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II 
 

Samenvatting 
 

Een stijgende hoeveelheid zwerfvuil heeft de overheid ertoe aangezet om nieuwe opties voor het 

milieubeleid te onderzoeken. Naar het voorbeeld van landen zoals Nederland en Duitsland is men 

ertoe gekomen om de weg van het statiegeld in te slaan, met als doelstelling om enerzijds de 

hoeveelheid zwerfvuil aan te pakken en anderzijds de terugname graad op PET-flessen te verhogen. 

Daardoor is OVAM een kosten-baten analyse over een statiegeldsysteem op eenmalige 

drankverpakkingen in Vlaanderen gestart. In de lijn van deze gebeurtenissen wordt in deze 

masterproef onderzocht, op basis van de analyse van OVAM, of een statiegeldsysteem op eenmalige 

drankverpakkingen theoretisch en empirisch haalbaar is in België. We zijn in deze masterproef tot 

conclusie gekomen dat door de vele onzekerheden in de analyse (o.a. de haalbaarheid van de 

doelstellingen) en de hoge kosten van het statiegeldsysteem het aangeraden is om een 

gedetailleerde analyse te maken over het PMD-systeem en deze analyse dan te verwerken in een 

meer gedetailleerde analyse van het statiegeldsysteem. Zo kan er een beter beeld gevormd worden 

over de haalbaarheid van het statiegeldsysteem in vergelijking met de effectiviteit van het huidige 

PMD-systeem.  
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1. Introduction 
 

For quite some years litter has been a growing eye sore for the inhabitants of Belgium. In a study 

conducted by OVAM (2013) they found that litter costs approximately 61,5 million euros per year for 

Flanders. Of the total volume of litter, approximately 40% consists of one-way beverage packaging. 

This makes one-way beverage packaging an excellent target for a new environmental policy against 

litter. Policymakers decided that a deposit-refund scheme for one-way beverage packaging could 

fulfil this role, as a DRS has some beneficial characteristics. Therefore they ordered a cost-benefit 

analysis of a DRS for one-way beverage packaging for Flanders. The political objectives for the DRS 

are twofold. The first objective is the reduction of litter. The second objective is to increase the 

recovery rates of one-way beverage packaging collected by selective collection. In 2015 69,2% of the 

total amount of aluminium produced, 45,3% of the total amount of steel cans produced and 81,9% of 

the total amount of PET-bottles produced were recovered by selective collection (OVAM, 2015). As 

steel and aluminium can still be recovered after being burned in an incinerator, they do not pose a 

large problem. PET however cannot be recovered. Therefore it is an ideal target for a DRS. In this 

thesis we will study if a deposit-refund scheme on one-way beverage packaging is theoretically and 

empirically viable for Belgium, based on the cost-benefit analysis conducted by OVAM (2015). 

In order to do this we will first look at the problem of litter theoretically and empirically in chapter 2. 

The extent of the costs and problems that come with litter will become clear. Next, the theoretical 

characteristics, costs and benefits of a DRS in general and a DRS for on-way beverage packaging in 

particular will be discussed in chapter 3. Various studies of the scientific literature will be used to 

form an idea of how a DRS works. It will become clear that a DRS has some very, economically, 

interesting characteristics that are inherent to its theoretical constitution. These characteristics make 

the DRS rather suitable to accomplish the two political objectives mentioned above. Aside from this it 

will also become apparent that a lot of costs and benefits of a DRS are difficult to estimate in 

practice. The reason for this is their non-monetary character. Subsequently we will look at some 

examples of cost-benefit analyses of DRS in practice in chapter 4. For this we will look at the analyses 

of three countries. Two of these countries are neighbouring countries, namely the Netherlands and 

Germany, and one of this countries is located in another part of the world, namely Israel. In this 

chapter we will discover that there is a lot of uncertainty in the estimation of the costs and the 

benefits of a DRS. The non-monetary character of the various costs and benefits causes the various 

studies to differ in their conclusions. They all find that the implementation of a DRS is very costly. 

Two of the studies even find that the DRS is cost-inefficient, namely in our two neighbouring 
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countries. Finally, in chapter 5, the cost-benefit analysis conducted by OVAM (2015) for Belgium will 

be discussed and criticised.  

We found that there are a lot of uncertainties regarding the estimations of the costs and benefits of a 

DRS for one-way beverage packaging in Flanders (and Belgium in extension) as is also the case in the 

studies of chapter four. Because of the nature of the costs and benefits not everything can be 

estimated perfectly. In terms of the two political objectives we find that a DRS for one-way beverage 

packaging can serve as a means to increase the recovery rate of PET-bottles. The result for reducing 

the amount of litter was is convincing. The reason for this is that one-way beverage packaging only 

accounts for 40% of the total volume of litter and 4% of the total pieces of litter, so that the 

implementation of the DRS only leads to a maximum decrease of 40% of the volume of litter. This 

partially accomplishing of the political objectives is accompanied by a very expensive policy. In 

addition the policy also has some negative impacts on suppliers, retailers and ultimately consumers, 

who bare the blunt of the costs as suppliers can charge their extra costs in their product prices. 

Combined with already high taxes in Belgium this could be an undesirable policy. We conclude that 

more extensive research must be conducted about the cost-effectivity of the PMD-system and that a 

more extensive cost-benefit analysis, keeping in mind the results of the research about the PMD-

system, must be made in order to make an adequate decision about the viability of a DRS for one-

way beverage packaging in Belgium. 

  



3 
 

2. The problem of litter 
 

In Belgium there has been a lot of discussion whether or not the country should adopt a deposit-

refund system on one-way beverage packaging. The main reason for this is the large amount of litter 

(of which one-way beverage packaging is a significant part of). In this chapter we will shortly discuss 

the problem of litter so that the need for a DRS, or another environmental policy, can be understood 

more clearly. First we’ll take a look at some theory about litter and secondly some statistics for 

Belgium will be discussed. 

 

 

2.1 The theory of litter: externalities 
 

The last couple of decades the economies of the western countries, and the income per capita in 

these countries, have been steadily increasing. A growing economy, growing consumption and 

growing income per capita induces a rising amount of municipal solid waste (Shafik, 1994). This can 

also be deduced from figure 2.1. Figure 2.1 presents the GDP in billion dollar, in blue, and the 

amount of household packaging on the market in kilotonnes, in green, for Belgium during the period 

from 2005 to 2015. As you can see they have both risen with an amount of approximately 100 over 

10 years. When not properly disposed of by the consumers, this household waste leads to an 

increasing amount of litter, which ultimately leads to some negative effects in both the social and 

economic sphere and also naturally on the environmental level.  

Figure 2.1 The quantity of household packaging vs GDP in Belgium (2005-2015) 

Source: Fost Plus (2015) 
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In the social sphere these negative effects are typically aesthetic costs which give people, in 

economic terms, disutility. This disutility manifests itself as a feeling of insecurity and frustration, that 

can be evoked by litter, and aesthetically meaning that litter is unpleasant to look at (it can also 

attract vermin). Because of this, people tend to avoid neighbourhoods with a lot of litter. This can 

cause an impoverishment of those neighbourhoods because less people would want to live there and 

less people would want to visit the neighbourhood for outdoor leisure activities (e.g. biking, jogging 

or taking a leisurely stroll). On the environmental level litter leads to water and soil pollution, it is 

harmful for animals and when it is cleared, it is processed in an incinerator (which is the least 

environmental way to dispose of litter in Flanders). In the economic sphere the negative effects 

mainly entitle a high disposal cost and a loss of recycled materials, which also means a loss of raw 

materials ("Zwerfvuil is niet meer van deze tijd", 2011). 

We can conclude that litter is, in fact, a negative externality to the consumption of various products 

meaning that it is an unintended and uncompensated (negative) side effect of the consumption of 

those products (Sterner, 2003). In the context of this paper it means that because a consumer of a 

product decides to litter, he causes a certain disutility for other consumers (or the society), so as to 

say a cost that is external for the consumer (or the producer of that product) and internal for society 

as a whole. The consumer (or producer) self only takes into account his own direct costs for 

optimizing his consumption (profit), the so-called private costs. If both of these costs (private and 

external costs) are summed, you obtain what is called the social costs, which are necessary to make 

decisions about socially efficient quantities of output. 

