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The MEPI project, Measuring Environmental Performance of Industry, has been funded under the Fourth Framework Porgramme (Environment and Climate) of DGXII of the European Commission. This paper mainly reports on research conducted by our Centre in the scope of MEPI. The project in its globality was coordinated by SPRU (Univ. of Sussex, UK) and has been conducted as well by Xander OLSTHOORN, Frans VAN DER WOERD and Michiel VAN DRUNEN (Institute for Environmental Studies, Vrije Univesiteit Amsterdam, Netherlands), Giovanni AZZONE and Giuliano NOCI (Department of Economics and Production, Politecnico di Milano, Italy), Christine JASCH (Institut für Ökologische Wirtschaftsforschung - IÖW - Austria), Tom GAMESON and Oliver WOLF (Institute for Prospective Technological Studies - IPTS, Sevilla, Spain). This paper has been presented at the 6th Conference of the International Society for Ecological Economics, Canberra (Australia), 5-8 July 2000. † Jérôme CARLENS died in tragical circumstances on 8 April 2001. Working with him has been both scientifically stimulating and humanly enjoyable. The other authors and contributors wish to dedicate this paper to his memory.
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Abstract



In recent years research has been rapidly and actively emerging on indicators of environmental performance in industry. Crucial issues are the kind of information that must taken into account, is available, and relevant, as well as standardisation and aggregation of such information. The paper reports on the experience gained in these matters, in the scope of a European Commission funded project involving seven research partners across Europe. Practical applications of the project cover six industrial sectors within six European countries. Exploiting the adopted indicators allows to draw conclusions about the influence of various factors, including the national context, on environmental performance, and to provide both managers and decision makers with information that is useful for the overall improvement of environmental strategies and environmental regulation.
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1. Literature review, overview of the objectives and methodology of the MEPI project



Among the human activities imposing a heavy burden on our environment, industrial activities are at the foreground. While in the previous two or three decades the behaviour of industries in that respect was mainly dictated by impositions originating from governmental decisions (in the form of, e.g., regulation, standards, or taxes), some companies recently realised the huge potential benefits of adopting more conscious and proactive behaviour toward the environment. A well-known example is provided by 3M and the 3P (Pollution Prevention Pays) principle (SCHMIDHEINY 1992). Parallel to that evolution, there is an increasing need for tools that would allow for proper and objective quantification or measurement of the performance of firms with respect to the environment. "Demands on companies to measure, document and disclose information about environmental performance will become more invasive - i. e., as the result of pressures from employees, neighbours, the general public, environmental groups and regulatory agencies. In the same way that public companies are measured by their financial results, environmental performance will increasingly become a critical factor to scrutinize" (GREENO & ROBINSON 1992).



All industrial processes involve the consumption and manipulation of energy and materials, leading to the production of products, services, and wastes. These physical transactions constitute the most direct relationship between firms and the environment. How do these relationships evolve over time? How can such changes be explained and how can such an analysis inform environmental policy makers in government and industry ? To answer these questions it is necessary to measure the "environmental performance" of firms. The MEPI project (Measuring Environmental Performance of Industry) seeks to place on a mature footing the use of quantitative indicators of the environmental performance of firms. The project focused on materials and energy use,
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and waste emissions, at both the plant and firm level. Three types of "Environmental Performance Indicators" (EPIs) have been developed (physical, business management and environmental impact indicators). The project aimed to encourage a standardised approach and to meet the needs of industry, policy makers and other stakeholders for comparative and full information on the environmental impacts of industrial activities. In time, more uniform quantitative EPIs will provide an important managerial tool for benchmarking within industries, as well as a platform for cross-sectoral and international comparisons of industrial environmental performance.



Environmental performance measurement needs to be seen in the wider context of the debate about corporate social responsibility, which has been brought about by diverse pressures and a variety of interests. Environmental performance indicators are confronted with many expectations. There is, however, one overarching objective: the improvement of – internal as well as external - transparency about the effects on the environment and responses to mitigate them. The final MEPI report (BERKHOUT et al. 2001) contains an extensive literature review, of which only a few salient elements are given here.



