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Summary

This paper explores the role indicators can play in supporting solutions to solve the e-waste problem. 1 Many parts of the world are witnessing the development of e-waste solutions (policies ...). They involve the development of complex and numerous indicators to evaluate the progress and improve the performance of these initiatives. However, even in Europe there is a lack of good quality data, which makes it difficult to evaluate and compare the performance of e-waste solutions across countries. Having a visible albeit aggregated index of the performance of e-waste solutions would create incentives for countries to catch up with others. This paper suggests developing a post-normal index evaluating the performance of the solutions adopted by countries to solve this crucial problem of modern societies. Indeed, not only does this research seek to conceptualise such an index (the E-waste Solution Index -ESI), it also examines the extent to which it can be applicable in practice, and discusses the potential contribution of post-normal indices to the transition towards sustainable societies.

Introduction

Waste of Electrical and Electronic Equipment ("WEEE" or "e-waste") flows and stocks are increasing fastly in the world, and many countries are developing and supporting solutions to this acute ecological and societal problem. Indeed, not only is e-waste a hazardous waste; by being shipped to developing nations for dismantling it is also the source of moral dilemmas since rich countries that can afford large amounts of Electrical and Electronic Equipments (EEEs) per inhabitant, do net export potentially toxic substances by not treating its hazardous waste domestically. The aforementioned solutions notably take the form of e-waste policies focusing on the development of take-back systems, which imply to design complex indicators to evaluate their progress and improve their performance. For example, in the EU the pioneering WEEE directive (2002/96/EC) has led to the setting up of formal take-back systems requiring the registration of all firms putting EEE on the EU market, and has imposed the formal collection and treatment of all WEEE. However, even in Europe the solutions adopted to solve the e-waste problem as well as their performance is very heterogeneous, and an improvement of this performance is limited by a lack of good quality data and comprehensive systemic thinking as many actors are involved in collection, logistics, recycling, auditing and financing. Having a visible albeit aggregated indicator evaluating the performance of the solutions adopted in a given country to solve the e-waste problem could help engage citizens and policy-makers in this major challenge. It would create incentives for countries to catch up with others and to collect and diffuse better quality data about this problem and how it is being tackled. It could also increase transparency and foster the development of more reflective and dynamic policies that challenge existing policy frameworks, goals and underlying norms, since better informed stakeholders tend to be empowered to question the very premises of policies beyond their day-to-day performances.

Besides, from a methodological point of view, in spite of the production of comprehensive studies comparing e-waste policies, in the EU for example, there are still huge discrepancies concerning the performances of the solutions developed in member states to solve the e-waste problem. Such studies would benefit from the existence of a well-known and pedagogical index, even if it is not as comprehensive as in describing every single complexity of the takeback system functioning. 2 In order to support the development of "best" e-waste policies,3 a group of scholars from the StEP initiative in which all e-waste stakeholders are represented,4 has started a project aiming to construct an aggregated E-waste Solutions Index (ESI). Part of the StEP ADDRESS project,5 the ESI seeks to evaluate and benchmark the solutions put in place in any country in the world to solve the e-waste problem [START_REF] Huisman | E-waste -How to address the size of the problem?[END_REF]. The ESI would help develop efficient e-waste solutions in both developed and developing countries, by stirring up the efforts of these countries to improve the performance of these solutions, for example by collecting and diffusing more reliable and comparable e-waste-related data.

To construct a post-normal index summarising the performance of e-waste solutions in a given country, all stakeholders need to be consulted. Although it will not capture all issues at stake, it should be able to provide a reliable picture of the performance of e-waste solutions in a variety of countries. In addition, the proposed framework should accommodate the cases of both developed and developing regions. Particular attention will be paid to the limits of indicators, since "policy decisions can be ineffective or even counterproductive if they do not consider factors which influence index behaviour", such as the scale of available data and the weighting of indicator data [START_REF] Mayer | Strengths and weaknesses of common sustainability indices for multidimensional systems[END_REF].

The ESI is based on previous work carried out within StEP (from the UNU report6 and the White Paper on take-back systems 7 to the forthcoming StEP Green Paper on e-waste Indicators), and on a consultation of key stakeholders concerned with and involved in the provision of e-waste solutions (international organisations, recyclers, NGOs, OEMs, ...). It expresses with a single number for a given country the percentage of objectives achieved by this country to solve the e-waste problem (collection rate of e-waste, recycling rate, treatment specifications, etc.). This score can then be used to benchmark the performance of countries as regards their efforts attempting to solve the e-waste problem.

