
  

 

Abstract—This work studies the two Reverse Logistics 

models used in European countries for collection of Waste of 

Electrical and Electronic Equipment (WEEE), compares their 

advantages and disadvantages and proposes a framework that 

helps the decision making process. The paper is articulated as 

follows. First, a literature review has been carried out 

regarding the two systems of WEEE Collection in the European 

Union: i.e. National Collective Scheme and Clearing House 

Model. Second, an integrated framework is proposed for 

managing Reverse Logistics in the disposal of electrical and 

electronic products and their components at the end of their 

lifetime. The proposed model may help in the decision making 

process of which collection system better fits the specific 

characteristics of a country.

 

 

Index Terms—Clearing house, European Union, national 

collective, recycling, reverse logistics, WEEE. 

 

I. INTRODUCTION 

In the last two decades, the problem related to pollution 

and environmental management, gained much importance. 

The concept of sustainable development, defined as 

development that "meets the needs of the present without 

compromising the ability of future generations to meet their 

own needs" [1] has become increasingly recurrent. 

In this scenario, there is an increasing importance of the 

so-called reverse logistics understood as the collection of 

resources and activities dedicated to the recovery and 

recycling of end-of-life products discarded by users [2], [3]. 

These considerations are particularly important when 

referring to the production of electrical and electronic 

equipment (EEE), one of the fastest growing manufacturing 

sectors [4], in which technological innovation and market 

expansion continue to speed up the replacement process and 

the number of new applications of EEE. 

In order to address environmental problems related to the 

management of WEEE, starting from the '80/'90 some EU 

Member States began to develop specific national 

legislations. Based on these considerations, the European 

Directive 2002/96/CE entered into force on January 27 2003 

[5], [6]. This directive was aimed to prevent and limit the 

flow of waste electrical and electronic equipment (WEEE) 

and their components to landfill through reuse and recycling 

policies [7]. This Directive was revised with the publication 

of the Directive 2012/19/EU (entered into force on August 13, 

2012) because of the increasing of this waste. 
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To appropriately manage the environmental problems 

associated with the recovery of WEEE in Europe, Directive 

2012/19/EU imposes a separate collection of WEEE which 

must be guaranteed by appropriate systems so that users can 

easily discard their electrical and electronic equipments. 

In this regard, the directive leaves to the producers the 

freedom to choose whether to fulfil their responsibility by 

implementing their own individual recovery system or 

participating in collective collection schemes or shared 

systems with other companies which are associated in order 

to reap the benefits of economies of scale. In the vast majority 

of European countries the most widespread collection system 

is of the second type. 

Collective schemes can be divided into two main models 

[8]: 

• National Collective Scheme; 

• Clearing House Model. 

Table I shows the current configuration and the actors in 

EU Member States and others, making evident a ratio of 2:1 

in favour of the Clearing House model. 

In the next section a description of the two types of 

collecting schemes is provided in order to understand how 

they work. The National Collective Scheme will be discussed 

first. 

 

II. NATIONAL COLLECTIVE SCHEME 

In a nation where it is implemented the National Collective 

Scheme model (NCS) may operate one or more schemes: in 

the latter case they are not competing with each other as they 

are responsible for the collection of different categories of 

WEEE. For example, in the Netherlands there are 2 national 

collective schemes. ICT Milieu is responsible for refuse 

collection of IT and Telecommunications products, while 

NVMP collects all other categories (WEEE is divided into 

ten categories: 1- Large household appliances, 2- Small 

household appliances, 3- IT and telecommunications 

equipment,  4- Consumer equipment, 5- Lighting equipment, 

6- Electrical and electronic tools, 7- Toys, leisure and sports 

equipment, 8- Medical devices, 9- Monitoring and control 

instruments and 10- Automatic dispensers). 
 

TABLE I: RECOVERY MODELS IN EU MEMBER STATES AND OTHERS 

Model Nation 

Clearing House 

Austria, Bulgaria, Croatia, Czech Republic, 

Denmark, Finland, France, Germany, Ireland, Italy, 

Latvia, Lithuania, Poland, Portugal, Romania, 

Slovakia, Slovenia, Spain and United Kingdom. 

National Collective 

Belgium, Cyprus, Estonia, Greece, Hungary, 

Luxembourg, Malta, Netherlands, Norway and 

Sweden. 

Source: Authors 
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Both schemes operate throughout the national territory. In 

this way they can manage the collection points in the best 

way to maximize efficiency logistics. Every scheme must 

report annually the environmental performance (defined as 

amount of WEEE collected and recycled percentage) to the 

Ministry of environment which in turn will report to the 

European Commission [9]. 

