Stoffströmen Elektroaltgeräte/ Elektronikschrott. In: Klemmer, P. (Hrsg.): Innovationen und Umwelt: 167-201. Berlin.

6 Glossary and List of Abbreviations 

BAT

Best available technology

BDE

Bundesverband der Deutschen Entsorgungswirtschaft e.V.

bvse

Bundesverband Sekundärrohstoffe und Entsorgung, e.V.

CFC

Chlorofluorocarbon
DSD

Duales System Deutschland

EES

Electrical and electronic scrap 

FEA

Functional Equivalence Approaches 

Fe-metals
Ferrous metals

IT

Information technology 

LCA

Life-cycle assessment

MUP

Mannheimer Unternehmens-Panel

Non-fe-metals
Non-ferrous metals

PUR

Polyurethane 

RAL

Deutsches Institut für Gütesicherung und Kennzeichnung

RWI

Rheinisch-Westfälisches Institut für Wirtschaftsforschung

UBA

Umweltbundesamt (Federal Environment Agency) 

VDMA

Verband Deutscher Maschinen- und Anlagenbauer e. V.

ZVEI
Zentralverband Elektrotechnik und Elektronikindustrie (producers’ trade association)

7 Interview Partners

· ifeu-Institut, Heidelberg (Jürgen Giegriech and Horst Fehrenbach, Researchers)

· WHITE Ltd.- refrigerator recycling firm, 60 employees, interview partner: sales manager

· BLACK Ltd. - publicly supported, non-profit enterprise for the creation of employment, 30 employees, 60 training places, interview partner: manager.

· RED Ltd. - small firm (30 employees) for the collection and pretreatment of CFC-substances; interview partner: head of department

· ZAUG – Zentrum Arbeit und Umweltschutz, Gießen (interview partner: head of department)

· GOAB – Gemeinnützige Gesellschaft Offenbacher Ausbildung und Beschäftigung (interview partner: head of department)

·  GREEN Ltd. - small trading firm (3 employees) for waste plastics, interview partner: proprietor.

· BLUE Ltd. - small ferrous metal recycling firm (30 employees), interview partner: proprietor

· YELLOW Ltd. - metal-recycling firm (fewer than 40 employees), interview partner: proprietor.










� Both the study carried out by the Stiftung Arbeit und Umwelt and the data published by the Bundesverband Sekundärrohstoffe und Entsorgung, e.v. (bvse) are intended to support specific interests in the recycling sector, thus some caution is called for. The source of the MUP data is Credit Reform, a politically independent institution that collects raw data from official registers and direct surveys. 


� Obviously, consumers prefer a longer product life than forecasted. Because of this development fewer jobs were created in the waste management and recycling sectors but it has probably triggered the creation of new jobs, especially in other service industries, such as repairing and trade. 


� In the new “Länder”, only small amounts of equipment containing CFCs as a cooling agent have to be recycled as no CFCs were used in the production of insulating foams in the former GDR. Currently, only about 3% of the end-of-life refrigerators in Western Germany have cooling aggregates on the basis of ammonia.


� Experts estimate that the UBA standards from 1998 correspond to 90% of the "state of the technique" in Germany. 


� To keep the data and identity of the interview partners confidential, the names of firms were changed.


� The average costs for the recovery, transport and disposal of the CFCs of a single refrigerator are currently estimated at DM 10. The disposal of CFCs at Solvay S.A. costs DM 6,000 a ton, incineration in a "normal" waste incinerator costs about DM 200-700 a ton and incineration in a special plant for hazardous waste about DM 1,000.


� Further interview partners for the assessment of employment effects in the upstream value chain with FEA-2 were ZAUG and GOAB. Their statements confirmed the information given by BLACK Ltd.


� However, 40%-50% of the waste plastics are disposed of by incineration.
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Tabelle1

				Number of firms

				West		East

		scrap recycling

		ferrous metals		251		191		20.5155746509				20.3238866397

		non-ferrous metals		49		47		5.0483351235				3.967611336

		non-metal recycling						0				0

		recycling of plastic waste		272		116		12.4597207304				22.024291498

		recycling of other waste materials (excluding textiles, paper and glass)		663		577		61.9763694952				53.6842105263

		Recycling (total)		1235		931		100				100





Tabelle2

		Firm sizes in West and East

		Firm size

		Number of employees		West*		%		East**		%

		1		289		27.32		172		21.21

		2-4		366		34.59		223		27.50

		5-9		181		17.11		166		20.47

		10-19		117		11.06		127		15.66

		20-49		81		7.66		82		10.11

		50-99		14		1.32		27		3.33

		100-199		7		0.66		9		1.11

		200-499		2		0.19		5		0.62

		500-999		1		0.09		-		-

		>=1000		-		-		-		-

		Total		1058				811

				* no data in 177 cases						** no data in 120 cases

		Firm size

		Number of employees		West*		%		East**		%		Total

		1		289		62.69		172		37.31		461

		2-4		366		62.14		223		37.86		589

		5-9		181		52.16		166		47.84		347

		10-19		117		47.95		127		52.05		244

		20-49		81		49.69		82		50.31		163

		50-99		14		34.15		27		65.85		41

		100-199		7		43.75		9		56.25		16

		200-499		2		28.57		5		71.43		7

		500-999		1		100.00		-		-		1

		>=1000		-		-		-		-		-

		Total		1058		56.61		811		43.39		1869





Tabelle3

		

