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Abstract 8 

Waste management historically focused on the protection of human health and the natural 9 

environment from the impacts of littering and dispersion of pollutants. An additional and more 10 

recent concern is the resource value of waste. Our analysis shows that the regulatory concept of 11 

waste in the European Union, which comprises environmental principles, the legal definition of 12 

waste, legal requirements, and policy implementation, is not fit for addressing this concern. The 13 

legal definition of waste overlooks the context of waste, fails to consider the interests of the waste 14 

user as opposed to the waste holder, and aims to control the impacts of careless discarding rather 15 

than stimulating careful discarding. To address these challenges, we suggest a legal requirement to 16 

recognise the potential of waste to be used, operationalised by formulating a waste use potential, 17 

which expresses how and how much waste can be used as a resource, given enabling conditions. 18 

Recognition of waste use potential highlights local opportunities for reuse and recovery, reduces the 19 

likelihood of careless discarding, and reveals the interests of possible waste users to the waste 20 

holder. The waste use potential may be used in the formulation and evaluation of policies for 21 

industrial and municipal solid waste in a circular economy.  22 
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1 Introduction 26 

Over the past few decades, waste has been regulated foremost as an inevitable and harmful 27 

residue of production and consumption. Most waste management practices are designed to protect 28 

the environment and human health from the impacts of waste through universal collection and 29 

controlled disposal. More recently, attention has shifted towards the efficient use of natural 30 

resources and a reduction of wastage (Tromans, 2001; UNEP/ISWA, 2015).  31 

Waste represents a two-fold challenge. First, it causes impacts on the environment and human 32 

health through littering, dumping, treatment, and disposal. Second, it implies environmental losses 33 

through the wastage of scarce and valuable resources. In other words, waste is both the 34 

consequence of a problem (the result of inefficiency) as well as the cause of a problem (the source of 35 

impacts on the environment and human health).  36 

Resource efficiency constitutes a strategy to address this challenge and is described by the 37 

European Commission as “improving economic performance while reducing pressure on natural 38 

resources through efficient use of them” (EC, 2011a). The circular economy addresses the same issue 39 

and is described by the EU Action Plan for the Circular Economy as a system “where the value of 40 

products, materials, and resources is maintained in the economy for as long as possible, and the 41 

generation of waste is minimised” (EC, 2015).  42 

The circular economy and resource efficiency imply the minimization of material losses and the 43 

maximization of material circulation (Van Ewijk, 2018); when waste is not prevented, it should be 44 

used as a resource. However, legislation in the European Union (EU) defines anything that is 45 

discarded as waste and therefore presents no barrier to unjustified or careless discarding. This 46 

hampers waste prevention due to the administrative burden of handling regulated “waste”, and 47 

because carelessly discarded items require greater separation and processing. 48 

To deal with this issue, we analysed the challenges for waste prevention and recovery in the EU 49 

by identifying the main elements of the regulatory concept of waste, the relationship between them, 50 

and their effect on waste and resource management practices (Section 2). We specifically looked at 51 
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how the legal definition of waste constrains behaviours and policies related to waste prevention and 52 

recovery, and have identified three critical shortcomings (Section 3). 53 

To address these shortcomings, we suggest a legal requirement to recognise – i.e., to identify, 54 

quantify, and fulfil – the potential of waste to be used (Section 4). The requirement is 55 

complementary to the legal definition of waste, reinforces other requirements such as the waste 56 

hierarchy, and supports environmental policy formulation and evaluation. We make a general case 57 

for the recognition of waste use potential and reflect on the next steps and challenges for 58 

implementation (Section 5). 59 

2 Regulatory concept of waste 60 

 Overview of elements 61 

The regulatory concept of waste comprises environmental principles, the legal definition, legal 62 

requirements, and policy implementation. Figure 1 summarizes the four elements and the 63 

relationship between them. At the top are environmental principles, which inform the interpretation 64 

of the legal definition of waste (e.g., ECR (2000)), as well as the legal requirements and their 65 

implementation in policy. At the second level is the legal definition of waste, which includes the 66 

definition of waste (“waste is…”) and the exceptions described by the criteria for end-of-waste 67 

status and by-product status.  68 

The legal definition of waste is situated above the legal requirements and policy 69 

implementation because it constrains the application of legal requirements and is decisive for the 70 

implementation of policy (Bradshaw, 2018). The legal requirements directly shape the organization 71 

and regulation of waste management and inform public policies like taxes, permits, and campaigns. 72 