Before explaining how the E-waste Solutions Index (ESI) has been constructed and could further be developed, the e-waste problem is introduced and the history and current status of e-waste policies in the world are presented. We then explore the relationships between indicators and policies, and conclude by bringing to the fore ways by which indicators can contribute to the transitions towards sustainable societies.

The ambiguous relationships between indicators and policies

An index is a number derived from a series of observations that can be used as an indicator or as a measure to indicate a specific characteristic or property. Examples of indices include:

-The Human Development Index (HDI), -IFC and Standard & Poor's carbon efficient index for emerging markets, 8 -U.S. Standard & Poor's Carbon Efficient Index, 9 -Dow Jones Sustainability Indexes, 10 -Ethibel Sustainability Index, 11 -Sustainable Society Index, 12 -Ecological Footprint (EF), 13 -Environmental Sustainability Index (ESI). 14As far as e-waste issues are concerned, initiatives seeking to create simple and visible performance measures have also been taken into account, such as the "Guide to greener electronics"15 or the "Solar Company Scorecard"16 (Silicon Valley Toxics Coalition). However, both measures only target one stakeholder out of multiple involved in the take-back systems implementation, being the producers. No simple and visible measures exists that focus on the country perspective.

For subjects broader than e-waste, attempts have been made to construct aggregated indicators, for example to benchmark sustainable development achievements. [START_REF] Van De Kerk | A comprehensive index for a sustainable society: The SSI --the Sustainable Society Index[END_REF] have built a sustainable society index (SSI), which "integrates the most important aspects of sustainability and quality of life of a national society in a simple and transparent way" (it consists of 22 indicators grouped into 5 categories and has been developed for 150 countries). [START_REF] Böhringer | Measuring the immeasurable --A survey of sustainability indices[END_REF] have underlined the limits of sustainability indices such as the HDI or the ecological footprint (EF) that provide onedimensional metric to valuate country-specific information. With [START_REF] Hezri | Sustainability indicators, policy and governance: Issues for ecological economics[END_REF], we argue that by taking a "post-normal turn",17 namely provided that they are developed with users, indicator systems can overcome part of these problems and co-optimise both scientific and symbolic objectives. Indeed, as these two authors put it: "With a post-normal orientation, indicators are mobilised not only toward instrumental and conceptual utilisation, but encompass tactical, symbolic and political utilisation. In all cases, the marketability of indicators is a critical consideration to ensure they will pass the cognitive screening of potential users, linking the informational content to the chain of action in strategic advocacy." [START_REF] Böhringer | Measuring the immeasurable --A survey of sustainability indices[END_REF] also review the explanatory power of various sustainability indices applied in policy practice, and conclude that "these indices fail to fulfil fundamental scientific requirements making them rather useless if not misleading with respect to policy advice". They find that normalization and weighting of indicators are often associated with subjective judgments, but that scientific rules exist to guarantee consistency and meaningfulness of aggregated indices. In a paper entitled "Sustainability of nations by indices" [START_REF] Siche | Sustainability of nations by indices: Comparative study between environmental sustainability index, ecological footprint and the emergy performance indices[END_REF] suggest ways to overcome these difficulties for the "Environmentalal Sustainability Index", which would for example "be more useful if it disaggregated into its individual components, allowing the user to decide on appropriate weights".

Evaluating environmental policies is key to improve them and to justify their undertaking in the eye of citizens, who pay taxes to finance these policies and who may increasingly support their objectives. As opposed to policy appraisal,18 policy evaluation is an ex post analysis that assesses the success of a policy and suggests lessons to be learnt for the future. Policy evaluation can be complemented with policy appraisals to question the legitimacy, accountability and normative justification for public action and its embedded and seemingly neutral instruments [START_REF] Turnpenny | The Policy and Politics of Policy Appraisal: Emerging Trends and New Directions[END_REF]). As Lehtonen (forthcoming) puts it: "Indicators are employed to monitor policy performance and foster accountability". But indicators are not neutral, as they can for example be used by policy makers to their own advantage. The author argues that they "have been shown or assumed to exert powerful influence on policies and societies at large, not least because they are seen to provide rigorous, quantifiable data".