				number of firms						number of employees

				west		east		Total		west		east		Total

		scrap recycling		37		54		91		145		443		588

		ferrous metals		181		166		347		1912		2245		4157

		non-ferrous metals		46		43		89		1749		679		2428

		total		264		263		527		3806		3367		7173

		non-metal recycling		53		46		99		614		188		802

		textiles		94		41		135		674		836		1510

		paper		132		74		206		1750		1011		2761

		glass		38		22		60		383		236		619

		plastic waste		235		94		329		1620		786		2406

		other waste materials		412		388		800		2835		4983		7818

		total		964		665		1629		7876		8040		15916

		Total		1228		928		2156		11682		11407		23089

				number of employees								number of firms

				west		east						west		east

		scrap recycling		145		443				scrap recycling		37		54

		ferrous metals		1912		2245				ferrous metals		181		166

		non-ferrous metals		1749		679				non-ferrous metals		46		43

		non-metal recycling		614		188				non-metal recycling		53		46

		textiles		674		836				textiles		94		41

		paper		1750		1011				paper		132		74

		glass		383		236				glass		38		22

		plastic waste		1620		786				plastic waste		235		94

		other waste materials		2835		4983				other waste materials		412		388

		Total		11682		11407				Total		1228		928
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Tabelle5

		

				Number of firms

				scrap recycling				non-metalic recycling

		number of employees		ferrous metalls		non-ferrous mettals		textiles		paper		glass		plastic waste		other waste materials

		1		78		18		51		35		16		104		165

		2-4		106		22		34		54		17		109		269

		5-9		67		20		15		27		15		45		164

		10-19		51		13		18		20		8		36		103

		20-49		34		9		12		22		7		29		69

		50-99		7		2		3		5		1		5		22

		100-199		3		2		1		5		1		1		7

		200-499		3		2		1		1		-		-		1

		500-999		-		1		-		-		-		-		-

		>=1000		-		-		-		-		-		-		-

		TOTAL		349		89		135		134		65		329		800





Tabelle6

		

				number of firms (scrap recycling)

		number of employees		ferrous metals				non-ferrous metals				scrap recycling

				west		east		west		east		west		east

		1		51		27		11		7		13		17

		2-4		59		47		10		12		15		10

		5-9		24		40		12		8		6		15

		10-19		18		33		3		10		2		8

		20-49		21		13		6		3		1		3

		50-99		2		5		1		1		-		1

		100-199		2		1		1		1		-		-

		200-499		1		2		1		1		-		-

		500-999		-		-		1		-		-		-

		>=1000		-		-		-		-		-		-

		Total		178		168		46		43		37		54

		West

		number of employees		ferrous metals		non-ferrous metals		scrap recycling		Total

		1		51		11		13		75

		2-4		59		10		15		84

		5-9		24		12		6		42

		10-19		18		3		2		23

		20-49		21		6		1		28

		50-99		2		1		-		3

		100-199		2		1		-		3

		200-499		1		1		-		2

		500-999		-		1		-		1

		>=1000		-				-		-

				Total West		Total East

		1		75		51

		2-4		84		69

		5-9		42		63

		10-19		23		51

		20-49		28		19

		50-99		3		7

		100-199		3		2

		200-499		2		3

		500-999		1		-

		>=1000		-		-
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				Anzahl der Anlage

		before 1989		2
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Tabelle1

				Number of firms

				West		East

		scrap recycling

		ferrous metals		251		191

		non-ferrous metals		49		47

		non-metal recycling

		recycling of plastic waste		272		116

		recycling of other waste materials (excluding textiles, paper and glass)		663		577

		Recycling (total)		1235		931





Tabelle2

		Firm sizes in West and East

		Firm size

		Number of employees		West*		%		East**		%

		1		289		27.32		172		21.21

		2-4		366		34.59		223		27.50

		5-9		181		17.11		166		20.47

		10-19		117		11.06		127		15.66

		20-49		81		7.66		82		10.11

		50-99		14		1.32		27		3.33

		100-199		7		0.66		9		1.11

		200-499		2		0.19		5		0.62

		500-999		1		0.09		-		-

		>=1000		-		-		-		-

		Total		1058				811

				* no data in 177 cases						** no data in 120 cases

		Firm size

		Number of employees		West*		%		East**		%		Total

		1		289		62.69		172		37.31		461

		2-4		366		62.14		223		37.86		589

		5-9		181		52.16		166		47.84		347

		10-19		117		47.95		127		52.05		244

		20-49		81		49.69		82		50.31		163

		50-99		14		34.15		27		65.85		41

		100-199		7		43.75		9		56.25		16

		200-499		2		28.57		5		71.43		7

		500-999		1		100.00		-		-		1

		>=1000		-		-		-		-		-

		Total		1058		56.61		811		43.39		1869





Tabelle3

		

