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1 Introduction 

In the last decades, progress in European waste management has been important thanks a 

combination of factors. Regulation has curbed the worst environmental effects from disposal 

techniques such as landfilling and incineration. Selective collection facilities have reduced the 

amount of  waste going to disposal. Technological innovation has not only improved recycling 

of valuable and scarce materials but has also enhanced energy valorization from waste. 

Actually, many waste streams have evolved from locally managed burdens to internationally 

traded resources (Walsh 2002, Feys 2011, EEA 2012).  

However, in spite of the progress, current waste management practices still lead to 

environmental externalities such as greenhouse gas emissions from incineration and remaining 

disamenities from landfilling. In addition, waste disposal does not fully internalize the potential 

welfare gains from material recycling. Recycling of for example metals avoids the 

environmental externalities such as greenhouse gas emissions and groundwater pollution from 

primary extraction and production (Damgaard et al. 2009, Acuff and Kaffine 2013). Most 

importantly, valorizing waste is well described by the idiom ‘shutting the stable door when the 

horse has bolted’. Preventing rather than treating waste, reduces the costs and environmental 

damage from waste treatment. In order to make current waste management practices more 

efficient policy intervention should focus on stages early in the product life cycle (Fullerton and 

Kinnaman 1995, Palmer and Walls 1997, Fullerton and Wu 1998, Calcott and Walls 2000Dubois 

2012). The task for policy makers in this market is, however, challenging (Saner et al. 2011). 

How can policy makers balance conflicting priorities such as minimization of environmental 

damage, cost reduction, recovery of valuable materials and domestic industrial development? 

The task of policy makers is complicated by two characteristics of the waste market. First, waste 

streams are diverse. It is hard to compare inert construction and demolition waste with scrap 

metal or household waste. In addition, waste is permanently changing. Since waste is a side-

effect of production and consumption, waste composition changes when production and 

consumption patterns change (ECN 2012, Walsh 2002). Second, technological innovation has 

provided a wide range of treatment technologies, each with its own benefits and 

disadvantages. Selecting the right technology for the right application requires detailed 

information on waste characteristics, technologies and material markets. These two 

characteristics of the waste market render classic ‘command and control’ measures such as 

imposed technology choices and disposal bans difficult to implement. In order to achieve 
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efficiency, detailed information would be required on consumption patterns, technology and 

future developments (Porter 2002, Tietenberg and Lewis 2010, Kolstad 2011). In addition, 

monitoring on implementation of the imposed choices should be strong. In such a complex 

market with a multitude of market actors, command and control measures typically fail to 

achieve efficiency.  

By internalizing external costs, market based instruments such as taxes or tradable permits can 

give efficient incentives without the excessive information requirements needed for direct 

government regulation (Porter 2002, Tietenberg and Lewis 2010, Kolstad 2011). If sufficient 

information is available to assess the external damage of waste management, economists 

consider Pigovian taxation as the suitable policy instrument for complex markets with 

externalities (Pigou 1920, Weitzman 1974). In a decentralized market, every market actor will 

optimize his own economic interests. Although environmental damage constitutes a welfare 

loss to society, the rational market actor will not take this external effect into consideration 

because he is not directly impacted. Conversely, an environmental tax does affect the market 

actor. Indeed, the market actor feels the tax immediately and will try to minimize its private 

cost impact. Setting the tax on the polluting activity equal to the monetary value of the 

marginal external cost, aligns private and social interests. Such a tax that internalizes the 

environmental damage is called a Pigovian tax. A Pigovian tax allows policy makers to 

concentrate on the problem – the externality - while leaving the market the freedom to come 

up with solutions. The best known example of a Pigovian tax in waste management is the 

landfill tax that internalizes external landfill effects such as noise, odor, groundwater pollution 

and air emissions. Comparison between countries with and without landfill taxes shows that 

the landfill tax is effective in diverting waste streams from landfills (Oosterhuis et al. 2009, 

Fullerton 2010, Bio IS 2012).  

Policy instruments that internalize external effects should, however, take three phenomena 

into account. The first phenomenon is the cost to monitor waste disposal. Illegal or careless 

disposal of waste by for example households is extremely difficult to control. In conditions with 

weak control, Pigovian taxation creates additional incentives for illegal disposal because it 

increases the price of waste collection. Since  the disamenities of illegal disposal are more costly 

than regulated disposal, Pigovian taxation may worsen the welfare impact of waste 

management (Fullerton and Kinnaman 1995, Palmer and Walls 1997, Fullerton and Wu 1998, 

Calcott and Walls 2000, Aalbers and Vollebergh 2008 – see literature review below for a more 
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extensive discussion of the literature). Policy makers should therefore use other economic 

instruments than Pigovian taxation to overcome the risk of illegal disposal.  

A second phenomenon is strategic use of environmental policy by regional policy makers 

(Kennedy 1994, Barrett 1994, Cassing and Kuhn 2003). Location of waste management facilities 

may be sensible to the ‘Pollution Haven Effect’ (Levinson and Taylor 2004, Copeland and Taylor 

2004). If waste is unwanted, policy makers can increase waste taxes to keep waste out of the 

country. Tax competition between neighboring regions would lead to a ‘race to the top’. 

Conversely, low waste taxes can give a competitive advantage to domestic waste processing 

firms. If revenues and employment from the recycling sector are important, countries may end 

up in a ‘race to the bottom’ where countries gradually reduce disposal taxes. Since waste 

management has developed into an important industrial sector, the risk for a ‘race to the 

bottom’ becomes important (EEA 2011, Bio IS 2011). Anecdotical evidence suggests that the 

risk for a downwards tax spiral is present in Europe. For example, Sweden and Norway first 

installed an incineration tax in an open border system but abolished it in 2010 due to 

international waste shipments (Bjorklund and Finnveden 2007, Afvalforum 2010, Abbema et al. 

2011, Dubois 2013). Potential downwards tax competition is an aspect that must be dealt with 

in order to achieve cost efficient waste management in a European context. 

The third phenomenon is historic pollution. Evidently, creating efficient incentives for current 

waste management practices does not remediate environmental damage of the past. Historic 

waste management practices have led to a number of uncontrolled landfills in which no or 

inadequate measures were taken to avoid long-term emissions to groundwater and air 

pollution. The consequences of these historic practices continue to have their impact. Although 

these landfills are generally seen as a major environmental problem, resource scarcity has 

sparked interest for the materials contained on those locations. The concept of Landfill Mining 

has attracted interest in both the industrial and the academic world (Hogland et al. 2004, van 

der Zee et al. 2004, Hull et al. 2005, Jones et al. 2012, Van Passel et al. 2012). By implementing 

efficient policy instruments, Landfill Mining may not only result in the recovery of valuable 

materials but may also contribute to the remediation of long lasting environmental damages. 

More research, however, is needed to understand the performance drivers and the 

externalities of Landfill Mining projects.  

This PhD dissertation addresses the externalities and economic policy instruments from current 

European waste management practices. Do current policy instruments internalize the full social 
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cost of waste management? How can the efficiency of current policy instruments be improved? 

What is the effect on the use of economic instruments from strategic behavior by local policy 

makers? What are the drivers to deal with historic landfills? 

The dissertation consists of a literature survey and four chapters that each can be read as 

stand-alone papers. The survey focuses on economic literature that assesses efficiency and 

effectiveness of Extended Producer Responsibility (EPR) as a policy instrument.  The first paper 

evaluates the use of EPR as a policy instrument for consumer waste. By making producers 

(financially) responsible for collecting and recycling waste, EPR avoids the problem of illegal 

disposal at disposal. If producer or importer behavior can be monitored at a reasonable cost, 

the incentives for illegal disposal are reduced since consumers pay the cost of waste 

management at purchase rather than at disposal. In the last decade, the instrument is 

implemented for many waste streams, f.e. packaging waste, used batteries, lubricants, waste 

from electronic and electrical equipment and cars. The paper focuses on the gap between EPR 

as implemented for consumer goods with short life cycles such as packaging and batteries and 

EPR as discussed in economic literature. The second paper extends the analysis by investigating 

interaction of EPR with other policy instruments such as excise duties and disposal taxes. In 

addition, behavior of policy makers is assessed when waste can be shipped across borders and 

imperfect competition applies to the product and waste market. Do national policy makers 

behave in a strategic way to maximize domestic interests? The third paper deals more in depth 

with waste taxes for combustible waste. Europe is evolving towards a common market even for 

management of combustible and hazardous waste. The paper takes a pragmatic stance and 

evaluates how existing European instruments can be used to make waste management 

incentives more efficient in an open European market. The final paper focuses on historic 

pollution. A private Cost Benefit Analysis of Landfill Mining helps to identify the main 

performance drivers for industrial projects and the benefits to society. To make the assessment 

more concrete the analysis is implemented, as a case study, on the historic landfills of Flanders.  
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2 Extended Producer Responsibility in economic literature 

Considering that the use of Extended Producer Responsibility (EPR) as a policy instrument has 

drawn a lot of interest from economic scholars, this chapter reviews the most important 

contributions to the literature. Important topics in this respect are comparison of EPR efficiency 

and effectiveness with other policy instruments (Dinan 1993, Fullerton and Kinnaman 1995, 

Palmer Sigman and Walls 1997, Palmer and Walls 1997, Fullerton and Wu 1998, Calcott and 

Walls 2000, Eichner and Pethig 2001, Calcott and Walls 2005, Shinkuma and Managi 2008, Ino 

2011, Acuff and Kaffine 2013), the incentives of green product design resulting from EPR 

(Fullerton and Wu 1998, Choe and Fraser 1999, Calcott and Walls 2000, Eichner and Pethig 

2001, Calcott and Walls 2005, Eichner and Runkel 2005) the role of imperfect markets (Eichner 

and Pethig 2001, Runkel 2003, Fleckinger and Glachant 2010), monitoring costs, transaction 

costs and imperfect waste sorting (Choe and Fraser 1999, Calcott and walls 2005, Aalbers and 

Vollebergh 2008, Ino 2011) and long life cycles of durable goods (Runkel 2003, Eichner and 

Runkel 2005, Shinkuma 2008). The review aims to clarify the origin and assumptions behind the 

models used in further chapters. 

Dinan (1993) uses a stylized model to compare efficiency of three economic instruments that 

internalize waste disposal externalities: a virgin materials tax, a tax-subsidy scheme and a 

household disposal fee. The household disposal fee is the weight based fee paid by households 

to collect waste. Externalities resulting from virgin materials extraction or production are not 

taken into account. In the model with perfect competition and with two goods that have 

different constant unit disposal costs (private + external cost), the tax-subsidy is shown  to be 

the most efficient. The virgin material tax falls short of the first-best outcome because it does 

not allow differentiation between products that give rise to different waste management costs. 

In a similar way, the household collection fee does not allow to differentiate between disposal 

costs for different products or material streams. Consequently, if disposal costs (private + 

external) are not identical, the household disposal fee will not achieve the first-best outcome.  

In order to assess efficiency of economic instruments, Fullerton and Kinnaman (1995) model 

consumption of a single consumption good that at its end-of-life stage can be recycled, 

disposed in a controlled way or disposed in an illegal way. Evidently, the externalities of the 

three disposal options are different. In addition, the externality of virgin material extraction is 

taken into account. Consumers are assumed to be identical. Producers produce with constant 

returns to scale under perfect competition. The general equilibrium model shows that due to 
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the presence of illegal disposal, the first-best welfare level cannot be achieved by household 

disposal fees. If zero household disposal fees are applied, a consumption tax is required to 

counter the implicit consumption subsidy for waste-generating goods. Although an extraction  

tax should internalize the externalities of virgin materials extraction, it should not be used to 

internalize disposal externalities as long as the consumption tax is feasible.  

Palmer, Sigman and Walls (1997) use a simulation model to assess cost effectiveness of three 

different economic instruments that are able to reduce the amount of disposed waste: a 

deposit-refund or tax-subsidy combination, an advance disposal fee and a recycling subsidy. 

The underlying partial equilibrium model uses mass balances for material streams used in 

consumption, recycling and disposal. Cross elasticities on supply and demand of different 

products are neglected and only products with short life cycles are taken into account. In order 

to avoid illegal disposal, the household disposal fee is set equal to zero. A simulation shows that 

the deposit-refund schemes are most cost effective because the refund succeeds in stimulating 

sorting and recycling in a cost-efficient way while the consumption tax reduces inefficient 

incentives for consumption of waste-generating products. As the advance disposal fee works as 

a consumption tax, it effectively reduces consumption. However, as sorting and recycling are 

not stimulated, cost effectiveness to reduce waste disposal shrinks. Finally the recycling subsidy 

that represents low or even zero household fees for waste collection, is shown to be most 

ineffective. Indeed, although sorting and recycling of waste may be organized in an efficient 

way, consumption of waste-generating products is subsidized. In order to reduce total disposal, 

the subsidies for recycling should be increased to an excessive level. As the simulation indicates 

that the difference in costs is important between policy scenarios, choosing an inefficient policy 

instrument results in significant welfare loss.    

Using a partial equilibrium model with identical consumers and perfect competition between 

identical firms, Palmer and Walls (1997) compare efficiency of deposit-refund systems with 

recycled content standards i.e. standards that impose a fraction of recycled material in new 

products. Both firms and consumers dispose waste at constant unit disposal costs (includes 

private and environmental disposal costs). A mass balance applies for virgin materials going in 

and disposed materials going out of the model. The model confirms that deposit-refund 

systems can achieve the first-best welfare maximizing outcome. In contrast, recycled content 

standards fail in two aspects. First, because standards do not fully internalize externalities, the 

level of consumption will not be first-best. Additional use of for example labor taxes is required 

to reach the first-best outcome. Second, information requirements to impose the efficient level 



16 

 

of recycled content are extremely high. It is unrealistic to expect that governments have this 

detailed information at their disposition. 

Fullerton and Wu (1998) assess efficiency of an extensive list of taxes and subsidies (negative 

taxes) if household waste collection is subsidized. This paper introduces considerations about 

green product design in the literature. In a general equilibrium model three variables should be 

optimized to achieve the first-best welfare maximizing outcome: the amount of consumption, 

the amount of packaging and the recyclability of packaging. Combinations of taxes on 

consumption, packaging recyclability, amount of packaging and recycled inputs are 

investigated. Assumptions include identical consumers, identical producers, perfect 

competition and constant returns to scale in the production and waste collection industry. 

Firms adapt the attributes of their products (amount of packaging and recyclability) to the 

demand of consumers, i.e. consumers will decide their willingness to pay for a product with 

specific packaging attributes and firms take this as given. Two combinations of instruments are 

shown to be first-best. First, a tax on consumption should be combined with a tax on the 

amount of packaging and a subsidy for the level of green product design. Second, a tax on 

consumption should be combined with a tax on the amount of packaging and a subsidy for 

recycled goods. If the level of green product design cannot be easily observed, the second 

combination is preferable.  

Choe and Fraser (1999) address efficient household waste management if household sorting 

subsidies are unfeasible due to transaction costs and monitoring of illegal disposal of 

households is costly. Constant returns to scale apply for production but investments in green 

product design can reduce the amount of waste per unit of consumption. The only firm is a 

price taker. In such a setting the household collection fee has a dual effect. High collection fees 

reduce the amount of household waste but also create incentives for illegal disposal. If 

household sorting can reduce the cost of waste management significantly, the first-best 

outcome cannot be achieved due to the dual role of the household collection fee. The second-

best outcome uses the household collection fee while balancing benefits of reduced waste 

management with negative effects of illegal disposal. In addition a tax on companies, i.e a 

consumption tax should create additional incentives to reduce the amount of waste produced. 

Calcott and Walls (2000) investigate which economic instruments can give incentives for green 

product design. They compare a household disposal fee with a deposit refund when 

heterogeneous products are collected by competitive recycling firms. Transaction costs not only 
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make it impossible to diversify the household collection fee per material stream, but also make 

subsidies directly to households impossible. The authors use recyclability as an attribute of 

products and use a mass balance such that  all selectively collected items are recycled and used 

as production inputs. Perfect competition applies for producers. If pricing of household waste 

collection cannot be diversified per type of waste, the household collection can never give 

efficient incentives for green product design. In contrast, a scheme with a consumer tax 

(deposit) and product-specific subsidy to recycling firms (refund) can reach the second-best 

level of green product design and efficiency. Eichner and Pethig (2001) use a general 

equilibrium that models production, consumption and waste management to focus on 

imperfect markets for industrial recycling and treatment of recycling residues. In contrast with 

many other contributions, they assume that illegal disposal of households is not an issue. They 

assess how a variety of tax-subsidy combinations affects incentives for green design in a wide 

range of conditions. The paper is not focused on practical policy advice but rather on 

information for theoretical analysis.   

Calcott and Walls (2005) develop a general equilibrium model that introduces transaction costs 

in the recycling market and imperfect sorting of consumers. The level of green product design is 

defined by one variable that is unobservable to policy makers. Assumptions include constant 

unit costs for virgin material extraction and disposal. Due to the presence of transaction costs, 

the first-best outcome cannot be achieved by economic instruments. However, the second-best 

optimum can be achieved with a deposit-refund system or a combination of deposit-refund and 

household disposal fee. These two combinations can give incentives for green product design in 

recyclable products.   

Runkel (2003) assesses efficiency of introduction of EPR for durable goods under both perfect 

and imperfect competition. To deal with different vintages (generations) of products, an 

optimal control model is used. For perfect competition, the model confirms that 

implementation of EPR is required if illegal disposal and bounded consumer rationality are an 

issue. By internalizing the future cost of waste management, EPR not only reduces consumption 

of waste-generating products but also improves durability (defined as average lifetime of 

durable goods). Under imperfect competition with high monopoly rents, the effect may be 

ambiguous. EPR can improve incentives for durability but may worsen utility loss from high 

monopoly rents.  
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Runkel’s model is extended by Eichner and Runkel (2005) to assess the effect of recyclability 

rather than durability of durable consumer goods. An important assumption is that an increase 

in heterogeneity of recyclability for goods discarded in one period negatively impacts recycling 

efficiency. As the lifetime of vintages varies, in each period durable goods are discarded of 

different vintages. The model indicates that the efficiency of implementing EPR may differ in 

the short and long run. Indeed, if EPR gives incentives for increased recyclability, in the short 

run additional recyclability may lead to more heterogeneity of discarded goods. The gain in 

recyclability may therefore be reduced by the increase in heterogeneity. In such a case, welfare 

would not improve in the short run. In the long run, however, vintages and the recyclability 

merge to a steady state. Since homogeneity of recyclability is restored, implementation of EPR 

is once again considered as an unambiguous improvement for welfare.     

Shinkuma (2008) and Shinkuma and Managi (2011) also focus on the role of EPR for durable 

goods. They compare efficiency of a household disposal fee, an advance disposal fee and the 

combination of an advance disposal fee with subsidies for repairing durable goods such as cars. 

Unit production costs and unit repair costs are assumed constant and perfect competition 

applies. In a world without transaction costs and illegal disposal, the advance disposal is the 

least efficient instrument because it gives insufficient incentives to repair durable goods. The 

life cycle of products would be shorter than optimal. In a world with illegal disposal, disposal 

fees become difficult to implement. Although the first-best outcome cannot be reached due to 

the transaction costs for repair subsidies, the advance disposal fee with subsidies becomes a 

second-best solution.  

Aalbers and Vollebergh (2008) focus on the sorting effort required from households to separate 

waste into homogeneous streams that can be recycled if sorting is considered a burden. The 

paper generalizes Fullerton and Kinnaman (1995) and Choe and Fraser (1999) for multi-product 

streams that can be mixed in the waste stage. The latter paper is extended with the possibility 

of introducing a refund or sorting subsidy. Green product design is not incorporated in the 

model. Identical consumers purchase portfolios of diversified products. Production, landfilling 

and recycling are modeled assuming perfect competition and constant returns to scale. The 

model confirms that deposit-refund schemes work efficiently if deposit-refund schemes are 

differentiated between waste streams with different external effects. The need for 

differentiation grows when differences in environmental effects are larger and when the share 

of mixed disposal is larger. Indeed a small fraction of hazardous waste can lead to 

contamination of large quantities of potentially non-hazardous waste. Therefore, policy makers 
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should focus on separation of highly toxic wastes and well recyclable wastes using 

differentiated deposit-refund schemes. Maximal extraction of these specific waste streams 

allows setting up an undifferentiated deposit-refund scheme that limits administrative costs for 

the remaining waste streams.  

Fleckinger and Glachant (2010) assess the interaction of EPR and market power in the 

production and waste management market. Their model uses a duopoly with diversified goods 

characterized by Bertrand competition. They compare EPR with an individual take-back 

obligation for producers with collective EPR schemes that allow collusion. Assumptions include 

constant returns to scale and zero administrative costs for implementation of individual EPR 

obligations. In a market with imperfect competition in production and perfect competition for 

waste management, both individual and collective EPR deviate from the social optimum. The 

incentives that result from EPR implementation in perfect competition are different than the 

incentives in a market with market power. If the waste management sector has market power, 

a collective EPR leads to a better outcome because collusion of producers increases the 

negotiation power of producers. This drives down the monopoly rents from the waste 

management sector and brings consumer utility closer to social optimum.  

Ino (2011) investigates how the EPR product tax – recycling subsidy is affected if recycling 

companies can dispose waste illegally. The partial equilibrium model is inspired by Palmer and 

walls (1997) but is extended with monitoring costs to control illegal disposal of recycling firms. 

Assumptions are homogeneous products, strictly convex and increasing production, sorting and 

recycling costs. All actors act as price takers and a constant unit cost applies for legal waste 

disposal that includes environmental damage. The author shows that the level of the product 

tax is not affected by illegal disposal of firms. The product tax remains equal to the full social 

cost of legal disposal. The efficient level of the recycling subsidy, however, may change 

depending on the intrinsic value of the waste collected for recycling. If the waste stream has an 

intrinsic value high enough to compensate the costs of reprocessing, recycling firms have no 

incentives to dispose collected waste in an illegal way. Therefore, the first-best recycling 

subsidy applies. Conversely, if the intrinsic market value of the waste stream is lower than the 

processing costs of the recycler, a costly monitoring system is required to avoid illegal disposal. 

Since the monitoring costs make recycling less attractive from a welfare point of view, the 

recycling subsidy will be lower than in a first-best subsidy. An interesting corner solution arises 

if recycling costs are so high that it is efficient to dispose all waste. The recycling subsidy will not 

be used, but the product tax serves as an ‘Advance Disposal Fee’ that replaces the end-of-life 
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disposal tax. In addition, the model is used to assess efficiency of take-back targets with 

tradable rights such as the Packaging Recovery Notes in the UK. The model shows that take-

back targets of over 100 % are required to achieve a first-best outcome because the product tax 

should be higher than the recycling subsidy in the presence of illegal disposal of recycling firms. 

In order to make this feasible, policy makers should sell or auction additional recycling 

certificates. 