Most of the elements of the regulatory concept of waste were introduced or referenced by the 73 

Waste Framework Directive (WFD) (EC, 2008), the main legal framework for waste policy in the EU. 74 

The next section explains the four elements in detail. 75 

  76 
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 Environmental principles 77 

The Treaty on the Functioning of the European Union (TFEU) (EC, 2012a) formulates four 78 

environmental principles that inform legal frameworks on environmental protection and sustainable 79 

development (Scotford, 2017). Three of the principles are reiterated in the WFD: the precautionary 80 

principle, the prevention principle, and the polluter-pays principle  (but not the rectification-at-81 

source principle). The principles inform the WFD and have been used to interpret the legal definition 82 

of waste (ECR, 2000). 83 

The precautionary principle states that a lack of full scientific certainty should not be a reason 84 

to not respond to a risk of serious or irreversible environmental impacts (UN, 1992); its application 85 

requires an evaluation of “acceptable” risk (EC, 2000). The prevention principle suggests to prevent 86 

environmental impacts instead of dealing with the consequences – to rather “prevent than repair” 87 

(Van Dam et al., 1997). The polluter-pays principle requires the cost of pollution or its management 88 

to be borne by the polluter (OECD Council, 1972). 89 

 The legal definition 90 

The EU Waste Framework Directive (WFD) (EC, 2008) defines waste as “any substance or object 91 

which the holder discards or intends or is required to discard”.  92 

The first exception to the legal definition consists of waste that ceases to be waste (“end-of-93 

waste”). The WFD states that a substance or object is no longer waste when it meets the following 94 

criteria: it has undergone a recovery operation, it is commonly used for specific purposes, and there 95 

is an existing market or demand. Besides, pollutant levels and possible adverse environmental 96 

effects must be considered. The end-of-waste criteria have been further specified for iron, steel, 97 

aluminium, and copper scrap and glass cullet, under specific regulations for these materials (EC, 98 

2013, 2012b, 2011b).  99 

By-product streams constitute the second exception to the legal definition. In the WFD, a 100 

substance or object qualifies as a by-product when it meets the following criteria: further use of it is 101 
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certain, it does not need further processing other than normal industrial practice, and it is an 102 

integral part of a production process. In addition, as for any product, the use of by-products or waste 103 

that is no longer waste must be lawful (regarding existing regulations such as product standards) and 104 

should not lead to overall adverse environmental or human health impacts (EC, 2008).  105 

The criteria for defining waste, the end-of-waste criteria, and the criteria for by-products can be 106 

sorted into four categories that relate to discarding, impact, recovery, and use. These criteria define 107 

the scope of waste legislation and provide a basic framework for its design. They are explained 108 

below, with the relation to the WFD shown in parentheses. 109 

 Discarding. The holder discards, intends to discard, or is required to discard the 110 

substance or object (waste definition). 111 

 Impact. The use of the substance or object does not adversely impact the environment 112 

or human health (by-products and end-of-waste). 113 

 Recovery. The substance or object has been recovered (end-of-waste) or does not 114 

require a recovery operation (by-product). 115 

 Use. The substance or object is commonly used (end-of-waste), there is market demand 116 

for it (end-of-waste), or further use of it is certain (by-product). 117 

The four categories of criteria provide insight into how waste is regulated in a broad sense, but 118 

the actual waste status of a material is decided only by using the criteria in conjunction, in 119 

accordance with the rules for by-products and end-of-waste. The jurisprudence shows that the 120 

criterion of discarding supersedes the other criteria when used individually; a material cannot be 121 

classified as a non-waste merely because it can be evidenced to be recovered or used (ECR, 2000, 122 