Therefore, caution must prevail when using indicators to evaluate public policies. This is all the more important since they have a strong indirect influence on frameworks of thought or on how public problems are shaped. And as [START_REF] Gusfield | The Culture of Public Problems: Drinking-Driving and the Symbolic Order[END_REF] has shown in his analysis of the "Drinking-Driving" public problem, the initial phase (the construction of the problem itself) of a public policy is paramount. In the next section, we shall examine how the e-waste problem and its policies have emerged, before analysing how indicators have been and could be used to solve this public problem.

The construction of e-waste policies

There are seldom policies without a public problem to solve. Therefore, before delving into ewaste policies, we shall start by shedding some light on what e-waste is. There are multiple definitions of e-waste; the following table provides an overview of the ones circulating in the international arena in 2005: Electronic products vary in hazardous content, high-value content, and ease of recycling. As a result, the scope of products accepted for recycling within current e-waste recycling systems also varies widely. For example, the European Union now requires the recycling of a broad group of electronic products. The WEEE directive of the European Union, defines 'EEE' (Electrical and Electronic Equipment) as "equipment which is dependent on electric currents or electromagnetic fields in order to work properly". Thus, each EU member state must handle all types of e-waste, but may choose to separate certain types of e-waste into different systems. For example, in the Netherlands, ICT-Milieu handles the category 3 (IT and Telecommunications Equipment), while its counterpart NVMP is responsible for all other categories of e-waste. In other countries, the scope of e-waste products handled within mandated systems is much smaller. For example, the US state of Maine only collects display devices (TVs, computer monitors, and laptop computers).

Finally, the economic, environmental, social and geopolitical consequences of the increasing tension around the trade of rare earths make proper e-waste recycling a must for ICT-driven economies. For example, UMICORE underlines that in 2006 demand for metals has grown by a two digits rate for metals entering the production chain of TV-LCD (+40%), laptops (+30%), digital cameras (+20%), or mobile phones (+15%). 19It is therefore paramount to design e-waste policies that are efficient and properly enforced. For this purpose, robust indicators must be constructed and reliable data collected. Then, further improvements will be achieved by learning from best practices in other countries. When the Basel Action Network, an NGO serving as a watchdog for the Basel Convention, released its fist documentary "Exporting Harm: The High-Tech Trashing of Asia" in 2003, the European Community directive 2002/96/EC on waste electrical and electronic equipment (WEEE) was just coming into force. When it released the second movie in 2005 ("The Digital Dump: Exporting Re-Use and Abuse to Africa"), this EU directive which sets collection, recycling and recovery targets for almost all EEE was officially being implemented (13 August 2005).

But this piece of legislation came a long way. The first draft of the WEEE directive was issued in early 1998, but was harshly criticised by industries all over the world (US, EU, Japan, Canada, Australia ...) for failing to back material bans and extension of producer responsibilities with sound scientific evidence. Its scope was said to be too broad and industry had not been consulted. In July 1998 a second draft circulated without further integration of industries' concerns. Although the electronics industry did not officially oppose the principle behind the directive, it started organising a collective counter-attack, especially against the costly matter of material bans. Prepared in a similar fashion, the third draft came out in July 1999. The subsequent versions and revisions of the directive will keep sparking industry fury, leading [START_REF] Huisman | Where did WEEE go wrong in Europe? Practical and academic lessons for the US[END_REF] to call it "An old-fashioned Directive". Indeed, they stress that "large parts of the EU WEEE Directive [were] written in a time (around '96) where the thinking was dominated by looking at ways to: 'do good for the environment' with the Extended Producer Responsibility (EPR) principle as a starter", without looking at enforceability. What might be consequence of such old fashion way of crafting European legislation, the WEEE directive fell short of meeting its key objective to provide incentives to ecodesign EEE for easier dismantling, recycling, and reuse of components [START_REF] Castell | Extended Producer Responsibility Policy in the European Union: A Horse or a Camel?[END_REF]).

The directive required EU member states to transpose its provisions into national laws by 13 August 2004, but only Cyprus could finally meet this deadline. One year later, all member states but Malta and the UK had done so. In other parts of the world, governments have also taken steps to solve the e-waste problem. The bill is supported by environmental groups as well as electronic manufacturers Apple, Dell, and Samsung. 20 China has banned the import ewaste since 2001, and on 5 March 2009, the Chinese e-waste legislation was introduced; it came into effect in January 2011.

All these countries would benefit from a visible index valuing their efforts in solving the ewaste problem, which would also foster information exchange about best practices.