Acuff and Kaffine (2013) use the simulation model from Palmer and Walls (1997) but focus 

more on recycling incentives. Recycling materials can reduce externalities in production. For 

example, since the carbon emissions from recycling metals or plastics are significantly lower 

than the emissions of virgin materials, waste management policies can reduce production 

externalities. In their view, positive welfare effects from recycling materials are significantly 

bigger than welfare effects from avoiding disposal. Although instruments can simultaneously 

give incentives to reduce disposal and stimulate recycling, the use of instruments significantly 

differs if multi-material goods are considered. Indeed, the externality of disposal is typically 

modeled as a homogeneous externality while the positive externality of recycling materials is 

significantly disparate across materials. The authors therefore conclude that deposit-refund 

schemes should be diversified per product or waste stream. 

The two following chapters borrow extensively from the work cited above. More specifically, 

for producers the assumptions of identical producers, constant returns to scale and perfect 

competition will be often used in this dissertation. To model consumers, assumptions include 

identical consumers (or one representative household), concave utility functions and selection 

of the level of green product design by consumers. For waste management constant disposal 

costs (internal and external) are assumed. Evidently, considering that this is an economic 

dissertation, actors are assumed to be mainly driven by financial incentives. These assumptions 

not only significantly simplify the equations, but also keep the focus on the relevant aspects of 

consumption and waste management. In addition, the use of assumptions such as constant unit 

disposal costs approximates the discourses and intuition used by policy makers and waste 

management operators which may facilitate the  applicability of policy recommendations.   
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3 Extended Producer Responsibility for consumer waste: the gap 

between economic theory and implementation1 

 

Abstract 

Although economic theory supports the use of Extended Producer Responsibility (EPR) to 

stimulate prevention and recycling of waste, EPR systems implemented in Europe are often 

criticized due to weak incentives for prevention and green product design. Using a stylized 

economic model, this paper evaluates the efficiency of European EPR systems. The model 

reveals that the introduction of static collection targets creates a gap between theory and 

implementation. Static targets lead to inefficient market outcomes and weak incentives for 

prevention and green product design. The minimum collection targets should be complemented 

with a tax on producers for the non-collected waste fraction. Because such a tax internalizes the 

cost of waste disposal, more efficient price signals will lead to better incentives for waste 

management in a complex and dynamic market. 

 

3.1 Introduction 

Extended Producer Responsibility (EPR) has been widely applied in Europe as a policy 

instrument to stimulate prevention and recycling of consumer waste. EPR imposes collection 

and recycling targets on producers or importers of products such as packaging, batteries, 

electronic equipment, cars or lubricants. The wide variety of products has led to sector specific 

EPR targets at the European level that are transposed in national or regional legislation. For 

example, packaging producers are required to collect at least 55 % of packaging waste for 

recycling (directive 2004/12/EC) and European battery producers are since 2012 obliged to 

collect 25% of the batteries sold (45 % in 2016 - directive 2006/66/EC). In order to achieve 

these legally imposed targets with minimal transaction costs, producers typically finance one 

national collective Producer Responsibility Organization (PRO) that subsidizes waste collection 

and recycling facilities. Since PRO’s are organized nationally (or even regionally) structure and 

                                                      
1 This chapter is based on ‘Dubois, M. (2012) Extended Producer Responsibility for consumer waste: the gap 

between economic theory and implementation, Waste Management & Research, 30(9), Suppl.36-42 
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activities can diverge significantly across countries. The achievements of EPR look impressive, 

for example, yearly 3 million tons of European packaging waste are collected for recycling and 

37.000 tons of spent batteries are diverted from landfills to recycling (PRO Europe 2010, EBRA 

2011). In addition to the existing achievements, a more intensive use of EPR is expected to 

improve green product design, prevention and recycling (Rotter 2011, Bio IS 2012).  

In spite of the achievements in terms of recycling, EPR evokes recurrent criticisms: the inflexible 

targets would lead to excessive costs, financial incentives for prevention or green product 

design would be too small and continuous improvement is not stimulated (Lindhqvist and Lifset 

2003, Short 2004, Sachs 2006, Febem 2011, Rotter 2011). This paper evaluates the validity of 

these criticisms and investigates how these shortcomings can be remediated. 

Economic theory has studied EPR mechanisms extensively. The risk of illegal waste disposal by 

households makes it difficult to charge the full cost of waste management to households. As 

markets can only achieve an efficient, i.e. societal desirable, outcome if prices incorporate all 

costs inclusive environmental damage, waste management is subject to market failure. If 

household waste is underpriced, incentives to prevent and sort waste are limited, leading to 

large streams of mixed residual waste. From the point of view of economic scholars, EPR is a 

double-sided instrument that combines a sorting subsidy with a product tax. The sorting 

subsidy stimulates consumers to sort waste and the product tax stimulates households to 

prevent waste. Fullerton and Kinnaman (1995) and Palmer and Walls (1997) show that EPR is 

superior to other instruments such as disposal fees, take-back obligations and recycled content 

standards. Fullerton and Wu (1998) and Eichner and Pethig (2001) show that EPR stimulates 

green product design. Although literature has also raised concerns about transaction costs 

(Calcott and Walls 2005), imperfect sorting (Calcott and Walls 2000, Aalbers and Vollebergh 

2008) and collusion (Fleckinger and Glachant 2010), economists consider EPR as an important 

tool to remediate the market failure of cheap subsidized household waste collection.  

The contrast between support from theoretical economists and the criticisms on implemented 

systems raises a paradox. The paper addresses this paradox through the following research 

questions. Are the criticisms on European EPR mechanisms justified? Can EPR lead to an 

efficient outcome for waste management? Can implemented mechanisms be improved such 

that incentives for prevention and green design are strengthened? 

In order to investigate the research questions, current implementation of EPR is compared with 

the mechanism described by economic literature using a stylized model inspired by Palmer and 
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Walls (1997). EPR is addressed as a collective responsibility where producers finance one 

collective Producer Responsibility Organization (PRO) that fulfills the legally imposed targets. 

Alternatively, EPR could also be addressed as an individual responsibility. However, industry 

wide implementation of individual responsibility is rare (Lindhqvist and Lifset 2003, Bio IS 2012). 

As the paper focuses on the impact of collection targets on prevention, green product design 

and sorting behavior, recycling targets are not explicitly discussed. The economic model shows 

that a gap has grown between economic theory and implementation of EPR. In order to bridge 

the gap, a policy recommendation is put forward that creates more efficient incentives for 

prevention and green product design.  

The following section sets up a stylized economic model that identifies the first-best outcome in 

a hypothetical perfect world. This model will be used in the third section to compare EPR such 

as described in economic literature with EPR implemented in Europe. Since the model reveals 

that the gap between implementation and theory weakens incentives for sustainable waste 

management, a proposition is made to bridge the gap. The fourth section reviews information 

requirements and innovation incentives under current EPR mechanisms. A final section 

provides a summary of the policy recommendations. 

3.2 The model 

In this section we lay down the basic building blocks for an economic model. In order to explain 

the economic intuition as clearly as possible, reality is represented in a stylized way that makes 

an abstraction from specific aspects such as European spatial differences, fixed costs or 

environmental emissions from production and recycling. The structure of the model is in line 

with European packaging legislation that defines one target per material type. Consequently, in 

order to assess the relevance of the analysis for other waste streams, the model must be 

extended to deal with stream-specific issues such as targets expressed in weight per inhabitant, 

long life cycles or assignment of costs between producers in the case of multi-material goods. 

Although the model does not include learning effects and innovation in a first stage, the effects 

will be assessed in a later stage. The section is organized in three parts. First, a stylized diagram 

identifies the relevant market actors, the material flow and financial transactions. Then, the 

hypothetical situation is assessed in which a benevolent central planner with perfect 

information (i.e. the perfect government) imposes his decisions to maximize welfare in society. 

Finally, behavior of the different market actors is modeled in a decentralized market where 

government knowledge and authority is constrained and every actor pursues his own interests. 
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3.2.1 Basic building blocks 

Figure 1 shows the material flow as well as the financial flow in a stylized diagram with three 

actors (producers, consumers and the PRO), two sinks (recycling and disposal) and a 

government. To underline the distinction visually the material flow is represented by bold 

arrows while the financial flow is represented by dotted lines.  

Figure 1: The schematic diagram illustrates the material (bold lines) and financial flows (dotted lines) 

for EPR products.  

 

Producers maximize profits by supplying goods to consumers. The production cost ( )c β

depends on expenditure for green product design [ ]0,1β ∈ . The higher β , the more packaging 

waste is prevented by product design. The production cost increases, however, more than 

proportional with expenditure such that ( ) ( )' 0, '' 0c cβ β> > . This represents that the initial 

expenditure in green product design has the biggest effect and that further improvement of 

green product design comes at a higher cost. Even without government intervention, 

companies will try to optimize their amount of packaging. This initial optimization point is 

represented by 0β = . The amount of packaging without government intervention is w . 

Constant economies of scale apply, i.e. the production cost does not change with produced 

volume (see literature review for papers that apply similar assumptions).
2
 
3
 

                                                      
2
 In order to investigate the importance of the assumption of Constant Returns to Scale, the appendix contains an 

extension of the model that assumes a strictly convex and increasing cost curve. Although equations and intuition 

are more complicated, the results remain the same in the extended model.  
3
 An extensive discussion about the use of cost functions in partial equilibrium models can be found in Mas-Colell 

et al. (1995) pg 320-321 and pg 336-337. The assumption of constant return to scale still leads to an interior 
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In order to maximize social welfare, the government has three instruments at its disposal:  an 

excise
4
 tax a  on waste generating products,  a legally imposed sorting target α  to be achieved 

by producers and a subsidy z  to stimulate sorting by consumers. The subsidy can be for 

example money as in the case of a deposit-refund for beverage packaging, but can also be the 

service offered of curbside collection for sorted waste.  

In order to achieve the legally imposed sorting target, producers organize themselves in a PRO. 

The PRO can give a sorting incentive to consumers ( )i α per unit of sorted waste. Collected 

waste is recycled at cost r d< . As the PRO is a nonprofit organization that works with a 

balanced budget, it charges its expenses to producers via the waste contribution fee  ( )f α . 

The excise tax is unlike the contribution fee because the tax is imposed by a government that 

uses the funds at its own discretion while the contribution fee is given to the PRO on the 

specific condition that the funds are used to achieve the legally imposed collection target.  

The model is rescaled to the level of a representative consumer that purchases q units at 

product price p  (Mas-colell et al. 1995). A consumer maximizes utility ( )u q with ( )u' q 0,>

( )u'' q 0< : the pleasure of an additional unit of consumption decreases gradually the more is 

consumed. After consumption, the representative consumer sorts out fraction [ ]0,1α ∈  of the 

packaging waste so that total quantity of sorted waste [ ]1 qwα β−  can be recycled. Since 

sorting ( )s α  is considered a burden, utility loss increases more than proportional with the 

sorting effort: ( ) ( )s' 0, s'' 0α α> > . Recycling is modeled in a stylized way where emissions 

and revenues are zero. Although disposal of waste has a unit cost d  for society, the consumer 

can dispose the residual mixed fraction [ ][ ]1 1 qwα β− −  for free . This free (or cheap) disposal 

of residual waste constitutes an implicit consumption subsidy for waste generating product. 

The disposal cost includes the private cost of disposal dp  and the negative externality e that 

represents the environmental damage of disposal and the foregoing of potential positive 

externalities from recycling. 

 dd p e= +  (1) 

                                                                                                                                                                           
solution if consumers have a strict concave utility function. The amount of producers that will be active in the 

market becomes however ambiguous. 
4
 Excise originates from the Dutch word ‘accijns’ 
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3.2.2 First-best Pareto efficient allocation 

This section derives the first-best outcome in a world where a hypothetical benevolent central 

planner (the perfect government) has perfect information and full authority to implement his 

decisions. The results of this section will later be used as a reference to evaluate policy 

measures in a more realistic world (the decentralized market) where market actors maximize 

their own interests rather than the common good. Such a central planner would maximize 

welfare in society. Welfare is utility from consumption minus production costs, disutility from 

sorting, recycling costs and disposal costs (incl. environmental damage).  

 ( ) ( ) ( ) [ ] [ ]
, ,

   1 1
q

Max u q c q s r d wq
α β

β α α α β − − + + − −   (2) 

The First Order Conditions as represented in (3), (4) and (5) determine the first-best Pareto 

efficient allocation: costs from prevention, green product design and sorting are optimally 

balanced with disposal costs (incl. environmental damage) (Mas-colell et al. 1995).  

 ( )*s' d rα = −  (3) 

 ( ) ( )* * * *c' s r d 1 wβ α α α  = + + −    (4) 

 ( ) ( ) ( )* * * * * *' 1 1u q c s r d wβ α α α β    = + + + − −      (5) 

(3) shows that the marginal cost to sort another unit should be equal to the cost of disposing 

this unit minus the cost of recycling. (4) shows that the marginal cost of expenditure in green 

product design should be equal to the marginal benefit, i.e. the reduction of sorting, recycling 

and disposal cost of an additional unit of packaging. (5) confirms that the marginal utility of 

consumption should be equal to its full cost: the sum of production, sorting, recycling and 

disposal costs. If these three equations are satisfied, maximal welfare to society will be 

achieved. The efficient values - denoted with an asterisk “*” - will later be used as a reference 

for further assessment.  
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Figure 2: The graph depicts the effect of economic incentives on optimal sorting behavior. 

 

To facilitate further analysis (3) is depicted graphically in Figure 2 in a stylized way where ( )s' α  

is a straight line and where an interior solution for the optimization problem exists. The figure 

depicts the dilemma faced by the hypothetical central planner. Raising the fraction of waste 

sorted, α , will increase sorting costs as represented by the triangle with hatching under the 

marginal sorting curve and recycling costs as represented by the rectangle with vertical lining. 

Simultaneously, raising the fraction of waste sorting, reduces the disposal cost per unit of 

consumption represented by the rectangle with dark fill. In order to maximize welfare, the 

central planner minimizes the costs to society for waste treatment: the sum of the surface of 

the triangle and rectangle. The minimum surface, i.e. minimum costs, are achieved if the 

fraction of waste sorted equals *α . 

3.2.3 Decentralized market 

This section models behavior in a decentralized market where market actors pursue their own 

interests. First, under perfect competition the producer will set its product price equal to the 

marginal cost (see literature review for models with comparable assumptions).  

 ( ) ( ) [ ]1p c a f wαβ β = + + −   (6) 
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Second, in a decentralized market every consumer maximizes his own utility. Rather than 

determining consumption on moral considerations about total welfare, a consumer determines 

consumption based on his budget constraint ω . Consumers can spend their budget either on a 

waste-generating product with price p or on the numeraire m , i.e. a product or service 

without waste production and value normalized to one (Mas-colell et al. 1995). The numeraire 

represents the option of the consumer to spend his budget on other goods than the goods 

investigated within the scope of the paper. In line with Fullerton and Wu (1998) and Shinkuma 

and Managi (2011), producers offer a range of products with diversified product design 

characteristics. Consumers choose which level of product design will be purchased
5
 (see 

literature review for more details). The model explicitly distinguishes prevention from changing 

consumption patterns that reduces q  and green product design that reduces the amount of 

waste resulting from one unit of consumption, β . As shown in (7), the representative 

consumer maximizes his utility from consumption subject to the budget constraint that includes 

expenditures from consumption minus revenues from refunds on sorted waste.  

 ( ) ( )[ ] ( ) [ ]
, ,

    1     s.t.    1
q

Max m u q s wq m pq z i wq
α β

αα β α β ω + − − + − + − ≤   (7) 

Because utility of consumption is monotonically increasing, the equality sign in the budget 

constraint will always hold in optimum. Using (6) the Lagrangian can be formulated. 

( ) ( )[ ] ( ) ( ) ( ) [ ]
, , ,

    1 1
q

Max L m u q s wq m c q a f z i wq
λ α β

α αα β λ β α β ω   = + − − − + + + − + − −    
 (8) 

Since the First Order Condition with respect to the numeraire gives 1λ = , the First Order 

Conditions (9), (11) and (10) that characterize consumer behavior can be calculated.  

 ( ) ( )'s z i αα = +  (9) 

 ( ) ( ) ( ) ( )'c s a f z i wαβ α α α  = + + − +  
 (10) 

                                                      
5
 In order to investigate the importance of the assumption of consumers choosing the level of green product 

design, the appendix contains an extension of the model that allows producers to select the level of green product 

design. Although equations and intuition are complicated, the results remain the same in the extended model.   
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 ( ) ( ) ( ) ( ) ( ) [ ]' 1u q c s a f z i wα αβ α α β  = + + + − + −  
 (11) 

(9) shows that a consumer will drive up his sorting effort up to the point where his marginal 

sorting cost equals the sum of incentives for sorted waste. More incentives translates into more 

sorting. (10) shows that a consumer will choose a product that has the right balance between 

product design and price: the marginal cost of green product design equals the avoided costs. 

Both a higher tax and a higher contribution fee increase the expenditure for green product 

design. This can be intuitively understood as the incentive to reduce packaging waste becomes 

stronger when the cost increases to put packaging waste on the market. In contrast, higher 

sorting subsidies lower the rate of green product design. (11) shows that waste prevention is 

not only stimulated when the production cost or product taxes increase, but also when 

additional sorting efforts are required. In contrast, if the refunds on sorting efforts are 

generous, consumption goes up.  

Note that EPR as a collective responsibility only creates strong incentives for green product 

design if the taxes or contributions correspond with the amount of waste per individual 

producer.  Indeed, individual producers will only optimize their own costs, not the costs of their 

competitors. This correspondence is typically strong in uncomplicated fast moving goods such 

as packaging. By contrast, for multi-material goods with long life cycles such as fridges, the PRO 

typically asks a uniform contribution fee regardless of the materials used in the product.  As the 

correspondence between contribution paid and waste produced in the end of life phase is 

weak, the incentives for green product design are also weakened.   

3.3 The gap between economic theory and implementation 

In this section, the economic model described by the previous section is used to evaluate the 

impact of EPR policies on sorting behavior, green product design and prevention. First, EPR 

from the point of view of economic scholars, is compared to the first-best Pareto optimum. 

Second, EPR from economic theory is compared to EPR as implemented in Europe. Finally a 

proposition is made to bridge the gap between both interpretations.   

3.3.1 EPR economic theory 

As reviewed in the introduction, the low price of household waste collection is an implicit 

subsidy for consumption of waste generating products. A zero or low price for mixed waste 

breaks down the market efficiency because incentives to prevent or sort waste are weak. 
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Unfortunately, raising the price of consumer waste collection is difficult because illegal disposal 

by households is hard to control. Economic theory shows that the negative effects of cheap 

household waste collection can be circumvented using a double instrument: a product tax 

combined with a sorting subsidy such as defined in (12). Because the PRO has no role in this set-

up, ( ) ( ) 0f iα αα = = = . 

 
a d

z d r

=
= −

 (12) 

Fill in (12) in (9), (10) and (11) to see that EPR as defined by economists delivers the outcome 

identical to the first-best Pareto optimum as described in (3), (4) and(5). Since the first-best 

outcome cannot be improved the tax – subsidy combination achieves the best achievable 

outcome even in a decentralized world with constraints on government policy. The mechanism 

works as a deposit-refund. At purchase, consumers pay a deposit: a fee equal to the full 

disposal cost of the good after consumption. When consumers return sorted goods they get a 

subsidy equal to the deposit that stimulates sorting. In addition, as a fraction of the waste 

[ ]1 α−  ends up in the mixed waste, the total deposit paid is higher than the refund received. 

This difference compensates the costs (and environmental damage) for the treatment of mixed 

waste so that prevention and green product design are stimulated. Note that illegal disposal is 

not an issue since all waste is still collected at a zero price. This section demonstrated that EPR 

such as described in economic theory creates efficient incentives for green product design, 

prevention and sorting of waste in a decentralized market. 

3.3.2 EPR implementation 

We now turn to the actual implementation of EPR. As reviewed in the introduction European 

and regional legislation has implemented EPR through minimum collection targets. To 

investigate whether this mechanism can achieve the first-best outcome we start with the 

strong assumption that government has perfect insight in technology and market conditions so 

that they know the efficient collection rate: *α . Government imposes this sorting target via EPR 

regulation: *α α= . In Europe, governments rarely combine excise taxes with EPR regulation: 

0a z= = . In order to achieve the legally imposed obligations, the PRO gives a subsidy for 

selectively collected waste. Scrutiny of equations (9) and (3) determines the subsidy per sorted 

unit required to achieve the legal target.  
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 ( )*i d rα α= = −  (13) 

This sorting subsidy required to reach the legal obligation is equal to the optimal subsidy 

determined by economic theory. Therefore, implementation and theory of EPR lead to identical 

sorting behavior. Since the PRO works with a balanced budget, the subsidies for waste 

collection and recycling costs are billed to the producers via the contribution fee. The 

contribution fee can be easily calculated. 

 ( ) ( )* * * *f i r dα α α α α=  = + =   (14) 

Conversely to the outcome for the sorting effort, the disposal fee imposed via the PRO does not 

lead to the first-best outcome for green product design and prevention. Comparison of (14) and 

(12) reveals that the disposal fee of implemented EPR systems is lower than the optimal 

product tax of economic theory. Actually, the disposal fee is lower than the full cost of waste to 

society. 

 ( ) ( ) ( )* * * *        =>    '     '     =>        f d d c cα α β β β β= < < <  (15) 

 ( ) ( ) ( )* * * *         =>    '     '     =>        f d d u q u q q qα α= < < >  (16) 

(15) shows that a low contribution fee reduces the expenditure for green product design to a 

level below the first-best outcome. This effect can be understood intuitively. Reducing the cost 

for waste management reduces the incentive to invest in green product design. Accordingly, 

(16) shows that a low contribution fee reduces the incentives for waste prevention. If 

consumption becomes cheaper, more will be consumed. This section demonstrated that 

implemented mechanisms with minimum collection rates do not even reach the first-best 

outcome under the strong assumption of perfect information. Skeptics that criticize EPR 

because incentives for prevention and green product design are too small have a valid point.  

The gap revealed by (15) and (16) can best be explained with the help of Figure 2. In a first-best 

Pareto efficient context, the full cost of waste management is allocated to consumers. The full 

cost per unit of consumption is the sum of three components: the surface of the triangle that 

represents sorting costs, the surface of the rectangle represents recycling costs and the surface 

of the rectangle that represents the disposal cost of residual mixed waste. The implemented 
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EPR system is unlike the first-best scenario because only sorting and recycling costs are 

incorporated in the price of consumption. The disposal cost of mixed waste is not included, i.e., 

only the surface of the triangle and small rectangle are incorporated in consumer prices, the 

costs represented by the rectangle with dark fill are passed on to society rather than on 

consumers of waste generating products.  

3.3.3 Proposition to bridge the gap 

The previous section demonstrated that the gap between implementation and economic 

theory weakens waste management incentives. Consequently, if implemented EPR systems can 

be brought closer to the mechanism described by economic scholars, efficiency can be restored 

and incentives for prevention and green product design can be strengthened. In order to bridge 

the gap, the cost of the non-collected fraction has to be internalized. An additional tax as 

proposed in (17) can internalize this remaining externality.   

 
* *

*

          

1

z d r f d

a d

α α α
α

= => = − => =

 = − 
 (17) 

Filling (17) in (9), (10) and (11) shows that the combination of a legal target with a product tax 

on the non-collected fraction can achieve the first-best outcome as derived in (3), (4) and (5) in 

a decentralized market.  Graphically, the proposed tax incorporates the surface of the rectangle 

with dark fill in Figure 2. The first-best optimum can be restored without abandoning the 

implemented EPR structures.  