1997a, 1997b).  123 

Finally, some substances or objects are effectively not a waste because they are excluded from 124 

the scope of the directive. The exclusions are gaseous effluents, unexcavated but contaminated soil, 125 

excavated but uncontaminated soil that is used on-site, radioactive waste, decommissioned 126 
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explosives, and beneficially used natural non-hazardous agricultural or forestry material. Some other 127 

substances are excluded because they are covered by other legislation, such as waste water (EC, 128 

2008). We do not further consider the exclusions in our analysis. 129 

 Legal requirements 130 

The legal requirements relate to the waste hierarchy, permits for waste treatment, Extended 131 

Producer Responsibility (EPR), recycling and recovery targets, and waste prevention programs. The 132 

most prominent legal requirement in the WFD is the waste hierarchy, a priority order for waste 133 

management options (Van Ewijk and Stegemann, 2016). The hierarchy in the WFD states that waste 134 

prevention is most desirable (consistent with the prevention principle), followed by preparing for 135 

reuse, recycling, other recovery, and disposal. The formulation “preparing for reuse” instead of 136 

“reuse” serves the purpose of regulating “checking, cleaning or repairing, recovery operations” 137 

which enable reuse as a form of waste prevention (EC, 2008). 138 

The various other requirements in the WFD are consistent with the waste hierarchy and 139 

intended to support the protection of the environment and human health and a move towards a 140 

“European recycling society”. The requirement to have a permit applies to any establishment or 141 

undertaking carrying out waste operations. Under EPR, manufacturers bear the cost of the end-of-142 

life waste treatment of their products and are expected to minimize these costs. Member states are 143 

obliged to meet reuse and recovery targets for various waste streams and must establish waste 144 

prevention programs. 145 

 Policy implementation 146 

The first three elements of the regulatory concept of waste are the same for every EU member 147 

state. However, the transposition of the WFD into national law and the subsequent policy 148 

implementation are unique to each country: member states are allowed to decide on the details of 149 

waste management at the national, regional, or local level (Nash, 2008). The national context, 150 
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including government budgets, bureaucratic capacity, political trends, lobbying, culture, and the 151 

inherited policy landscape, leads to distinct waste management arrangements.  152 

The following categories of public policies may be implemented, in accordance with the legal 153 

requirements laid down by the WFD (OECD, 2007; UNEP, 2015).  154 

 Information instruments: campaigns, training, education, and product labelling to inform 155 

and equip individuals and organizations; guidance documents to help businesses comply 156 

with waste regulation and legislation. 157 

 Economic instruments: taxes and charges that reflect environmental burdens; subsidies, 158 

loans, and tax reductions for environmentally friendly technologies; tradable permit 159 

schemes; deposit-refund schemes for packaging. 160 

 Regulatory instruments: bans or restrictions on particular uses or export of waste; 161 

environmental quality standards regarding air, water, and soil; technical standards for 162 

industrial facilities. 163 

 Voluntary agreements: agreements or partnerships between governments, the private 164 

sector, and the tertiary sector, which may be completely voluntary or include legally 165 

binding elements. 166 

In addition to the above, governments may choose to support innovation and technological 167 

development through a variety of measures including public funding of research, development, and 168 

demonstration (RD&D) activities. Finally, planning policies can play an important role in shaping 169 

waste management. 170 

3 Shortcomings of the legal definition 171 

 The logic of the legal definition 172 

The legal definition of waste is the heart and bottleneck of the regulatory concept of waste; this 173 

section explains its logic and shortcomings. In Section 4, we will show how these shortcomings can 174 
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be addressed by a requirement to recognise the potential of waste to be used. Whilst the suggested 175 

requirement mainly addresses the shortcomings of the legal definition, it also reinforces the other 176 

requirements, and – consistent with our description of the regulatory concept of waste –, takes form 177 

through policy implementation. 178 

If anything, the legal definition aims to strictly control the impact of discarded materials. It 179 

includes more rather than less waste to reduce the threat of pollution (Bontoux and Leone, 1997) 180 

and to achieve high levels of protection, consistent with the precautionary and prevention principle 181 