The systems are usually made by non-profit organizations 

or associations of producers in the sector. Each scheme is 

responsible for the collection, transportation and treatment of 

WEEE of producers or their affiliates. They run the system of 

collection, hiring logistics operators for transportation and 

recyclers for waste treatment.  

In a national collective scheme it is still possible for a 

manufacturer decide to implement its own collection system. 

In that case, the producer must ensure that their products once 

discarded follow a return flow well configured and 

differentiated from the one used by the other producers: think 

for example the case of products which are collected into 

collection points set up by the manufacturer or by its dealers. 

If the product is discarded in common sites, where the WEEE 

is stored by category irrespective of brand, is the producer 

who decides to implement its own system of recovery and 

must ensure it can serve any public collection point. It is 

therefore necessary a very complex and extended recovery 

network; for this reason the majority of manufacturers, which 

has a return flow of their products well established and 

independent of that common, participates in collective 

schemes. 

A brief explanation of the National Collective Model is 

shown in Fig. 1. 

 

III. CLEARING HOUSE MODEL  

In the Clearing House model collective schemes operating 

in a nation are competing as they can treat the same 

categories of WEEE. Also in this case the schemes are 

responsible for the collection, transport and treatment of the 

products of affiliates and deal with logistics operators and 

recyclers in order to conduct these activities. This model is 

accompanied by a national registry with the following 

functions [9]: 

 Define and manage allocation mechanisms of collection 

points to the various actors according to criteria of 

impartiality.  
 

 
Fig. 1. National collective model. 

This assignment must respect the collection scheme fee 

(defined on the basis of the market shares of the producers as 

it will be explained shortly) and must be impartial. The 

requirement of impartiality arises from the fact that not all 

areas have the same profitability. In fact, in urban areas is 

harvested much WEEE per unit area, unlike rural areas where 

picking up a small amount of waste over a large area make 

logistics costs much higher. 

 Check that the systems fulfill their responsibilities and 

addressing the WEEE assigned. 

 Report annually to the Ministry of the environment or 

the European Community environmental performance 

obtained. 

If a manufacturer decides to implement its own system of 

recovery it must enrol in the national register and will be 

subject to the same allocation mechanism of collection points. 

Usually, producers are associated with one of the different 

schemes and are obliged to declare the kilograms of finished 

products (for each category) planning to sell in the domestic 

market during the current year. Then schemes provide data 

(grouped) to the national register which is now able to 

calculate the market share of each collective scheme by 

product category. The obligation of collection of WEEE must 

respect the market share of each system [10], [11]. 

It is important to underline that the amount of WEEE 

collected in the year may deviate significantly from quantities 

placed on the market by companies registered to them. The 

variance is mainly due to the presence of historical waste and 

orphan products. Historical waste is related to the fact that 

consumers still divest very old products (which have not been 

subjected to the directive). The amount of this refusal is 

decreasing over the years. The term orphan products refers to 

products that were manufactured by companies which are no 

longer available on the market, therefore, cannot fulfil their 

responsibility of producers by funding the operations of 

collection and processing.  

For the moment, such a discrepancy between the amount 

of WEEE collected by schemes during the year and the 

quantity placed on the market by companies is handled 

without changing the proportion (in percentage terms) 

assigned to each individual forecast-based scheme. This 

means that the absolute amount collected varies. 

We can see how the Clearing House Model operates in Fig. 

2. 
 

 
Fig. 2. Clearing house model. 
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Under the Clearing House Model, the assignment of the 

collection points, by the national register, to the individual 

schemes can be (a) periodical or (b) immediate. 

A. Periodical Assignment (a) 

In periodical assignment there are two different ways of 

dividing the territory called respectively by zone and by site. 

With periodic assignment by zone (a1) the country is 

divided into areas (regions, provinces, etc.) and all the 

collection points of each zone are assigned to the different 

collective systems over a period of time (typically one year). 

In order to give each scheme a collective amount of waste 

that reflects the predetermined market share, is needed a 

prediction of how much WEEE will be collected at each 

collection point and therefore in each area. The allocation of 

collection points for a given period arises a problem related to 

fairness among the schemes which compete in collecting 

waste. A scheme collecting WEEE in urban areas will be in 

advantage compared to a scheme that collects waste in rural 

areas as the costs for their recovery and their treatment will 

be lower at equal quantity collected.  