Although a phenomenon of the last five years only, the literature on environment and social reporting is extensive (AZZONE & MANZINI 1994; BARTOLOMEO 1995; BENNETT & JAMES 1999; DITZ & RANGANATHAN 1997; EPSTEIN 1996). It includes: reports (corporate, sectoral, regional, national), surveys and reviews of reports, commentaries on reporting and standard-setting initiatives, and best practice guides. Environmental performance reporting and measurement has been a consistent theme in the literature on reporting. Many reports contain quantitative performance information ; surveys and reviews have identified performance measures as being increasingly important through time, and much of the debate about standardisation (of which the MEPI project is one outcome) has been over how standard sets of environmental indicators can be derived for
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firms. JAMES (1994) suggests that six distinct frameworks for environmental performance measurement can be identified - production, auditing, ecological, accounting, economic and quality. The flourishing of corporate reporting also saw the emergence of a range of activities seeking to harmonise performance measurement and reporting (AZZONE et al 1996; BARTOLOMEO 1995; CICA 1994; ACCA 1997; WHITE & ZINK 1997). Three main sources of pressure for standardisation can be identified: the formalisation of environmental management; accountancy practice and interests; ‘right to know’ advocacy. The literature analysing the environmental performance of firms, and the link between environmental and financial performance is broad. AZZONE & MANZINI (1994) and TYTECA (1996) provide general reviews of indicators used in the analysis of the environmental performance of firms. Different classes of performance indicator have been



proposed



in



the



literature :



environmental



management ;



environmental



achievements ; prevention costs and environmental investment ; operating environmental costs ; contingent environmental liabilities ; physical indicators ; compliance indicators.



The MEPI initiative took place in a context where several similar experiences are being conducted accross the world. Among those worthy of interest, let us mention the ISO 14031 standard (ISO 1997), the Global Reporting Initiative (WHITE 1999; MULLINS 2000), and the eco-efficiency initiative led by the World Business Council for Sustainable Development (VERFAILLIE & BIDWELL 2000). It can be said that the MEPI project is to our knowledge the only one in which standardised environmental performance indicators have been actually tested on an extended, cross-European scale. Distinguishing features of MEPI include (1) a bottom-up and simple approach, i.e., based on which data actually exist, rather than an approach based on more elaborate guidelines that cover more aspects, for which either data are scarce, or comparison is hampered by a complex structure; (2) a rich database, that includes data from 280 European companies and 430 production sites.
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The MEPI project had three main objectives: • to develop quantitative indicators for the environmental performance of



manufacturing firms; • to apply these indicators in deepening understanding of the causes of changes in



industrial environmental performance; • to assess the effectiveness of different policy instruments in improving firms' overall



environmental performance.



Key elements of the methodology were: • a focus on six different industrial sectors: fertilisers, textile finishing, book and



magazine printing, computer manufacturing, pulp and paper, and electricity generation industries; • a focus on six countries: UK, Germany, Austria, the Netherlands, Italy and Belgium; • construction of a database containing environmental and business data for hundreds of



European sites/firms; • detailed comparative case studies of firms in four sectors with the aim of explaining



differences in environmental performances; • continuous stakeholder participation and involvement through a review panel.



Figure 1 illustrates the main phases of the MEPI approach. Phase 2, data collection and screening, required quite a significant effort, due to the rather scattered, unstandardised and non-homogeneous state in which information was available. Different approaches were taken accross the countries. In some of them (Germany, Austria), information was readily available through environmental reports, in particular EMAS statements2, while in some others, data had to be gathered through surveys or direct contacts with either the companies, sectoral federations, and/or public authorities (e.g., the Dutch Emission



2



EMAS is the Eco-Management and Audit Scheme created at the level of the European Commission, based on voluntary participation. For details see http://europa.eu.int/comm/environment/emas/.
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Inventory, or the UK Chemical Release Inventory - now called UK Pollution Inventory). Also, there has been continuous interactions between and among the four phases, since, for example, the nature and structure of available data had strong implications on the kind of indicators that we were able to implement, which in turn significantly influenced the way in which environmental performance could be analysed.



2. Main types of environmental performance indicators (EPIs)



Three main types of EPI were developed in MEPI: physical (absolute and relative), business/management, and impact indicators (OLSTHOORN et al. 2001). • Physical indicators are concerned with materials and energy inputs and outputs from



production process, or (in the case of computers) product use. • Business/management indicators are concerned with linking physical aspects of



environmental performance to information on business performance (economic indicators), or with indicators describing efforts of environmental management within a firm (management indicators). • Impact indicators relate physical output data (on emissions, for instance) to potential



environmental impacts (global warming potential being a well-known example).