To avoid additional transaction costs, the tax should be imposed on the already existing PRO. 

The PRO already monitors products sold in the market per producer and reports waste 

quantities that are selectively collected and recycled. If the PRO pays a tax on the non-collected 

fraction, it will charge the additional costs via the already existing producer contributions. 

Consumers will get the efficient price signal and producers will get efficient incentives for green 

product design. The proposition bridges the gap with economic literature without significant 

transaction costs. 

3.4 Collection targets 

The previous section showed that a tax imposed on the PRO for non-collected fractions 

improves incentives for green product design and waste prevention. This section reviews two 
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other inefficiencies typically present in implemented EPR systems. The impact of the proposed 

tax on disposed fractions will be assessed for both aspects. 

3.4.1 Imperfect information 

The determination of the perfect collection target is highly information intensive. Perfect 

insight is required in the consumer market, collection facilities and recycling technologies. 

Expecting that government has this perfect insight is unrealistic. European spatial differences in 

consumption and waste management practices makes the determination of the perfect 

collection target at the European level even more difficult.  

Figure 3: The graphs illustrate inefficiency losses from targets if information is imperfect.  

low

high

: legal target lower than first-best level

: legal target higher than first best level

α
α

 

Imposing a binding target with imperfect information can lead to two types of inefficiency. First, 

setting the targets too low, leaves environmental damage uncompensated. Even though the 

costs of waste sorting remain low, accrued disposal of mixed waste entails a welfare loss. The 

inefficiency is represented by the triangle with horizontal hatching in the left hand side of 

Figure 3. This is for example the case for WEEE where the low European collection target of 4 kg 

per inhabitant contrasts with WEEE production of about 20 kg in Western Europe. Due to the 

low target, less WEEE waste will be collected in Western Europe than in the first-best case and 

environmental gains will be foregone (EU Commission 2008). Second, setting the targets too 

high creates excessive costs. Although the costs of disposal  decrease, the high sorting costs 

entail welfare loss. The inefficiency is illustrated by the triangle with horizontal hatching as 
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depicted in the right hand side of Figure 3. This is exactly what happened in Germany at the 

start-up of the original Green Dot system (Duales System Deutschland). Overambitious targets 

lead to excessive costs that caused controversy and threatened continuity of the system 

(Reynolds 1995). The use of targets typically leads to cost inefficiency, either through excessive 

costs to producers or through external costs of environmental damage.   

By contrast, if the PRO pays a tax on the non-collected fraction as proposed above, determining 

the perfect targets becomes less stringent. Low targets can be efficiently complemented with a 

tax. Because the tax contains the right incentives for prevention, sorting and green product 

design, the PRO will move towards the first-best optimum without further government follow-

up (Palmer and Walls 1997, Callan and Thomas 2000, Porter 2002, Tietenberg and Lewis 2010). 

3.4.2 Innovation and learning effects 

The waste market is rapidly evolving. As materials in consumer products evolve, the 

composition of waste streams changes. Moreover, technological innovation is strong. New 

technologies make it feasible to collect and recycle more materials from waste streams.  

Figure 4: The graph illustrates inefficiency losses from static targets if learning effects are important.   

 

( )*
Fut Fut

: future optimal target                    s' : Future marginal sorting costα α  
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However, imposed targets do not stimulate continuous improvement. If a PRO achieves the 

minimum target, it has fulfilled its role. As producers finance the PRO, they find it in their best 

interest to resist initiatives to collect more waste than legally required. Under such conditions, 

innovation and learning effects will lower the cost of waste collection, but will not lead to lower 

disposal rates. Figure 4 depicts learning effects by a flatter marginal sorting cost. In the first-

best case, learning effects lead to a higher optimal sorting rate ( *α  increases up to 
*

Futα ). 

However, static targets do not contain an incentive for additional sorting (Palmer and Walls 

1997, Callan and Thomas 2000, porter 2002, Tietenberg and Lewis 2010). The PRO will behave 

in line with the interest of producers. Unlike the first-best case, the PRO will not use the 

learning effects to increase sorting results but will rather use the learning effects to reduce the 

contribution fees for producers. As depicted in Figure 4, the PRO budget lowers with the 

rectangle with hatching. Such a reaction path seems to fit well to the example of packaging 

waste in Belgium. In line with the collection and recycling targets sanctioned by the European 

directive 94/62/EC and regional legislation, Belgian producers organized themselves in a PRO 

called Fost Plus. The recycled fraction rapidly rose and reached 79 % in 2002. All legal targets 

were achieved and further progress leveled off. Seven years later, recycling was still stagnating 

at 85 % while Fost Plus had reduced the contribution fee for producers by more than 40 % (Fost 

Plus 2010). 

Of course, perfect policy makers may adapt targets regularly. Unfortunately, even though EPR 

legislation typically incorporates this possibility, targets are inert. Once determined, vested 

interests and lobbying make it difficult to change targets. The WEEE directive highlights the 

inert nature of targets. The sorting target of 4 kg per inhabitant has been published in 2003. 

Even before publication it was clear that the norm was low. Indeed, WEEE production is five 

times bigger than this target and is growing (European Commission 2008). It took till 2008 

before the European Commission made a draft to increase the collection norm. Although in 

2012 consensus has been found between European institutions to increase the target, 

transition periods will postpone the introduction till 2019 with additional delays for countries 

that lack the necessary infrastructure (European Commission 2012). It takes more than 15 years 

to change the European collection norm for WEEE. Regional targets are not necessarily more 

flexible. In Belgium, where regions have jointly agreed collection targets, renegotiation of these 

targets also takes several years.  
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Static targets slow down innovation in waste markets. A complementary tax on non-collected 

fractions such as proposed above changes the motivation of the PRO substantially. Increasing 

collection rates may increase operational costs of the PRO, but simultaneously lowers taxes 

paid on the disposed fractions. If new collection or recycling technologies emerge, the PRO can 

increase its recycling rates while decreasing the contribution fee. Since producers would 

encourage the PRO to innovate and improve environmental performance, the proposed tax on 

disposed fractions would create strong incentives for continuous progress. 

Since 2010, Fost Plus, the PRO for Belgian packaging waste, pays a tax of half a euro per 

inhabitant in addition to the minimum collection targets (Fost Plus 2010). Restructuring the tax 

so that the non-collected waste fraction is taxed rather than the given number of inhabitants 

strengthens the incentives for innovation and sustained improvement in waste management.  

3.5 Conclusions and policy recommendations 

A gap has grown between the understanding of EPR in economic literature and European 

implementation. Static collection targets of implemented EPR systems do not fully internalize 

external costs of waste management and reduce the incentives for waste prevention and green 

product design. To overcome these shortcomings, this paper proposes an additional product 

tax on the non-collected waste fraction. As the tax can be implemented via the already existing 

PRO, additional transaction costs are low. 

Economic literature has abundant examples of the superior efficiency of taxes over targets. This 

debate also applies to EPR. Complementing the current static targets with the proposed 

additional tax, would not only reduce information requirements for policy makers, but would 

also restore incentives for continuous improvement. The incentives provided by the proposed 

tax would stimulate the PRO to transform technological innovation in improved collection rates. 

3.6 Appendix 

This appendix investigates the effect of a change in two assumptions of the paper elaborated 

above. First, the assumption of Constant Returns to Scale for producers is substituted by the 

assumption of one price-taking producer with strict convex and increasing production costs in 

q  as used in for example Matsueda and Nagase (2012). Second, the producer selects the 

expenditure in green product design β  such that his cost function is given by  ( ),C q β  with 
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1 0C >  and 11 0C >  referring to the first and second derivative with respect to q  and 2 0C >  

and 22 0C > referring to the first and  second derivative with respect to β .  

The appendix repeats the analytical steps of the paper but omits the interpretation. 

Interpretation is only given where the alternative assumptions lead to different outcomes.  

3.6.1 First-best 

Welfare maximization in a first-best environment with a hypothetical benevolent central 

planner: 

 ( ) ( ) ( ) [ ] [ ]
, ,

   , 1 1
q

Max u q C q s r d wq
β α

β α α α β − − + + − −   (18) 

The First Order Conditions for , ,qα β  give following conditions for a first-best outcome.

 ( )*s' d rα = −  (19) 

 ( ) ( )* * * * *
2C q , s r d 1 wqβ α α α  = + + −    (20) 

 ( ) ( ) ( )* * * * * * *
1' , 1 1u q C q s r d wβ α α α β    − = + + − −      (21) 

3.6.2 Decentralized market 

In a decentralized market, actors optimize their own interests. The producer (or supplier) 

denoted with s maximizes profits 

 ( ) ( ) ( ) [ ]
,

    , 1
s s

s s s s s s
q
Max p q C q a f wq

β
αβ β β − − + −   (22) 

Although the producer can choose the level of green product design he is a price taker for the 

price offered for a product with this level of green product design. The First Order Conditions 

with respect to ,s sqβ  give following equations.  

 ( ) ( ) ( )2 , 's s s s sC q p q a f wqαβ β  − = +   (23) 

 ( ) ( ) ( ) [ ]1 , 1s s s sC q p a f wαβ β β = − + −   (24) 
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Consumer (denoted with subscript c) maximizes utility subject to a budget constraint. He 

selects the amount of consumption, the level of product design of the purchased product and 

the sorting effort.   

 ( ) ( )[ ] ( ) ( ) [ ]
, ,

    1    s.t.   1
c c

c c c c c c c
q
Max m u q s wq m p q z i wq

β α
αα β β α β ω + − − + − + − ≤  (25) 

This maximization problem can be written as a Lagrangian. 

 ( ) ( )[ ] ( ) ( ) [ ]
, , ,

    1 1
c c

c c c c c c c
q
Max L m u q s wq m p q z i wq

λ β α
αα β λ β α β ω  = + − − − + − + − −  

(26) 

Since the numeraire will be 1λ = , following three equations simulate consumer behavior.  

 ( ) ( )'s z i αα = +  (27) 

 ( ) ( ) ( )' cp s w z i wαβ α α = − +   (28) 

 ( ) ( ) ( ) ( ) [ ]' 1c c cu q p s z i wαβ α α β  = + − + −  
 (29) 

Equation (28) the required price difference demanded by consumers to accept another level of 

green product design.  

PRO behavior is not impacted by the modified assumptions.  

 ( ) ( )f i rα α α = +   (30) 

Market transactions lead to equilibrium in quantities and level of green product design. 

 s c

s c

q q q

β β β
= =
= =

 (31) 

By filling (31) into equations (23) and (28) that define producer and consumer behavior in the 

level of green product design and by combining both equations, market behavior can be 

assessed. 
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 ( ) ( ) ( ) ( )2 ,C q s z i a f wqα αβ α α  = − + + +  
 (32) 

By filling (31) into equations (6) and (11) that define producer and consumer behavior in 

quantities and by combining both equations, market behavior can be assessed  

 ( ) ( ) ( ) ( ) ( ) [ ]1' , 1u q C q s z i a f wα αβ α α β  − = − + + + −  
 (33) 

3.6.3 EPR in economic theory  

In EPR as modeled by economic scholars, government does not impose a collection target  but 

uses a tax-subsidy combination.  

 

( ) ( )f i 0

z d r

t d

α αα = = =

= −
=

 (34) 

By filling (34) into (9), (32) and(33) the market equilibrium reaches the first-best outcome as 

defined in (3),(20) and (21). The modification of assumptions does not have any impact on the 

outcome of the model for EPR as modeled by economic scholars. 

3.6.4 EPR implementation 

In contrast with EPR as discussed by economic scholars, policy makers use collection targets for 

EPR implementation. 

 
0

*

a z

α α=
= =

 (35) 

The PRO therefore gets an active role. In order to achieve the imposed target it gives incentives 

to consumers to sort waste. Sorting behavior (9) should be compared with (3) the first best 

level of sorting to see what is the incentive needed to achieve the imposed level of green 

product design.   

 ( )*i d rα α= = −  (36) 

This leads to the fee required from producers 
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 ( )* *f dα α α= =  (37) 

Using (35), (36), (37) and setting ɶ ( ) ( )a z i f aα αα = − + + +   , we can compare EPR described 

by economic scholars (denoted by ec) and EPR as implemented (denoted by im ). 

 ɶ ɶ* * *1      ec ima r d a rα α α = + − > =   (38) 

In order to assess the comparative statics of the level of green product design (32) can be 

derived with respect to ɶa .  

 
ɶ ( ) ( )

ɶ
( ) ɶ

ɶ21
22

        ,
,

d wq dq dq
SEC with SEC C q s a w

C qda da da

β β α
β

  = − = − +   
 (39) 

(39) shows 
ɶ

0
d

da

β >  as long as the secondary effect remains secondary, i.e. the convexity of the 

cost curve remains limited. This is in line with the analysis that uses the original assumptions, 

although the additional limitation on convexity makes the equations more complex.    

In a similar way (33) can be derived with respect to ɶa  to assess EPR prevention incentives. 

 
[ ]

( ) ( )
( ) ( ) ɶ

( ) ( ) ɶ

12

11 11

,1

'' , '' ,

C q s a wwdq d
SEC    with    SEC

u q C q u q C qdt da

β αβ β
β β

  − +−   = + =
− −ɶ

 (40) 

(40) shows that 0
dq

dt
<
ɶ

as long as the secondary effect remains secondary, i.e. the convexity of 

the cost curve remains limited. This is in line with the analysis that uses the original 

assumptions, although the additional limitation on convexity makes the equations more 

complex.  

Since ɶ ɶ>ec ima a  (38) , 
ɶ

0
d

da

β >  (39) and 0
dq

dt
<
ɶ

 (40), EPR as considered by economists has 

stronger incentives for the level of green product design and prevention. This analysis is in line 

with the outcome of the model with the original assumptions.  
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3.6.5 Added value from modified assumptions 

This appendix investigated whether the outcome of the initial paper would change if the 

assumptions of constant returns to scale and green product design chosen by consumers are 

modified. The assessment shows that the research results remain unchanged as long as the 

convexity of the strictly convex and increasing cost function is limited. In a similar way, the 

original research insights remain valid when price-taking producers are allowed to optimize 

green product design.  

Although these modified assumptions add little to the research insights, they complicate the 

analysis. Especially when observing the effect of EPR on incentives for green product design and 

for prevention additional assumptions have to be taken to make the intuition behind the 

mathematics comprehensible. The appendix, therefore, indicates that the these modified 

assumptions have little added value.  
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4 Efficient waste management policies and strategic behavior with 

open borders6 

 

Abstract 

As Extended Producer Responsibility (EPR) is increasingly implemented as a policy instrument for 

waste management in Europe, two policy questions emerge. First, EPR recycling targets interact 

with instruments such as disposal taxes and excise duties. Are these instruments complements 

or substitutes? Second, waste management has become a profitable business in an 

international market. How does strategic behavior of countries influence efficiency of used 

policy instruments? The paper uses a two-country stylized model with imperfect competition in 

the product and waste market. The model demonstrates that EPR targets alone are not 

sufficient to give efficient incentives for both prevention and recycling. When governments 

coordinate policies across borders, both a combination of EPR targets with excise duties and a 

combination of EPR targets with disposal taxes on recycling residues can achieve the first best 

outcome. When governments do not coordinate policies across borders, strategic behavior may 

lead to a ‘race to the bottom’ for disposal taxes of recycling residues. Conversely, strategic 

behavior may lead to a counter-intuitive ‘ race to the top’ for EPR collection targets combined 

with excise duties. Strategic governments use domestic excise duties not only to stimulate 

prevention but also to extract profits from foreign recyclers. The results indicate that efficiency 

can be gained by a more intensive coordination of policy instruments at the European level.  

 

 

  

                                                      
6
 A preliminary version of this paper has been presented at the ‘European Association of Environmental and 

Resource Economists’, 27-30 June 2012, Prague 
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4.1 Introduction 

Extended Producer Responsibility (EPR) is a relatively new policy instrument that has been 

increasingly used in Europe, especially in the last decade (Kaffine and O’Reilly 2013). EPR makes 

producers financially responsible for the collection and recycling of end-of-life consumption 

products, mostly by imposing targets for collection and recycling of waste. For example, 

directive 94/62/EC obliges producers using packaging material to collect and recycle at least 55 

% of packaging waste. Directive 2006/66/EC imposes a collection target of 25 % (45 % from 

2016) of the average weight of sold batteries and a recycling target of 50 % of collected 

batteries. Typically, producers make collective financial agreements with waste management 

firms that fulfill the legal targets. In order to avoid a competitive disadvantage of domestic 

production plants, EPR obligations are imposed on importers or sellers of consumption 

products rather than on the production plant level.  

An important evolution in the waste market is the growth of European and international trade 

(Kellenberg 2012). Although final disposal such as landfilling remains local, Europe is 

increasingly turning into a common market where waste can be shipped across borders (Dubois 

2013). National policy makers, however, still have the authority to determine local waste taxes. 

In addition, although European regulation imposes minimum targets, countries can raise 

national EPR collection targets above the European minimum or extend EPR targets to waste 

streams that are not targeted by European regulation. The variety of implemented waste 

policies is significant. For example, while frontrunners such as Belgium and the Netherlands 

impose high collection rates on a variety of waste streams, other countries restrict their policies 

to the European minima. In order to shed some light on the motivation behind these 

differences, the paper investigates the interests of the individual countries. As regional policy 

makers may be tempted to use environmental policy as a strategic instrument for domestic 

interests, the paper assesses how open markets for waste streams influence the use of 

economic instruments.  

The paper also focuses on the interaction of policy instruments. EPR targets interact with two 

other commonly applied instruments: excise duties or disposal taxes.  Excise duties exist for 

example as eco-taxes on consumer products such as disposable cameras. Dubois (2012) already 

suggested to combine EPR with an excise duty on the non-collected waste fraction to improve 

the incentives for prevention, eco-design and sustained innovation. The best known disposal 

tax is the landfill tax. Matsueda and Nagase (2012) have already shown that that a landfill tax 
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reduces the effectiveness of EPR targets when used in combination with tradable certificates. 

This paper investigates how disposal taxes for recycling residues influence the efficiency of EPR 

targets. In addition to the recovered materials, recycling processes typically have residues that 

need to be disposed by landfilling or incineration. For example battery recycling leads to 

residues - the so-called black mass – that needs to be disposed (Briffaerts et al. 2009). The 

interaction becomes especially relevant when observing contrasting policy choices made in for 

example Flanders (the north of Belgium) and the Netherlands. Flanders traditionally stimulated 

recycling by reduced disposal taxes for recycling residues. Lately, Flanders has decided to phase 

out its reduced tax rates and to apply the full tax rate even to recycling residues (Vlaanderen 

2011). On the contrary, the Netherlands that traditionally applied the highest disposal tax for 

landfilling in Europe, recently decided to abolish disposal taxes. The existence of other policy 

instruments is explicitly mentioned in the motivation to abolish the disposal taxes 

(Rijksoverheid NL 2011). Similar contrasting policy choices can be found in other European 

regions such as the UK that is increasing the level of its disposal tax significantly and Germany 

that  does not have a disposal tax (Abbema et al. 2011). These divergent policy choices may 

create different incentives for waste management across Europe that deserve to be 

highlighted.  

A stylized economic model inspired by Kennedy (1994) will be used with production and 

recycling in two countries. Efficiency is assessed with either a coordinated approach imposed by 

for example European directives or a non-cooperative situation where individual countries 

determine policies locally.    

The following section discusses relevant literature. Section three constructs the stylized model. 

Section four investigates how policy instruments can be used to maximize welfare if local 

decision makers coordinate policies. Section five assesses use of policy instruments in a non-

cooperative situation where waste destined for recycling can be shipped across borders but 

final disposal is done locally. The two final sections discuss the assumptions and the policy 

insights of the model.  

4.2 Literature 

The efficiency of EPR is extensively discussed in economic literature. Due to the risk of illegal 

disposal, municipalities typically subsidize waste collection such that the price charged to 

consumers for waste collection is low or even zero. The implicit consumption subsidy for waste 



45 

 

generating products reduces incentives to prevent, sort and recycle waste. EPR is typically 

modeled as a combination of a product tax and a recycling subsidy that internalizes benefits of 

prevention and recycling (Fullerton and Kinnaman 1995, Palmer and Walls 1997, Fullerton and 

Wu 1998, Aalbers and Vollebergh 2008). Although EPR restores efficient incentives, the 

instrument has also been criticized. Literature has raised concerns about transaction costs 

(Calcott and Walls 2005), imperfect sorting (Calcott and Walls 2000, Aalbers and Vollebergh 

2008), collusion (Fleckinger and Glachant 2010) and the use of static targets in implemented 

EPR mechanisms (Dubois 2012). The most recurrent criticisms indicate that EPR mechanisms 

fail to induce efficient incentives for prevention of waste (Lindhqvist and Lifset 2003, Short 

2004, Sachs 2006, Rotter 2011, Dubois 2012). Therefore, the paper will focus on policy 

instruments that strengthen EPR prevention incentives. 

A second important literature strand discusses strategic use of environmental policy to protect 

domestic interests in international competition. Barrett (1994) argues that imperfect 

competition distorts efficient use of environmental standards. Whether strategic behavior 

makes environmental standards stricter or more flexible depends on competition and market 

structure of domestic and international markets. Markusen et al. (1994) and Kennedy (1995) 

extend the analysis to environmental taxes. Local policy makers will reduce pollution taxes if 

domestic production profits are considerable. Conversely, local policy makers may raise 

pollution taxes to transfer local pollution to neighboring regions if disutility of pollution is high. 

This last effect fades away if pollution is transboundary. Cassing and Kuhn (2003) focus on rents 

arising from trade in hazardous waste between the developed and the developing world. 

Strategic behavior is shown to distort tax rates away from Pigovian levels in both parts of the 

world.   

The model contributes to the EPR literature by introducing key insights of trade literature. A 

better understanding of strategic behavior in an international waste market may validate or 

nullify arguments to shift more authority on waste policy from the country level to the 

European level. In addition, EPR literature typically compares EPR with other instruments. This 

paper focuses on the interaction of recently implemented EPR targets with existing economic 

instruments.    
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4.3 Economic model 

In order to keep the analysis tractable, reality is modeled in a stylized way. The model abstracts 

from transport costs, fixed costs for production and recycling plants and environmental impacts 

not related to waste. In addition, to keep the focus on waste prevention effects and strategic 

behavior of policy makers, the two countries are symmetric except for the location of the 

monopolistic producer. Also, cross border shopping by consumers is not taken into account. 

The model defines prevention of waste in a narrow way that only allows prevention by changes 

in consumption of waste generating products. The discussion section returns later to this 

assumption. Although the intuition of the model applies to a broad range of waste streams, the 

model is best understood with reference to packaging (cans, wraps, …) and consumer batteries.   

After description of the basic building blocks, this section derives behavior in a decentralized 

market and later determines behavior in a first-best world. The outcome in a first-best world 

will later serve as a benchmark to assess efficiency of different policy instruments in a more 

realistic market setting.   

4.3.1 Basic building blocks 

Figure 5 depicts the flow of materials and financial transactions in a schematic overview. 