(ECR, 2000). Conventional chemicals or hazardous substances regulations are inadequate for waste: 182 

for products with an intended use and commercial value, the price can cover the cost of regulatory 183 

compliance and their usefulness justifies some level of harm; for substances and objects that are 184 

unwanted – waste – these mechanisms are absent. 185 

However, regulating potential resources as waste increases the regulatory burden and makes 186 

reuse and recovery less likely. Scotford (2007) describes a tension between preventing and 187 

regulating waste: material that is likely to be reused may be either prevented from being waste by 188 

classifying it as a by-product or it may be regulated as waste to avoid pollution in case it is not 189 

reused. Scotford concludes that the jurisprudence favours regulation over waste prevention, which 190 

undermines the top priority of waste prevention in the waste hierarchy.  191 

Previous analysis highlighted flaws of the waste hierarchy (Hultman and Corvellec, 2012; Van 192 

Ewijk and Stegemann, 2016) but the lack of prevention efforts is mainly a limitation imposed by the 193 

definition of waste, which leaves the discarding of materials “unquestioned, hampering prevention 194 

efforts” (Van Ewijk and Stegemann, 2016). The next sections elaborate three interrelated concerns 195 

regarding the legal definition of waste: 1) the lack of context in defining waste, 2) the asymmetrical 196 

treatment of waste holders and users, and 3) the lack of incentives to discard carefully. Section 4 will 197 

discuss how recognising the potential of waste may at least partially address them. 198 

  199 
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 Lack of context in defining waste 200 

The first concern is that the legal definition overlooks context, even though it is very important 201 

in many non-legal definitions of waste. The literature shows that waste can be defined in terms of 202 

economic value (McCormick, 1986), technical necessity and efficiency (Baumgärtner and Arons, 203 

2003), environmental hazard and pollution (Cheyne, 2002), or interpreted as a social construct 204 

(Reno, 2014). Economic, technical, environmental, and cultural factors differ locally and through 205 

time and “waste” is therefore “transient” (Thompson, 1979), a “temporary attribute” (Dijkema et al., 206 

2000) and “not static” (Kronenberg and Winkler, 2009). 207 

Whether a material is not a waste is equally contextual: substances or objects have a functional, 208 

physical, technological, economic, social, and legal product lifespan (RICS, 2016; Woodward, 1997). 209 

Once any of these lifespans has been exceeded, the owner may wish to discard the substance or 210 

object, upon which it is legally defined as waste. Unfortunately, the legal definition fails to highlight 211 

that, for example, clothing that is discarded for social reasons (e.g., fashion) can still be a “non-212 

waste” based on functional, physical, technological, economic, and legal criteria.  213 

Similarly, discarded food could be a “non-waste” since “edibility” – the key determinant of the 214 

resource value of food – is not considered in the definition of waste (Bradshaw, 2018). Instead, 215 

“edibility” is trumped by the criterion of discarding. Current waste law, according to Bradshaw, 216 

therefore does not provide for an assessment of resource value; food law may be more useful for 217 

elucidating the potential resource value of food waste. Alternatively, as argued in this article, waste 218 

law should require the recognition of the potential use of waste. 219 

 Asymmetrical treatment of waste holders and users  220 

A second concern is the centrality of the waste holders to the legal definition. The definition 221 

considers their actions (“to discard”), intentions (“intends to discard or discards”), and possible 222 

obligations to dispose (“required to discard”). However, the definition does not mention a possible 223 

waste user; neither does it describe a category of waste that should not be discarded for the sake of 224 
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this waste user. In fact, the WFD only defines the “waste producer”, “waste holder”, “dealer”, and 225 

“broker” but not a potential “user” to be considered by the aforementioned parties. 226 