In most cases indicators are simple ratios (tonnes hazardous waste per unit of product or per Euro value added, for instance). The indicator set used in MEPI include both generic and sector-specific indicators. Generic indicators were applied across all sectors to capture environmental and business/management aspects of firms’performance. Table 1 summarises the set of selected generic EPI themes. In addition, sector-specific indicators were applied, to highlight particular environmental issues of high relevance for a given sector (Table 2 gives the information for the two sectors to be discussed below). They stand alongside the generic indicators, together forming a total picture of firms’ environmental performance.
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3. Overview of results



The results obtained in the scope of the MEPI project are described in a report submitted to the European Commission (BERKHOUT et al. 2001). In this section we give a rapid overview of the general results, before –focusing on efforts to rank site-level data. Table 3 gives an idea of the data coverage, by country and sector. It must be said that although the global coverage appears rather good in several sectors, there were many blanks in the data, due to the unavailability of values for many of the variables that constituted the MEPI database. In order to account for this, and to identify the most significant variables that influence the companies' environmental performance, statistical analyses (i.e., principal component analyses) were conducted, yielding the results gathered in Table 4 (a more detailed explanation of this table can be found in BERKHOUT et al. 2001)



It can be deduced from this that environmental performance is mainly influenced and can be adequately reflected by a subset of the variables incorporated in the database. These results have important implications on the analyses that were conducted afterwards. That is, subsequent construction of the indicators, for benchmarking and analysis of explanatory factors, was based on those variables that appeared to be both sufficiently available within the dataset and found to be significantly influential to the environmental performance. Also, the analyses that we were able to perform depended on the sector analysed. Due to the lack of data, no further analysis of the computer manufacturing sector was possible. Most efforts concentrated on the electric and pulp and paper sectors, and to a somewhat lower extent to the fertiliser and textile sectors. Some of the sectors (pulp and paper, fertiliser) also appeared much diversified and heterogeneous, mainly as regards the processes and products, thereby setting some limits to the extent of the analyses that we were able to conduct.
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One important outcome of the results at this stage was to produce so-called scorecards, that is, tables and graphs giving, per sector, the average, median, minimum and maximum values of significant variables normalised either per functional unit, per employee, or per functional unit sales. Such tables allow companies to benchmark themselves with respect to the important trends observed in their sector, throughout the various countries that were part of the MEPI.



4. Objectives and methods for the –site-specific ranking of environmental performance within some sectors



With respect to the general objectives of the MEPI project, the role played by our Centre involved the study of environmental performance at the site level through use of standardised, aggregate indicators, and the analysis of the effect that potential explanatory factors, on which data was available, could have on such performance, in order to enable for the derivation of useful guidelines to both company managers and public decision makers. Building on the results obtained in previous steps of the project, we worked essentially with a restricted set of variables, selected from primary analysis and availability of data. We also investigated the correspondence of the aggregate indicators with the most important basic variables, in order to deduce whether some of these were sufficient to reflect the overall performance. One last important point to note is that, instead of working with the value of the indicators themselves, we used the rankings derived from them. The main reason for this was the non-homogeneities observed in some of the variables, yielding heterogeneities in the indicators (i.e., strong discontinuities in variation intervals); these were converted, through rankings, into more homogeneous quantities.



Besides those restrictions, we concentrated on two sectors, i.e., the electric and pulp and paper sectors, and on time periods for which significant amounts of data were available,
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namely, year 1996, year 1997, and the three years period 1995 - 97. To ensure both discriminant power of the indicators, and sufficient data coverage, we restricted ourselves to the following variables: for the electric sector, kWh output, CO2 , SO2 , and NOx , and for the pulp and paper sector, paper output, COD to water, NOx to air, and Water input.



Several types of aggregate indicators were tested. In this paper we will not describe those derived from the theory of productive efficiency, for which we suggest the interested reader to refer to either the final report (BERKHOUT et al. 2001) or specific publications devoted to those indicators (TYTECA 1996, 1997, 1999). Herein we will only discuss use of indicators such as derived from JAGGI & FREEDMAN's model (1992). Briefly and very succinctly, the formulation of such an indicator can be presented as follows. We consider a given set of analogous units devoted to a given type of production (i.e., sites in a sector), and characterised by a few variables reflecting inputs, desirable outputs, and undesirable outputs (emissions). The very basic principle is to make reference to the units that perform best among the given set, i.e., those that use the least of inputs and release the least of emissions, for given levels of output production. More precisely, for each of the selected variables, we first normalise it by dividing it by the level of output production:



V = Variable / Output



(1)



and this for each of the production units under consideration. Then, for that variable, we identify the smallest quantity, over the whole set of production units, among the values taken by the normalised ratios: V min = min {Variable / Output } units



(2)
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Then, for each production unit and for each normalised variable, we define "Vcont" as the contribution of that variable to the global performance indicator for that production unit: Vcont = V min V ≤1



(3)



The value taken by this ratio will be 1 only for the unit(s) performing best for the variable considered; for all other units, it will be strictly less than 1. Finally, for each production unit, the value of the Jaggi & Freedman's indicator will be defined as JFindicator =



1 ∑ Vcont n var var iables



(4)



in which "nvar" designates the total number of variables taken into consideration to evaluate the performance.