Material flows are represented by bold arrows while financial transactions are represented by 

dotted lines. Two markets are modeled. First the product market where consumers buy 

products from a producer. Second, the waste market where the producer gives a fee to 

recyclers to collect and treat waste in line with legal obligations. Firm location is given and 

denoted by subscript [ ]H , Fi ∈ representing location in the home country H  or the foreign 

country F .  
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Figure 5: Schematic diagram consumption and recycling markets in one country 

 

Consumers buy iQ  products in the domestic market at price ip . Preferences are represented 

by an inverse semi-logarithmic demand function ( ) ( )i ip Q B ln Q= − . After consumption, the 

goods become waste. Consumer waste can be either disposed as mixed wasted or sorted for 

recycling, but it will in both cases be free to the consumer.  

 ( ) ( )lni i ip p Q B b Q= = −   (41) 

A monopolistic producer maximizes his profits 
p
iπ  in both countries taking into account 

constant unit production cost c , excise duty (or accijns) ia  and fee if  paid to recyclers to 

selectively collect and recycle consumer waste. A producer can negotiate a fee with recyclers 

for any collection target [ ]0 1i ,α ∈  but will of course have to be in line with the minimum 

imposed target iα . The remaining fraction [ ]1 iα−  is sent to final disposal as mixed waste. 

Although the producer is located in one country, he can export to the second country without 

barriers in line with intra-European free trade legislation.  

 [ ]1
i i

p
ii i i i i i i

Q ,
i

Max     p c f Q     with    
α

π α α α α = − − − − ≥ ∑ a   (42) 

The First Order Condition of (42) with respect to iQ  combined with (41) determines the price in 

the product market.  
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 [ ]1i i i i ip c f bα α= + − + +a  (43) 

The product price is composed of the production cost, the excise duty, the waste collection fee 

and a monopoly rent b . The First Order Condition of (42) with respect to iα  gives a condition 

for an interior solution for the fraction of waste collected to which we will return later.  

 i
ii i i i

i

f
f a     subject to    α α α

α
∂+ = ≥
∂

  (44) 

In each country, n  identical recyclers maximize profits in the waste market 
r
iπ by choosing the 

amount of waste collected in the Home country 
i
Hx  and in the Foreign country 

i
Fx . The 

superscript denotes the location of the firm while the subscript denotes the location of waste 

generation. As all firms can be active on both markets, there are 2n   competitors. (45) makes 

the difference between location of recycling (firm location) and location of collection (waste 

generation point) explicit. Waste collected by firms from the Home country is represented by 

H H
i iX nx=  and total amount of waste recycled in the Home country represented by 

HX . 

Following equations will be written for a recycler located in the Home country. Evidently, 

equations for recyclers in the Foreign country are symmetric.  

 H F H H H
H H H H H FX X Q     and     X X Xα+ = + =   (45) 

In line with current European practices, collected waste streams destined for recycling can cross 

borders without barriers but disposal of recycling residues should be done locally. For example, 

Dutch recycling facilities can import waste streams destined for recycling from Belgium and 

Germany, but dispose recycling residues in the Netherlands. Therefore, the domestic disposal 

tax for recycling residues represented as a tax per unit of recycling, it  , applies even for waste 

streams collected abroad. In each country, recyclers negotiate with producers a fee if  to 

collect and recycle waste in line with EPR regulations. Recyclers face a unit cost isα  to collect 

and recycle waste that includes revenues from recycling with s  an exogenous constant. Note 

that although constant economies of scale apply for collection, the collection cost increases 

with the fraction collected iα . Indeed, since consumers can freely dispose their mixed waste, 

raising the fraction of selectively collected waste fit for recycling requires additional efforts such 
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as curbstone collection services or refund systems. In order keep the results intuitive, recycling 

is modeled with two significant simplifications: the impact of disposal taxes on recycling efforts 

and the environmental externality of disposing recycling residues are not taken into account. In 

the discussion section at the end of the paper, the effect of these assumptions will be 

discussed. 

 [ ]
H
i

r H
H i i H i

x i

Max     f s t xπ α= − −∑   (46) 

The First Order Condition of (46) with reference to 
H
ix  gives behavior of a single firm.  

 ' 0H
i i i Hf f x s tα+ − − =   (47) 

In a symmetric way (48)assesses behavior of a firm from the foreign country.  

 ' 0F
i i i Ff f x s tα+ − − =   (48) 

In order to determine the recycling fee in a country (47) and (48)  should be multiplied by n  

and added to each other. Rearranging and inserting (45) gives the market outcome.  

 
'

2 2
i iH F

i i

f Qt t
f s

n

αα += + −   (49) 

(41)(43) can be used to assess the curve of the recycling demand. 

 ( ) [ ] ( )1 i i
i i i

i i

B c b bln Q
f Q

α
α

α α
− − − −

= −
a

 (50) 

(50) should be differentiated with respect to iQ . 

 
2

i i

b
f '

Qα
= −  (51) 

(51) can be used to rewrite (49). 
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2 2

H F
i i

i

t t b
f s

n
α

α
+= + +  (52) 

(49) indicates that the recycling fee is made up of the collection and recycling cost, average 

disposal taxes on recycling residues and an average profit margin in the oligopoly market . Note 

that the profit margin is inversely proportional to the number of firms. More competition 

results in a lower recycling fee.  

Production in the Home country can be determined by adding (47) for each country and 

multiplying by n . To illustrate the relation between waste collected and waste recycled in a 

region (49) can be inserted. 

 X
2 '

H i i F H

i

Q t t
n   

f

α −= +
−∑   (53) 

The first term in (53) confirms that recyclers can compete freely across the border. With 

identical instruments the recycling firms of the home country would have a market share of 50 

%. The last term stresses the role of domestic disposal taxes. If domestic taxes are higher than 

foreign taxes, exports of recyclable waste will be bigger than imports.    

4.3.2 The decentralized market 

By combining consumer behavior (41), producer behavior (43)(44) and recycler behavior (49), 

the outcome  in the decentralized market can be assessed in two equations. (54) determines 

consumption of waste generating products in function of available policy instruments

( ), ,i i i iQ t α a  . 

 ( ) [ ]2 1
2 2

H F
i i i i i

t tb
p Q c s b

n
α α α+= + + + + + − a   (54) 

(55) determines the fraction of waste collected in function of available policy instruments 

( ), ,ii i itα α a .   

 ,
2 4 4

i H F
ii

t t b
Max 

s s ns
α α+ − − 

 

a
=   (55) 



51 

 

Some simple comparative statics help to make policy effects explicit for further proofs. 

Instruments will be denoted without subscript if they are coordinated across the border such 

that they are identical in both countries. For example, in order to assess the impact of disposal 

taxes for recycling residues, (54) should be differentiated with respect to H Ft t t= =  if countries 

coordinate policies and with respect to it  if countries are non-cooperative. The two other 

policy instruments are kept constant. (56) shows that disposal taxes only have an impact on 

waste prevention if an EPR collection target exists. Consequently, prevention through disposal 

taxes can only be achieved by a combination of instruments. (56) also indicates that higher 

disposal taxes have more effect if countries coordinate their policies.  
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To observe the impact of EPR collection targets, (54) can be differentiated with respect to α  

and iα   while keeping other policy instruments constant and equal to zero. (57) reveals that an 

EPR collection target reduces domestic consumption regardless of the policies in neighboring 

regions.  
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Finally, in order to assess the effect of excise duties on consumption, (54) can be differentiated 

with respect to a  and ia  while keeping other policy instruments equal to zero. The collection 

target is used in the corner solution that is equal to the legally imposed target: α α= .  (58) 

indicates that an excise duty reduces domestic consumption of waste generating goods 

regardless of the policies in neighboring regions.   
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The comparative statics of ( ),i ii αα a   are straightforward. Disposal taxes do not influence the 

collection target. A high legally imposed collection target ensures a corner solution with αα =  . 

Excise duties only influence the collection target if the excise duty is high and the legal 
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collection target low. With high excise duties producers will have an incentive to collect waste 

beyond legal obligations to reduce the excise duties. By deriving (55) with respect to the excise 

duty (59)confirms that the excise duty can raise the collection target for interior solutions 

where the legal target is low.  
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0

a
  (59) 

The effect of disposal taxes on domestic recycling can be compared with the effect on domestic 

collection  by differentiating (53) with respect to the domestic disposal tax and comparing to 

(56) while keeping other instruments constant and symmetric in both countries.  
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(60) shows that a change in the domestic disposal tax has a bigger negative impact on domestic 

recycling than on average production of waste.  Indeed, the tax increase does not only 

increases prices but also raises export of waste. For further analysis (60) can be rewritten in 

elasticities for a setting where symmetric conditions apply in both countries. In a symmetric 

problem, optimization leads to identical solutions in both countries. The collection targets will 

be the same and the amount of waste collected in a country will be equal to the amount of 

waste recycled.(61) confirms that the elasticity of domestic recycling vis-à-vis the disposal tax is 

more important than the elasticity of domestic waste collection vis-à-vis the disposal tax. 
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Finally, it should be noted that the domestic excise duty in a non-cooperative setting has 

different effect on waste produced than on waste recycled in a country. To simplify the 

equation (62) is represented with the corner solution where α α=  .    

 
X

0
2

H H H

H H H

Q Q
        

a a a

αα ∂ ∂ ∂< = <
∂ ∂ ∂

  (62) 



53 

 

(62) reveals that domestic waste production is more negatively influenced by an excise duty 

than domestic recycling.  

4.3.3 Policy in a decentralized market 

In order to maximize domestic welfare, policy instruments can be used to influence behavior in 

the decentralized market. (63) indicates that domestic welfare iW  is made up of consumer 

surplus iCS  , profits from production and recycling plants, tax revenues and disposal 

externalities. The location of the monopolistic producer is defined by { }0,1il ∈ with 1Hl =  and 

0Fl =  if the producer is located in the Home country. The externality e represents the implicit 

consumption subsidy for waste generating goods if consumers can dispose mixed waste for 

free. It is larger than only the environmental externality from disposal because it also includes 

the collection and treatment costs of mixed waste that are financed by the municipality. In 

addition, the externality includes the potential positive externalities from recycling such as 

avoided carbon emissions for metal recycling that are foregone if mixed waste is directly 

disposed (Acuff and Kaffine 2013). 
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Using (41), (42), (43), (46) and (49) the maximization problem can be rewritten for the home 

country.  
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In order to make the importance of cross border waste streams explicit, the equation can be 

rearranged using (41) and (54). 
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(65) shows that export of waste is considered a loss of welfare because profits of recycling and 

tax revenues are flowing out of the country. The equation can now be used to assess the 
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outcome of policy intervention. In order to compare efficiency of different policies the outcome 

in a first-best world is derived as a benchmark in the following section.  

4.3.4 First-best outcome 

The first-best outcome with maximum welfare W can be derived in a world where a 

hypothetical benevolent central planner (the perfect government) has perfect information and 

full control of all actions. Welfare is utility from consumption minus production costs, recycling 

costs and the disposal externality .  

 �( ) � [ ]2
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Q

Q
Max     W = p Q dQ c s e Q

α
α α − + + − ∫   (66) 

There are two control variables: the collection fraction α   and consumption of waste 

generating goods Q . The First Order Condition with respect to the collection fraction 

determines the first-best Pareto efficient allocation as represented in (67). The marginal cost of 

waste collection equals the marginal benefit of waste collection. In other words, the marginal 

recycling cost equals the avoided external cost.  

 *2s eα =   (67) 

The First Order Condition with respect to Q  is depicted in (68) . Marginal utility of consumption 

equals the full marginal cost of consumption: production cost, recycling cost and the externality 

from disposal.  

 ( )* *2 *1p Q c s eα α = + + −    (68) 

Deviating from the first-best values denoted as *α  and *Q  results in welfare loss. These values 

will be used in the following sections as a benchmark to evaluate policy measures in a market 

context where governments and market actors maximize their own interests rather than the 

common good.    

4.4 Coordinated instruments 

This section assesses efficient use of three policy instruments when national policy makers are 

prepared to coordinate policies across borders. Coordinated policies would for example apply if 
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European Member States agree to one common  disposal tax  or to a common collection target. 

For coordinated instruments the subscript is omitted: H Ft t t= =  , H Fα α α= =  , H Fa a a= = . 

Considering that coordination leads to symmetric product and waste markets, the amount of 

waste recycled in both countries will be identical and equal to the amount of waste collected in 

each country.   

 X Qα=   (69) 

PROPOSITION 1: If market power applies in the product or waste market, no single 

instrument can achieve the first-best welfare level. Single means that only one 

instrument is used while other instruments are kept equal to zero.  

First, it is straightforward to see that single disposal taxes cannot lead to a first-best outcome in 

this stylized model. The comparative statics of (56) already showed that disposal taxes only 

impact the consumption of waste generating goods if an EPR collection target exists. Indeed, 

since consumers are not directly affected, higher disposal taxes will not reduce 

overconsumption of waste generating goods. 

Second, in order to see that single EPR collection targets do not lead to a first-best outcome,  

(69) should be inserted into (65) before differentiation with respect to the collection target. 

After inserting (54) and rearranging the optimal EPR collection target is determined.    
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(70) shows that single EPR collection targets can only lead to the first-best level in the 

exceptional case where [ ]1 2 2 He b n l bα α− = + . This unlikely event in which the externality 

exactly offsets monopoly rents in the product and waste market would be pure coincidence. 

Since the literature review in the introduction showed that incentives for prevention of waste 

generating goods are too weak, the paper assumes that the disposal externality is more 

important than the monopoly rents in both markets: [ ]1 2 2 He b n l bα α− > +  . The outcome for 

the collection target in (70) is higher than the first-best because two problems are tackled with 

a single instrument. The collection target should at the same time ensure efficient waste 
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collection rates and reduce overconsumption of waste generating products. A high collection 

rate reduces overconsumption but creates inefficient collection costs.  

(70) contains an important policy insight. Although frontrunners in waste management such as 

the Netherlands and Belgium already have high collection rates, there seems to be a general 

belief in policy circles that even higher collection rates are needed to reduce negative impacts 

of waste. (70) confirms that high collection rates reduce negative impacts but unfortunately in 

an inefficient way. Therefore we investigate below whether combinations of EPR collection 

targets with other economic instruments can achieve more efficient outcomes.   

(70) also confirms an old wisdom: market power reduces the need for environmental taxation 

(Requate 2005). Indeed, if EPR collection targets apply, market power in the product or waste 

market raises the price of waste generating goods. More market power therefore restrains 

overconsumption and improves welfare.  

Third, in order to see that market power reduces the efficiency of a single excise duty, the 

effect of the excise duty on collection should be interpreted. (55) shows that if other 

instruments are kept equal to zero, the first best collection target ( *α  ) requires an excise duty 

equal to the externality: a e=  . This equality can be inserted into (54) to assess the level of 

consumption. 

 ( ) ( )*2 * *1 * 0,
2

b
P Q c s b e    P Q     if   t e

n
α α α α = + + + + − ≤ = = =  a   (71) 

Comparing (71) with (68) shows that market power in either the product or waste market 

makes it impossible to achieve the first-best level with a single excise duty.  

PROPOSITION 2: If perfect competition applies in the recycling and product market, an 

excise duty is the only single instrument that can achieve the first-best level welfare 

level.  Single means that only one instrument is used while other instruments are kept 

equal to zero.  

Scrutinizing (55) and (71) shows that the first-best outcome can be achieved if perfect 

competition applies to both the product and recycling market: 0b = . The excise duty should be 

equal to the externality a e= . 
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Proposition 2 contains an important policy insight. If perfect competition applies, policy makers 

can give efficient incentives with only one instrument. Rational producers will make financial 

agreements with recycling companies as long as it reduces the excise duty. It is therefore 

essential that the excise duty is not a blunt instrument that only depends on quantities sold, 

but is also differentiated on the amount of waste recycled. For example for batteries, the excise 

duty per battery should take into account the fraction of material that is afterwards recycled: 

[ ]1 α− a .   

PROPOSITION 3: If countries coordinate policy instruments, EPR collection targets can 

be combined with either excise duties or disposal taxes to achieve the first-best 

welfare level. Due to monopoly rents in the product market, however, negotiation 

between countries is needed to achieve an efficient level of coordinated disposal 

taxes or excise duties.  

In order to maximize welfare, policy instruments can be combined. The previous analysis 

suggests that two combinations may be interesting: EPR collection targets with disposal taxes 

and EPR collection targets with excise duties. In both combinations, EPR collection targets 

should be equal to the first-best level to achieve maximum welfare: *α α=  . Even in a 

coordinated setting, domestic policy makers will lobby for coordinated instruments that 

maximize domestic interests. In order to assess the preferred level of disposal taxes for 

recycling residues, (65) can be differentiated with respect to the disposal tax using (54) and (69)

. 
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(72) shows that the disposal tax for recycling residues internalizes the externality minus 

monopoly rents in the waste and product market. The location of the monopolistic production 

plant is however important. Countries with a national producer will be in favor of lower 

coordinated taxes because it keeps producer profits high. Negotiation and compromise is 

required to achieve to a coordinated level of disposal taxes.  

Combining EPR targets and disposal taxes to improve efficiency seems be in contradiction with 

the results from Matsueda and Nagase (2012) that show that disposal taxes reduce EPR 
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effectiveness. It is however important to note that they focus on a disposal tax on directly 

disposed waste. Conversely, this paper focuses on a disposal tax for residues after recycling.   

In a similar way the preferred level of excise duties can be determined when combined with the 

first-best EPR collection target. (73) indicates that the excise duty also internalizes the 

externality minus monopoly rents in the waste and product market. Once again the presence of 

monopoly rents in the production sector requires negotiation and compromise to achieve an 

excise duty that is coordinated across the border.  
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(72) and (73) can be inserted into (54) to assess whether both instrument combinations can 

achieve the first-best level of consumption.  

 ( )( ) ( )( ) ( )*2 * *1 1 2 ip Q t p Q c s e b l         p Qα α   = = + + − + − ><   a   (74) 

(74) shows that the combination of an EPR target with a disposal tax can achieve the same 

welfare level as the combination of an EPR target with an excise. Indeed, the disposal tax and 

excise duty are substitutes in a coordinated setting with EPR targets. Comparison of (74) with 

(68) shows, however, that the welfare level will not always be equal to the first-best. Indeed, 

the country without domestic producer ( 0il = ) will prefer a disposal tax that restrains 

consumption more than efficient: ( ) ( )*p Q p Q> . As profits flowing out of the country are seen 

as a domestic welfare loss, domestic policy makers try to extract profits by raising taxes. 

Conversely, the country with monopolistic producer ( 1il =  ) will prefer a disposal tax that 

restrains consumption less than efficient: ( ) ( )*p Q p Q<  . Since exports are considered as a 

domestic welfare gain, the country is less inclined to reduce consumption in both countries. The 

negotiation between both countries is therefore decisive to determine the ultimate level of 

welfare that will be achieved. If the countries succeed in meeting each other half way such that 

2 1 2H Fl ll += =    the first-best welfare level will be achieved.  
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4.5 Non-cooperative policies 

In contrast with the previous section, this section assesses efficiency of instruments if 

governments do not coordinate instruments across borders. Every region maximizes its own 

domestic welfare regardless of behavior of the other country.  

PROPOSITION 4: Even in a non-cooperative setting, the excise duty as a single 

instrument can achieve the first-best welfare level if perfect competition applies in the 

recycling and product market. Single means that only one instrument is used while 

other instruments are kept equal to zero.  

If monopoly rents in the product and waste market are zero and other instruments are kept 

equal to zero, the excise duty that maximizes domestic welfare can be found by fully 

differentiating (65) with respect to the domestic excise using (54) and (55).  

 0ii ie     if   t bα= = = =a   (75) 

(75) shows that non-cooperative governments will put the excise duty equal to the externality 

in the absence of market power. By inserting (75) into (54) and (55) and by comparing resulting 

equations with (67) and (68), it becomes clear that the excise duty can achieve the first-best 

outcome in a non-cooperative situation. This is not surprising as strategic behavior of policy 

makers fades away if monopoly rents are zero. The excise duty will serve as a Pigovian tax that 

internalizes external costs.  

An important policy insight from Proposition 4 is that a single excise duty can give efficient 

incentives as long as producers are able to reduce excise duties by setting up a recycling 

program. This is even valid in a non-cooperative game.  

PROPOSITION 5: If governments are non-cooperative and market power prevails in 

the recycling market,  strategic behavior of regional policy makers leads to a ‘race to 

the bottom’ for disposal taxes. This strategic behavior reduces welfare and leads to 

overconsumption of waste generating goods when EPR collection targets are 

combined with disposal taxes.  

As single disposal taxes do not improve welfare (see analysis above), the combination of 

disposal taxes with a first-best collection target is evaluated in a non-cooperative setting where 
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excise duties are kept equal to zero. The outcome in the decentralized market can be 

determined by taking the First Order Condition of (65) with respect to the domestic disposal tax 

for recycling residues and afterwards inserting (53).  
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As depicted in (76), domestic policy makers will balance the marginal benefit of raising the 

domestic disposal tax with the marginal cost. The benefit is the reduction of overconsumption 

such that the overall externality diminishes. The disadvantage is the reduction of domestic 

production and recycling activities such that profits and tax revenues diminish. If monopoly 

rents apply in the production sector, equation (76) is not symmetric for both countries. If the 

monopolistic production firm is located in the home country, it will be less inclined to reduce 

consumption because producer profits are taken into account. (76) captures all secondary 

effects due to this asymmetric setting with the term t△ . In a symmetric setting both countries 

would, after optimization, evolve to identical tax rates such that H Ft t=   and 0t =△ . To analyze 

the effect of strategic behavior of policy makers vis-à-vis profits in the recycling sector, (76) can 

be rearranged using (61) in a setting where the producer is located abroad.   
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The domestic tax rate of (77) depends on elasticities from domestic waste collection and 

domestic waste recycling, the externality and market power. Market power in the recycling 

market improves prevention incentives and therefore reduces the need for a disposal tax. 

Comparison of the coordinated disposal tax of (72) with (77) shows that strategic behavior 

influences the outcome. Non-cooperative behavior reduces the beneficial effect of a disposal 

tax on overconsumption and creates a competitive handicap for domestic recyclers. This will 

result in a lower than optimal domestic disposal tax that will not lead to the first-best outcome. 

In a non-cooperative market, the combination of EPR collection targets with disposal taxes for 

recycling residues will lead to a loss of welfare.  

The analysis indicates that tax competition may lead to a ‘race to the bottom’. This observation 

seems to fit well with casual empirical observations in the European waste market. Countries 
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such as the Netherlands and Germany who have a policy of open borders for waste 

management have zero disposal taxes for incineration and landfilling. Also, because a 

Norwegian disposal tax for incineration led to high waste exports to Sweden, Norway abolished 

its disposal tax (Dubois 2013).  In order to improve the EPR prevention incentives other policy 

measures than disposal taxes must be considered. 

 

PROPOSITION 6: If governments are non-cooperative and market power prevails in 

the recycling market,  the combination of excise duties and EPR collection targets can 

only achieve the first-best welfare level if market power in the product and waste 

market is zero.  