In the case of periodic assignment by site (a2) the single 

collection points are allocated to the various collecting 

schemes irrespective of the geographical area to which they 

belong. In order to proceed to the periodic assignment, it is 

necessary to forecast the amount of waste that will be 

collected in each collection point, while is no longer needed 

the division of zones with the same profit. It is desirable 

however, certain uniformity in the assignment of collection 

points distinguishing between urban and rural areas to 

provide a degree of equity between schemes. Therefore, a 

fundamental problem in periodic assignment is to respect the 

market share of the schemes. To have a certain level of 

efficiency in this regard, the predictions about the waste that 

will be collected must be accurate enough. 

B. Immediate Assignment by Site (b) 

In this case the assignment does not take place periodically, 

in accord to a specific timeframe, but it is immediate. When 

the single collection point is full, it is required the 

intervention of a collecting scheme to gather the waste. It is 

the national register that chooses the collecting scheme which 

at that time has the lowest collection rate. 
 

TABLE II: WEEE COLLECTION SYSTEMS CLASSIFICATION SCHEME 

Model 
Assignment of 

collection points 
Land subdivision 

National Collective Absent or by category 
Unified management of 

the nation 

Clearing House 
Periodic (A) 

By zone (a1) 

By site (a2) 

Immediate (B) By site 

Source: Authors 
 

It is of primary importance for proceeding with the 

assignment of the collection points that the national register 

knows in real-time the amount of waste collected until that 

time by each collective scheme. In this sense, it is required 

the presence of a national coordinating body recognized by 

all players in the game. 

The observations made so far concerning the two schemes 

in Europe for the collection of WEEE are summarized in 

Table II. Take into consideration that in the case of National 

Scheme model the assignment of collection points is absent 

or is made by category. This means that in a given 

geographical area there is: 

 only one operator who collects all categories of WEEE; 

 two or more operators who are not in competition 

because each of them collects only a specific category 

of WEEE. 

 

IV. A CRITICAL ANALYSIS OF THE EUROPEAN WEEE 

COLLECTION SYSTEMS 

This section of the paper presents a critical analysis of the 

two main models employed in the European Union for 

collecting and recycling WEEE. The analysis will highlight 

advantages and disadvantages of each system especially 

regarding the economic and logistical performance. 

A. Comparison between the National Collective Scheme 

and the Clearing House Model 

Let us now turn our attention to the comparison between 

the Clearing House Model and National Collective Scheme. 

It is worth noting that the ability to assess and compare in 

detail the two types of systems depends on the quantity and 

quality of available data, in particular as regards the Clearing 

House system which is a more recently implemented model. 

Moreover, the Clearing House system is a highly competitive 

model, therefore players are reluctant to reveal data about 

costs and prices charged to producers. 

The comparative analysis will be conducted by examining 

the items showed in Table III. 
 

TABLE III: MAIN VARIABLES USED TO COMPARE DIFFERENT COLLECTING 

MODELS 

Variables 
National 

Collective 

Clearing 

House 

1 - Logistics efficiency High Low 

2 - Level of complexity Low High 

3 - Impartiality Absent Present 

4 - Level of Competition between schemes Absent High 

5 - Overall effectiveness of the collecting system High Low 

6 - Overall efficiency of the collecting system   

6.1 - Economies of Scale Yes No 

6.2 - Small size of the nation's population Appropriate 
Not 

appropriate 

6.3 - Producers with well-established and 

independent return flow for each product 
Appropriate 

Not 

appropriate 

Source: Authors 

 

1) Logistics efficiency 

The logistics efficiency is certainly higher in National 

Collective model, where the scheme is responsible of the 

collection of all WEEE or certain categories of them, 

throughout the national territory. National collective scheme 

can be assigned to various service providers (i.e. transporters 

and recyclers), zones or collection points by researching the 

logistics efficiency and thereby minimizing the total costs in 

the absence of particular constraints [12]-[14]. We have to 

note that periodic assignment in the Clearing House Model 

can achieve logistics efficiency, which derives from the 

benefits of routine and data sharing, this is explained in more 

detail in section IV.B. 

2) Level of complexity 
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The literature review demonstrates that an implementation 

of National Collective is easier than build up a Clearing 

House Model. There is no doubt that the Clearing House 

model would prove to be more complex than the National 

Collective scheme because of the number of actors involved 

in recovery and treatment of WEEE. It also needs the 

presence of the national registry and the implementation of a 

model for the allocation of points of collection. This situation 

creates a duplication of infrastructure and roles, and then, 

ultimately, the emergence of additional costs for coordination 

activities [12], [14], [15]. 