The core of the problem is thus that the private costs of the consumer are lower than the social costs 

or that the marginal private cost curve (MPC) lies below the marginal social cost curve (MSC) as seen 

in figure 2.1. Figure 2.1 shows that a consumer will consume more than the socially efficient level 

(qp>q*) and the price he pays for his consumption will be less (pp<p*) in equilibrium if the consumer 

(or producer) doesn’t take in account the external costs (e.g. as it is in a private market system). This 

may seem beneficial for the consumer or producer, but for society as a whole it can be very 

expensive. This means that, because the various costs of litter being conflicted on other persons are 

not taken in to account for the consumption price, the quantity consumed is too high and the price is 

too low in the private market system compared to the social efficient level (Field & Field, 2013). 
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Figure 2.2 Private, external and social costs 

 

 

 

 

 

 

 

 

 

 

 

*MEC = marginal external cost; here we assumed that they are rising in quantity. 

 

A solution to this problem is to internalize the external costs for the consumer or producer so that 

the marginal private costs equal the marginal social costs and so that the market equilibrium 

becomes socially efficient. This can be done by various public policies. One example is a simple 

Pigovian tax on the product equal to the external costs, but a drawback of this policy is that the 

consumers who don’t litter also have to pay for other people’s pollution. Another example is a fine 

for the littering consumers. This may seem an ideal policy but a lot of control is needed for the policy 

to be successful. A last example is a deposit-refund scheme which is the subject of this paper and will 

be discussed in the later chapters. 

We can conclude that for society as a whole there is a benefit to impose some sort of public policy 

that internalizes the external costs of products that are littered. This way the social efficient level of 

output can be reached (and the amount of litter will decrease). The only concern left for the public 

policy is that it should be a fair policy where the polluters have to pay. 
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2.2 Litter in Belgium 
 

Now that it is clear that litter has a negative effect, it is interesting to know what the scale of the 

problem is. Therefore we will now look at some statistics for litter and waste in Belgium of which the 

most important ones are summarized in table 1.1. In order to do this we will take a look at the 

findings of an OVAM1 study about the costs and quantity of litter in Flanders in 2013. In their study  

Table 2.1 Litter statistics for Belgium 

 

 

 

 

 

Source: OVAM (2013) 

 

they used an activity based costing model2, work sessions together with the various institutions in 

Flanders who are involved in litter policy and questionnaires. This was necessary because there are 

no detailed data available about litter in Flanders. They also decided to divide the Flemish cities in 4 

different groups (strata) according to their risk of litter (small and rural cities with a small risk, 

medium-sized cities with a medium risk and central cities and coastal cities with a high risk). This 

division makes it possible to have a more clear view of where collection facilities have to be provided 

or on which areas of the country a policy should concentrate more on. 

They found that in 2013 for Flanders the quantity of litter amounted to over 17 800 tons if the litter 

found in trash cans on the street isn’t taken into account which is on average 2,7 kg per capita per 

year. If the litter in trash cans is included this amounts to 25 300 tons or on average 3,9 kg per capita 

per year. The total costs of these 25 300 tons of litter were 61,5 million euros which is 0,002 % of the 

GDP of Flanders in 2013 (Eurostat, 2016). This amounts to 9,60 euros per capita and approximately 

2.420 per ton of litter. Looking at the 4 groups separately, they found that the central cities had the 

largest amount of litter with 6,7 kg per capita per year (including the litter in trash cans). Medium-

sized cities had the second largest amount with 3,6 kg per capita per year. The smallest amount per 

                                                           
1
 OVAM stands for Openbare Vlaamse Afvalstoffen Maatschappij and is the public waste agency of Flanders. 

2
 An activity based costing model is a model which has the purpose of making the manner in which the costs 

are allocated to the different involved parties comparable. 

Region of Belgium Flanders (2013) Wallonia (2007-2009) 

Quantity of litter (in tons) 17 800 6 000 

Litter per capita (in kg) 2,7 2 

Total littering costs  
 (in million euros) 

61,5 16,5 
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capita per year was found in the small and rural cities with 1,9 kg. Surprisingly the coastal cities only 

had a quantity of 2 kg per capita per year but this low amount could be a consequence of an 

incomplete dataset for the coastal cities. This presumption is confirmed if we look at the costs per 

capita. The coastal cities had a cost of 33,30 euros per capita. This is much larger than the medium-

sized cities with 6,10 euros per capita and the central cities with 9,70 euros per capita. Comparing 

with the tons per capita, it is clear that the central cities have the lowest cost per ton. The largest 

part of the costs is born by the largest group, namely the small and rural cities. They have a total cost 

of over 24 million euros which amounts to 8,40 euros per capita (OVAM, 2013). 

For the other part of Belgium, Wallonia, which is approximately 3000 km² larger than Flanders and 

has half of the population and population density of Flanders (Eurostat, 2016) there doesn’t exist a 

recent cost-analysis about litter. However some statistics are available. In 2009 there was a quantity 

of over 6.000 tons of litter in Wallonia (RDC-environnement, 2009) which equals less than 2 kg per 

capita. In 2007 there was a budget of 16,5 million euros for collecting litter found at the roadside 

("Campagne "Wallonie propreté"", 2008) and from 2016 till 2022 the government will invest an extra 

amount of 5,4 million euros yearly to diminish litter (Fost Plus, 2016). One last interesting finding is 

that litter consists for 27% of beverage cans in volume for Wallonia (Intertek RDC, 2011). In Flanders 

a similar statistic can be found. Approximately 40% of the volume of litter in Flanders consist of one 

way-beverage packaging. However in terms of collected pieces of litter one-way beverage packaging 

only accounts for 4% (OVAM 2015). This is important to know for studying the viability of a deposit-

refund scheme for one-way beverage packaging in Belgium as it represents the volume of litter which 

the DRS will target. 

We can conclude that economically the total cost of litter doesn’t seem that large in comparison to 

the GDP of Belgium but it is still a significant amount. In addition, it is striking that the costs of litter 

per capita and per ton are unevenly distributed among the different types of cities (in Flanders). The 

quantity of litter is also of a significant amount. From these findings it can be assumed that there is 

still a possibility to reduce the amount and the cost of litter and that a new policy, for example a 

deposit-refund scheme, can still have a positive impact. 

  



8 
 

3. Theoretical analysis of a deposit-refund scheme 

In the previous chapter it was shown that litter has a lot of negative effects which lead to a significant 

economic and aesthetic cost. These negative effects find their origin in an external cost that is linked 

to the consumption of goods. Taking this in consideration, it seems that the internalization of these 

external costs is a viable way to reduce the amount of litter. This internalization can be done by 

various policies and taxes, but a lot of governments choose to use a deposit-refund scheme (DRS) as 

a best-solution policy. In this chapter the literature about DRS’s and the alleged intrinsic theoretical 

advantages they have over other policies are discussed. First, the definition and some general theory 

of a DRS are explained. A link to alternative policies is also made. Subsequently, the theoretical 

advantages of a DRS are discussed. Finally, the theoretical drawbacks of a DRS are examined. 

 

3.1 Deposit-refund schemes: definition and alternatives 

Before something can be said about the costs and the benefits of a DRS, it is important to first know 

what a DRS encompasses and which advantages it has compared to alternative policies so that the 

scheme should be adopted by the government (specifically for one-way beverage packaging). That is 

why we will first say something about the definition of a DRS and then take a look at a basic graphical 

representation. Lastly, we will say something about DRS versus alternative policies. 

 

3.1.1 What is a DRS? 

A DRS is, as defined in the OECD Glossary of Statistics, “the surcharge on the price of potentially 

polluting products. When pollution is avoided by returning the products or their residuals, a refund 

of the surcharge is granted.” In principle a DRS can be looked at as a combination of a tax and a 

subsidy. If a consumer returns a used good (e.g. an empty PET-bottle) to a designated collection 

point he acquires a refund (the subsidy) as compensation for not polluting the environment. The 

consumer has in other words an incentive to not pollute. This is also called a pull incentive as the 

consumer is encouraged to have “good” behaviour. Because paying for subsidies could become very 

expensive for the policy maker and can have some negative distributional effects, the refund offer is 

linked to a deposit (a tax) that has to be paid up front. The tax also serves as an incentive to not 

pollute. This is also called a push incentive as the consumer is encouraged to not have “bad” 

behaviour. When a consumer buys a good, susceptible to a DRS, he has to pay an extra deposit above 

the normal price. If the person then decides to dispose of the good in a polluting way, he doesn’t 
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acquire his refund. The already paid deposit is at that moment a tax on the consumer for polluting, 

following the polluter-pays-principle (Bohm, 1981). 