Currently, the waste holder is allowed to freely discard potentially valuable materials, which 227 

leads to their regulation as waste. At the same time, the waste user has to actively prove that the 228 

waste is actually a resource, by showing that the end-of-waste criteria apply. Preventing 229 

“unjustified” discarding would require a reversal of the current system: to be allowed to discard a 230 

material, its holder would have to actively prove that the material is not potentially valuable or 231 

useful. 232 

There is an obvious problem with a reversal of the burden of proof: faced with a barrier to 233 

discard, the waste holder may resort to fly-tipping instead. A costly or inconvenient obligation to 234 

prove that materials are waste and cannot be used would be consistent with the polluter-pays-235 

principle but it would also stimulate waste trafficking and illegal disposal, which is driven by the cost 236 

of waste management (Europol, 2011). A “soft approach” would be to inform and incentivize waste 237 

users to ensure they consider not discarding it; a requirement to recognise the potential of waste 238 

would serve exactly this purpose. 239 

 Lack of incentives to discard carefully 240 

Finally, when discarding is inevitable, waste is ideally brought to the correct bins or collection 241 

points, but the regulatory concept of waste does little to discourage the waste holder from careless 242 

discarding or to encourage careful discarding. Careless discarding – without considering its necessity 243 

or the possibility of another user – occurs because the waste holder does not see any further use of 244 

the substance or object. Careless discarding can lead to waste becoming contaminated, damaged or 245 

incorrectly sorted, which diminishes the chances of recovery.  246 

Careless discarding of waste is partly driven by negative perceptions of waste. Besides having 247 

no further use to its holder, waste is “out of place” (Douglas, 1966) and the holder may wish to be as 248 

far as possible from it. Waste is a social categorization that evokes a repulsion that is not necessarily 249 

explained by the inherent properties of the material (Reno, 2014); any engagement with waste 250 
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beyond getting rid of it may be considered inappropriate and somehow degrading or embarrassing 251 

for those involved. 252 

Carelessness is rooted in a value judgement about waste (Wilkinson, 1999) and may therefore 253 

be avoided through a change in perceptions. Careful discarding requires awareness among waste 254 

holders of the importance of recovery and recycling of waste upon correct sorting and discarding: if 255 

waste holders saw waste as an object one merely has no use for, but which requires care to retain its 256 

value to others, they could be more likely to discard it appropriately.  257 

Current legal requirements, including the waste hierarchy, and current policies such as separate 258 

collection, imply a potential use of a waste but do not express this directly. Most importantly, they 259 

do not communicate the potential benefits of not discarding an item that is considered unwanted by 260 

the current holder. Recognition of the potential of waste to be used, which emphasises the value of 261 

waste to the next user, could help stimulate a change in perceptions. 262 

4 The use potential of waste 263 

 Recognising the potential of waste 264 

The shortcomings of the legal definition of waste may be addressed by introducing a legal 265 

requirement to recognise – i.e., to identify, quantify, and fulfil – the potential of waste to be used. 266 

The principle can be operationalised by formulating waste use potential, which expresses how and to 267 

what extent a waste might be used as a resource, given enabling conditions. Recognizing the use 268 

potential of waste responds to all challenges identified in the preceding section. 269 

1. It emphasizes the importance of context by highlighting the possibilities for utilisation. 270 

Ideally, the waste holder is prompted to seek other options than discarding the material. The 271 

waste holder may be confronted with economic, technical, environmental, and cultural 272 

criteria that lead to a different or more nuanced evaluation of the waste status of a 273 

substance or object. 274 
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2. It compensates for the asymmetry between the waste holder and the waste user in the legal 275 

definition. Recognition of use potential reflects the judgement of the waste user, not the 276 

waste holder. It may stop the waste holder from conducting a self-centred evaluation of the 277 

usefulness of an object or substance and helps the holder to identify a third party for whom 278 

the waste may constitute a resource. 279 

3. It can incentivise careful discarding.  Recognition of the value of waste by the waste holder 280 

avoids the negative connotation of the cultural category “waste” and supports further 281 