				number of firms						number of employees

				west		east		Total		west		east		Total

		scrap recycling		37		54		91		145		443		588

		ferrous metals		181		166		347		1912		2245		4157

		non-ferrous metals		46		43		89		1749		679		2428

		total		264		263		527		3806		3367		7173

		non-metal recycling		53		46		99		614		188		802

		textiles		94		41		135		674		836		1510

		paper		132		74		206		1750		1011		2761

		glass		38		22		60		383		236		619

		plastic waste		235		94		329		1620		786		2406

		other waste materials		412		388		800		2835		4983		7818

		total		964		665		1629		7876		8040		15916

		Total		1228		928		2156		11682		11407		23089

				number of employees								number of firms

				west		east						west		east

		scrap recycling		145		443				scrap recycling		37		54

		ferrous metals		1912		2245				ferrous metals		181		166

		non-ferrous metals		1749		679				non-ferrous metals		46		43

		non-metal recycling		614		188				non-metal recycling		53		46

		textiles		674		836				textiles		94		41

		paper		1750		1011				paper		132		74

		glass		383		236				glass		38		22

		plastic waste		1620		786				plastic waste		235		94

		other waste materials		2835		4983				other waste materials		412		388

		Total		11682		11407				Total		1228		928





Tabelle3
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Tabelle4

		scrap recycling		scrap recycling

		ferrous metals		ferrous metals

		non-ferrous metals		non-ferrous metals

		non-metal recycling		non-metal recycling

		textiles		textiles

		paper		paper

		glass		glass

		plastic waste		plastic waste

		other waste materials		other waste materials



number of firms west

number of firms east

Number of firms

37

54

181

166

46

43

53

46

94

41

132

74

38

22

235

94

412

388



Tabelle5

		

				Number of firms

				scrap recycling				non-metalic recycling

		number of employees		ferrous metalls		non-ferrous mettals		textiles		paper		glass		plastic waste		other waste materials

		1		78		18		51		35		16		104		165

		2-4		106		22		34		54		17		109		269

		5-9		67		20		15		27		15		45		164

		10-19		51		13		18		20		8		36		103

		20-49		34		9		12		22		7		29		69

		50-99		7		2		3		5		1		5		22

		100-199		3		2		1		5		1		1		7

		200-499		3		2		1		1		-		-		1

		500-999		-		1		-		-		-		-		-

		>=1000		-		-		-		-		-		-		-

		TOTAL		349		89		135		134		65		329		800





Tabelle6

		

				number of firms (scrap recycling)

		number of employees		ferrous metals				non-ferrous metals				scrap recycling

				west		east		west		east		west		east

		1		51		27		11		7		13		17

		2-4		59		47		10		12		15		10

		5-9		24		40		12		8		6		15

		10-19		18		33		3		10		2		8

		20-49		21		13		6		3		1		3

		50-99		2		5		1		1		-		1

		100-199		2		1		1		1		-		-

		200-499		1		2		1		1		-		-

		500-999		-		-		1		-		-		-

		>=1000		-		-		-		-		-		-

		Total		178		168		46		43		37		54

		West

		number of employees		ferrous metals		non-ferrous metals		scrap recycling		Total

		1		51		11		13		75

		2-4		59		10		15		84

		5-9		24		12		6		42

		10-19		18		3		2		23

		20-49		21		6		1		28

		50-99		2		1		-		3

		100-199		2		1		-		3

		200-499		1		1		-		2

		500-999		-		1		-		1

		>=1000		-				-		-

				Total West		Total East

		1		75		51

		2-4		84		69

		5-9		42		63

		10-19		23		51

		20-49		28		19

		50-99		3		7

		100-199		3		2

		200-499		2		3

		500-999		1		-

		>=1000		-		-





Tabelle6
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		scrap recycling		scrap recycling

		ferrous metals		ferrous metals

		non-ferrous metals		non-ferrous metals

		non-metal recycling		non-metal recycling

		textiles		textiles

		paper		paper

		glass		glass

		plastic waste		plastic waste

		other waste materials		other waste materials



west

east

Number of employees

145

443

1912

2245

1749

679

614

188

674

836

1750

1011

383

236

1620

786

2835

4983



		scrap recycling		scrap recycling

		ferrous metals		ferrous metals

		non-ferrous metals		non-ferrous metals

		non-metal recycling		non-metal recycling

		textiles		textiles

		paper		paper

		glass		glass

		plastic waste		plastic waste

		other waste materials		other waste materials



number of firms west

number of firms east

Number of firms

37

54

181

166

46

43

53

46

94

41

132

74

38

22

235

94

412

388



		1		1

		2-4		2-4

		5-9		5-9

		10-19		10-19

		20-49		20-49

		50-99		50-99

		100-199		100-199

		200-499		200-499

		500-999		500-999

		>=1000		>=1000



Total West

Total East

Number of employees

Number of firms

Number of firm size

75

51

84

69

42

63

23

51

28

19

3

7

3

2

2

3

1

0

0

0