There exist various sorts of DRS. First, there is the case of a consumer-paid system and the case of a 

producer-paid system. It is rather obvious that in a consumer-paid system a consumer pays a tax to 

the retailer or producer when he purchases a good and receives a refund when he returns the 

leftovers of the used good. In a producer-paid system the same is true with the sole difference that it 

is from producer to producer instead of consumer to retailer/producer. For the analysis in this paper 

it does not really matter if it is a consumer- or producer paid system. Second, there are market-

generated DRS and government-initiated DRS. A market-generated DRS is a system that is initiated 

by the producers or the sellers. Their reasons for initiating can be split in two main avenues: 

increasing the demand for their product3 or reducing their production costs by reusing the returned 

used goods. An important drawback of the market-generated system is that spontaneous systems for 

beverage packaging are unlikely to be Pareto optimal (Bohm, 1981). Therefore the concentration of 

this thesis will be on government-initiated DRS. 

 

3.1.2 A basic graphical analysis of a DRS 

Now that we understand the definition of a DRS better we can make a basic graphical analysis. It was 

already shown in Figure 2.1 in chapter 2 that a DRS should serve to close the gap between marginal 

private costs and marginal social costs. This will lead to a lower quantity consumed at a “higher” 

price, but at a social efficient level. From this we can deduce that there should exist an optimum level 

of the deposit and the refund such that the social efficient level can be reached. Next we can also 

show that there exists a socially optimal level of waste that may be disposed of in the final 

environments.  

Figure 3.1 depicts a marginal abatements costs curve (MAC), which captures the costs of cleaning up 

an additional unit of litter, and a marginal damages curve (MD), which captures the extra damage (in 

terms of euros) of an additional unit of litter to the social welfare. It can now be shown that the 

optimal level of waste W* is at the point where the MAC and the MD are equal to one another. To 

the left of this point the costs of reducing litter are higher than the benefits of less damage 

(MAC>MD) which would mean a net loss of economic welfare to society. To the right the benefits of 

                                                           
3
 Bohm (1981) argues that a refund offer on product may insinuate to the consumer that the product or a part 

of the product has a higher than expected durability which may set the product apart from products of 
competitors. 
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reducing litter are higher than the costs (MAC<MD) such that it is beneficial for society to reduce 

litter (Field & Field, 2013). Now suppose that the economy at the moment has a quantity of waste 

equal to W1, so there is already some recycling and litter reducing amounting to W0-W1, then it is 

clear that W1-W*,is the level of waste that needs to be the target of the DRS. 

Figure 3.1 Optimal level of waste 

 

 

 

 

 

 

 

 

 

(1) Optimal waste to final disposal 

(2) Waste that should be diverted from disposal in the environment via DRS 

(3) Actual recycling and source reduction 

Source: Pearce & Turner (1993) 

 

We can now combine these optimal levels of deposit (D), refund (R) and waste into one figure. Figure 

3.2 shows the effects of a government-initiated DRS. The PR-curve represents the propensity of 

consumers to return a used good or the social marginal costs of consumers who return their used 

products. The curve is rising because a higher deposit or refund would give more consumers an 

incentive to return their used products. The PR-curve starts at the litter level of W1 because that is 

the maximum level of litter not recycled by society (as seen in figure 3.1) and stops at Wa. That is the 

level where all used goods are returned and there is no litter. The variables Ex and V stand for 

respectively the social costs of litter (for example aesthetic cost) and the net reuse value of the 

returned goods. This makes the (Ex + V)-curve the social marginal benefit of the costs savings by 

reducing litter. In the social optimum W* the social marginal costs equal the social marginal benefits 
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(PR = Ex + V). As you can see the optimal deposit is equal to the Ex and the consumers receives a 

refund equal to R + Ex. An amount of W*of used goods are returned and Wa-W* is the optimal 

quantity of waste that can be littered (this is equal to W* in figure 3.1). 

Figure 3.2 A government-initiated deposit-refund scheme 

 

 

 

 

 

 

 

 

 

Source: adapted from Pearce & Turner (1993) 

 

Figure 3.2 also makes it clear why a market-generated system wouldn’t always work. If we assume a 

profit maximizing producer, it is intuitively evident that this producer would want to use the reuse 

value of the returned goods to reduce his producing costs. Therefore he could start his own DRS, but 

for this DRS to be profitable for the producer he would offer a refund that is smaller than the reuse 

value of the returned good (R<V). If we assume a utility maximizing consumer, it is intuitively clear 

that this consumer would return his used good if the costs of returning the good are smaller than the 

refund4. Otherwise he would decide to litter. It is now obvious that if V < Ex + V the social optimum 

will not be reached in a market-generated system and that the government should intervene. 

 

                                                           
4
 If C

i
d is for the consumer the cost of littering his used goods and if C

i
R is for the consumer the cost of returning 

his used products, then the consumers for whom C
i
R - C

i
d < R will return their used goods and the consumers for 

whom C
i
R - C

i
d > R will choose not to return their used goods (Bohm, 1981). 
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3.1.3 DRS and alternative policies 

From the definition of a DRS it is clear that a DRS can be used to tackle the negative externalities that 

originate from polluting (or litter consisting of, inter alia, one-way beverage packaging). The external 

costs of polluting are internalized through the workings of the DRS in order to give an incentive to 

not pollute (as described in chapter 2.1). However, this internalization can also be accomplished by 

various alternative environmental policies such as product charges, subsidies and 

regulation/prohibition of disposal. So, why should the government opt for a DRS, specifically if the 

DRS is applied to one-way beverage packaging? There are several reasons for this of which the most 

prominent are that a DRS gives a greater economic incentive to dispose “properly” of a used good 

and that a DRS is more cost-effective. Now we will contemplate about three other possible 

contenders with a DRS. These contenders are also the policies that are most compared with a DRS in 

the various studies that handled about their differences. 

Via product charges5, or a Pigovian tax, it is also possible for the government to internalize the 

external costs and equalize the social costs to the private costs (cf. Chapter 2). This tax, however, 

does not reduce litter in a similar extent as a DRS, which is ultimately the purpose of the 

environmental policy in this paper. The reason for this is that the tax doesn’t give an incentive to the 

consumers to dispose of their used goods in a ‘proper’ way. The consumers only pay beforehand for 

the external costs of litter caused by littering consumers. Supplementary, the tax causes the 

consumer prices to rise and the producer prices to fall which leads to a loss of consumer and 

producer surplus6. A last remark is that a Pigovian tax does generate revenue for the government, 

and that this revenue could be used to clean up litter (this is called earmarking), but this is not 

socially desirable. This is so because the external costs for litter are also born by the non-littering 

consumers which is not the case in a DRS. 

The government could also opt for a subsidy for returning used goods to a collecting point. This 

policy now does give an incentive the consumers to dispose of their used goods in a “proper” way, in 

contrast to a Pigovian tax. So a subsidy can result in a same amount of reduction of litter as with a 

DRS. In addition the administrative costs of a subsidy are smaller because the government doesn’t 

have arrange the deposit part of the DRS. Nevertheless there are some drawbacks which make a 

subsidy less appealing than a DRS. First, the subsidy induces a decrease of the consumer price, for 

the consumers who return the used good. Subsequently this causes these consumers their demand 

for the good to increase and leads ultimately to an increase of the consumer price. This would mean 

                                                           
5
 A product charge is a tax on all products equal to the average of the marginal external costs that are not 

covered by the product price 
6
 The loss of consumer and producer surplus is higher if the demand and cost curves are more elastic. 
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a loss for the consumers for whom the costs of returning the used good and earning the subsidy are 

higher than the costs of disposing the good and for whom the price increase would be too large in 

comparison to the net value of the subsidy (Bohm, 1981). Secondly, the taxpayer also loses because 

they have to provide the money for the subsidies. Lastly, the producers win from the subsidy because 

of the increased demand and price. Next to these undesirable distributional effects comes the 

problem that a subsidy is politically more difficult to implement than a tax because of the budget 

constraint of the government. 

A last possible alternative that we will discuss is strict regulation and prohibition of disposing of used 

goods “wrongly”. The government could set very large penalty on littering. This could also lead to a 

decrease of litter, however a lot of enforcement and monitoring is needed for the system to work. 

Especially with regards to litter which is spread out across the country. The enforcement and 

monitoring would also cost a comprehensive amount and not all littering consumers would be 

caught. The result of this is that again the taxpayers will have to bear the brunt of the costs while not 

all litterers are fined. This makes a DRS more desirable for the government. 