It must be emphasized that with Jaggi and Freedman's (JF) model, the variables are treated independently of each other instead of being all considered simultaneously in a multi-dimensional space. Because the chance that a given plant will be the best in all criteria is low, JF indicators will usually take values strictly less than one. In the results indicated below, three variants of the JF indicator have been tested, termed "JFadj", "JFmiss" and "JFagr"6



6



"JFadj", "JFmiss" and "JFagr" stand, respectively, for an "adjusted" variant, a variant in which missing values for one variable at most was allowed, and a variant where SO2 and NOx emissions were merged using acidifying equivalence coefficients. The "adjusted" variant is the indicator corrected to account for variables with possible zero values (e.g., SO2 with gas as a fuel - see BERKHOUT et al. 2001 for details).
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5. Selection of results: rankings and explanatory factors at the site level



5.1. Electricity with fossil fuels, year 1996



Preliminary results indicate that the correspondence is rather good between the global JF indicators with "basic" indicators, such as NOx/kWh and SO2/kWh, showing that we would be able to assess the global performance fairly well using only one of these variables, while there is some more spreading when using CO2/kWh as the indicator.



In none of the cases studied, size of the plant (as measured by the kWh production) seemed to have an influence on the performance. Besides the size, five other explanatory variables have been tested: the country and process type (i.e., coal, mixed, gas, "other") for which all data were available; as well as ISO 14001 and EMAS certification, and disclosure of environmental investments, for which only part of the data was available. Here we present some results as figures (Figs. 2 to 5). It can be seen that these results are consistent with what can be deduced from intuition, at least for those cases where complete data were available (Figs. 2 to 4). The CO2 emissions appear relatively uniform among the countries, which is not the case for the NOx and SO2 emissions, for which significant differences are clearly visible (Fig. 2). The global indicators used (through their rankings - Fig. 3) confirm both the idea that global performance is mainly affected by NOx-SO2, and the differences that can be perceived among the countries. The effect of the "type of process" (Fig. 4) is quite consitent with intuition, i.e., gas-fired plants perform clearly better than coal-fired plants, with some intermediate position of "mixed" plants.



Turning to management variables, the effect of ISO certification (Fig. 5), as well as disclosure of environmental investments (effect not shown herein but almost identical with that of ISO), seems to be contradictory with what would be expected; i.e., those



MEPI – Measuring Environmental Performance of Industry



14



plants with ISO certification perform worse than those without. It must be said, however, that only few data were available for testing these influences; as a first rough explanation, ISO certification (and disclosure of environmental performance) does not guarantee that those plants are actually performing well; it only shows their commitment towards improvement. As to EMAS, no effect can be detected on average performance, but again, this is based on very few results.



We tried to substantiate these graphical and intuitive influences in statistical terms. It was found that many of the influences identified so far are unsignificant, which for most of the cases is due to the small size of the samples used. Indeed, in many situations analysed, we had only few data available to substantiate the comparisons. Therefore we must stress that care should be taken in the interpretation of the results reported above, and the conclusions that can be drawn, e.g., for policy making purposes. Worthy exceptions, for which the numbers of cases were sufficient, and for which significant influences could be detected, are comparisons of UK performances with those of Belgium and Netherlands, most situations concerned with the type of process, and the influence of disclosure of environmental investments.



5.2. Electricity with fossil fuels, year 1997 and trend 1995 - 1997



Less data was available for 1997 than for 1996. Concerning the influence of explanatory factors, exactly the same trends as for 1996 can be observed. The only striking difference is that EMAS certification is consistent with better environmental performance as reflected by the rankings. One possible way to interpret this result is that there might be a delay between obtaining certification and actual improvement of the performances. However, again due to the few data available for comparisons, this influence was not found to be statistically significant.
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As regards the trends observed from year 1995 to year 1997, we considered only those sites for which data were available for all three years. The results shown in the graphs of Figs. 6 and 7 illustrate a slight tendency toward performance decrease from 1995 to 1996, followed by an improvement from 1996 to 1997, as reflected by both SO2 indicators (Fig. 6) and global JF indicators rankings (Fig. 7). On the other hand, for CO2 (not shown herein) and NOx there was no visible trend. Such a pattern of performance change with time is hard to explain; however, as one can expect in view of the small size of the data set, and because the differences are rather small, they turn out to be statistically non-significant.