3) Impartiality 

An impartiality between schemes results ultimately in a 

neutrality between producers. In National Collective 

Scheme the issue of impartiality between schemes does not 

arise as shown before. In the Clearing House Model instead, 

this problem can arise if it is not properly handled [12], [14]. 

4) Level of competition between schemes 

Clearing House system is characterized by being a very 

competitive model: the producers may choose to subscribe to 

the scheme that offers them the lower price for product 

recovery. This makes the business environment more 

nervous and brings every single scheme to a continuous 

research of optimization of production factors involved [16], 

[17]-[19]. This high level of rivalry is not present in the 

National Collective Model. The presence of many companies 

competing with each other (as it happens in the Clearing 

House Model) leads to a higher overall efficiency and 

therefore to a reduction of costs for the collection and 

disposal of WEEE. This consideration is supported by the 

analysis of the financial statements of collecting firms: in 

many cases National Schemes have higher levels of 

expenditure compared to the Clearing House model. The 

analysis of efficiency level of the two models will be detailed 

shortly. 

5) Overall effectiveness of the collecting system 

Another interesting element of comparison of the two 

systems relates to the effectiveness of the collection in terms 

of the amount of waste recycled over the total of waste 

discarded annually. The analysis of available data shows that 

National Collective schemes tend to exceed by far the 

objectives laid down by the community legislations, 

supporting an "environmental tension" based on a strong 

ethos of recycling and investing more on information to 

citizens in order to generate change in behaviour. Figure 3 

shows the number of kilograms of WEEE collected per 

person in some European countries. Note that the national 

collective systems of Norway, Sweden and Belgium exceed 

by far the target set by the Community directive of 4 

kg/capita being much more effective than those applying 

Clearing House [14]. 

6) Overall efficiency of the collecting system 

The analysis of the overall efficiency of a collection 

system is done by studying the following points. 

a) Economies of scale 

The collection and processing of waste need substantial 

infrastructure investments. To achieve a considerable 

reduction in costs, it is therefore crucial to collect and process 

large quantities of waste. From this point of view, the 

National Collective Scheme is better than the Clearing 

House Model. Indeed, in this latest model, there are many 

schemes which are competing for the WEEE to be collected 

in proportion to their market share. When there are a large 

number of collection schemes the market share of the 

collecting companies decrease. So it is better to apply a 

National Collective Model [12], [14], [15].  

b) Small size of the nation's population 

A second variable that may influence the overall efficiency 

of the system is the size of the country. The Clearing House 

system is not appropriate in small nations where the amount 

of WEEE to retrieve probably does not justify the additional 

costs of the proliferation of infrastructures and the 

duplication of functions, developing logistics costs and extra 

management due to the mechanism of allocation of collection 

points and the fragmented management of the territory. 

Therefore, in the small or lightly populated nations is better 

to apply a National Collective Model. Conversely, in large 

countries such as Germany and France, the disadvantages 

associated with the model Clearing House could be offset by 

benefits from larger amounts that are collected and with a 

strong competition between schemes; benefits in small states 

do not seem to be sufficient to support multiple schemes 

together in competition [14], [15]. 

c) Producers with well-established and independent 

return flow for each product 

 

 
Fig. 3. WEEE collected in 2012 (kg per capita) [20]. 

 

When the producers have a return flow for each category 

of WEEE the National Collective model is better than the 

Clearing House model because every product will be 

collected by a single firm [14]. 

B. Comparison between Periodical and Immediate 

Assignment  

As described previously (see Table II), in the Clearing 

House model there are two different ways for the assignment 

of collection point to the scheme namely Periodical 

Assignment  and Immediate Assignment.  We can now make 

a comparative analysis of these two methods in terms of: 

 Logistics efficiency: total cost necessary to support 

collection and disposal activities; 

 Degree of impartiality: ability of the system to ensure 

fair assignment of WEEE volumes between the various 

competing schemes; 

 System complexity related to the amount of data to be 

produced and shared among the various actors. 

Periodic Assignment presents a logistical efficiency 

greater than the Immediate Assignment. The first, makes 

possible to strengthen relationships between carriers and 

collection points, obtaining benefits from routine and 
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optimization because are known in advance the points to 

serve even if it is not known the time of collection. The 

ability to schedule the travel through the collection points and 

to define some "efficient" paths is even stronger when the 

regular assignment is accompanied by a division of the 

territory in zones (Periodical Assignment by zone) being able 

to leverage greater closeness of collection points. On the 

contrary, Immediate Assignment produces a situation in 

which none of the schemes can know in advance the place 

and the time of collection. This makes hard the consolidation 

of relations between the carriers and the points of collection 

and the possibility to operate with full load carriers. 