Indicators and e-waste policies: The need for a post-normal index

When looking at how e-waste policies have been constructed in Europe and other parts of the world, one can identify that the following actors can contribute to solve the e-waste problem: These actors can exert their influence at any of the following stages of e-waste generation, starting from the design of the equipment to its end-of-life: Municipalities are free to contractualise with any of them (one being specialised in energy saving hazardous light bulbs) so that they manage the material and financial flows associated with e-waste. 22 It is a rather complex picture, which complicates its assessment e.g. by policy evaluators. We shall now introduce some studies that have attempted to do so.

• International non-profit &
Different methods have been used to evaluate e-waste policies. For example, to compare takeback system in Switzerland and India, [START_REF] Khetriwal | Producer responsibility for e-waste management: Key issues for consideration -Learning from the Swiss experience[END_REF] first present an overview of the two systems and then compare them on the basis of four criteria:

• E-waste per capita,

• Employment potential,

• Occupational hazards,

• Emissions of toxics.

But the choice of these criteria is not robustly justified by the authors, since they were chosen "because they feature prominently in discussions related to e-waste". The result of the evaluation gives only a first qualitative review of environmental and social aspects of e-waste.

Table 2. Evaluation results for the comparison criteria

21 Whatever their legal status might be: NGOs, private firms, governmental bodies... 22 About the case of an early moving country like Switzerland, see [START_REF] Khetriwal | Producer responsibility for e-waste management: Key issues for consideration -Learning from the Swiss experience[END_REF].

A more detailed comparative analysis has been provided by [START_REF] Widmer | Global perspectives on e-waste[END_REF], who are using the following framework to construct the e-waste profile of a country:

Table 3. Indicator system to measure and compare WEEE management systems

Confronted with the difficulty of collecting more reliable and comparable data, the authors have used the following scale to evaluate the e-waste profile of different countries:

Table 4. Evaluation of e-waste indicators

The outcome of their efforts in trying to represent this evaluation is exemplified by the spider web chart below:

Table 5. Comparison of WEEE management systems

This approach adopts a holistic perspective as it also takes into account societal objectives such as job creation or income distribution in addition to environmental criteria. In many other studies, only the efficiency of the take-back system is considered, which reveals that the political priority may not be geared towards broader societal issues but tends to focus on the efficiency of e-waste take-back systems. Consequently, academic analyses reflect this focus, not to mention that they face constraints of data availability and reliability, which restricts the scope of comparison of e-waste policies across countries. The following table provides a comparative analysis of take-back systems in different countries following a similar approach.

Table 6. Comparing recycling systems

Source [START_REF] Fredholm | Characterizing architectural options for electronic waste recycling systems[END_REF].

The above approach suffers from several limits. At first, it is a top-down approach since the criteria upon which the study evaluates the policies are not justified. For example, the study focuses on cost-related indicators, thereby assuming that the priority of take-back system designers is cost minimisation, and that for example environmental or societal objectives are not to be integrated in the assessment. Also, the comparison focuses on take-back systems, not on countries, thereby missing out important factors contributing to solve the e-waste problem such as cultural or political ones, which have a strong influence on the ability of a country to enforce an e-waste regulation. Therefore, if such an approach can provide an informative overview of e-waste policies in different countries, as exemplified in [START_REF] Step | E-waste Take-back System Design and Policy Approaches[END_REF], it falls short of providing justifications for the evaluation criteria chosen to compare different countries and considers a scope of EEE limited to the ICT sector (EU Category 3).

In its review of the WEEE directive, the United Nations University ( 2008) was assigned to focus on the environmental impacts of the regulation. It also highlighted the heterogeneity in its enforcement, which was already underlined by the review of its implementation carried out by the IPTS (2006). In defining the effectiveness of a take-back system, respondents to the interviews conducted for the latter study identified the following indicators:

• Collection rate (kg/inhabitant),

• Percentage of recycling and recovery for each family product,

• Recycling/recovery costs,

• Overall values of reserves within compliance scheme (the lower the better),

• Amount of landfill/incineration volumes.

But these studies were carried out in the beginning of the implementation of the WEEE directive, and many countries had not put in place yet a robust evaluation system. The next section introduces an attempt to overcome these drawbacks and to reflect upon the limits of the use of indicators to evaluate and compare e-waste policies.

Figure 2. Physical flows of e-waste in France

Source: Adapted from the French Environment Agency (ADEME).