5.3. Pulp and paper sector, year 1996 and trend 1995 - 1997



Roughly speaking, most trends observed for electricity also hold true for the pulp and paper sector. To illustrate, for year 1996, Fig. 8 reflects the effect of the process type on global JF rankings. Apparently, the process type is a clear explanatory factor of global, aggregate environmental performance for the pulp and paper sector. However, one should have in mind that this sector is relatively heterogeneous and that the various subsectors use different technological processes, so this result is not surprising. On the other hand, the numbers of cases on which this result is based are rather small, as indicated in Fig. 8, which explains that none of these influences turned out to be statistically significant.



However, unlike the electric sector where all variables used reflected emissions to air, the aggregate indicators of environmental performance are based on basic variables that reflect drastically different influences; namely, COD to water, NOx to air, and water input. Therefore, also due to the heterogeneity of the sector, the influence of explanatory factors on each of these variables can be different from the influence they exert on aggregate performance, as illustrated in Fig. 9. Studying the statistical significance of
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these influences indicates that none of them is highly significant (at the 99 % level), but a few influences turned out to be significant at the 95 % level; all of these pertain exclusively to the use of input water. We did not test the influence of the country on the results, because we suppose that the main explanatory variable is the process type; different countries have different mixes of production types and process types, and therefore the differences that one could observe among countries are meaningless.



Apparently in contrast with the electricity sector for the same year (1996), EMAS and ISO certifications seem to have a very clear positive influence on environmental performance, as illustrated by Fig. 10, showing the effect of certification on COD/paper output. Again, the small number of cases on which this is based is not sufficient for this influence to be statistically significant, and this for none of the situations analysed (i.e., using aggregate performance ranks or basic variables). Finally, let us mention that, as for the electric sector, size of the plants shows no influence on the environmental performance.



The number of plants with a complete set of data available through all three years 1995, 1996 and 1997 is rather limited; indeed there are only eight such plants. The results show some similarity with those obtained with electricity, namely a slight decrease in 1996 performance with respect to 1995, followed by an improvement in 1997. This is perceived in both the global rankings and the COD individual indicator, whereas there is a slight overall trend towards improvement for water use and NOx release from 1995 through 1997. However, none of these influence is statistically significant.
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5.4. Summary of influences



Table 5 gives a condensed account of all influences identified in the previous sections. The most significant trends have been found in the electric sector. In the pulp and paper sector, the influence of the process type has been found to be significant essentially on basic variables (and in this case, the input water), and not on aggregate indicators. Size seemed to play no role when working at the site level. In the last line of the table, the correspondence between aggregate indicators and basic variables indicates that for the electric sector, SO2/kWh and NOx/kWh fairly well represent the overall environmental performance, while in the pulp and paper sector, there was only partial correspondence, due to the a priori independence of basic variables among themselves. The influence of EMAS or ISO certification, as well as disclosure of environmental investments, is sometimes visible, not always in an expected manner, and is apparently affected by time lags; these influences are almost always statistically unsignificant. In many cases, it should be reminded that we could not have any statistically significant influence because of the small size of the available data set.



6. Perspectives



The MEPI project was the first significant opportunity to gather, standardise and interpret data on the environmental performance of a large set of companies over a significant number of sectors from several countries across Europe. At the scale of individual sites, we were able to substantiate the use of aggregate indicators, which in turn enabled us to study the influence of a few potential explanatory factors, on which data were available.



However, we pointed out several limitations, conceivably linked to the rather experimental and pioneering character of this kind of research. Data on many variables
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were scarce, and therefore we concentrated our efforts on exploiting those variables for which sufficient data was available. Even so, many of the detected influences turned out to be statistically not significant, and even more so when considering that some of the sectors scrutinised (pulp and paper) are rather heterogeneous as regards the technological processes and delivered products. For these reasons, care must be taken in the interpretation of the results we have synthesised in the previous sections.