As regards impartiality between the schemes, Immediate 

Assignment seems better than Periodical Assignment making 

sure that (as we discussed in the previous paragraph) at any 

given moment all the schemes have taken up the same 

percentage of WEEE in relation to their share of the market. 

Periodical Assignment needs to forecast the WEEE that will 

be collected. The process of elaborating these forecasts is 

complex because requires a database of historical amount of 

waste collected and of the products placed on the market in 

the year.  
 

 
Fig. 4. Qualitative comparison between the various configurations of the 

clearing house model. 

 

As seen above, the historical WEEE is still a significant 

fraction of what is collected; there may be a substantial 

deviation between products that are placed on the market and 

waste that is collected.  

Therefore, the prediction of WEEE collected at various 

points will be an approximation of what they actually 

contribute to the return flow. At the end of the period 

(typically a year) it could happen that one collective scheme 

have collected more waste than those that were assigned 

based on its market share. In this case, the national registry 

will have to make corrections for the next year and this may 

cause an increase in costs, and will be compensated with the 

rise of prizes. This phenomenon could lead to an extreme 

situation where the collective scheme loses part of its 

members in favour of cheaper schemes. 

The last aspect we analyse is the general complexity of the 

system. For a proper performance of the Immediate 

Assignment method, it is imperative that the national register 

knows in real time the WEEE collected by each of the 

schemes. This means that it is needed the implementation of 

an efficient information system extended to the whole chain 

of recovery with strong involvement of all the stakeholders. 

This database requires constant and accurate updating of the 

data. In the case of periodic assignment is not necessary an 

information system so complex but it is important to have a 

high amount of data regarding waste collected in the 

preceding period in order to formulate more accurate 

forecasts. 

These considerations made so far about the Clearing 

House Model are summarized in Fig. 4. 

 

V. CONCLUSIONS 

In this paper we have first identified two types of 

collective schemes used in the European countries for the 

recycling of WEEE: namely National Collective Scheme and 

Clearing House Model. Considering the current situation in 

Europe, there is a ratio of 2:1 in favour of the Clearing House 

model.   

Secondly, we have conducted a comparative analysis of 

these two systems highlighting their advantages and 

disadvantages. In order to carry out this analysis we have 

identified some variables which are represented in Table III. 

We think that this framework is useful for comparing 

different collecting systems. 

Given the more complexity of the Clearing House model, 

we have also developed a second framework for a better 

comparison between the two assignment procedures which 

can be found in this model (see Fig. 4). 

These two frameworks could help in the decision making 

process of the model which better fits the specific 

characteristics of a country. It is evident that in each single 

situation the decision-maker should identify which variables 

are more relevant than the others, in other words this means 

that a specific weight must be assign to each variable. 

The proposed framework has been elaborated from a 

literature review of pertinent studies: the variables included 

are those which have a major relevance in the decision 

making process. 

However, there are other contingent factors that should be 

taken into consideration for choosing an appropriate 

collecting system.  These elements refer to the so called 

"environmental factors". For example, [15] in a recent study 

points out that the culture of recycling in a country and the 

ecological awareness of citizens are important factors in 

assessing the amount of WEEE collected in absolute terms 

and per capita. Other factors cited in the literature are: 

 impact of extension, geography and orography of the 

collection area on collection and transport logistics 

costs [21];  

 population size and density. Countries with large 

populations and/or large urban  areas can generate 

greater efficiency in harvesting operations; 

 categories of waste treated; 

 large volumes of WEEE can achieve economies of scale 

and greater efficiencies  through better rationalization 

of infrastructure and contracts with service providers 

[22], [23]; 

 country's economic development level: the more is the 

economic development, the greater is the volume of 

WEEE to dispose of; 

 labour cost. The collection, division and treatment of 

WEEE are labour-intensive operations: availability in 

terms of quality and quantity and flexibility of 

productive factors and their costs play a relevant role on 

the efficiency and effectiveness of the recovery system; 

 economies of experience; 

 suppliers availability. The ability to work with multiple 

service providers  (typically transporters and recyclers) 
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enables competition  and this leads to higher operational 

flexibility and  avoids the risk of "opportunistic 

conduct"; 

 levels of safety and quality control standards. WEEE 

recycling require appropriate safety levels and quality 

controls which may vary from country to country. It is 

obvious that a higher level of standards may result in 

higher costs. The use of more advanced technologies 

for WEEE treatment will make recycling more efficient 

in the future; for some categories of waste it will 

generate revenues that cover the related costs [8].  
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