The system is financed by producers who charge its costs to consumers in the form of a "visible fee" (éco-contribution) that is apparent on receipts. The following figure shows how this money is collected and where it is going.

Figure 3. Financial flows in the French e-waste take-back system

Source: Adapted from the French Environment Agency (ADEME).

Developing complex sets of indicators to monitor and evaluate these systems is timely and costly, and their complexity may not serve their purpose of providing sound policy advice in a transparent and democratic fashion. Therefore, to construct an aggregated index summarising the performance of e-waste solutions in a given country, all stakeholders need to be consulted to build a simple and pedagogical index that will be capable of influencing the policy making process. Although by nature such index will not capture all the issues at stake, it shall provide a reliable picture of the performance of e-waste solutions developed in a variety of countries, including in developing ones where the informal sector tends to play a greater role than in developed nations.

This ESI framework is based on previous work carried out within StEP and expresses with a single number the performance of the e-waste solutions developed by a given country. We have started with a limited number of performance areas weighed differently to make up the ESI. The performance of each area will be measured with a limited set of criteria and indicators, which will ease the updating of the index in the future. Data sources include publicly collected data, information provided by StEP members, and the databases compiled by C2P-Compliance and Risks about the status of e-waste legislations in the world.

Figure 4. Stages of the ESI project

For each country we will have one ESI number (%) calculated on the basis of the targets set by the country itself. Indeed, policy targets are the outcome of a democratic process and a "one-size-fits-all" approach cannot work here. We are conscious that this may generate a bias since it is tempting for a government to set low targets in order to achieve a high ESI; the construction of the ESI should control such a bias.

In order to select the most important performance areas and the related criteria that will be used to evaluate these areas, a questionnaire has been sent out to StEP members and other experts for comments and will be tested this year. The following table andfigure 

Conclusion

In this paper we have introduced a post-normal index capable of measuring the performance of the efforts carried out in any country in the world to solve the e-waste problem. We have argued that such a simple aggregated index is a pedagogical way of stimulating improvements in these efforts and an effective means to communicate how and why significant 'system development' progress was made in certain countries, compared to a more exhaustive, time and money consuming exercise that might be more scientifically robust but less efficient in terms of its influence on the real world.

The transition to sustainable societies is a long path in which all stakeholders need to participate. By making governments, citizens, recyclers, waste collectors, municipalities, producers and all other stakeholders aware of the state of the e-waste problem, pedagogical indicators can, with the help of smart ICT applications, contribute to shift the behaviours of these actors so that they increasingly contribute to solve the multifaceted e-waste problem. This will be all the more feasible since these actors will have contributed to the elaboration of a transparent and well-known E-waste Solutions Index.
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  Final users of EEEs (households, professional users of household EEEs) o Producer associations (lobbies, industry representatives, ...) o Consumer associations o NGOs 20 See http://www.electronicstakeback.com/legislation/federal_legislation.htm.
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Table 1 . Overview of selected definitions of WEEE/e-waste

 1 

Source

[START_REF] Widmer | Global perspectives on e-waste[END_REF]

.

E-waste is a synonym of Waste of Electronic and Electrical Equipment (WEEE). An EEE becomes waste when its owner decides to dispose of it.

The limits of evaluation studies are regularly underlined by evaluation experts, including the ones working on sustainable development issues. See the last Easy-Eco conference that took place in Brussels in November 2010, http://www.sustainability.eu/easy/?k=conferences&s=brussels.

A policy which outcomes meet the objectives defined in the official e-waste policy of a given country.

Hosted by the United Nations University in Bonn, the StEP (Solving the E-waste Problem) initiative brings together key stakeholders (academics, government officials, NGOs, firms, international organisations, ...) working on solutions to the e-waste problem. See http://www.step-initiative.org.

This StEP project seeks to inform e-waste related research and development work with up-to-date and solid data on the global e-waste status and global quantities of it and estimate future developments as well as trends and improvements made over time.

See http://ec.europa.eu/environment/waste/weee/pdf/final_rep_unu.pdf.

Composite index published from 1999 to 2005, http://sedac.ciesin.columbia.edu/es/esi/.

See http://www.greenpeace.org/international/campaigns/toxics/electronics/how-the-companies-line-up/.

See http://www.solarscorecard.com.

See Funtowicz & Ravetz (1994) 

Process of examining ex ante the options for meeting policy objectives and weighing up their costs, benefits, risks and uncertainties.

Source:[START_REF] Hagelüken | The mine above ground[END_REF].