The efficiency of EPR collection targets combined with excise duties is investigated in a non-

cooperative world where monopoly rents are present. In order to achieve the first-best 

outcome, the EPR collection target must be equal to the first-best level: *
iα α= . Consumption 

can then be determined by differentiating (65) with respect to the excise duty and then 

inserting (54) and (62).  
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(78) shows that the excise duty depends on the externality and the monopoly rents. 

Remarkably, comparison with the excise in the coordinated setting of (73) shows that strategic 

behavior of non-cooperative governments increases excise duties. (78) shows that the excise 

duty in a non-cooperative setting will only be equal to the coordinated level that leads to first-

best outcome if monopoly rents in the recycling and production sector are zero: 0b =  . 

PROPOSITION 7: If governments are non-cooperative and market power prevails in 

the product or recycling market, the combination of excise duties and EPR collection 

targets can lead to ‘a race to the top’ to extract profits from foreign producers and 

recyclers.  

Governments realize that their policies have no impact on consumption and waste production 

abroad. In addition, excise duties do not hamper competitiveness of domestic recyclers. 

Therefore, governments raise excise duties to extract profits from foreign producers. (78) can 
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be inserted into (54) to assess the impact of this ‘race to the top’ on welfare. (79) shows that 

strategic behavior to capture monopoly rents restrains consumption more than efficient. 

 ( ) ( ) ( )* *1
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 = + + − ≥    (79) 

It is important to note that the countries that import products ( 0Hl =  ) restrain consumption 

most. Indeed, as profits are flowing out of the country, importing countries consider these 

monopoly rents as pure welfare loss. This result seems to correlate with casual empirical 

observations. Front runners in EPR implementation such as Flanders and the Netherlands are 

small open economies. Since most consumption products are imported, they have an incentive 

to reduce domestic externalities by restraining consumption. Unfortunately, both countries are 

mainly focusing on the single use of EPR collection targets. The assessment in this paper 

indicates that a combination of EPR collection targets and excise duties can achieve the same 

effects in a more efficient way.  

4.6 Discussion  

Throughout the paper four assumptions have been made that require further discussion. First, 

the environmental externality from disposal of recycling residues is not explicitly taken into 

account. As noted above this environmental externality is smaller than the full disposal 

externality that includes collection costs, treatment cost and foregone external benefits of 

recycling. Integration of this externality would increase the stylized recycling cost but would 

otherwise not influence the results. A second assumption is the inelastic reaction of recyclers 

vis-à-vis disposal taxes for recycling residues. This assumption is valid for low levels of taxation 

because incentives will be too weak to generate inefficient recycling efforts. However, recyclers 

may invest inefficiently to avoid high disposal taxes above the Pigovian rate. With non-

cooperative governments, disposal taxes will be low and the negative effect will not be 

significant. A third effect omitted up to now is the impact of cross boundary pollution 

originating from waste disposal (Kennedy 1994, Sigman 2002, 2005). Since non-cooperative  

governments do not take transboundary pollution into account, the effects of a ‘race to the 

bottom’ may be worsened because overconsumption is even more important. In contrast, 

excessive taxation resulting from a ‘race to the top’ may actually serve, in an indirect way, to 

internalize unaccounted international externalities. Finally, prevention is modeled in a narrow 

way that does not allow for eco-design although many authors cite eco-design as an import 
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argument to implement EPR (Fullerton and Wu 1998, Eichner and Pethig 2001, Rotter 2011). 

Dubois (2012) already showed with a similar economic model that the EPR incentives for 

prevention through changed consumption patterns and green product design work in a similar 

way if perfect competition applies in the product and waste market. In line with Runkel (2003), 

however, market power in either market can be expected to create inefficiency in this model 

because a compromise must be made between stimulating eco-design and restraining 

overconsumption. Although an explicit inclusion of eco-design in the model
7
 would 

acknowledge the results of EPR in a more extensive way, it would also complicate the notation 

with limited added insights.  

4.7 Conclusion  

EPR is increasingly implemented for European consumer products. Although the introduction of 

EPR has led to impressive collection and recycling results, the instrument is criticized for its lack 

of waste prevention incentives. This paper shows how different policy instruments can be used 

to restrain overconsumption of waste generating products. An important result is that EPR 

collection targets as a single instrument can create incentives for prevention and recycling but 

unfortunately in an efficient way. Actual waste policies are focusing on a gradual increase of 

EPR targets to reduce environmental damage. A combination of EPR collection targets with a 

disposal tax for recycling residues or with an excise duty can achieve more efficient results.  

Since waste management is increasingly organized at a European scale but policy instruments 

remain local, strategic behavior of domestic policy can influence efficiency. Disposal taxes on 

recycling residues can, in combination with EPR collection targets, improve prevention 

incentives  but strategic behavior leads to a ‘race to the bottom’ if governments are non-

cooperative. In an open market incentives for prevention and recycling of waste should come 

from other instruments than disposal taxes. In contrast, strategic behavior may lead to a ‘race 

to the top’ if EPR collection targets are combined with excise duties. Especially countries that 

import products may try to extract profits from foreign firms by high excise duties. This result 

partially explains why small open countries seem to be more enthusiastic to implement 

ambitious waste management objectives for producers. A strong plea is made for the use of 

excise duties on waste generating products in combination with existing EPR collection targets. 

                                                      
7
 Eco-design can be included in the model by making the unit production cost ( )c γ strictly convex and increasing 

in expenditure for green product design [ ]0,1γ ∈ . Although expenditure for green product design increases the 

production cost, its would also reduce disposal costs,  collection efforts and recycling costs.   
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Contrary to the theoretical motivation, policy makers seem to prefer collection targets rather 

than tax instruments. A political economy model that explains these preferences might prove a 

valuable topic for future research.   
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5 Towards a coherent European approach for taxation of combustible 

waste8 

 

Abstract 

Although intra-European trade of combustible waste has grown strongly in the last decade, 

incineration and landfill taxes remain disparate within Europe. Current disparity creates only 

weak incentives for efficient waste management and breaks down the level playing field for 

waste processing companies in different countries. The paper proposes a more coherent 

taxation approach for Europe that is based on the principle of Pigovian taxation, i.e. the 

internalization of environmental damage costs. Three important policy recommendations 

emerge. First, integrating waste incineration into the European Emissions Trading System for 

greenhouse gases (EU ETS) not only internalizes the cost of greenhouse gas emissions but also  

reduces the risk of tax competition between regions. Second, because direct taxation of every 

single air pollutant from waste incineration is cumbersome, a differentiated waste incineration 

tax based on NOx emissions can serve as a second-best instrument. Finally, in order to 

strengthen incentives for ash treatment, a landfill tax should apply for landfilled incineration 

residues. An example illustrates the coherence of the policy recommendations for incineration 

technologies with diverse environmental effects. 

 

5.1 Introduction 

Liberalization of international trade in recyclable waste streams such as paper, plastics and 

metal scrap has brought significant economic and environmental benefits. Collection rates have 

grown and recycled materials are increasingly being used as valuable alternatives for primary 

resources. Less noticed and more controversial is the increase in trade of combustible waste.  

(Karl and Ranne 1999, EEA 2012). According to the Waste Shipment Regulation (1013/2006) 

and the Waste Framework Directive (2008/98/EC) intra-EU cross-border waste shipments 

destined for incineration require notification and approval of the competent national or 

                                                      
8
 The chapter is based on two papers: 

Dubois (2013) Towards a coherent European approach for taxation of combustible waste, Waste Management, in 

press, available online 18 April 2013. 

Dubois (2013) Disparity in European taxation of combustible waste, Waste Management, in press. 
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regional authority. Notified shipments destined for incineration (code R1 and D10) have grown 

from less than 500,000 tons per year in 1997 to about 4 million tons in 2008. 95 % of trade in 

notified waste happens within the EU-15 with Austria, Belgium, Denmark, France, Germany, 

Luxembourg, Switzerland and Norway as main trading partners (ETC/RWM 2008, ETC/SCP 2009, 

Eurostat 2011, EEA 2012). Although most shipments concern industrial waste such as 

contaminated wood or recycling residues, the Netherlands attracted in the last two years more 

than 400,000 tons of Italian and English mixed household waste (Afvalonline 2012a, 2012b). 

Available incineration capacity with high energy recovery in the Netherlands matches well with 

capacity shortages in Italy (Naples). In England, the landfill tax for combustible waste increased 

from only 15 £ per ton of waste landfilled in 2005, to 56 £ in the beginning of 2012 and will 

increase further in the future. Considering that the price for incineration of municipal waste in 

the Netherlands has recently dropped below 50 eur per ton, the rising UK landfill tax creates an 

important driver for incineration plants in the UK and abroad (Abbema et al. 2011). The 

increase of intra-EU trade shows that the EU is turning more and more into a single market for 

combustible waste.   

Although an open waste market calls for fair competition between companies and 

technologies, the use of incineration and landfill taxes is highly disparate across European 

regions. The lack of a coherent waste taxation policy, can best be illustrated by the case of 

incineration taxes. Such a tax is imposed per ton of waste incinerated. France, Flanders (the 

north of Belgium) and Wallonia (the south of Belgium) apply incineration taxes that amount up 

to 10 % of the cost of incineration. In contrast, the Netherlands, Germany and the UK do not tax 

waste going to incineration. Sweden and Norway had an incineration tax, but abolished it in 

2010. In In order to show that disparity in taxation schemes runs deep and is present in many 

aspects of waste incineration, Table 1 focuses on four neighboring countries in Western Europe 

that use incineration as an important waste treatment method. Considering that the distances 

between these countries are limited, the potential amount of cross-border shipments for 

combustible waste is significant. Landfilling of incineration residues is taxed in Wallonia and 

England whereas zero tax rates apply in Flanders and France
9
. Wallonia is the only region that 

has a specific tax rate for co-incineration. Co-incineration is the use of waste with high calorific 

content in an industrial production plant such as a cement kiln to substitute primary fuels. In 

contrast with incineration plants, the primary aim of a co-incineration plant is not to treat 

                                                      
9
 The French zero tax rate to landfill incineration residues does not apply for bottom ashes going to inert waste 

landfills. 
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waste but to make a product
10

. France reduces its incineration tax rate for municipal 

incineration plants with low nitrogen oxides (NOx) emissions. The example of the Netherlands 

illustrates that taxation is also variable in time. Up till 2011 the Netherlands had the highest 

landfill tax in Europe and had a NOx trading scheme that created economic incentives to reduce 

NOx emissions. In 2012 the landfill tax has been abruptly reduced to zero and it has been 

decided to end the emission trading scheme in 2014 (Atsma 2012). Although measures have 

been taken to limit the impact of these policy shifts, the change will not go unnoticed in the 

waste management sector. Note also that the authority for waste taxation can be either at the 

national or regional level. Taxation in the two Belgian regions demonstrates that disparity is not 

only strong between countries but also within countries. 

Table 1 shows that the use of taxes for combustible waste is highly disparate in European countries 

and regions. 
11

 

  
1
In line with the landfill directive (1999/31/EC), the landfill tax applying to untreated combustible waste is in all 

regions significantly higher than the rate for incineration residues.
 

2
In 2012 the Dutch landfill tax rate has been reduced to zero in 2012.  

3
The Dutch NOx emission trading scheme will be abolished in 2014. 

Efficiency in an international market will only arise if external costs are internalized and 

competition is fair between companies in different regions. Current disparity leads to three 

types of problems. First, some variance in environmental taxation rates between regions can be 

justified on the basis of local environmental differences. For example, monetary values of 

                                                      
10

 Definition used in France (Circulaire du 6.04.2010 – Taxe générale sur les activités polluantes) 
11

 Wallonia: Décret fiscal favorisant la prevention et la valorization des déchets en Région wallonne et portant modification du 

décret du 6 mai 1999 relatif à l’établissement, au recouvrement et au contentieux en matière de taxes régionales directes (MB. 

24.04.2007) 

Flanders: Decreet van 2 juli 1981 betreffende de voorkoming en het beheer van afvalstoffen (art 47-53) 

France: TGAP 2011 – Code des douanes art 266 nonies 

France : Circulaire du 6.04.2010 – Taxe générale sur les activités polluantes 

Netherlands: Wet van 8 november 2007 tot wijziging van de Wet belastingen op milieugrondslag 

Netherlands: Rijksoverheid NL Belastingsplan 2012: memorie van toelichting 

UK: HM Revenue & Customs, Notice LFT1, a general guide to Landfill Tax  

UK: The Landfill tax (Qualifying Material) Order 2011, n°1017 
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environmental damage from NOx emissions in France, Belgium, the Netherlands and the UK 

range between 4,4 and 7,7 eur per kg depending among others on population density and local 

meteorological conditions (CE Delft 2007). However, disparity in North Western Europe is 

bigger than can be justified on the basis of these local differences. Therefore, current disparate 

environmental taxes contain the risk of artificial and inefficient cross-border shipments. 

Second, environmental taxes should internalize external effects. . The current disparate use of 

taxes, however, does not correlate with external effects and does not give incentives for 

environmental progress and resource efficiency as envisioned in the ‘Roadmap to a resource 

efficient Europe’ (European Commission 2011). Finally, waste management has become an 

important economic sector that creates revenues and employment (EEA 2011, Bio IS 2011). In 

line with the literature on the ‘Pollution Haven effect’ low environmental taxes are believed to 

give a competitive advantage to domestic waste processing firms (Levinson and Taylor 2004, 

Copeland and Taylor 2004). Downwards tax competition between regions may lead to ‘a race to 

the bottom’ where environmental concerns are gradually marginalized (Kennedy 1994, Barrett 

1994, Cassing and Kuhn 2003). Casual empirical observations indicate that the risk for a 

downwards tax spiral is present. For example, the Netherlands and Germany – two countries 

with open borders for combustible waste – have a zero incineration tax. Sweden and Norway 

installed an incineration tax in an open border system and abolished it as a result of 

international waste flows (Bjorklund and Finnveden 2007, Sahlin 2007, Afvalforum 2005, 2010, 

Abbema et al. 2011). Current disparity risks to start ‘a race to the bottom’ that would reduce 

the incentives for sustainable waste management.   

This paper addresses disparity of European taxation for combustible waste. The economic 

principle of Pigovian taxation is applied to identify efficient use of three existing instruments: 

the European Emissions Trading System for greenhouse gases (EU ETS), the incineration tax and 

the landfill tax. The comparison of a first-best welfare-maximizing taxation scheme with actual 

taxation schemes in different European regions shows that policy changes are required. Since 

the paper focuses on the incentives resulting from waste taxation, it does not discuss the use of 

tax revenues. In addition, the paper only deals with combustible waste. Externalities, taxation 

and regulation of other fuels are beyond the scope of this contribution. Also, the focus of the 

paper is limited to waste treatment. Upstream effects such as prevention, green product design 

and illegal disposal are not discussed. These effects and the instruments to be used can be 

found in the two previous chapters of this dissertation. The aim of this paper is to develop a 
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coherent strategy for future taxation of combustible waste that creates efficient incentives for 

sustainable waste treatment in an integrated European market.   

The following section highlights key characteristics of the current market for combustible 

waste. The third section determines efficient taxation of combustible waste on the basis of 

Pigovian taxation. In the fourth section, the comparison of this first-best solution with actual 

European policies leads to policy recommendations. Finally, a hypothetical example illustrates 

the coherence of the policy recommendations for incineration technologies with diverse 

environmental effects. 

5.2 Management of combustible waste 

In the past, regions could refuse notified cross-border shipments on the basis of the principle of 

‘self-sufficiency’ that implies that every region can develop its own waste management 

strategy. As waste turned into a resource, these closed borders have been criticized as trade 

barriers. Different legal cases followed. For example, the European Court of Justice (Fifth 

Chamber, C228/00, 13 February 2003) ruled in a case of the European Commission against 

Germany that cross-border shipments of waste destined for co-incineration should be 

considered as recovery operations. Consequently, the shipment could not be refused by the 

German authorities. The Waste Shipment Regulation and the Waste Framework Directive are  

important steps in the direction of an open and integrated European market. Since cross-

border shipments to incineration plants with high energy production (R1) are now classified as 

recovery, regional authorities can no longer refuse intra-EU shipments for industrial waste. 

‘Self-sufficiency’, however, can still be used as an argument to keep borders closed  for 

municipal waste (ETC/SCP 2009, Abbema et al. 2011).   

In addition to valorization gains from increased competition and more efficient use of 

secondary resources, opening borders can lead to substantial efficiency gains from economies 

of scale (Karl and Ranne 1999). A quantification of the scale effects for incineration plants 

highlights the importance (TNO,2006):   

0.6
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This theoretical formula implies that the investment cost per ton capacity of a large installation 

with a yearly throughput of 500,000 tons (denoted as ‘H’) would be nearly half the cost of a 
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small incineration plant with a throughput of 100,000 tons (denoted as ‘L’)
12

. Despite important 

economies of scale, the example of Flanders illustrates that many small incinerators operating 

in monopolistic markets remain active in Europe. Only 5 out of 12 Flemish incineration plants 

have a yearly throughput larger than 100,000 tons (C-tech 2003, TNO 2006, FEBEM 2011). 

Efficiency gains from open borders are most visible in border regions that face the unattractive 

choice of a small local incineration plant that does not benefit from economies of scale or high 

transport costs to incineration plants in the center of the country (Afvalforum 2005).  

Incineration is only one way to deal with combustible waste. Even though, energy recovery 

from waste and lower need for landfills are strong assets, incineration also produces air 

emissions and large amounts of ash. In order to select efficient waste management 

technologies, the use of incineration needs to be well-balanced with material recycling and 

landfilling (Saner et al. 2011). Finding the right balance is complicated by two types of diversity. 

The first type of diversity is highlighted by Table 2. Key characteristics such as ash, energy and 

carbon content differ significantly not only between waste streams, but also within waste 

streams as stressed by the high standard deviations in Table 2. With such diverging waste 

characteristics, a ‘one size fits all’ waste management solution cannot lead to efficiency. 

Second, technological diversity has increased over time. New technologies challenge the classic 

moving grate incinerator: fluidized-bed technologies attain high energy efficiencies, gasification 

plants limit the gas volume requiring gas cleaning, plasma-incinerators produce bottom ash 

with attractive re-use properties, co-incineration in industrial processes substitutes for primary 

energy resources, bio-mechanical pre-treatment improves the calorific content of combustible 

waste, … The technology landscape offers a wide range of solutions with different 

environmental impacts. In such a complex and diversified environment, efficient outcomes will 

typically not be achieved by imposing technology choices in local shielded markets. In contrast, 

well implemented taxes allow for both cost efficiency and sustainable decision making in an 

open competitive market with high diversity (Porter 2002, Tietenberg and Lewis 2010, Kolstad 

2011).    

                                                      

12
 

( )0.6

500, 000
*

* 2.63 2.63 * 100, 000100, 000
= * * 0.53

500000 500, 000 500, 000

L

H L L L

H L L

IC
IC IC IC IC

T T T
= = =  



71 

 

Table 2: The diverging average characteristics per waste stream and the high standard deviations 

illustrate, respectively, the diversity between and within combustible waste streams.  

 

daf: dry ash free, wt%: weight %, St dev: Standard deviation,  
1
SRF: Solid Recovered Fuel, 

2
Dutch mixed household waste 

Source: ECN, Phyllis database for biomass and waste 

5.3 Taxation of combustible waste 

This section determines an efficient taxation scheme that takes into account environmental 

damage of waste-processing activities. Pigovian taxation is the standard economic prescription 

to deal with environmental externalities (Porter 2002, Tietenberg and Lewis 2010, Kolstad 

2011). The basic principle of Pigovian taxation is that individual market actors such as firms and 

municipalities take sustainable decisions if the economic incentives are set correctly. Policy 

makers should therefore focus on getting the incentives right. In general, a Pigovian tax on an 

externality equals its monetary value. Because profit-maximizing market actors take this tax 

rate into account, the environmental damage will be internalized in their decision making 

process. Studies like IVM (2005) and Bio IS (2012) have highlighted the importance of taxation 

incentives on waste management practices of firms and municipalities
13

. Although taxation 

does not impose specific technologies, it does create dynamic efficiency, i.e. incentives for 

further innovation and reduction of externalities of waste management. .  

Economists have been estimating monetary values of environmental damage for some decades 

(Porter 2002, Tietenberg and Lewis 2010, Kolstad 2011). Measurable dose-response functions 

are coupled with subjective preferences. Subjective preferences can be either stated in a survey 

or revealed by behavioural patterns. For example, the value attached to living one additional 

                                                      
13

 The effect on households is less clear because the price of waste collection billed to households is only indirectly 

influenced by incineration and landfill taxes. Indeed, the risk of illegal disposal is typically decisive for the price 

households have to pay to the municipality for waste collection (De Jaeger et al., 2011). 
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year can be stated by interviewed people but can also be estimated using data on life 

insurances or expenditure on medication. Once the cost of a life-year is determined, 

toxicological research can determine the impact of emissions on health. Linking pollution with 

health impacts and economic data determines the cost of emissions from industrial 

installations. See Eshet and Shechter (2005) for a review of valuation studies made for waste 

management.  

The stylized diagram in Figure 6 shows that four types of environmental externalities interact in 

the case of combustible waste. Only the first externality has a positive effect for society: 

production of energy with renewable or local resources. Energy from waste reduces the 

environmental footprint from primary fuels and the dependence on imported resources (Van 

Passel et al. 2012). The second externality is the environmental damage from greenhouse gas 

emissions emitted at incineration. The third externality is the damage from local air pollutants 

such as NOx, SO2, dioxins, dust and heavy metals. These emissions have a negative effect on 

health, environment, building constructions, biodiversity and agricultural productivity. The last 

externality comes from landfilling: greenhouse gas emissions, groundwater pollution, odor 

nuisance, dust, loss of value for neighboring real estate. In addition, landfilling neglects the 

beneficial effect of avoided emissions from recycling valuable materials rather than using 

primary production. See for example Damgaard et al. (2009) for an assessment of the avoided 

greenhouse gases resulting from metal recycling. By sending the incineration residues to an ash 

treatment plant the landfill externalities can be avoided.  
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Figure 6: The stylized diagram illustrates the externalities and the existing policy instruments for the 

treatment of combustible waste.  

  

Figure 6 also represents four commonly used economic instruments. The first instrument is the 

subsidy for energy recovery. Most European countries have a subsidy mechanism that creates 

significant incentives for energy from organic renewable waste. For example in Flanders, the 

system of green power certificates almost doubles the revenues from electricity production 

(Van Passel et al. 2012). An assessment of the policy incentives for energy from local or 

renewable energy and the integration of waste incineration in these programs falls out of the 

scope of this paper. Reviews of energy incentives can be found in for example EWEA (2005), 

Verbruggen (2009) or IPPC (2011). The second instrument is the European Emission Trading 

System (EU ETS). In 2005, Europe has launched the European Emissions Trading System (EU 

ETS) to combat climate change (2009/29/EC). About 11,500 industrial point sources of 

greenhouse gas emissions have to surrender emission allowances in line with their output of 

greenhouse gas. Up to now, industry received most of the allowances for free but from 2013, 

an increasing share of the emission allowances will have to be bought in auctions organized by 

the European Commission or Member States. Note that the allowances do not have a fix price. 