Of course these three contemplations are intuitively clear and rather obvious, yet there are still other 

policies or other factors that could affect the status of a DRS of being optimal in certain situations. 

Therefore there have been numerous studies about DRS versus alternative policies. In these studies 

the researchers discuss different applications of DRS ranging from policies on the use of virgin raw 

material in product production to recycling of lead from automobile to policies against the illegal 

disposal of aluminium steel and glass products. In general these studies found that a DRS is often 

economically optimal and that it is theoretically an optimal fee structure (Dobbs, 1991; Fullerton & 

Kinnaman, 1995; Palmer & Walls, 1997; Shinkuma, 2000). Also in the empirical field a DRS was 

proven to be more desirable than various other policies, taking into account simulated waste 

reduction target costs (Palmer, Sigman, & Walls, 1997; Sigman, 1995). 

It is clear now that a DRS is an interesting policy for fighting litter. It’s two main advantages are that 

the system can give a greater incentive to not pollute and that such a system can protect consumers 

that don’t pollute against money loss of other environmental policies that do not abide as much to 

the polluters-pays principle (for example product charges). Now we can take a look at the benefits 

and costs of DRS. 
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3.2 The benefits of a DRS 

This part of the thesis discusses the various direct and indirect benefits of a DRS. These benefits are 

mostly evident, hence they will only be discussed shortly. Although the nature of the various benefits 

is rather obvious, it will become clear in this chapter that calculating the extent of these benefits in 

practice is a more difficult task. 

 

3.2.1 The main benefits of a DRS 

There are 3 main benefits of a DRS. The first and foremost benefit is of course the reduction of litter 

and the increase of the recycling rate. This is an obvious social benefit of the scheme as it is the 

purpose and objective of implementing a DRS. As this benefit was already discussed extensively in 

the previous chapters (see figure 3.2) we will not dwell any longer on the theoretical inner workings. 

Still, one most important thing to remember from this figure is that the amount of returned used 

goods rises –and thus the amount of litter decreases- when a higher deposit/refund is 

charged/offered. 

A second benefit of a DRS is the value of the returned used product. This is a benefit for the producer 

of the good as the material of the used product (e.g. the plastic of a PET-bottle) or the used product 

itself (e.g. a glass bottle) can be reused in the production process. Reusing the used materials cuts 

the production costs which can lead to a larger profit. This can also be a social benefit in terms of 

using less raw materials in the production process. Reusing materials ensure that the natural 

resources used to produce these materials are depleted less quickly. Next to this, we also have to 

consider that mining and processing of natural resources can be very polluting and that refilling for 

example plastic bottles means that less waste is generated/processed such that reusing used 

materials can also have an environmental benefit7
 ("Milieu impact", 2015; "Olie- en gaswinning", 

2016; WGEA, 2010). 

A third benefit of a DRS is the money earned because consumers don’t return their used products. 

That way the system doesn’t have to pay a refund and can keep the deposit. Depending on the 

organization of the system the deposit can be kept by the government (the organizer of the system) 

or the supplier or both of them. Normally, the deposit would go to the government who would then 

                                                           
7
 Although reusing plastic instead of burning it can lead to a reduced emission of CO2, some critics allege that 

reusing plastic materials is not cost effective economically (in the EU). They say that the costs of collecting, 
recycling and processing plastic is too high in comparison with just burning it (Dijkgraaf, Gradus, van Koppen, & 
Nillesen, 2016). 
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reinvest the money in cleaning up litter (in the case of one-way beverage packaging) or would use it 

to finance the DRS8. However, the implementation of a DRS can have some negative effects on 

suppliers and in this case the unredeemed deposits can be given to the suppliers to mitigate for 

these negative effects (Numata, 2009).  

While the first benefit can be regarded as a direct benefit of the DRS, the second and third benefits 

can be regarded as a more indirect benefit of the scheme. However this is not the only difference 

between them. It is clear that the first benefit is calculated in terms of volume of litter reduced and 

the benefit this has for society while the second and third benefits are calculated in monetary terms. 

This can give some problems when composing a cost-benefit analysis. 

 

3.2.2 The problems when calculating the benefits of a DRS in practice 

When a government is debating to implement a new policy, they often compose a cost-benefit 

analysis to have a better view on what they should decide. In practice the cost-benefit analysis is 

expressed in monetary terms such that it is easy to compare the report to another analysis. This can 

lead to some problems as not every benefit is expressed in monetary terms. 

For the second and third benefits discussed in the previous part of this thesis there is no problem as 

they are already expressed in monetary terms. For the first benefit, however, there is a problem as it 

is expressed in terms of the amount of benefit the inhabitants of the country have because of the 

reduction of litter. To implement this benefit in the cost-benefit analysis it should be converted to a 

monetary amount and that is where the problem lies. The benefit the inhabitants of a country have 

because of the reduction of litter is very subjective and differs from person to person. 

The solution is to look at the people’s willingness to pay for, in this thesis, reducing litter. As 

described in Field & Field (2013) and probably a lot of other economic books, there are essentially 

three ways to discover the willingness to pay of the people. Because they are basic economic 

knowledge we will only discuss them shortly. First you could look at the expenditures the people 

themselves have made to reduce litter near their house. These expenditures reveal how much 

people are willing to pay to live in a clean neighbourhood. Secondly you could look at the difference 

in house prices. Houses in regions with a lot of litter could be a lot cheaper than houses in regions 

with almost no litter because they are less desirable to live in. Thirdly you could ask the people about 

their willingness to pay directly via a survey or a questionnaire. This method has some freeriding 

                                                           
8
 The reinvesting of the money in the purpose of the system is also called earmarking. 



16 
 

problems though as people could have an incentive to state a willingness to pay lower or higher than 

their actual willingness to pay in an attempt to manipulate the results of the survey. The first two 

methods are also called revealed preference methods while the third method is called a stated 

preference method. 

Aside from looking at the willingness to pay of the people there is another method which is often 

used to calculate the benefits of the reduction of litter. If you assume that people want as little as 

possible litter then you can assume that the government will have to clean up litter as good as 

possible. This can bias the revealed or stated willingness to pay of the people as the collecting of 

litter becomes a public good and more remote for the people. This can lead to some free rider 

behaviour. In this situation it would be reasonable to look at the differences in cleaning costs for the 

government before the implementation of a DRS and cleaning costs after the implementation. The 

difference between them could then be regarded as the benefit of the scheme. 

From this part of the thesis it has become clear that there are many methods to calculate the benefit 

of the reduction of litter. The difference between these methods is important as it could influence 

the results of a cost-benefit analysis. Therefore it is interesting to see and make note of the method 

an analysis has used. Aside from benefits, costs are, of course, also important for a good cost-benefit 

analysis. In the next part we will take a closer look to the costs of a DRS. 

 

3.3 The costs of a DRS 

The purpose of implementing a environmental policy is mainly generating some sort of benefit for 

society by giving an incentive to change the people’s behaviour, for example littering behaviour. This 

doesn’t mean that costs don’t have an important role for the implementation of the policy. 

Sometimes they can be more important than the benefits for the policymakers as they have a limited 

budget and therefore require a rather cost-effective policy. This is especially true in the case of a 

DRS. Although a DRS is one of the best incentive-based system, one of its largest disadvantage and 

point of critique is that it has tremendously high costs. These high costs can make a DRS less 

attractive, especially when there are other low cost alternatives9. In this part we will take a closer 

look to these costs. First something will be said about the direct costs of the scheme, namely the 

start-up costs and the operating costs. Next, something will be said about the indirect costs of the 

scheme. We will see that these consist mainly of a loss of consumer surplus and some negative 

effects for suppliers. 

                                                           
9
 For example a product charge or a subsidy as seen in 3.1.3 
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3.3.1 Direct costs of a DRS 

Implementing a DRS for one-way beverage packaging is very costly. The reason for this is the way 

that the system has to be organised and the large start-up costs. We will now discuss concisely how a 

DRS is organized in order to get an idea of how high these costs could be. A more detailed discussion 

about the organization of a DRS, based on the preferred scenario for Flanders (OVAM, 2015), can be 

found in Appendix A. This can serve as an illustration of the administrative complexity of a DRS. 