The conclusions of the MEPI project as a whole will, among other, emphasise the need to improve the systematic collection of data on the most significant variables. "Collect more data on a more regular basis on less variables" is one of our key recommendations, both to the public authorities and agencies responsible for collecting information on environmental performance, and to the companies' managers. Also, additional attention must be drawn to supplement and standardise the information about management variables, which should provide for a valuable tool to understand and verify the influence that efforts conducted to improve environmental management can have on the actual environmental performance.
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Table 1. - Generic themes of environmental performance indicators. Physical indicators 3 Business management indicators Certification ISO Energy and water 14001 and/or inputs EMAS (yes/no) Waste generation Disclosure of CO2, SO2, NOx and environmental VOCs emissions to investments (yes/no) air Number of noncompliance events COD/BOD, N, P, reported heavy metals emissions to water



Business activity Value added (sales minus cost of materials) Sales Operating profit Number of employees



Impact indicators Emissions of ozone depleting substances to air



3 CO2 = carbon dioxide; SO2 = sulfur dioxide; NOx = nitrogen oxides; VOC = volatile organic compound; N = nitrogen; P = phosphate; COD/BOD = chemical/biochemical oxygen demand.



Table 2. - Sector specific physical indicators. Sectors



NACE code



Functional unit of product



Selected sector specific physical indicators



Electricity production



40.10



kWh



Dust emission, spent nuclear fuel



tonnes



Adsorbable organic halides (AOX) in waste water, recycled fibre input, additive input



Pulp & paper



21.1



22



MEPI – Measuring Environmental Performance of Industry



Table 3. - Distribution of firm-years4 accross countries and sectors. Sector Pulp & paper Country Austria 23 Belgium 24 Finland 3 Germany 78 Italy 38 Netherlands 70 Sweden 11 UK 22 Total 269



Fertilizer 19 6 16 20 20 81



Textile Printing Electric. Comput finishing generat. manuf. 1 4 2 14 15 30 26 43



114



52 19



75



31 73 7 17 145



16 16



32



Total 30 72 3 213 188 140 11 59 716



4



A firm-year is a firm observed over one year ; this is the unit used for gathering the data (one firm can be observed over several years, which yields data for several firm-years).



Table 4. - Most significant variables influencing environmental performance in three sectors5.



Sector Waste Total solid waste (53); Recycled waste (71)



Environmental variables (all per functional unit) Emissions Water Energy Air Water consumption consumption CO2 (63); SO2 (44)



Total water COD (107); consumption N (91); P (54) (120)



Total energy input (39)



Fertilizer Total solid n = 91 waste (10)



SO2 (13); NOx (15)



COD (9); Heavy metals (17); N (20); P (12)



Total energy input (26)



Electricity n = 184



CO2 (118); NOx (134); SO2 (135)



Paper n = 270



Total solid waste (75)



Total water consumption (26)



No variables selected due to missing values



Total fuel (16); Total oil (78); Renewables (20); Total energy (10)



5 Note: Figures indicate the numbers of firms and business units; numbers in parentheses indicate available cases; CO2 = carbon dioxide; SO2 = sulfur dioxide; NOx = nitrogen oxides; N = nitrogen; P = phosphate; COD = chemical oxygen demand.
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Table 5. - Summary of influences of explanatory factors on the environmental performance of sites in the electricity and pulp and paper sectors. Sector Influence of Size Country Type of process EMAS, ISO … Time trends (95-97) Correspondence indicators - basic variables



Electricity



Pulp and paper



* ** + + **



(+)



"-" - no influence; "+" - influence visible but statistically unsignificant; "(+)" – same meaning but only in a few cases ; "*" - influence visible and/or statistically significant in a few cases; "**" - influence visible and/or (highly) significant in most cases



* + + +/-
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Indicator development



Data collection and screening



Analysis of environmental performance



Policy and industrial interface



Figure 1. - The four steps in the MEPI approach towards measuring business environmental performance.
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Figure 2. - Influence of the country on the average values of NOx & SO2 indicators.
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Figure 3. - Influence of the country on the average rankings of three indicators.
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Figure 4. Influence of the process ("type") on the average rankings of three indicators.
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Figure 5. Influence of ISO certification on the average rankings of three indicators ("-1" and "0" for sites with and without certification, respectively).
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Figure 6. Trends in average NOx and SO2 indicators, years 1995 - 1997.
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Figure 7. Trends in average rankings, years 1995 - 1997.
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Figure 8. - Influence of process type on JF ranks in the pulp and paper sector, year 1996 (with indication of the numbers of cases – « News/Ma » means Newspapers/Magazines).
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Figure 9. - Influence of process type on COD per paper output in the pulp and paper sector, year 1996.
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Figure 10. Effect of certification on COD per paper output.
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