engagement with the fate of the material. Reframing waste as a substance or object with a 282 

potential use, irrespective of who the next user is, may stimulate more careful discarding 283 

and correct source separation. 284 

The waste use potential reinforces and goes beyond the waste hierarchy by providing material-285 

specific and context-specific information and by directly challenging the discarding of materials that 286 

could be used instead. The relationship between the suggested legal requirement and the legal 287 

definition of waste is explained in more detail in the next section. 288 

 Relation to the legal definition 289 

The requirement to recognise the use potential of waste adds a fifth category of potential use to 290 

the criteria for assessing waste, besides discarding, impact, recovery, and use (see Section 2.2). 291 

However, whereas the first four categories are used to legally define waste, the fifth category 292 

operates at the lower level of legal requirements, and aims to change and improve activities like 293 

discarding and recovery, rather than observing these activities only for the purpose of defining the 294 

materials involved.  295 

The legal requirement to recognise the use potential of waste is complementary to the legal 296 

definition; it is not intended as an amendment or direct extension of the legal definition of waste 297 

because it does not define whether something is a waste or not. The criterion of potential use is 298 

different from the criterion of use because the use criteria are limited to common or certain further 299 
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use or existent market demand. The potential use covers a wider set of possibilities that are 300 

constrained by assumed enabling conditions.  301 

Our suggestion is distinct from a value-based definition (Wilkinson, 1999) because such a 302 

definition applies the “market demand” argument already present in the end-of-waste criteria. The 303 

application of this argument in the legal definition, as opposed to a legal requirement, risks losing 304 

regulatory control over discarded materials that are alleged to be valuable. Analysing the use 305 

potential through an assessment of the context of waste can help to identify potentially valuable 306 

wastes without losing regulatory control over discarded materials. 307 

Recognition of the use potential of waste fulfils a role the legal definition cannot: it shows what 308 

can potentially be done and thereby stimulates a shift to the best possible waste treatment and 309 

recovery operations. Whereas the legal definition is restrictive, the recognition of potential use is 310 

enabling. Importantly, the recognition of potential can help bridge the gap between “no use of 311 

waste” and “use of non-waste” by indicating which waste has the highest potential to become a 312 

resource and should therefore be prioritized in waste management policy and investment. 313 

 Introducing the legal requirement 314 

A legal requirement to recognise the potential entails the formulation of waste use potential for 315 

individual categories of waste, by expressing how and to what extent the waste might be used as a 316 

resource, given enabling conditions. Whereas waste is currently labelled most commonly by origin, 317 

type of material, or hazardousness, listing waste use potential introduces information that directly 318 

serves its management or the planning and investment for future management.  319 

We suggest a requirement to formulate use potential broadly at the level of the EU and in more 320 

detail at the level of member states; we expect waste use potential to be most helpful when 321 

specified for the national or local context. The formulation should consider national or local factors 322 

that act as barriers and enablers for reuse and recovery, including technological development, 323 

contamination and toxicity, markets and transport distances, and social and cultural context (Van 324 

Ewijk et al., 2018). 325 
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Once formulated, waste use potential can inform the design of products, production processes, 326 

and policies. First, for products and production processes, decisions that yield less waste or waste 327 

with a higher use potential should be given preference. Second, in waste management, the use 328 

potential of waste should in principle be fulfilled, and any constraints preventing this should be 329 

addressed in planning and investment. Third, in policy design, whenever possible, the specific use 330 

potential of waste should be considered.  331 

A natural home for this legal requirement would be the WFD and further implementation and 332 

enforcement could build on existing directives. For industrial waste generation and management, 333 

waste use potential could inform Best Available Techniques (BATs) in the reference documentation 334 