In order to implement a DRS, first a number of collection points have to be designated. Here we have 

to keep in mind that consumers will only return their used bottles if their return costs are lower than 

their littering costs (see 3.1.2). This means that a sufficient amount of collection points have to be 

designated, as travelling costs are also a substantial part of the return costs. In practice in the 

preferred scenario for implementing a DRS in Flanders this means that all distribution centres 

(retailers) with a net selling area larger than 400m2 are required to take part in the DRS (OVAM, 

2015). These collection points often have to install a reverse vending machine (RVM). These RVMs 

cost more than 15 000 euros and have some fixed operating and maintenance costs. They also 

occupy a lot of space. In other words, installing these RVMs signifies a large financial effort for the 

retailers. Next, the collected bottles have to be transported to a more centralized collection point 

where they can be counted and recycled. Finally the retailers have to be compensated for the refund 

that they paid for the returned bottles. 

It is now clear that a DRS can have high start-up and investment costs and a substantial amount of 

administration costs for the smooth running of the system and directing the different entities that 

take part in the system. These costs are born by the government and the suppliers/retailers. They are 

however rather obvious and easy to calculate. We will now take a look at the not-so-obvious indirect 

costs for the consumer and the suppliers. 

 

3.3.2 Costs for the consumers 

Intuitively implementing a DRS should not signify any costs for a consumer as he pays a deposit and 

receives the same amount when he returns his used goods such that the exchange is cost-neutral. In 

reality, however the opposite is true. When a DRS is implemented this encompasses various indirect 

costs for the consumer.  

A first cost for the consumer is an opportunity and inconvenience cost. Because of the DRS the 

consumer has to bring his used bottles to the collection points in order to earn back his deposit. This 
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verges money for the transportation and time that could be used better otherwise. The extra use of 

transportation caused by the DRS could also lead to more air pollution and a greater risk of traffic 

congestion. Because of the technical needs of the RVM the consumer also needs to pay attention 

that he doesn’t damage the used good such that the barcode the returned good is still readable by a 

barcode scanner (Fost Plus, 2015). This means that the consumer will lose some of his refunds 

because of a damaged used good on the one hand and that he we lose some space because of an 

increase in volume needed for storage of his used good on the other hand. In the case of bottles and 

cans without a DRS, for example, you can just crush the used bottle or can without paying attention 

to the barcode so you can store as many as you can in one trash bag. If there is a DRS however, you 

cannot crush the used bottle or can. As a result, a much larger space is needed to store the same 

volume of used bottles or cans that could fit in one trash bag when there wasn’t a DRS implemented. 

These inconvenience costs are of course “minor” costs for the consumer. The largest cost he suffers 

because of the DRS is the loss of some of his consumer surplus. 

To make things simple we will describe the loss of consumer surplus because of the implementation 

of a DRS graphically in figure 3.3. For this analysis we predicate ourselves upon the studies of 

Naughton, Sebold & Mayer (1990) and Pearce & Turner (1993) who both used the same albeit 

Figure 3.3 Loss of consumer surplus 

 

 

 

 

 

 

 

 

 

Source: adapted from Naughton, Sebold & Mayer (1990) and Pearce & Turner (1993) 
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slightly different figure and analysis. We start in the situation where a DRS hasn’t been implemented 

yet in point (Q0,P0). The application of a DRS causes the costs or marginal total price of the 

consumers to increase to P2. On the figure we can clearly see that the increase of the price for the 

consumers is twofold. On the one hand P1-P0 represents the increase in the money price of the good 

because of the extra deposit on top of the normal product price. On the other hand P2-P1 represents 

the increase in inconvenience costs, as we already described them earlier, because of the 

implementation of a DRS. As a result of this higher price the consumers lower their demand for 

beverages to Q2. We end in point (Q2, P2). As is well known in economics, a lower demand and a 

higher price combined with elastic demand leads to a loss of consumer surplus. This is where the 

studies vary lightly. Naughton, Sebold & Mayer (1990), on the one hand, argue that area B + D 

represents the dead weight loss, that area C represents the loss of surplus due to continued 

consumption at a higher price and that area A represents the loss because of the extra inconvenience 

costs that are linked with the DRS. On the other hand, Pearce & Turner (1993) do not consider area 

A, or the inconvenience costs. They argue that the consumers will adjust to returning and storing 

used goods over time and that through this their inconvenience costs will lessen and ultimately 

practically disappear. 

The difference between the two analyses may seem small, but in practice it can have enormous 

implications. Leaving the inconvenience costs out can make a cost-benefit analysis more favourable 

towards a DRS. However, the loss in consumer surplus due to an increase of the product price can be 

easily calculated in contrast to the inconvenience costs which are more of an arbitrary nature. This 

means that leaving out inconvenience costs could make different cost-benefit analyses from different 

countries more comparable. A counter argument to this could be that there are vast dissimilarities 

between the inconvenience costs for consumers of densely populated countries, where consumers 

don’t have to travel far to return their used goods, and less densely populated countries, where 

consumers have to travel far in order to return their used goods. We can conclude that it is 

interesting to take note of the different ways that the loss of consumer surplus is calculated in the 

various studies. Now we will take a look at the indirect costs for suppliers due to the implementation 

of a DRS. 
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3.3.3 Costs for the suppliers 

Apart from the initial investment in RVMs and other necessities for a DRS and the maintenance costs 

to keep the system operating, as discussed in 3.3.1, there are two other additional costs that a 

supplier faces when a DRS is implemented (Kansai Council, 2003). First there is an increase in 

collecting costs as a result of the increase in the returned volume of for example used bottles. The 

increase in returned volume can lead to extra costs because the suppliers have to reserve more 

storage space among other things. Second, the implementation of a DRS a decline in sales. The 

reason for this is the elevated product price as a result of the deposit. If you consider that in practice 

the standard level of the deposit amounts to 25 cents per bottle and that the average beverage costs 

less than 1 euro, then this means that there is a 25% increase in purchasing price. This could result in 

a decreased demand for beverages, especially for the households that are less well-off and have 

more need of cash money in the short-run. 

These costs for suppliers could result in heavy opposition and lobbying of suppliers against a DRS. 

There exists some ways to mitigate these costs however. One way would be to allow the retailers to 

keep the unredeemed deposits as profits. Another way would be that the government pays a 

handling fee to the retailers in proportion to the volume that they collected. In the optimal situation, 

where the deposit is equal to the negative externality, the government should collect the 

unredeemed deposits and pay a handling commission to mitigate for the supplier’s costs (Numata, 

2009). 

From this part of the thesis it has become clear that there are also many ways to calculate the costs 

of a DRS. Now that we understand the costs, benefits and inner workings of a DRS, we can make a 

clear picture of the theoretical background and expectations. This will help us in further analysing the 

DRS in practice. In the next chapter we will take a look at and compare various cost-benefit analyses 

of DRS around the world. 
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4. Empirical studies about deposit-refund schemes 

Because of the theoretical advantages inherent to DRS, referring to the way a DRS internalizes the 

external costs of littering, DRS on one-way beverage packaging are very popular and widely applied 

in different countries around the globe. Knowing this, this could potentially be a wealth of 

information for countries who are looking to implement a DRS and are thus conducting a cost-benefit 

analysis. Therefore this chapter will handle different studies about DRS in different countries. First 

we will look at countries close to Belgium like the Netherlands and Germany. Subsequently we will 

examine one other country in the world, namely Israel. Not all countries have extensive cost-benefit 

analyses available therefore some countries will only be discussed superficially. 

When analysing the studies we will pay attention to various economic and demographic indicators in 

order to see if there could be a some sort of connection between them and the result of the analysis. 

However we should tread with caution as a connection does not mean that there is a causal relation 

between these variables. A connection could only give an impulse to initiate possible further 

research. We will also pay attention to the manner in which the various studies calculated the costs 

and benefits so that we can compare them to one another.  

 

4.1 DRS in the Netherlands 

The Netherlands is a neighbouring country of Belgium. For the cost-benefit analysis an analysis 

executed in 2011 will be used. Therefore we will use statistics from the year 2011 to describe the 

situation in the Netherlands. These statistics can be found in table 4.1, while more detailed statistics 

for different years can be found in appendix B. The Netherlands is a country with a land area10 of 

almost 34.000 km2. Of these 34.000 km2 approximately two-thirds are rural land area and a third are 

urban land area. However, when you look at the population of the Netherlands, which is close to 17 

million people, you notice that only 12% of the total population lives on rural land area while 88% of 

the total population lives on urban land area. As a result of this the population density per square 

kilometre is only 94,8 in rural areas and 1145 in urban areas. On average this leads to a population 

density of 495 for the whole land area of the Netherlands. This observation is important for the 

analysis because transport costs are a large inconvenience cost for consumers when a DRS has been 

implemented, as we already said in chapter 3. If we assume that there are more collection points for 

                                                           
10

 Land area is defined as the area of a country that is not submerged. This means that rivers and lakes, for 
example, are not included. 