In contrast with taxes, the price of the allowances is determined by market evolutions. The 

allowance price fluctuated in the past between 0 and 30 eur per ton of greenhouse gas 

emissions and is now at a low level of about 7 eur per ton (Ellerman et al. 2009, Centraal 

Planbureau 2013). As reviewed in the introduction, a third instrument implemented in several 

regions is the incineration tax. Finally, several EU regions apply a landfill tax for incineration 

residues. The dotted line in Figure 6 indicates that – in line with the Landfill Directive 
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(1999/31/EC) - all countries either prohibit or penalize direct landfilling of untreated 

combustible waste with high tax rates. For example in Flanders the landfill tax rate for 

combustible waste equals 85 eur per ton.  

Based on Pigovian logic and the stylized diagram of Figure 6, energy subsidies should internalize 

the external benefits of energy production, the EU ETS should internalize the external damage 

of carbon emissions and a tax on landfilling should internalize landfill externalities. In a first-

best taxation scheme, a tax would apply for each of the remaining air emissions from waste 

management. However, direct taxation of air emissions with local health impact from waste 

incineration is rare. Since air pollutants are diverse and emission rates fluctuate significantly, 

transaction costs to measure and tax each individual air pollutant would be high. The 

incineration tax can be used as an indirect instrument to internalize the external costs of air 

pollution other than greenhouse gas emissions. This taxation scheme based on the principle of 

Pigovian taxation defines the optimal use of taxes for waste treatment. It will serve as a 

reference point for further evaluation. 

5.4 Policy assessment  

In this section, optimal taxation as determined in the previous section is compared with waste 

taxation policies in Europe. Three subsections evaluate current and optimal use of taxes to deal 

with the externalities of carbon emissions, ambient air emissions and landfilling.  

5.4.1 Carbon emissions 

The external cost of greenhouse gas emissions from waste incineration is significant. For 

example, the incineration of mixed household waste with characteristics as mentioned in Table 

2, emits about 820 kg of CO2 per ton of waste
14

. Using a marginal external cost estimate of 20 

eur per ton of CO2 (Tol 2005, 2008), the external costs add up to 16 eur per ton of mixed 

household waste incinerated. Moreover, due to the high carbon content, greenhouse gas 

emissions of high calorific waste will be even higher. Due to historic reasons, waste incineration 

is not included in EU ETS. Since an incineration plant is an industrial point source of significant 

carbon emissions, integration in EU ETS would make industrial policies more coherent. As EU 

ETS already has the procedures to assess carbon emissions of several industrial energy 

resources, the variety present in waste streams can be handled without significantly adding to 

complexity. Most important, EU ETS circumvents the incentives for tax competition between 

                                                      
14

 The carbon content mentioned in Table 2 is ‘dry ash free’. To have the carbon content per ton of waste correct for water and 

ash content. 99 % of the carbon content will be oxidized during incineration: 1 kg C = 3.663 kg CO2.  



75 

 

European regions. A level playing field will be created that allows for fair competition between 

companies in different regions. The most efficient way of internalizing the external cost of 

greenhouse gas emissions is therefore the integration of waste incineration in EU ETS.  

If waste contains renewable organic matter such as wood or paper, incineration closes – in an 

abstract sense - the natural loop of uptake and emission of CO2 (WRI, 2006; European 

Commission, 2007).  However, Rable (2007) and Johnson (2009) show that carbon neutrality of 

biomass incineration is not complete. In addition, this carbon benefit of biomass is typically 

already internalized by subsidies for green energy production from biomass. In Flanders for 

example energy from biomass is significantly subsidized via the green power certificates. Both 

exempting biomass from EU ETS and giving subsidies for energy from biomass would constitute 

an inefficient incineration subsidy. Therefore, a support scheme for renewable energy as exists 

in most European regions should be combined with an integration of waste management in EU 

ETS. 

Since cement production is included in EU ETS, greenhouse gas emissions from co-incineration 

are costly. In contrast, because incineration plants are currently not included in EU ETS, they do 

not pay for greenhouse gas emissions. The free emissions create an unfair competitive 

advantage over co-incineration when competing to attract the same waste streams. Integration 

of waste incineration in the EU ETS would restore the level playing field not only between 

regions, but also between industries.    

In order to illustrate the implementation of the policy recommendations, assumptions are 

required to estimate the costs entailed by integration in EU ETS. As discussed in section 3, 

prices of greenhouse gas allowances in EU ETS may differ in time. In addition, the remaining 

free distribution of allowances makes it more difficult to assess the financial implications of EU 

ETS. A comprehensive discussion on EU ETS and its effect on pricing in targeted industries can 

be found in Nentjes and Woerdman (2012). The future price of an allowance is assumed to be 

equal to the external cost of 20 eur per ton of greenhouse gas. In line with the objective for 

2020, firms are supposed to purchase 70 % of the allowances while receiving the remainder for 

free. The cost from EU ETS for incineration of waste with characteristics of mixed municipal 

waste would then be 11 eur per ton (70 % x 16 eur per ton ). This cost will be used in the 

stylized illustration in section 4. 
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5.4.2 Incineration tax 

As discussed in section 5.3, incineration taxes (in eur per ton incinerated) can be used as 

indirect taxes to internalize the environmental damage of air emissions other than greenhouse 

gases. Using emission limits sanctioned by European legislation, Table 3 shows that NOx is the 

local air pollutant with the most significant external cost for incineration plants. Remark that 

the cost of carbon emissions as discussed in the previous subsection is higher than the cost of 

health emissions. Reported NOx emissions are highly divergent between different plants and 

typically range between 30 and 200 mg/Nm³ (daily average) (IPPC 2006). Villani et al. (2012) 

stress the importance of operational management. By fine-tuning the operational parameters, 

they reduce NOx emissions from 175 to 80 mg/Nm
3
 in an existing incineration plant. Additional 

flue gas treatment technologies are available that reduce emissions below 40 mg/Nm
3
. 

Evidently, these environmental improvements involve additional costs. Observing strong 

divergence between emissions from plants makes uniform incineration taxes inefficient. 

Because European legislation such as directive 2010/75/EC already sanctions an intensive 

monitoring program, the administrative cost to differentiate the incineration tax in function of 

NOx emissions of each plant is limited. Consequently, a differentiated incineration tax based on 

measured NOx emissions, can serve as a second-best approximation of Pigovian taxation for 

local air pollution. The tax can either be differentiated on the basis of emission concentrations 

in mg per Nm
3
 as used in Table 3 or on the emission load expressed in for example tons per day 

relative to the throughput of the installation. Note that such a differentiated incineration tax 

has the same effects as a direct emission tax in for example eur per kg NOx. However, direct 

NOx taxation for emissions from waste incineration is rare. One reason may be that such a 

direct tax goes beyond the competence of waste authorities. Most European countries have a 

uniform undifferentiated incineration tax. France, however, reduces the incineration tax for 

plants that keep the level of NOx under 80 mg/Nm³. This tax cut gives a competitive edge to 

plants that emit less. The French example shows that a differentiated incineration tax is feasible 

without excessive administrative costs. In order to internalize the external damage of air 

emissions, European guidelines should force regions to implement a differentiated incineration 

tax based on external damage of NOx emissions. 



77 

 

Table 3 calculates the monetary value of incineration air emissions in Flanders.  

 
Sources: IPPC 2006 , CE Delft 200715 , Rable et a.l 2008, directive 2010/75/EC 

In the absence of a minimum incineration tax in Europe, regional policy makers have 

implemented three policies to limit waste exports due to domestic waste taxes. First, rather 

than an incineration tax, the Netherlands have a NOx certificate trading scheme. While 

incineration plants with high emission levels have to buy additional certificates, plants with low 

emission levels can sell certificates. This mechanism generates additional taxation for 

incineration plants with high emissions, but generates revenues for plants with low emissions. 

Since the mechanism creates incentives for improvement without internalizing the full cost of 

air pollutants, the competitive disadvantage from environmental obligations is reduced for 

Dutch companies. Unfortunately, certificate trading generates a significant administrative 

burden for industry. The administrative burden is one of the main reasons to abolish the 

trading scheme in 2014 (Atsma 2012). Second, France and Sweden have implemented a 

refunded emission tax for large energy producers in ’90 and ‘92. Energy producers had to pay a 

tax on NOx emissions, but the taxation revenues were refunded in function of the output of 

energy. Companies faced strong incentives to abate NOx emissions, while the refund kept the 

competitive disadvantage from the tax limited (Höglund 2005, Millock and Nauges 2006). 

Theoretical economists, however, criticize the use of refunded taxes in markets with significant 

market power (Fischer 2011). Third, Flanders and France apply incineration taxes both on waste 

incinerated locally and on waste exported for incineration in neighboring regions (Traversa 

2010). Even though such an export tax reduces the incentives to export waste, the incineration 

tax still constitutes a strong competitive handicap for domestic firms with free treatment 

capacity that compete on the European market. Binding European guidelines inspired on the 

reviewed French mechanism would achieve better incentives for NOx emission reductions with 

a smaller administrative burden.  

                                                      
15

 The table uses 5.250 Nm³/ton waste (IPPC, 2008) 
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Table 4 depicts the European emission standards for existing installations. 

 
Source: EU Directive 2010/75/EC16

 

The comparison in Table 4 between European emission standards for incineration and co-

incineration reveals that the emission norms for dust and NOx are less strict for co-incineration. 

Table 3 already showed that dust and especially NOx make up an important part of the 

environmental damage of local air pollutants. The environmental damage increases with 7 eur 

per ton of waste incinerated when NOx emission concentrations increase from 200 mg/Nm
3
 to 

500 mg/Nm
3
. Consequently, technologies such as co-incineration that benefit from less strict 

emission norms should face higher environmental taxes. As discussed above, direct taxation 

(expressed in eur per ton emission) of NOx emissions and dust is rare for combustible waste. A 

higher incineration tax (expressed in eur per ton waste incinerated) can, however, be used as a 

second best alternative to internalize the environmental impact of waste incineration plants 

with more emissions. This is in contrast to current practices where both types of incineration 

have the same tax or even a tax that is lower for co-incineration. The differentiated incineration 

tax based on measured NOx emissions, such as applied in France, should be extended to include 

the higher emission rates of co-incineration.  

As a transition measure, the emission norms for old co-incineration plants contained in EU 

Directive 2010/75/EC are less strict than for new installations. Even in the eighties, such 

measures were criticized because it creates entry barriers to newcomers and incentives to keep 

old and dirty installations running (Maloney and Mc Cormick 1982). The proposed system with 

a differentiated incineration tax based on NOx circumvents this problem. Dirty plants are 

allowed to remain operational but face a higher incineration tax. Because plants face 

environmental taxes that correspond to their environmental performance, firms have 

incentives for continuous environmental progress.  

In Europe, industries other than energy production are typically exempted from emission taxes. 

For example, although recycling also creates emissions, no taxation on health effects occurs. It 

seems therefore justified to also exempt low levels of air emissions from waste incineration. In 

line with the calculation of Table 3 a tax inspired on the French mechanism would set the tax 

                                                      
16

 Till 2016 local authorities may raise the norm of NOx up to 800 mg per Nm³ for co-incineration 
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for emissions below 80 mg/Nm
3
 at 0 eur per ton and at about 3 eur per ton for companies 

emitting below 200 mg/Nm
3
.  Cement kilns operating with advanced NOx abatement at levels of 

for example 350 mg/Nm
3
 would face a tax of 7 eur per ton and plants operating at the legal 

maximum level of 500 mg/Nm
3
 would pay 11 eur per ton. These are the values that will be used 

in section 4 to illustrate the policy recommendations. 

5.4.3 Taxation of incineration residues 

Table 2 shows that ashes remaining after incineration can be considerable. For example, for 

mixed municipal waste ashes constitute 25 %
17

 of the weight of the original wet waste stream. 

In France and Flanders incineration residues can be landfilled without taxes. Flanders motivates 

this exemption on the basis of ‘non bis in idem’- a legal principle that avoids that people would 

be punished twice for the same crime. There is nothing wrong with the principle itself, but the 

implementation is skewed. Taxing air pollution, does not mean that landfill externalities should 

not be taxed. In fact, there are two distinct externalities that should be taxed once each.  

One might argue that a high incineration tax can compensate for a low landfill tax. However, 

such a policy will undermine the incentives for ash treatment. Operators of incineration plants 

and ash treatment plants will fine-tune their activities in order to get the cost efficient balance 

between additional effort and reduced landfill costs. Since operational management has a 

significant impact on the ash fraction recycled as material, lower landfill taxes weaken the 

incentives to recycle incineration residues. Also, technologies such as plasma incineration which 

produce bottom ashes with better properties or co-incineration which incorporates ashes in the 

cement produced in the cement kiln, cannot valorize their environmental advantages as a 

competitive asset. Therefore, landfill taxes should fully apply to incineration residues. 

Generally, only bottom ashes from municipal waste incineration are treated in an ash 

treatment plant. Although technologies exist to treat flue gas cleaning residues and fly ash, they 

are typically landfilled (Johnson and Deegan 2012). Exempting these waste streams from landfill 

taxes reduces the incentives to treat or prevent them. Consequently, the landfill tax should also 

apply to fly ash and residues from flue gas cleaning.  

In the following section the policy recommendations will be illustrated with a hypothetical 

example. A landfill tax of 25 eur per ton will be used in line with the estimation of the landfill 

externality in densely populated regions (Dijkgraaf and Vollebergh 2004). Since the ash content 

                                                      
17

 Ash content (dry fraction – 38.1%) corrected for water content (33.1%)=38%*66.9%=25%  
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of the wet mixed household waste of Table 2 is about 25 %, the cost for landfilling will be 6 eur 

per ton incinerated for installations that landfill ashes and zero otherwise.  

5.4.4 Illustration of the proposed tax scheme  

This section illustrates the policy recommendations with a hypothetical example for 

incineration of mixed household waste with characteristics from Table 2. Table 5 is structured 

in three parts. The first part summarizes the carbon content of the incinerated waste and the 

properties of the different incineration plants used in this example. Plant 1 emits low levels of 

NOx and all incineration residues are recycled. Plant 2 emits significantly more NOx. Unlike the 

first two plants, Plant 3 does not recycle its ashes. Plant 4, represents a cement kiln that emits 

relatively low levels of NOx. Since ash residues are integrated in produced cement, landfilling is 

not needed. Finally, Plant 5 is a cement kiln that stays just within the emission limits. It is not 

necessary to define the precise type of technology of the plants since taxation will be on the 

basis of three measurable indicators: carbon content of the waste, NOx emissions and tons of 

waste landfilled. In order to make the illustration as instructive as possible, two important 

simplifications are made. First, one taxation rate is used per country per externality. Actually, 

underlying legislation of the different countries is complex and taxation rates may differ 

depending on the source of the waste or additional plant specific characteristics. Second, all 

plants are assumed to treat all types of waste. Evidently, not all technologies can deal with all 

waste streams. For example, high chlorine and heavy metal concentrations may create 

problems for cement kilns (ERFO 2005).  
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Table 5 compares current taxation for combustible waste with the proposed taxation in a hypothetical 

example that contains treatment plants with diverging environmental effects.  

 
1
For hazardous waste with identical characteristics, total taxation would be higher: 12 eur/ton 

2
For hazardous waste with identical characteristics, total taxation would be higher: 15 eur/ton 

3
For industrial waste with identical characteristics, taxation would be higher: 10 eur/ton 

4
Municipal waste is not co-incinerated in France. For industrial waste total taxation would be 21 eur/ton 

5
In the Netherlands bottom ashes can only be landfilled in exceptional situations 

The second part of Table 5 depicts current taxation in different regions. The cost depicted is the 

sum of three components that may apply: greenhouse gas allowances, an incineration tax and a 

landfill tax. For the UK, for example, in the absence of an incineration tax or direct NOx emission 

tax, Plants 1 and 2 face zero environmental taxes. Plant 3 faces a tax on landfilled bottom 

ashes, albeit a low one (2.5 £ per ton). Co-incineration Plants 4 and 5 fall under EU ETS. The 

comparison shows that current taxation does not constitute a level playing field between 

regions. Belgian companies would face a significant competitive disadvantage in a fully 

liberalized market. In addition, incentives are not in line with environmental performance. 

Remark that the cost of greenhouse gas allowances of EU ETS constitutes the most important 

part of taxation. Since only cement kilns (plants 4 and 5) fall currently under EU ETS they are 

facing the highest total tax cost regardless of nitrogen oxides emissions.  
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The third part in Table 5 concerns the proposed taxation scheme. Comparison with existing 

taxation shows that the overall taxation rate increases. For incineration plants (plants 1, 2 and 

3), the cost of carbon emissions resulting from EU ETS significantly raises taxation. For co-

incineration plants (plants 4 and 5) the internalization of high NOx emissions raises overall 

taxation costs. The proposed taxation approach is now in line with environmental performance. 

Incentives to reduce NOx emissions and landfilled material have been strengthened. Therefore, 

if cement kilns install advanced emission abatement (plant 4), they would profit from slightly 

lower overall taxes than incineration plants that still landfill ashes (plant 3).  

It is of key importance to see that the taxation will differ depending on the characteristics of the 

waste stream. For example, landfill taxation will have more impact for waste streams with high 

ash content. Efficient taxation sends waste streams to the optimal treatment method. 

Therefore, one overall tax on incinerated waste can never obtain the incentives of taxation of 

each individual externality. The hypothetical example shows that the combination of the three 

proposed measures - integrating waste incineration in EU ETS, implementation of a 

differentiated incineration tax, and taxation of landfilled incineration residues – deals with 

incineration technologies with wide ranging characteristics in a sustainable and coherent way.             

This illustration only focuses on the taxation incentives given by authorities. Evidently, cross-

border waste shipments will also be driven by other key aspects such as treatment and 

transportation costs. Dijkgraaf et al. (2001) include policy instruments, treatment and 

transportation costs in a comprehensive study that assesses waste shipments from a Dutch 

perspective. Although highly information intensive, further research that extends the study to a 

European perspective would strengthen the motivation for a coherent European approach for 

taxation of combustible waste.   

5.5 Conclusions 

Europe is gradually evolving towards one market for treatment of combustible waste. Although 

significant efficiency gains can be expected from this evolution, policies have to be adapted in 

order to create optimal incentives for cost efficient and sustainable waste management. 

Although waste taxation is a key policy instrument in the creation of these incentives, the paper 

shows that current taxation of combustible waste is highly disparate between regions. In 

addition, taxation and regulation do not give clear incentives to improve the environmental 
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emissions of waste management. A more coherent taxation approach with strong sustainable 

incentives is needed in the European Union.   

The paper makes three important policy recommendations. First, integrating waste incineration 

in EU ETS has several major advantages: it makes industrial policies more coherent, reduces the 

risk of tax competition between regions and creates a level playing field for incineration 

technologies. Second, an incineration tax differentiated on the basis of measured NOx 

emissions can internalize the costs of local air pollution in an indirect way. As co-incineration 

emits more NOx it should face a high co-incineration tax. An extended and differentiated 

system inspired on the French tax reductions for plants that emit less NOx is the best practice. 

Finally, landfill taxes for incineration residues are required to create incentives to treat and 

prevent ashes. The simulation in section 5 has shown that the proposed taxation scheme can 

deal with technologies with diverse environmental performances in a coherent way.  

The evolution towards an open European market is in motion, policy makers should react 

promptly by creating coherent taxation approach that internalizes environmental damage from 

waste treatment.  
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6 The economics and performance drivers of Enhanced Landfill 

Mining18  

 

Abstract 

Although historic landfills are generally seen as a major environmental problem, resource 

scarcity has also sparked interest for the materials contained on those locations. The concept of 

Enhanced Landfill Mining (ELFM) has recently attracted interest from both policy makers and 

industry. The paper makes a Cost Benefit Analysis of ELFM. The private potential is assessed 

using a case study for which an investment model is developed to identify the impact of a broad 

range of parameters on the profitability of ELFM. We found that especially variations in Waste-

to-Energy (WtE efficiency, electricity price, CO2 price, WtE investment and operational costs) and 

ELFM support explain the variation in economic profitability measured by the Internal Rate of 

Return. To overcome site-specific parameters we also evaluated the regional ELFM potential for 

the densely populated and industrial region of Flanders (the north of Belgium). The total number 

of potential ELFM sites was estimated using a 5-step procedure and a simulation tool was 

developed to trade off private costs and benefits. The analysis shows that there is a substantial 

economic potential for ELFM projects on the wider regional level. Furthermore, the paper 

reviews the costs and benefits from a broader perspective. The carbon footprint of the case 

study was mapped in order to assess the project’s net impact in terms of greenhouse gas 

emissions. Also the impacts of nature restoration, soil remediation, resource scarcity and 

reduced import dependence were valued for use in further research.  

  

                                                      
18

 The chapter is based on ‘Van Passel, S. , Dubois, M., Eyckmans, J., De Gheldere, S., Ang, F., Jones, P.T., Van Acker, 

K. (2012), The economics of enhanced landfill mining: private and societal performance drivers, Journal of Cleaner 

Production, Article in press, available online 19 april 2012’ 
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6.1 Introduction 

During the last decades, environmental concerns, legislation and policy instruments have 

resulted in lower amounts of waste being sent to landfills. The European Waste directive (EU 

2008a) prescribes a hierarchy for waste management where landfilling is only considered as a 

solution of last resort. Although some authors show that modern sanitary landfills can 

contribute to the overall efficiency of waste management (Dijkgraaf and Vollebergh 2004), 

most academic authors agree that landfilling should be phased out (Björklund and Finnveden 

2005, Erikson et al. 2005, Emery et al. 2007, Mazzanti and Zoboli 2008, Cherubini et al. 2009).   

Historic practices have, however, led to a number of uncontrolled landfills in which no or 

inadequate measures were taken to avoid long-term emissions to groundwater and air 

pollution. The consequences of these historic practices continue to have their impact. Large 

areas of land cannot be used due to the potential health and environmental risks. Recently, 

concerns about resource and land scarcity have resulted in a renewed interest in these historic 

landfills. In this context, the new concept of “Enhanced LandFill Mining” (ELFM) proposed by 

Jones et al. (2010) has originated. In particular, ELFM regards landfills not as a final solution but 

as temporary storage facilities from which the landfilled waste will eventually be valorized by 

means of recycling and incineration. This will result in improved recycling, increased re-use 

rates and optimized energy valorization (Jones et al. 2010, Geysen et al. 2009). 

ELFM includes valorization of the historic waste streams as both Waste-to-Material (WtM) and 

Waste-to-Energy (WtE).  The ratio of WtM to WtE depends on the type of waste streams and 

the state-of-the-art technology available for material recuperation and energy production. Note 

that WtE may also lead to material recovery as for example in the case of plasma incineration 

where bottom ashes are transformed in materials with attractive properties for the top layers 

of roads. Evidently, the expected technological progress is of key importance for ELFM and may 

even reshuffle the hierarchy of waste management options in certain cases. It is for example 

possible that, although some kind of waste material can be incinerated in a profitable way, it is 

rational to temporarily landfill this material if one expects significant progress in WtE or WtM 

technologies. 
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Figure 7: Methodological steps to assess the economics of ELFM 

 

Figure 7 shows that technology, regulation and markets are important drivers for ELFM 

projects. The variety of WtE technologies relevant for Enhanced Landfill Mining, is reviewed by 

Helsen and Bosmans (2010). Besides technology also regulation determines the economic and 

environmental performance of ELFM. Note that the initiative for landfill mining comes in many 

cases from a regional authority (van der Zee et al. 2004). In fact, different subsidy schemes (e.g. 

support for green energy production), taxes, allowances (e.g. EU emission trading system), 

permits, directives (Waste Framework Directive, Landfill Directive) can create important stimuli 

and barriers for Enhanced Landfill Mining (Lavee et al. 2009). Finally, there is also a clear market 

demand (market pull) for materials and energy.  