(BREFs) for industrial permitting under the Industrial Emissions Directive (IED) (EC, 2010). For 335 

example, the BREF for the pulp and paper industry suggests using waste as an industrial feedstock, 336 

for land spreading, or in construction materials (Suhr et al., 2015); clearer and more specific 337 

guidance could be given by formulating a waste-specific use potential. 338 

For consumer waste, a requirement to communicate use potential could improve waste 339 

generation and management. The most significant barrier to waste prevention is a lack of 340 

understanding of “waste prevention”, the associated actions, and the difference between waste 341 

reduction and recycling (Cox et al., 2010); recognition of waste use potential could remedy these 342 

issues by supplying use potential information as part of the waste collection infrastructure, on 343 

product packaging, and through general media channels.  344 

For product design, the eco-design directive (EC, 2009) provides a further avenue for requiring 345 

recognition of waste use potential, since it already lists some relevant aspects: the diversity of 346 

materials and components, ease of disassembly and access to materials, level of standardization and 347 

coding, and technical recyclability. For product designers, waste use potential expresses the 348 

likelihood of end-of-life products being used as a resource, conditional upon their properties and 349 

context, and could inform eco-design. 350 
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Finally, waste use potential could be used to design and evaluate policy. For example, the EU 351 

currently sets targets for the recovery and recycling of several waste streams, such as a minimum 352 

collection rate of 50% of at least paper, metals, plastic, and glass. Such targets, as well as the actual 353 

achieved rates, may be compared with waste use potential under various conditions. This would 354 

make a better benchmark than the implied maximum of “100% recycling”, which is not feasible due 355 

to, among others, additions to stock and dissipative losses (Van Ewijk et al., 2017). 356 

5 Implementing the requirement 357 

 Operationalising use potential 358 

Formulating waste use potential requires a standardized methodology for measuring and 359 

communicating how and to what extent waste can be used as a resource.  The “how” can be 360 

detailed by referring to the main categories of preparing for reuse, recycling, and recovery. Recovery 361 

may be subdivided into energy recovery (substituting fuels) and non-energy recovery (substituting 362 

other materials). These categories can be subdivided again. Energy recovery, for example, can be 363 

further specified as combustion, anaerobic digestion, pyrolysis, or gasification.  364 

Both the “how” and the “extent” of potential use depends on the properties of the waste and 365 

the “enabling conditions”, which cover available technologies, practices, and infrastructure. For 366 

example, certain materials may be recycled if separate collection infrastructure is put in place, or a 367 

specific fraction of a material may be recovered if the relevant technology is further developed and 368 

commercialized. Further specification may focus on the spatial and temporal scale of the assessment 369 

and the assumptions regarding the economic, technical, environmental, and social conditions. 370 

Of course, the potential to use waste should only be exploited insofar this is environmentally, 371 

economically, and socially acceptable. The WFD states that departure from the waste hierarchy is 372 

acceptable based on “technical feasibility, economic viability and environmental protection” (EC, 373 

2008) and the same caveat should be applied to waste use potential. It is thus necessary to assess 374 
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the likely impacts of potential uses of waste, which can be achieved by applying standardized 375 

assessment methodologies, such as life cycle assessment (LCA). 376 

 Indicators for waste use potential 377 

The waste use potential should be communicated using appropriate metrics and together with 378 

the enabling conditions. There is a wealth of studies on waste-related metrics but they do not 379 

include metrics that emphasize the potential use of waste (Fischer-Kowalski et al., 2011; Moriguchi, 380 

2007). Instead, most metrics capture the extent to which waste is generated and the fraction of 381 

waste that is already used as a resource. They do not directly indicate limitations or possibilities for 382 

the use of waste as a resource. 383 

An exception is Park and Chertow (2014), who present an indicator emphasizing the technical 384 

possibilities for using waste as a resource. The “reuse potential indicator” shows the fraction of 385 

waste that is “resource-like” on a scale from 0 to 1. Here, the term “reuse” is not consistent with the 386 

WFD since the analysis focuses on the US; in EU terminology, the indicator signifies the technically 387 

available options for preparing for reuse, recycling or recovery before consideration of economic and 388 

regulatory barriers.  389 

Park and Chertow (2014) considered three cases for the use of Coal Combustion By-products 390 