22 
 

used beverage packaging in densely populated areas, and that there is thus a higher chance that the 

consumer lives close to a collection point in densely populated areas, then this means that more 

Table 4.1 Some statistics about the Netherlands 

The Netherlands 2011 

Land area (sq. km) 33 730 

Rural land area (sq. km) 21 411,86328 

Urban land area (sq. km) 12 802,99316 

Population, total 16 693 074 

Rural population  
(% of total population) 

12,163 

Urban population  
(% of total population) 

87,837 

Rural population 2 030 379 

Urban population 14 662 695 

Population density  
(people per sq. km of land area) 

495,0496441 

Rural population density  
(people per sq. km of land area) 

94,82496 

Urban population density 
(people per sq. km of land area) 

1 145,255 

GDP at market prices  
(constant 2010 US$) 

8,50355E+11 

GDP per capita, PPP  
(constant 2011 international $) 

46 388,29359 

Source: The World Bank (2016) 

 

people living in the densely populated areas (also the urban areas) leads to lower transport and 

inconvenience costs for consumers. The opposite is also true, if more people live in the uncrowded 

(rural) areas, then this leads to higher transport and inconvenience costs as they probably have to 

travel further to a collection point. Of course you could argue that these collection points are often 

supermarkets and that thus the consumers could combine their weekly grocery trip with the 

returning of their used beverage packaging, so that there isn’t an increase in transport costs. 

However, this will still lead to an increase in inconvenience costs as the consumers have to store 

their used goods at their home (see 3.2.2). 

The DRS on one-way beverage packaging of the Netherlands covers PET-bottles. There is a deposit 

and refund of 0,25 euros for each purchased bottle. The foundation of the system has been laid in 
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2005 with the law “Besluit beheer verpakkingen en papier en karton” (2005, 24 March). The system 

itself entered into force on 1 January 2006 ("Veelgestelde vragen over statiegeld - Een Echte Held 

Kiest Statiegeld", 2016). In order to consider the effectiveness of the system, we will first take a look 

at packaging waste statistics of the Netherlands. These can be found in figure 4.1 which shows the 

amount of packaging waste that is generated yearly and how much of this amount is recovered and 

recycled yearly. Keep in mind that a good system leads to an increase of the recycling and recovery 

rate. 

Figure 4.1 Packaging waste (in tonnes) in the Netherlands (2004-2013) 

 

Source: Eurostat (2016) 

 

As you can see not much has changed since 2004 in terms of the amount of packaging waste that is 

recycled. However if you look closely, you can remark that the total amount of packaging waste 

generated has dropped since 2006, which coincides with the implementation of the DRS. As a result 

of this the recycling rate has risen. In 2005 the recycling rate was 59% while in 2011, the year in 

which our chosen study was conducted, the recycling rate was approximately 72%. The recovery rate 

was already high and also increased a little bit after the implementation of the DRS. We can conclude 

that the DRS must have had a positive impact on the recycling and recovery rate. Now the question 

that remains is if the DRS has had a beneficial effect for society. 

In order to answer this question we will use a study carried out by van Velzen (2011). He calculated 

the various costs of a DRS in the Netherlands. The organization of the DRS in the Netherlands will not 

be considered in this thesis, however, a schematic overview can be found on figure B.5 (in Dutch) in 
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Appendix B. The costs are reviewed in linear order, from producer to retailer to consumer and back 

to the collection point, as was done in the paper.  

About the costs for the producer there is no discussion as they are evident. The costs for material 

use, energy use and various taxes are all accounted for. Taxes on non-returned bottles are counted 

as benefits. After the production of the bottles they are distributed to the retailers who sell them to 

the consumers. It is striking that the possible loss of profit because of a decrease in sales (see 3.3.3) 

are not calculated. For the consumer costs only the extra transport costs and costs of the related 

energy use are estimated. So no other inconvenience costs for the consumer are taken into account 

and the loss of consumer surplus is completely ignored. In order to calculate the transport and 

energy costs van Velzen assumed that approximately 75% of the consumers goes grocery shopping 

by car and that 1% of these 75% can be attributed to the DRS. Then he calculated the costs and 

energy use for this 1% for the average travel distance, which was 5%. The used bottles are collected 

via the retailers who act as a collection point. This means costs for the retailer in terms of RVM’s11 

(see 3.3.1), maintenance and operating costs and storage costs. In order to calculate these costs the 

return rate is needed. The return rate is estimated to be 95%. Next the transport costs to the 

counting and processing centres and the operating and storage costs of these centres are calculated. 

The benefits of the DRS are calculated as the positive environmental effect because of the DRS. This 

effect is estimated as the energy that is saved because of the reuse of the returned bottles. So the 

positive impact on society of less litter is not regarded. 

The conclusion of van Velzen (2011) were as follows: the Dutch DRS costs approximately 40 million 

euros per year, the energy that is saved because of the DRS amounts to a benefit of approximately 

34 million euros per year. This means that the DRS is to costly and thus not cost-efficient. However 

some nuances and insecurities have to be considered. First, the supplier costs, consumer costs and 

litter benefits that were not taken into account (as discussed in the previous paragraph). Second, the 

return percentage that was estimated on 95%. Van Velzen argues that the percentage could equally 

well be 96 or 97%. Although the difference may seem small, this could mean a 5-10% influence on 

the costs. Finally, the various wages, prices and storage costs that were used could differ in reality. 

 

 

                                                           
11

 The cost for a RVM is set as 14 500 euros per piece. 
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4.2 DRS in Germany 

Germany is another neighbouring country of Belgium. For Germany we will use a study made in 

2007. Therefore we will use statistics of the year 2007 found in table 4.2 to describe the situation in 

Germany. More detailed statistics for different years can be found in Appendix C. Germany is a much 

larger country than Belgium or the Netherlands with its 350 000 km2 land area. Of these 350 000 km2 

of land area approximately four-fifths consist of rural land area and only one fifth consist of urban 

land area. Of the total population of Germany 26,3% live in the rural land areas, while 83,7% live in 

the urban land areas. This is a huge difference compared to the Netherlands where the rural land 

Table 4.2 Some statistics about Germany 

Germany 2007 

Land area (sq. km) 348 570 

Rural land area (sq. km) 291 859,2188 

Urban land area (sq. km) 62 374,19922 

Population, total 82 266 372 

Rural population  
(% of total population) 

26,305 

Urban population  
(% of total population) 

73,695 

Rural population 21 640 169 

Urban population 60 626 203 

Population density  
(people per sq. km of land area) 

235,9433619 

Rural population density  
(people per sq. km of land area) 

74,146 

Urban population density  
(people per sq. km of land area) 

971,976 

GDP at market prices  
(constant 2010 US$) 

3,44156E+12 

GDP per capita, PPP  
(constant 2011 international $) 

40 709,97116 

Source: The World Bank (2016) 

 

area was, relative to the urban land area, much smaller and where there was a much smaller rural 

population. Also notice that the population densities are also smaller. As we said in part 4.1 of this 

thesis, this could lead to higher transport and inconvenience costs for consumers under a DRS as 

they probably have to travel further to a collection point. However, there can also be argued that a 

country with such a large uncrowded rural land area would have much difficulties and high costs to 
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adopt another system where strict regulation and monitoring is important. As a result a DRS is a 

valuable alternative as no strict monitoring is needed to make the system work efficiently. 

The DRS of Germany covers all one-way beverage packaging and the deposit amounts to 0,25 euros 

per purchased good ("Beverage packaging and Zero Waste", 2010) . The foundation for the system 

was laid in 1991 with the “Verpackungsverordnung” (Packaging Ordinance). The DRS itself only 

entered into force in 2003, more than a decade later ("DPG Deutsche Pfandsystem GmbH - History of 

the DPG", 2016). Since then some amendments have been made. Before we discuss the results of the 

study, we will again first consider some packaging waste statistics for Germany. These can be found 

in Figure 4.2. The first thing that is striking, when looking at the figure, is that the amount of 

packaging waste that is recycled has remained rather stable over time. However, the recycling rate 

Figure 4.2 Packaging waste (in tonnes) in Germany (2001-2013) 

 

Source: Eurostat (2016) 

 

was already higher than 70% before the implementation of the DRS. Also the total amount of 

packaging waste has remained stable over time, despite a growing economy (see figure C.3 in 

Appendix C). This can be accounted to an increase in the usage of reusable bottles which leads to less 

production of packaging waste. The last remarkable observation on the figure is that the recovery 

rate was very low from 2001 to 2005, certainly in comparison with the Netherlands. However, after 

the implementation of the DRS in 2003 it has started to rise to a high level. The DRS has ensured that 

nowadays 98,5% of refillable bottles are returned by consumers, which is the highest return rate in 
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the world ("Beverage packaging and Zero Waste", 2010). In this regard the DRS in Germany has 

certainly been effective. Now we will take a look if the DRS in Germany in other areas as well. 