Clarifying the economic aspects of enhanced landfill mining is an important step in the direction 

of effective realization of ELFM projects. Moreover, the exploration of the economics of ELFM 

can support policy makers to design appropriate support schemes. Government policy should 

create financial incentives in such a way that the externalities such as lower environmental 
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pollution and restoration of nature and biodiversity are internalized in the private return (Callan 

and Thomas 2000, Porter 2002, Tietenberg and Lewis 2010, Kolstad 2011). 

Figure 8
19

 illustrates the appropriate financial incentives that are needed to obtain the welfare 

optimizing allocation as a market equilibrium. Without policy support the suboptimal point QLow 

will be reached. Only few projects (or none) will be executed and substantial societal benefits 

are foregone. An efficient policy framework internalizes the external benefits and pushes the 

amount of projects up to the optimal amount QOpt. The support policies may create a dynamic 

environment where innovation thrives and learning effects and economies of scale will push 

the ELFM potential up to QFuture. 

Figure 8: Economic framework for ELFM 

 

The objective of this paper is to develop and apply a methodological framework to assess the 

economic aspects of ELFM projects both for private entrepreneurs as for society as a whole. 

More specifically, the following research questions will be addressed: (i) What are the relevant 

private costs and benefits of a particular ELFM project? (ii) How can one estimate the number 

of potential ELFM sites, and hence benefits and costs, for an entire region? (iii) What are the 

external costs and benefits of ELFM to society?  

                                                      
19 Own representation based on theory reviewed by Callan and Thomas (2000), Porter (2002) and Tietenberg and 

Lewis (2010), Kolstad (2011). 
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This paper is organized in the following way. The second section describes the methodologies 

used to evaluate the three research questions. In a third section, the methodology for the 

assessment of private costs and benefits is applied to the “Closing the Circle” case study of 

Group Machiels (Houthalen-Helchteren, Belgium, see also Tielemans et al. (2010) ). In section 

four, the case study is scaled up to the regional level starting from an estimate of the total 

number of potential ELFM sites in Flanders (the north of Belgium). The fifth section broadens 

the scope of the analysis and evaluates the potential of ELFM projects from the point of view of 

society. First, the carbon footprint of the “Closing the circle” project is calculated. Second, this 

carbon footprint is combined with literature data on other external effects to society  in order 

to review the impact of  a comprehensive ELFM strategy in the region of Flanders. Finally, 

suggestions are made to refine the proposed methodologies and to broaden the framework to 

a sustainability assessment framework of Enhanced Landfill Mining. 

6.2 Methodologies to explore the economics of ELFM 

This section reviews the methodologies used to assess the three research questions: private 

costs and benefits (section 2.1), selection of interesting ELFM sites (section 2.2), and costs and 

benefits to society (section 2.3).   

6.2.1 Methodology to assess the private economic potential of an ELFM project 

To assess private economic potential and financial risk, the Internal Rate of Return (IRR) of an 

ELFM case study is used in combination with a Monte Carlo simulation. The private investment 

model starts from parameter values for key exogenous variables like technical efficiencies and 

costs provided by the case study investor and cross checked by literature research. For this set 

of exogenous parameter values, the investment model seeks the minimal ELFM support level 

necessary to reach an IRR of 15% (before taxes). In general, projects with an IRR of 15% are 

considered to be profitable by private investors.   

A sensitivity analysis is used to evaluate the variation of x* as a function of the exogenous 

parameters. To examine how the IRR varies when the value of uncertain assumptions is 

modified, a Monte Carlo simulation approach with triangular distribution has been chosen. 

When performing a Monte Carlo sensitivity analysis, probability distributions are specified for 

uncertain values of exogenous model input parameters. After the distributions are established, 

a large number (for instance 100,000) trials - taking each time a random draw from the 

distribution for each uncertain parameter - are executed in order to produce a large number of 
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IRRs and their empirical joint distribution. The results of the model not only incorporate the 

uncertainties of the input parameters, they also provide an idea about their importance. The 

investment model is built to identify the impact of certain aspects (markets, regulation and 

technology) on the economic performance of Enhanced Landfill Mining. It is not an optimization 

model but rather a tool to assess input parameter uncertainty. 

The methodology to assess private profitability is applied as an illustration to the case study 

‘Closing the circle’ (ELFM project in Flanders, see Tielemans et al. 2010). The project concerns a 

landfill containing a mix of household and industrial waste. Material recovery and energy 

production are maximized by a sequence of screens, sifters, cyclones and drying before WtE 

using Gasplasma™ technology. The input values of the profitability analysis can be found in 

appendix 1.  

6.2.2 Methodology to assess the regional potential of ELFM 

Note that landfills are quite diverse with respect to location, size and contents, resulting in 

different costs and benefits of their mining (van der Zee et al. 2004). Also landfill operations 

such as leachate recirculation, presence or absence of a liner, use of soil cover can differ. 

Furthermore, there is a clear spatial approach of regulation with policies on supranational, 

national, regional, local and site specific scale (Deutz et al. 2010). Therefore, a regional 

assessment of the ELFM potential can overcome the site-specific challenges and give support to 

regional policy making.  

Selection of potential sites 

To estimate the number of potential ELFM sites in Flanders, we follow the funnel methodology 

proposed by van der Zee et al. (2004). As visualized in Figure 7, the methodology follows a 5-

step procedure: the first three steps concern desk research, the last two steps involve site visits 

and analysis.  

The first step is the database selection. Most data sources available in Flanders are limited to 

landfills that applied for a permit after 1981, the foundation of OVAM (the Flemish Soil and 

Waste Agency). This would restrict the amount of sites to only 297 as older landfills and landfills 

operated by municipalities would be out of scope.  However, in 1994 Flanders was preparing its 

soil remediation legislation. All municipalities were asked to use local knowledge to list all sites 

that were potentially contaminated. A pre-defined survey format was used to collect this 

information. The municipalities listed a total number of 1618 landfills irrespective of permit 
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status with exploitation dates going back to 1900. This survey will serve as starting database for 

our analysis. 

The second step ranks the historic sites based on qualitative indicators.  The type of waste to 

be mined is, of course, a key parameter in the economic performance of an ELFM project.  A 

first selection criterion is therefore the type of landfill. The database distinguishes between 

household waste landfills, inert waste landfills and several mono-waste landfills.  Inert landfills 

are filled with glass, inert building materials and bound asbestos. This is a heterogeneous 

stream of non-leaching and currently relatively low-value materials. Inert landfills are therefore 

not very interesting for an ELFM project. Mono-waste landfills are filled with homogeneous 

materials such as dredging residues, fly ash, or other industrial wastes. Environmental impact 

and potential mining profitability is diverse and assessment is strictly site-specific. We have 

therefore restricted our assessment to landfills with municipal solid waste. 

A second qualitative selection criterion is period of exploitation.  Waste is a reflection of the 

lifestyle of society.  As consumption patterns and waste management have changed 

dramatically over time, also the composition of landfills has changed. In the early 20
th

 century, 

80% of all municipal household waste consisted of ashes from residential heating. The 

remaining part was composed of easily degradable material like for instance horse manure. 

Recycling of glass, textiles and metals was common practice. Plastics were still to be invented. 

These old landfills contain very little materials of high economic value. It was only in the 1950s 

and 1960s, when mass production and consumption changed lifestyle, that composition of 

municipal solid waste changed drastically. Soft drinks in non-returnable steel and glass bottles 

became popular. Refrigerators and chemical preservatives limited food spoilage but also 

increased the amount of plastic and paper packaging. Light-weight packaging alternatives were 

introduced and therefore the aluminum and plastics fractions in waste increased (Strasser 

1999, Walsh 2002, EPA 2009, Senternovem 2009).  In the late 1970s, public attitude towards 

waste started to change. Sorting schemes were launched for easily recyclable materials and 

residual  waste was increasingly incinerated.  In terms of valuable materials content such as 

ferro and non-ferro metals, waste streams going to landfills became gradually less interesting 

for ELFM projects. Taking into account the historic evolution in consumption patterns and 

landfill composition, the inventory is restricted to household waste landfills that were 

operational between 1950 and 1985.  
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The third step is the selection of sites based on crude, quantitative indicators.  An on-site ELFM 

project needs significant capital investments for both WtM and WtE installations.  Given the 

magnitude of the fixed costs involved, there are important economies of scale.  Therefore, only 

sites containing a sufficient amount of waste material are of interest for ELFM.  As precise 

information on the volume of waste stored in historic landfills is missing, we have to use area of 

the terrain as a proxy indicator for the waste volume stored.  Further assessment is restricted 

to medium and large sized sites with an area of more than 100.000 m².  Adding the economic 

potential of the selected historic landfills to the potential of the existing landfills gives an upper 

bound to the long-term ELFM potential in Flanders.  

The final two steps in the research methodology concern on-site research and full 

investigation.  This includes contact with owners, research at the community archives, 

verification of potential ground remediation files, soil sampling and laboratory testing, ...  As 

this type of research is time consuming and costly, we were not able for this study to conduct 

these steps. We will discuss the results of this site screening exercise in section 4.    

Simulation tool for private costs and benefits 

As more insight is gained about the number of potential ELFM sites, both private entrepreneurs 

and policy makers need a simulation tool to assess the economic opportunities from ELFM 

projects. In order to evaluate private profitability and the impact of support policies, we set up 

a generic simulation tool that incorporates the major economic drivers. Different technologies 

compete to maximize efficiency and resources going to WtM and WtE. The roll-out of an ELFM 

project will also require many choices and fine-tuning in operational matters. The optimal 

technological and operational choices are site-specific and can only be made by private 

entrepreneurs. To avoid fixation on operational issues and site-specific characteristics, we use a 

generic approach with indicative reference data based on an extensive literature review and 

business feedback. Even though the generic approach gives useful reference data, it is clear 

that site specific data are required for calculation of environmental and financial effects of an 

ELFM project. The existence of methane recovery at a landfill or the presence of a mobile 

groundwater pollution are, for example, important site specific aspects to be considered.  

Although our generic approach allows analysis without selection of specific technologies, we do 

assume a set-up where waste is excavated and extensively pre-treated with the aim to 

maximize material streams going to WtM and WtE. Using a sequence of separation techniques 

based on size, density and magnetic properties six main material streams are produced: top 
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soil, granulates, fines , ferro-metals, non-ferro metals and the feedstock for WtE. Most landfill 

excavations reported in the literature, produced high fractions of fines up to 75 mm because 

production of cheap landfill cover was a principle objective (EPA 1997, Renosam 2009). Within 

the scope of ELFM and taking into account technological progress in separation techniques, 

inferior applications as landfill cover should be minimized. The fines are therefore sieved to 

sizes of about 5 mm (Hayes 2003, Hogland 2004, Hull 2005, Vito 2005, Meinel 2010, Jones et al. 

2010). WtE conversion is performed on site with connection to the grid and the support 

mechanism for WtE from household waste in Flanders is taken into account. Residual heat of 

WtE is used to dry the waste fraction destined for WtE. WtE can also be used in a cogeneration 

framework to produce heat for local clients. This option has not been modeled. Hazardous 

waste management requires a site-specific approach. Because most concerns can be dealt with 

proper safety management (safety plans, training of personnel, gas measurement, over-

pressurized excavator cabins, personnel protective equipment,…), no specific cost is included to 

deal with hazardous waste (IWC 2009). If, however, landfills have site-specific risks of hazardous 

waste, the financial impact has to be taken into account.  To deal with site-specific conditions, 

uncertainty on waste characteristics, operational performance and market conditions, a 

contingency provision is included. Recommended average values are proposed for excavation 

data (density, moisture content, waste composition), project costs (excavation, sorting, 

treatment, …) and project returns (material returns, electricity price, Flemish support schemes 

and land prices). The detailed input data can be found in appendix 2. As an illustration this 

simulation tool is applied to the sites selected in the analysis of the regional potential. The 

results of this exercise are reported in section 4.  

6.2.3 Methodology to analyze the costs and benefits of an ELFM project from a 

societal perspective 

In addition to private costs and benefits, every ELFM project is characterized by a wide set of 

potential effects to society, both positive and negative ones. For instance, after the landfill site 

has been mined, possible problems of leaching and groundwater contamination are 

permanently resolved. At the same time, energy input and investments are needed to perform 

such an excavation. To have an overall view on the value to society of ELFM projects, a Cost 

Benefit Analysis (CBA) should be made. (Pearce et al. 2006, Brent 2009, de Rus 2010).  To obtain 

information for societal CBA, we focus in a first step on a particularly important environmental 

dimension of ELFM projects: its impact on greenhouse gas emissions. To calculate the carbon 

footprint, the Bilan Carbone
TM

 (2007) methodology, developed by ADEME, the French 
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government agency for the environment, will be used (see also Jones et al. 2010). In this carbon 

footprint, only greenhouse gases are considered which are covered by international 

agreements, such as carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O). In the overall 

carbon balance, all incoming and outgoing materials streams are accounted for, as in financial 

bookkeeping.  

The scope of the carbon footprint takes into account the widest possible range of factors 

related to company emissions (indicated as scope 3 - Bilan CarboneTM 2007). The way to 

estimate these emissions is to derive them from activity data: the number of trucks driven and 

distance travelled, tons of steel purchased, etc. An inventory of six categories of activity data is 

considered: (i) emissions from energy production, (ii) emissions from freight, (iii) emissions 

from transport of people, (iv) emissions from incoming and outgoing materials and services, (v) 

emissions from direct waste and waste water and (vi) emissions from capital assets. For each 

category the obtained data, are transformed into greenhouse gas emission estimates by using a 

database of emission factors. To integrate the carbon footprint in the CBA, a monetary value 

has to be assigned to emissions of greenhouse gases. Different reference values circulate in the 

literature. Examples are the estimates by Tol (2005,2007) of the social cost of carbon emissions 

or the expected future price of carbon in the current EU Emission Trading Scheme EU-ETS 

(European Commission 2008b). 

In a second step, other effects for society than the carbon footprint are reviewed. After 

successful implementation of ELFM projects, large land areas are restored which can be used 

for housing, economic activities, recreation and nature reserves. The projects also eliminate the 

threat of future groundwater pollution. In addition, ELFM projects contribute to programs that 

tackle resource scarcity and import dependence. All of these impacts can in principle be 

assigned a monetary value based on literature data so that they can be used in CBA. 

Preferences of policy makers and society are however heterogeneous in a global world and 

therefore, monetary values of these preferences can vary widely. To remain coherent with the 

focus of our paper, we use monetary values that are applicable to a densely populated and 

industrially advanced region such as Flanders (northern part of Belgium, six million inhabitants).  
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6.3 Private costs and benefits of the ELFM case study project “Closing the 

Circle” 

In this section the methodology to assess private profitability - as described in section 2.1 and 

illustrated in (the left part of) Figure 7 - is applied to a specific ELFM case. The case study is an 

existing landfill situated in Flanders. The REMO landfill site in Houthalen-Helchteren, in the east 

of Flanders, has been operational since the beginning of the 1970s. At present it contains more 

than 16 million tons of waste, approximately half of this material is household waste, while the 

other half comprises industrial waste such as shredder material, metallurgical slags and dried 

sludge. The amount, the type and the location of the various waste streams landfilled in the 

past, have been documented in log books. It has been estimated that around 33% of the waste 

can be recycled as materials (WtM), either directly or after a controlled treatment process. The 

remaining fractions have a sufficiently high caloric value allowing them to be energetically 

valorized (WtE) after a pre-treatment. More information about the case can be found in Jones 

et al. (2010) and Tielemans et al. (2010).  

An investment model was built according to the methodology described in section 2.1 in order 

to identify the impact of the performance drivers (technology, regulations and markets). The 

input values of the model can be found in appendix 1. The investment model determines the 

minimal ELFM support necessary to reach an IRR of 15%. In the base scenario, an ELFM support 

approximately equal to the current market value of green power certificates (i.e. 108€/MWh in 

Flanders in 2010) is required to attain the target IRR. Note that we opt for an ELFM subsidy 

expressed in Euro per MWh but other schemes (investment support, tax breaks, incentives for 

material recuperation, land restoration …) or combinations of support schemes are possible.   

Using the investment model, the impact of a wide range of parameters on the IRR was 

investigated. The considered parameters (α) were (i) the amount of different (>10) waste types, 

(ii) the energy content of different waste types, (iii) the landfill mining costs of the different 

waste types, (iv) the investment costs of the WtE en WtM installations, (v) the operational costs 

of energy production, (vi) the WtE efficiency, (vii) the revenues of different waste types (or 

materials), (viii) the revenues of electricity production, (ix) the revenue of support (e.g. 

subsidies, certificates…) and (x) the CO2 cost or revenue. 

Monte Carlo simulations show that the following parameters have an important impact on the 

economic performance (IRR and NPV): (i) WtE efficiency, (ii) electricity price, (iii) CO2 price, (iv) 



95 

 

investment costs of the WtE installation, (vi) operational costs of energy production and (v) 

ELFM support.  

Table 6: Performance drivers of ELFM 

 

Table 6 shows the contribution of the different parameters in explaining the variation in IRR 

and their direction of influence (+ or -). First, the total variation in the IRR can be explained for 

34% by the variation in WtE efficiency. Logically, a higher WtE efficiency results in a higher IRR 

because both revenues from electricity and ELFM support increase. As WtE efficiency is of key 

importance for the economic feasibility, ELFM project developers could, for instance, try to 

negotiate contractually guaranteed electric efficiency rates with technology suppliers in order 

to limit their investment risk. The left panel in Figure 3 illustrates the impact of WtE efficiency 

on the project’s IRR in more detail. The different lines trace out the combinations of IRR WtE 

efficiency and resulting IRR for different investment cost levels. Roughly speaking, an increase 

of the WtE efficiency by one percent, leads to a gain in IRR of one percent. This relation is 

approximately linear on the interval of WtE efficiency values considered and does not change 

much with the investment cost level. It should be noted that the range definitions of the 

different parameters highly influence the final impact of the different parameters on the 

project’s IRR. 

Secondly, the cost of CO2 emissions explains about 29% of the variation in IRR. We assumed a 

CO2-emission coefficient of unity (one ton of waste incinerated results in one ton of CO2-

emission (NSCA 2002)) and we assumed that the incineration would not receive free emission 

allowances. As there is significant uncertainty regarding the future regulatory treatment of CO2-

emissions of WtE installations in ELFM projects, and as future CO2 prices in the EU ETS are 
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highly unpredictable, we have chosen to consider the impact on the ELFM project IRR of a 

broad CO2-price range. Table 6 uses a range of -20 eur per ton till +20 eur per ton of CO2. Figure 

9 even extends the range of insecurity from – 80 eur per ton to +80 eur per ton of CO2. . 

Negative prices can be interpreted in this setting as the impact of support for reducing CO2 

emissions. The results are plotted in the right panel of Figure 9. Compared to a scenario in 

which CO2 emissions of the WtE installation would not be priced, inclusion of the activity in the 

EU ETS scheme at a price of about 40 € / ton of CO2 would lower the ELFM projects IRR by 5%. 

Figure 9: The impact of WtE efficiency and CO2 – price on IRR 

 

Thirdly, the variation in the IRR is also explained by the variation in electricity price (for 9%) and 

by the variation of ELFM support (8%). The other parameters, like for instance prices of 

recovered materials, have less of an impact on the variation in IRR. Summarizing we can say 

that technology (WtE efficiency), markets (electricity price) and regulation (ELFM support) 

determine to a large extent the economic performance of ELFM projects. In particular the 

efficiency of the Waste-to-Energy technology and the price of its CO2 emission have a key 

impact on the IRR. Also a guaranteed minimum support value for ELFM seems indispensable in 

order to make ELFM feasible. 

6.4 Economic potential for ELFM projects in Flanders 

In a next step, we scale up our analysis towards a regional point of view. We analyze the ELFM 

potential using the methodology as described by van der Zee (2004) and build a cost-benefit 

simulation tool for the densely populated and industrial region of Flanders.  
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Table 7 represents the selection of potential ELFM sites in Flanders resulting from the funnel 

approach by van der Zee et al. (2004). Taking into account the selection parameters as 

discussed in 6.2.3 narrows down the initial number of 1618 historic landfills to 58 medium sized 

sites. Six of these landfills have a surface exceeding 500.000 m². Adding the ELFM potential of 

these historic landfills with the potential of landfills currently in exploitation gives an upper 

bound to the potential of ELFM in Flanders.  The long-term ELFM potential in Flanders 

expressed in total site surface is more than 20 km². Note that once ELFM technology has 

matured, it might become interesting to also include smaller sites. Possibly recycling of 

machinery, mobile installations or clustering of different small sites might make smaller ELFM 

projects financially profitable in the future. 

Table 7: Selection of potential ELFM sites in Flanders 

  

As argued above, entrepreneurs and policy makers require a benchmark to assess the economic 

opportunities of potential sites. Based on literature data, we therefore built a simulation tool 

that contains the major drivers of an ELFM project. Literature data serve as a starting point for 

economic analysis that can be fine-tuned along the project stages while more site-specific data 

become available. To illustrate the use of the cost-benefit simulation tool, we have analyzed 

the total Flemish economic potential for ELFM projects.  An overview of the input data and 

references can be found in appendix 2. The summarized output data in Table 8 show that, 

under current conditions, WtE constitutes the most important cost (about 60% of all costs) as 

well as the most important benefit (more than 70% of all benefits). It should be noted that 

government incentives for renewable energy make up a substantial part of these benefits. 

Because the renewable organic content of household waste is high, Flanders categorizes about 

half of the electricity coming from WtE for household waste as renewable. This fraction is based 

on periodic sampling and is in line with neighboring countries. The subsidies for renewable 

energy from WtE almost double the revenues from electricity production. Evidently, 

considering the importance of WtE in total revenues, the level and predictability of this fraction 
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characterized as renewable is key for the profitability. The second source of revenues is 

originating from WtM. Although metals constitute only about 6 % of the composition of the 

waste (weight basis), they represent more than 95 % of the revenues from WtM. Considering 

that metal fractions going to landfills have decreased gradually in the last decades, the age of 

landfills and historic practices are key to estimate the value of buried materials. The last source 

of revenues, land reclamation,  constitutes a relatively low benefit in our calculations but that 

can of course be very different depending on local conditions and needs. Land reclamation 

may, for example, constitute an important driver for smaller historic landfills in a strongly 

urbanized area. 