(CCBs) in the United States: 1) all legally allowable uses, 2) all legally allowable uses except 391 

controversial land applications, and 3) only encapsulated use. The results ranged from a high 392 

potential of 85% in the first case to a low potential of 35% in the third case. Metrics can thus be used 393 

to indicate the use potential of waste under different economic, technical, or regulatory scenarios 394 

with distinct spatial and temporal boundaries. 395 

A more detailed framework for classifying wastes is being developed by applying the United 396 

Nations Framework Classification for energy and mineral resources (UNFC) to “anthropogenic 397 

resources”, based on socio-economic viability, field project status and viability, and the level of 398 

confidence in the potential recoverability of the quantities (UNECE, 2018). The UNFC is meant to 399 

provide transparency for investors and the application to waste still requires expansion of the 400 
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guidance on economic, environmental, and social aspects. The waste use potential may be 401 

formulated taking guidance from this standard. 402 

 Data requirements and limitations 403 

Application of waste use potential is not without challenges. Its success depends foremost on 404 

data availability regarding waste generation, waste properties, and use options. Significant data 405 

collection efforts are necessary to gather this information; the required level of detail depends on 406 

the application. Whatever the data quality, it is important to specify the assumptions and 407 

uncertainties regarding a particular expression of waste use potential, since these reveal the 408 

required conditions to enable fulfilment of the potential. 409 

For example, Van Ewijk et al. (2018) quantified the recovery potential of paper waste in the 410 

global paper life cycle based on benchmark performance and a literature review of waste use 411 

options. The study reveals that data is not widely available and that data collection efforts are 412 

hampered by inconsistent terminology. The results suggest that most pulp and paper wastes can be 413 

fully recovered, however, this is feasible only under the conditions found in highly developed pulp 414 

and paper sectors in advanced economies such as Finland.  415 

A more detailed and locally specified assessment of the same waste flows could inform the BAT 416 

for the pulp and paper industry in the European Union. Additional data would be needed to indicate 417 

benchmark performance in the European context, which may be gathered through, for example, 418 

case studies or industry surveys. Industry regulators are likely to have much more data than is 419 

publicly available (based on permitting, monitoring, and enforcement activities) and this could be 420 

used to quantify, for an entire industry, the use potential of waste. 421 

Finally, recognition of waste use potential should not be an avenue for promoting low-cost 422 

alternatives for disposal, such as “recovery” options that cause harm or do not actually substitute 423 

virgin materials. If the impacts are not fully known, the precautionary principle suggests to pursue 424 

only those options that pose acceptable risks. Effective application of the waste use potential 425 
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therefore requires good knowledge of not only potential use and the enabling conditions but also 426 

the associated environmental and social impacts. 427 

6 Conclusions 428 

The regulatory concept of waste is suitable for protecting human health and the natural 429 

environment but does not adequately address the conservation of natural resources. We analysed 430 

shortcomings in the legal definition of waste in the EU and described how to address these. The 431 

following three conclusions can be drawn from our analysis. 432 

1. The legal definition of waste overlooks the context of waste and fails to consider the 433 

interests of the waste user as opposed to the waste holder. It aims to control the impacts of 434 

careless discarding rather than stimulating careful discarding. 435 

2. These issues may be resolved by recognising the potential of waste and formulating how and 436 

to what extent a waste might be used, given enabling conditions. Recognition of waste use 437 

potential does not change the legal definition of waste. 438 

3. Identification, quantification, and fulfilment of waste use potential are critically dependent 439 

on the availability of data on waste generation and management options and evidence of 440 

the associated environmental and social impacts. 441 

A quantified waste use potential may be used for the formulation and evaluation of industrial 442 

and municipal solid waste management policy. It may be used for target setting, permitting, and to 443 

directly inform individuals or organizations about the potential use of waste as a resource. Further 444 

research may focus on developing the concept by applying it to various wastes and exploring policy 445 

applications. 446 
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Figure 1. Four elements of the regulatory concept of waste. 
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