In order to do that we will use a study conducted by Thörner, Schütz and Moto (2007). They 

investigated whether or not the DRS on non-refillable beverage packaging has fulfilled the political 

objectives. We will now shortly discuss their most important conclusions. First and foremost littering 

is not significantly reduced. As can be seen in figure 4.3 there are no statistically significant difference  

Figure 4.3 Waste quantities from street cleaning in selected cities in Germany (1997-2005) 

 

Source: Thörner, Schütz & Moto (2007) 

 

in waste quantities in German cities between 1997 and 2005. However there should be noted that 

there are almost no beverage packaging susceptible to the DRS to be found. Second, the reduction of 

emissions and energy consumption because of the implementation of the DRS is not significant. 

Third, almost all costs for suppliers and retailers are ultimately passed onto the consumers. Fourth, 

the DS has negative effects on the profits of beverage packaging producers, which leads to job loss. 

Finally, the DRS is highly cost-inefficient if you look at it as a way to reduce CO2 emissions. The total 

costs of the system amount to 640 million euros while the reduction of CO2 emissions amounts to 

only a reduction 0,5 million tonnes. This would make the DRS one of the most expensive measures 

against CO2 emissions with a cost of 1300 euros per ton reduction of CO2. We can conclude that also 

in Germany the DRS is highly cost-inefficient. 
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4.3 DRS in Israel 

Before we consider a DRS in Belgium we will discuss one last country with a DRS that is not located in 

Europe, namely Israel. For Israel we will use a study conducted in 2010 and therefore we will first 

take a look at some demographic indicators from Israel in the year 2010. These indicators can be 

found in table 4.3. Some more detailed statistics for different years can be found in Appendix D. 

Israel is a relative small country with only 21 500 km2 of land area. Of these 21 500 km2 of land area 

approximately three-quarters are rural land area and one quarter are urban area. However, in 

Table 4.3 Some statistics about Israel 

Israel 2010 

Land area (sq. km) 21 640 

Rural land area (sq. km) 15 621,7832 

Urban land area (sq. km) 6 399,019531 

Population, total 7 623 600 

Rural population  
(% of total population) 

8,176 

Urban population  
(% of total population) 

91,824 

Rural population 623 306 

Urban population 7 000 294 

Population density  
(people per sq. km of land area) 

235,9433619 

Rural population density  
(people per sq. km of land area) 

39,9 

Urban population density  
(people per sq. km of land area) 

1 093,964 

GDP at market prices  
(constant 2010 US$) 

2,34322E+11 

GDP per capita, PPP  
(constant 2011 international $) 

29 652,94258 

Source: The World Bank(2016) 

 

comparison with Germany and the Netherlands these rural land areas are very thinly populated. The 

urban areas on the other hand are very densely populated, which could suggest low transport and 

inconvenience costs for the Israeli consumer. 
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The DRS of Israel cover all beverage containers with a volume smaller than 1,5 litres. The deposit 

amounts to 0,25 New Israeli Shekel12. The system has been implemented in 2001. Sadly, no data 

about packaging waste in Israel is available so we cannot make an observation of the effectivity of 

the DRS by looking at the recycling and recovery rates. 

For the discussion about Israel we will use a study conducted by Lavee (2010). He attempted to take 

into account all possible benefits of the DRS. This could be a valuable example for our analysis of a 

DRS in Belgium. For the calculation of the costs the normal administration, transport, operating and 

storage costs are considered. The costs are calculated for the producer or recycler and the retailer. 

For the consumer however no costs are taken into account. The loss of profit for the supplier 

because of lower demand as a result of the DRS is also not taken into account. This could lead to an 

underestimation of the costs.  

For the benefits Lavee (2010) considers five benefits because of the DRS. First there is the benefit 

because of not having to pay for alternative systems (for example municipal collection of beverage 

containers and the usage of landfills). Secondly there is the benefit of less litter. This benefit is 

calculated through the collection cost approach, meaning that the benefit is equal to the reduction of 

collection costs because of the DRS. Thirdly there is the benefit of the reduction of landfill use 

because of the increase in re-usage of beverage containers. This results into a reduction of the 

external costs of a landfill. Fourthly there is the benefit of the positive external effects of recycling. 

These external effects are expressed in terms of saved energy because of the use of recycled 

materials. Finally, there is the benefit of increased employment. The implementation of a DRS results 

into the creation of a lot of workplaces and jobs. This can lead to some positive economic effects. 

Lavee (2010) concludes that the total costs per container under a DRS amount to 118,882 NIS, while 

the total benefits per container amount to 161,694 NIS per container. This means that there is a net 

benefit of 42,812 NIS per container. According to Lavee the DRS of Israel is highly cost-efficient. 

However, a slight nuance is at order as Lavee did not account for the loss of consumer surplus, 

inconvenience costs and the loss of profit for the supplier because of lower demand. The conclusions 

of the study could be opposite if these were taken into account. 

In chapter 4 we have discussed 3 analyses of DRS in various countries. Two were about neighbouring 

countries of Belgium and one was about a country located in another part of the world. The 

conclusions of the studies differ greatly. The European studies conclude that the DRS is cost-

inefficient while the Isreali study concludes the opposite. This could be an indication towards the 

                                                           
12

 At the moment of writing the NIS had an exchange rate of 1 euro = 4,25 NIS. 
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cost-efficiency of a Belgian DRS. The studies differ also in the various costs and benefits that they 

included in their calculations. This makes it harder to compare their different conclusions. We can 

conclude that there is no clear consensus on the practical efficiency of the DRS. In the next chapter 

we will discuss the possibilities of a DRS in Belgium while keeping in mind the theoretical analysis of 

chapter 3 and the results of the various studies in chapter 4. 
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5. Cost-benefit analysis of a DRS in Belgium 

In chapter 3 it became clear that there are various interesting theoretical benefits inherent to a DRS 

that are not present in other environmental policies. This makes a DRS appealing to use as an 

environmental policy for decreasing the negative external effects of one-way beverage packaging. 

However, in chapter 4 it became clear that reality is slightly different. Implementing and operating 

the system is very costly, which can make it highly cost-inefficient. In this chapter of the thesis we 

will consider the possibility of a DRS in Belgium (or Flanders). In order to do this a cost-benefit 

analysis for Flanders conducted by OVAM (2015) will be used and discussed. There are two purposes 

for the implementation of the DRS. One is the reduction of the amount of litter (which was discussed 

in chapter 2). The other purpose is rising the fraction of PET that is collected by selective collection. 

This fraction amounts to 81,9% in relation to the production of beverage packaging in Flanders. As 

can be seen in figure 5.1 PET represents a significant amount of the profits that can be made by  

Figure 5.1 The yields of different materials for Belgium in 2015 (in million euros) 

 

Source: Fost Plus (2015) 

 

recycling. On average PET was worth approximately 380 euros per ton in 2015 (Fost Plus, 2015). Only 

aluminium and HDPE were worth more, however they do not represent a large amount of the total 

waste quantity. The other materials were on average worth less than half of the value of PET. This 

shows that a lot can be gained by rising the percentage of PET that is collected by selective collection. 
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The preferred scenario that has been chosen applies a DRS that covers all aluminium and PET/HDPE 

beverage containers with a volume between 10 cl and 3 l. The deposit amounts to 0,25 euros per 

purchased good. 

In this chapter, first some statistics about Belgium will be reviewed, as has been done in chapter 4. 

Then something will be said about the existing PMD-system in Belgium. Next, the costs of a DRS in 

Belgium will be handled. Subsequently the benefits of a DRS in Belgium will be discussed. Finally, the 

chapter will end with a discussion and a short conclusion about the conducted study. 