Table 8: Cost-Benefit simulation tool – illustration for Flanders 

 

Summarizing, our calculations show that ELFM projects can be profitable if they can benefit 

from existing subsidies for WtE and focus on landfills that contain financially attractive 

resources such as metals. The main driver of this positive result is the WtE activity in the ELFM 

projects. We recognize that this result is preliminary in the sense that it does not include all 

possible sources of economic benefits of ELFM projects because local site-specific conditions 

can have important positive impacts on the potential for WtM and WtE technologies. For 

instance, glass and building materials constitute a significant fraction of the recycled material 

but, as they have a relatively low economic value, transport costs limit substantially the 

profitability of recovering these materials from old landfills. Integrating landfill mining with 

infrastructure, industry or real estate development can create significant synergies for recycled 
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building materials. Also low-heat energy recovery could create important synergies for local 

activities that require heat input like for instance glasshouse agriculture. In addition to these 

local synergies, the development of ELFM projects in Flanders might also lead to a new and 

competitive export industry capable of developing similar ELFM projects internationally.  This 

type of new export industry aspects and synergies has not been integrated in our analysis but it 

might have an important positive impact on the economic potential of ELFM for Flanders.  

6.5 Costs and benefits to society  

Both the private investment analysis of the case study (‘Closing the Circle’) project and the 

regional upscaling to Flanders show that ELFM projects have a clear private economic potential 

when adequate regulation and support policies are in place. This is important because it shows 

that there is scope for private entrepreneurs to invest profitably in ELFM projects. In this 

section we broaden the scope of analysis by including also some of the most significant external 

effects of ELFM projects for society. In particular, we want to explore the environmental impact 

of ELFM projects. In a first step we focus on the carbon footprint of the “Closing the Circle” case 

study. The footprint will be assessed and later monetized. In a second step the analysis is 

extended to the valuation of other benefits to society.   

6.5.1 Assessing the carbon footprint and its economic value 

For the case study, we performed the carbon footprint analysis for two scenarios assuming a 

time frame of 20 years. In this way, we investigate which scenario is most beneficial in terms of 

climate change mitigation. The Remo site is an existing landfill containing historical waste with 

energy recovery from methane. The energy recovery from methane would last for about 15 

years, using a combined heat and power cycle. This will generate an amount of electricity and 

an amount of recoverable heat. Keeping the situation unchanged ‘forever’ is called the Business 

as usual (BAU) scenario. This baseline scenario represents the landfill without incoming or 

outgoing materials and methane recovery as discussed above. In a second scenario (ELFM) 

most of the historical waste from the Remo site would be excavated and recovered as energy 

and materials. As in the BAU scenario, energy recovered from methane would last for about 15 

years. In the ELFM scenario, however, a WtE plant and a sorting and recycling plant (WtM) need 

to be built on the Remo site. All operational emissions of the six categories mentioned are 

taken into account (seeFigure 10).  
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The BAU scenario would only produce a small amount of energy (from methane recovery), and 

not producing any materials. Therefore, the difference in materials and energy will be 

purchased on the market in the case of the BAU scenario. Greenhouse gas emissions of 

conventional market production methods will be accounted for in the BAU carbon footprint. 

Comparing the footprints of both scenarios gives us an idea which scenario is more beneficial 

towards greenhouse gas mitigation.  

For the same amount of energy and materials, the ELFM scenario leads to 5.3 Mton CO2e 

greenhouse gas emissions compared to 6.3 Mton CO2e in the BAU scenario. This corresponds to 

15 percent less greenhouse gas emissions (see Figure 10). Most of this reduction in greenhouse 

gas emissions is accounted for by the emissions savings resulting from material recovery. 

Although emissions from WtE are higher in the ELFM scenario than in the BAU scenario, this is 

compensated by the decrease in greenhouse gas emissions in the WtM activities. In particular, 

the ELFM scenario makes it possible to replace extraction of greenhouse gas intensive virgin 

materials by less emission intensive locally recycled materials. 

Figure 10: The carbon footprint of BAU and ELFM scenario 
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It should be noted that the margin of error on both carbon footprints is about 20%. This is in 

line with the national greenhouse gas inventory as described by ADEME (Bilan Carbone
TM

 

2007). Also, this result has been obtained without taking into account any carbon capture and 

storage (CCS).  

To understand the robustness of the conclusion, a sensitivity analysis was performed to 

evaluate the effect of changing several parameters: (i) the electricity mix, (ii) the carbon 

content, (iii) the biogene fraction of waste, (iv) the caloric value of the waste, (v) the electrical 

efficiency WtE and (vi) the material recuperation of the installations (WtM). The conclusion 

remains true upon varying most of the examined parameters. In addition to the greenhouse gas 

mitigation, Enhanced Landfill Mining potentially offers other benefits such as curbing of fossil 

and material resources, and fully restoring the landfill site to its original site. This will be 

discussed in the following section. 

6.5.2 Valuation of external effects 

The carbon footprint analysis shows that the ‘Closing the Circle’ project reduces emissions with 

one million tons of CO2 equivalents. The monetary value of CO2 emissions is estimated between 

€ 20 per ton (Tol 2007) and € 40 per ton (EU 2008b). In addition to greenhouse gas emissions, 

the impact of ELFM projects on other air emissions should be evaluated in a full cost benefit 

analysis. To evaluate the impact of the different air pollutant emissions, a comprehensive air 

emission footprint can in principle be done and the changes in air pollution can be valued using 

the external cost estimates of the ExternE project for instance (see www.externE.info for more 

information on this project). This would require a very detailed analysis - not only of ELFM 

techniques but also of the full life cycle for the recovered materials - that takes into account 

current and future emission standards set by the regulatory environmental authorities. Such an 

analysis is beyond the scope of our contribution. 

In addition to its effect on air pollutants, an ELFM project may potentially restore large areas 

with no or limited use to zones with economic activity (industry, housing, recreation, …) or 

valuable nature reserves. The positive external benefit of nature restoration can potentially be 

high in densely populated regions and is certainly higher than the market value of the land. LNE 

(2007) reports different reference values for national parks in Flanders. Analysis based on travel 

cost pricing shows that the Meerdaal-Heverlee forest (2000 ha
20

) has a yearly recreational value 

of € 2 million (Moons et al. 2000). The same study uses a contingent valuation method to 

                                                      
20

 1 ha = 10.000 m² 
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quantify the one-time willingness to pay at € 26 million to transfer a military domain of 160 ha 

in forest area.  Smaller nature parks close to residential areas are even more valued. Using a 

combination of hedonic pricing, travel method pricing and contingent valuation, Ecolas (2004) 

estimates the combined use value of visitors and nearby residents at € 3 to 37 million for parks 

from 1 to 163 ha. Taking into account the estimated willingness to pay for recreation and 

existence values of nature, the value of land reclamation to society may be - depending on local 

conditions near the ELFM site - considerably higher than market prices. Another methodology 

to quantify land use is proposed by Dijkgraaf et al. (2004).  They argue that space occupied by a 

landfill should be valued at the price of the most valuable opportunity forgone. In Flanders that 

would be residential building space at a price of € 155 per m
2
. Most of these approaches lead us 

to conclude that the benefits to society of the land reclamation after an ELFM project are most 

likely higher than the prevailing market prices of land that were used in the assessment of 

private costs and benefits. 

Only recently landfills are subject to strict legislation and standards. Old landfills rarely have 

protective layers to avoid soil and groundwater pollution. Contamination strongly depends on 

local conditions.  Some landfills are situated in abandoned sand mines or unused lowlands with 

high groundwater mobility. Health and environmental impacts will be high. Other landfills have 

a natural clay protection layer and will only have limited dispersion of the leachate. Thewys et 

al. (2000) report two hedonic studies in Flanders that value the external costs for the 

neighborhood of two important areas with soil pollution at € 1 to 22 million. The exact degree 

of risk seems to be less important than the knowledge that a contamination is present. By 

mining the landfill, ELFM projects eliminate further risk of soil contamination. This is an 

important benefit to society of ELFM projects that is typically not, or only partially, reflected in 

private costs and benefits born by ELFM project developers.   

Industrial economies are strongly dependent on the import of fossil fuel resources. The 

dependence on imported resources creates a vulnerability to sudden price shocks. Leiby (2007) 

shows that fossil fuel energy prices do not fully incorporate this macro-economic risk.  He 

estimates the external benefit of reducing import dependence at 5 to 15 % of the market value 

of energy.  WtE uses locally available resources that reduce import dependence. This is valid for 

the energy produced from the organic (renewable) fraction as well as for the energy originating 

from the residual (non-renewable) combustible fraction. As municipal solid waste contains a 

high fraction of renewable organic waste, WtE also limits the dependence of the energy mix on 
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non-renewable resources. Although the reduced import dependence is hard to quantify in 

monetary terms, it does constitute a significant benefit to society. 

The Belgian and Flemish governments have ratified European and international treaties that 

define targets for carbon emissions, renewable energy, import dependence, nature reserves 

and forest conservation. The cost of the support mechanisms that are in place to meet these 

obligations, is significant. Certificates for green energy are exchanged at € 108 per MWh.  

Combined heat and power certificates are exchanged at € 39 per MWh energy savings. 

Subsidies exist for forest plantations and maintenance. Although a full assessment of support 

mechanisms for renewable electricity and the covered externalities is beyond the scope of this 

article, it is clear that ELFM projects help governments to reach thir international and European 

targets. In the private investment analysis, subsidies in the form of green power certificates 

were already taken into account. Under the assumption that the current market price of these 

certificates reflects the shadow cost of the targets on greenhouse gas emissions and renewable 

energy use, these external environmental benefits are already taken into account in our 

analysis so far.     

The  examples above of different external benefits lead us to the conclusion that there are 

substantial extra benefits to society from the reduction in air emissions, land reclamation and 

lower import dependence for energy and materials, than the numbers we used so far in the 

private investment analysis. This reinforces the case for developing ELFM projects and justifies 

public support mechanisms like subsidies to internalize these positive externalities.   

6.6 Conclusions 

In this paper, methodologies to assess the economic potential of EFLM is proposed and applied. 

Based on an ELFM case study, we found that technology, regulation and markets have a clear 

impact on the economic potential of landfill mining. The development of innovative 

technologies (and especially Waste-to-Energy technologies) is an important aspect to improve 

the feasibility of ELFM practices. Logically, market prices also have an impact on the economic 

performance of ELFM. We found a significant impact of the electricity price and low impact of 

material prices on the economic performance. The impact of specific material prices is, in our 

case study, less important due to the fact that the waste streams are heterogeneous resulting 

in different materials as output, leveling out the importance of material prices. Besides 

technology and markets, also regulation plays an important role determining the private 
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economic  potential of ELFM. Tailored policy measures taking into account the economic and 

environmental benefits and costs of ELFM should be developed to support Enhanced Landfill 

Mining. Moreover, as local conditions can have a significant impact on the benefits to society of 

an ELFM project, a flexible support framework is needed. 

In fact, with regard to landfill mining the complex trade-off between economic, social and 

environmental issues, demonstrates the need for (i) more detailed information of economic, 

social and environmental aspects and (ii) a clear, integrated decision tool. We have contributed 

to this goal by studying an ELFM study in detail and by scaling up the results to the regional 

level of Flanders. After identifying potential ELFM sites in Flanders, we compared private costs 

and benefits and concluded that there is a clear incentive for entrepreneurs to initiate such 

projects if adequate support is provided. Finally, we broadened the scope of the analysis by 

reviewing in a more qualitative way some important external effects like groundwater 

contamination, contribution to renewable energy and greenhouse gas reduction objectives, and 

land reclamation values. An assessment of the carbon footprint of the case study revealed a 

substantial reduction of greenhouse gas emissions by about 15% compared to a business-as-

usual. Also substantial external benefits can be expected from land reclamation in a densely 

populated region like Flanders.  

We recognize that further research is needed to refine and extend the cost-benefit simulation 

tool. Aspects for which little data is available or for which detailed local conditions matter 

should be included. In this way, a sound estimation of the potential of ELFM in Flanders can be 

made in order to support policy making and to contribute to enhanced waste management 

policies. 
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6.7 Appendix 1: Case study Input data (in rounded figures) 

General data   Sources 

Total amount dry waste (million ton) 12.8 Case study 

Time length (years) 20 Case study 

Internal rate of return (IRR)(%) 15 Industrial reference 

Excavation and storage cost (€/ton) 4 Case study 

Waste composition case study Share of total Share going to WtE  

Shredder (wt %) 17 85 

Plastics (wt%) 16 100 

Paper (wt%) 15 100 

Slag (wt%) 6 0 

Industrial sludge (wt%) 6 50 

Construction waste (wt%) 6 0 

Wood (wt%)  100 

Other (metals, glass, textiles, organic, …) 

(wt%) 

29 All waste categories < 5 % of total amount of 

waste 

Waste to Materials (WtM)    Sources 

Share WtM of total amount of waste (wt%) 33 Case study 

Weighted average WtM cost21 (operational 

+ capital costs) (€/ton) 11 Case Study 

Weighted average WtM revenues22 (€/ton) 13 Case study  

Waste to Energy (WtE)   Sources 

Share WtE of total amount of waste (wt%) 67 Case study 

Capital cost  (€/ton capacity) 500 Vito, 2001; TNO, 2006 

Exploitation cost (€/ton) 55 Vito, 2001; TNO, 2006; Vito, 2007 

Calorific value waste after separation & 

drying (MJ/kg) 16 Case study 

Energy efficiency (%) 25 C-tech, 2003 

Price electricity (€/MWh) 70 Creg, 2010 - Energy stock exchange 

Fraction renewable energy (%) 47,75 OVAM, 2010; Flemish directive, 5/03/2004 

Price green certificates (€/MWh) 108 

Support renewable energy, VREG, 2010 – 

Belpex 

Land reclamation   Sources 

Weighted land price (€/m²)23 0 Case study  

wt%: weight percentage 

  

                                                      
21

 Crushing, screening, presorting, separation, sales costs 
22

 Revenues from shredder, metals and slag 
23

 Fully restored to nature area 
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6.8 Appendix 2: Cost-benefit simulation tool - Input data 

General data   Sources 

Surface excavated (m²) 20 000 000 OVAM24 archives; Van Der Zee et al., 2004 

Depth waste landfill (m) 7 OVAM archives; 'Closing the circle' reference 

Thickness overlaying soil layer (m) 1 OVAM archives 

Time length (years) 15 Vito, 2001; TNO, 2006 

Cost contingency (%) 10 Industrial reference 

Discount factor25 (%) 4 Pearce et al. (2003), the standard discounting rate EU 

(http://ec.europa.eu/governance/impact/) 

Pretreatment    Sources 

Cost excavation (€/ton)26  1,5 Industrial reference  

Wet density (waste + soil) (ton/m³) 1,3 Hogland et al., 2004; Hull et al., 2005 

Separation & drying (€/ton) 20 Savage et al., 1993; Goschl, 1999 

Efficiency metal recovery (wt%) 90 Savage, 1993; Vito, 2001; Sekito et al., 2003 

Composition excavated materials27    Sources 

Moisture content excavated (wt%) 30 
Morelli, 1990; EPA, 1997; Walsh, 2002; Themelis et al., 

2002; Hogland et al., 2004; Hull et al., 2005; Vito, 2005; 

ISWA, 2006; Mira, 2007; EPA, 2009; Renosam, 2009;  

Senternovem, 2009; Compendium, 2010; Meinel, 2010    

Fines fraction (< 5 mm) (wt%) 25 

Ferro fraction (wt%) 5 

Non-ferro fraction (wt%) 1 

Granulate fraction (wt%) 20 

Moisture content after drying (wt%) 15 Vito, 2001; C-tech, 2003; Industrial feedback MBT 

Waste to Materials (WtM)    Sources 

Price Ferro (€/ton) 230 Fost Plus, 2009; De tijd, 07/04/2011; Eurofer scrap price 

Price Non-ferro (€/ton) 1 000 Fost Plus 2009; De tijd, 07/04/2011; industrial feedback  

Price granulates (> 5 mm) (€/ton) 1 Vito, 2001; Fost Plus, 2009 

Price fines (< 5 mm) (€/ton) 0 Re-use on site 

Waste to Energy (WtE)    Sources 

Capital cost (€/ton capacity) 500 Vito, 2001; TNO, 2006 

Exploitation cost (€/ton) 55 Vito, 2001; TNO, 2006; Vito, 2007 

Calorific value waste after separation 

& drying (MJ/kg) 16,5 

Vito, 2001; ECN, Phyllis database; Industrial reference 

MBT; C-tech, 2003; IPPC, 2006 

Energy efficiency (%) 25 C-tech, 2003 

Price electricity (€/MWh) 70 Creg, 2010 - Energy stock exchange 

Fraction renewable energy (%) 47,75 OVAM, 2010; Flemish directive, 5/03/2004 

Price green certificates (€/MWh) 108 Support renewable energy, VREG, 2010 – Belpex 

                                                      
wt%: weight percentage 
24

 OVAM: Flemish Public Administration of Soil and Waste 
25

 A discount factor of 4 % applied on a lifespan of 15 years gives a multiplication factor of 74 % when comparing annual costs 

and benefits with investments made at the start of the project 
26

 Inclusive odor control and safety management 
27

 Based on reports of excavated landfills and literature describing historical composition of landfilled municipal waste in 
Western Europe (average historical composition: Paper and cardboard 25 %, Plastics 7 %, wood 3 %, Rubber & leather 3 %, 
textiles 2 %, organics 35 %, Glass 11 %, Ferro 5 %, Non-ferro 1 %, inert 8 %) 
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Land reclamation    Sources 

Weighted land price (€/m²)28 40 see weighted analysis below 

Reference prices land use Flanders     

Residential area (€/m²) 155 Statbel.fgov.be, kerncijfers vastgoed, 2011 

Industrial area (€/m²) 80 Reference: Sale industrial zone of 95 ha, 2011  

Agricultural land (€/m²) 10 Estimation geometrical surveyor  

Nature (€/m²) 3 ANB, 2010; Purchase Natuurpunt, 2010 

Presence in database   See section ‘Methodology to asses regional potential’ 

Residential area (%) 3,4 OVAM archives 

Industrial area(%) 39,0 OVAM archives 

Agricultural land (%) 20,3 OVAM archives 

Nature land (%) 37,3 OVAM archives 

Weighted value (€/m²) 39,62   

 

  

                                                      
28

 The implicit assumption is made that land occupied with a historic landfill cannot be sold. ELFM upgrades the area so that it is 

available for normal market transactions. The private investor can internalize the price increase either by ownership or by a 

financial compensation from the landlord.  
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7 General conclusions 

The chapters of this dissertation make a detailed study of important present-day challenges for 

European waste management. Rather than repeating the specifics of each chapter, this 

conclusion crystallizes the main policy messages resulting from the PhD research. A last 

paragraph discusses further research.  

Despite progress in the last decades, internalization of the external costs of waste management 

is currently incomplete in two ways. First, the treatment cost of mixed household waste is not 

reflected in the price for waste collection. Due to municipal subsidies for waste collection, 

households can dispose their waste in a cheap way. In addition, current financial incentives do 

not reflect the benefits that are created if for example metals are recycled.  As long as the price 

for waste disposal is low, the economic incentives for prevention and sorting are weak. Second, 

the environmental damage of emissions from waste incineration is not internalized. The 

external effects not only reduce the incentives to recycle or prevent waste, but they also 

weaken the incentives to invest in innovative incineration technologies with lower 

environmental damage. In order to avoid welfare loss resulting from external costs of waste 

management, further policy intervention is required.  

The task of policy makers concerning materials and waste management is not evident. In ever 

more complex product and waste markets, policy makers are called upon to stimulate waste 

and materials management in an efficient way. Which technology should be stimulated? Who 

should deal with waste? How can waste production be prevented? What is the authority of 

policy makers at European, national or regional level? The knowledge required to answer all 

these policy questions is dispersed throughout society. Even worse, due to product and 

technological innovation, the answers change throughout time. What will be the characteristics 

of a given waste stream in ten years? Rather than creating a rigid framework with technology 

standards or even direct government intervention, policy makers should use market-based 

instruments such as landfill taxes, incineration taxes, tradable permits, excise duties and 

Extended Producer Responsibility. In the last decades, the waste management sector has 

shown that it has the flexibility and innovative capacity needed for progress. Well-designed 

market-based instruments keep up the incentives for eco-friendly waste management while 

giving the private sector the freedom to innovate.  



109 

 

This dissertation contributes to the understanding of two important economic instruments. 

First, the dissertation reveals that despite successes of EPR, the mechanism is not efficiently 

used. Static collection and recycling targets do not lead to sustained innovation. In addition, 

weak targets not only reduce collection and recycling performance but also weaken prevention 

incentives. Combining EPR targets with excise duties or disposal taxes  would improve EPR 

efficiency. The EPR targets can impose efficient collection and recycling targets while the excise 

duties or disposal taxes can give incentives to restrict consumption of waste generating 

products.   

Second, European taxes for combustible waste are not only low, but also strongly disparate 

across countries. Since waste used to be a locally treated burden in the past, local policy makers 

focused on domestic needs. The local focus has resulted in a disparate use of regulations and 

instruments in Europe. Although waste has become an internationally traded resource that 

generates profits and jobs, the authority on important policy instruments has remained locally. 

The current European disparity of policy instruments does not create clear incentives for 

sustainable waste management. In order to improve efficiency, European waste policies should 

be aligned and financial incentives should be closer to the environmental externalities. 

Integrating waste incineration in the EU ETS would not only help to internalize the damage 

costs from greenhouse gas emissions but would also create a level playing field between waste 

processors in different European countries. In addition, since waste incineration is one of the 

few important industrial point sources of greenhouse gases excluded from EU ETS, integration 

would make the scope of EU ETS more coherent. In a similar way market-based instruments 

such as incineration taxes and landfill taxes should internalize the environmental damage from 

environmental emissions such as NOx and from landfilling of incineration residues. 

Finally, historic waste practices have left their marks. Old contaminated landfills remain as 

unwelcome reminders that continue to generate negative environmental effects. By addressing 

the economic drivers and societal benefits of Enhanced Landfill Mining (ELFM), this dissertation 

extends the understanding of this new concept. More information can contribute to the 

elaboration of an ELFM  policy framework that should lead to the  effective implementation of 

ELFM projects.   

More research on  economic instruments is needed. As a researcher I do hope to keep on 

contributing to the understanding and implementation of economic instruments for the waste 

and materials market.  Two research topics have already raised my interest. First, recently 
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‘recycling certificates’ has become a buzz-word in many policy circles. Shedding light on the 

strengths and weaknesses of such an instrument can fuel the discussion and maybe lead one 

day to the implementation of a well-designed instrument. Second, this dissertation has focused 

on EPR for consumer products with short life cycles. There are indications that interaction of 

policy instruments for durable goods such as cars or electric equipment may lead to other 

effects. Especially the option to export waste as a second-hand good seems to create scope for 

further research. This PhD dissertation is therefore more of a start than an end for my research 

in economic policy instruments for materials and waste management.   
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8 Propositions 

In order to show that the author is versed in economic topics other than his research area, the 

dissertation has to contain concisely written statements that are original and allow discussion. 

The author puts forward following propositions: 

 

• The Belgian system of wage indexation stimulates job hopping of strong profiles and 

inertia of underperformers 

• Future expenditure for high public pensions should be included in public debt 

• Subsidies to renovate houses are bad for the environment 
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