 

5.1 Some statistics about Belgium 

As the OVAM-study was conducted in 2015 we will use statistics from the year 2015. These can be 

Table 5.1 Some statistics about Belgium 

Belgium 2015 

Land area (sq. km) 30 280 

Rural land area (sq. km) 18 091,89063 

Urban land area (sq. km) 12 349,22852 

Population, total 11 285 721 

Rural population  
(% of total population) 

2,142 

Urban population  
(% of total population) 

97,858 

Rural population 241 740 

Urban population 11 043 981 

Population density  
(people per sq. km of land area) 

372,7120542 

Rural population density  
(people per sq. km of land area) 

13,362 

Urban population density 
 (people per sq. km of land area) 

894,305 

GDP at market prices  
(constant 2010 US$) 

5,06312E+11 

GDP per capita, PPP  
(constant 2011 international $) 

41 138,38336 

Source: The World Bank(2016) 

found in table 5.1. Again some more detailed statistics for different years can be found in Appendix E. 

Belgium is roughly the same size as the Netherlands with 30 000 km2. Nevertheless there is a huge 

difference between the partition of rural and urban land area. Only three-fifths of the total land area 
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is rural land area, while two-fifths is urban land area. A more striking difference is the population 

distribution in these areas. Only a small amount of 2,1% of the total population lives in rural areas, 

while a whopping 97,9% lives in the urban areas. This leads to a huge difference between the 

population densities as can be seen in figure 5.2. The most densely populated area is located in the 

Figure 5.2 Population density in Belgium (2015) 

 

Source: FOD Economie (2015) 

 

centre of Belgium. The most thinly populated area is located in the south of Belgium. This could 

mean that the implementation of a DRS would be associated with lower transport costs for the 

consumers living in the centre of Belgium and higher transport costs for the consumers living in the 

south of Belgium, which makes the implementation politically more difficult. This can however be 

nuanced as ribbon development is a frequent occurrence in the centre of Belgium (Verbeek, 

Leinfelder, Pisman, & Allaert, 2010). As a result of the ribbon development a lot of people live 

between communities in the centre of Belgium, meaning that they have a high possibility of living 

further away from a possible collection point. This can result in higher inconvenience and transport 

costs in the centre of Belgium. Ribbon development also causes more traffic congestions. The 

implementation of a DRS can lead to more traffic, which results in more traffic congestions on top of 
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the traffic problems that were already there. When you look back at the case studies in chapter 4, 

you’ll notice that Israel also had a low population density in the rural areas. Perhaps this could be a 

positive sign for the effectiveness of a DRS in Belgium. 

When looking at packaging waste statistics for Belgium, found in figure 5.3, it is striking that they are 

already very positive. Especially when you compare them with the statistics of Germany and the 

Netherlands in the period before they implemented a DRS. In 2013 the recovery rate was 

approximately 97% and the recycling rate was approximately 79% for Belgium. Remember that in the 

Netherlands there was 

Figure 5.3 Packaging waste (in tonnes) in Belgium (2004-2013) 

 

Source: Eurostat (2016) 

 

Only a recycling rate 57% before the implementation of a DRS. In Germany the recovery rate of 2002 

only amounted to 78%. Even when compared to the statistics after implementation, the Belgian 

packaging waste statistics are still very good. This can be seen in figure 5.4 and figure 5.5. These two 

figures show respectively the recovery and the recycling rates of packaging waste of European 

countries from the year 2012. As you can see only Germany does slightly better for the recovery 

rates, which isn’t surprising as Germany has the best recovery rate of the world. For the recycling 

rate Belgium scores best in Europe. When considering these statistics, we can ask ourselves what 

added value the implementation of a DRS on one-way beverage packaging in Belgium could have. 

Are the high costs of the system worth it considering the possible slight improvement of the recovery 
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and recycling rates? Or are there other important benefits that have to be considered? First we will 

take a short look at the system that is in effect at the moment, namely the PMD-system. 

 

Figure 5.4 Recovery rates for Europe 

 

Source: Eurostat (2016) 

Figure 5.5 Recycling rates for Europe 

 

Source: Eurostat (2016) 
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5.2 The PMD-System 

The PMD-system is a system where waste is sorted by the consumer in separate trash bags or in 

designated collection areas. Food rests, paper and beverage containers must all sorted in different 

trash bags for example. These trash bags are then collected by the qualified authorities who then 

process or recycle the collected waste. The trash bags are sold and taxed by the system, so 

consumers who produce more waste, pay relatively more. Of course could litter in order to avoid 

buying the expensive trash bags. Therefore the system is accompanied by hefty fines for littering and 

a lot of sensibility campaigns. When we consider figure 5.3, 5.4 and 5.5 we can conclude that it is 

clearly an effective system. So what happens to the system when you take out one-way beverage 

packaging? Looking at figure 5.6 you can see that plastic beverage packaging accounts for 42,5% of 

the total composition of PMD-waste13. This is a significant amount so surely omitting them must have 

a negative effect on the system. 

Figure 5.6 The composition of PMD-waste 

 

Source: Fost Plus (2015) 

 

First we will take a look at the costs of the PMD-system. We will only look at the costs for PMD-trash 

bags as consumers have to dispose of their one-way beverage packaging in these bags. The total 

                                                           
13

 Aluminium beverage cans are also covered by the proposed DRS, however aluminium only represents 5,7% 
of the total composition and it is not sure how large the share of aluminium beverage cans of this 5,7% is. 
Therefore we will ignore them in our analysis. 
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costs of the system for 2015 were 9,45 euros per capita. This number can be found in Appendix E 

alongside some other interesting figures about the PMD-system of Belgium. Figure 5.7 represents the 

collecting costs of PMD waste from 2005 to 2015. Over this period they have been rising steadily.  

Figure 5.7 Costs of collecting PMD-waste (in euros/ton) 

 

Source: Fost Plus (2015) 

 

 

This is in line with an increasing population (see figure E.1), which leads to an increase of the number 

of households that need PMD-waste to be collected. This results in larger transport costs. Suppose 

one-way beverage packaging is covered by the DRS, so roughly half of the amount that has to be 

collected disappears, then this costs will decrease but probably less than proportionate to the 

disappeared volume. When one-way beverage packaging is omitted the authorities would still have 

to collect the remaining PMD-waste from the same amount of households. They could extend the 

intervals between the collection of PMD but not by twofold14, as this would lead to inconvenience 

costs for the consumers. Take, for example, a household that produces a PMD-trash bag weekly. The 

collection of PMD takes place every fortnight. This means that the household suffers one week form 

inconvenience costs originating from the trash bag that was filled in the first week of the fortnight. 

Now suppose the DRS is implemented and the collection of PMD takes place monthly. Now the 

household only produces a PMD-trash bag every fortnight. However, the household now suffers 

inconvenience costs originating from the first filled trash bag for a period of 2 weeks, which is twice 

as much as before the DRS. As a result of this the political authorities would probably not decide to 

extend the period between the collection dates in relation to the omitted volume. Therefore we can 

                                                           
14

 We extend the time by twofold in relation with the disappeared ±45% of volume. The collection normally 
takes place on fixed days of the week such that an extension by twofold would be easy to adapt to for the 
consumer. 
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conclude that although the total collection costs decrease, the collection costs (in terms of transport 

costs) in proportion to the collected quantity would probably rise when a DRS is implemented. 

Figure 5.8 represents the costs of sorting PMD-waste from 2005 till 2015. These have been falling 

from 2005 till 2013. From 2013 onwards the costs have stabilized at around 158 euros per ton 

collected. This is unexpected as the amount of waste has been rising slightly over this period, 

meaning that the falling costs could be an indication that the system is becoming more efficient (in 

terms of operating and infrastructure) over time or that some positive scale effects are at play. If the 

second one is true, this would mean that the implementation of the DRS would probably lead to a 

rise of the sorting costs in proportion to the quantity of waste that has to be sorted. If the first one is 

true then that would mean that the implementation of the DRS would probably cause the return on 

the investments made in the infrastructure for sorting the collected waste to devalue. 

Figure 5.8 Costs of sorting PMD-waste (in euros/ton) 

 
Source: Fost Plus (2015) 

 

 

The reason for this is that the infrastructure would only sort half of the quantity of PMD-waste that it 

was originally intended to process. This could cause an underutilization of the existing infrastructure. 

One last remark that we have to consider is that the extension of the period between the collection 

dates and the decrease of sorting operations will lead to job loss in these sectors. Of course the 

implementation of a DRS leads to job creation but the jobs that were lost should also be accounted 

for. We can conclude that the implementation of a DRS would cause the PMD-system to become 

more cost-inefficient as the costs per ton processed would increase. The consumers could also 
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bother less with the sorting of the other PMD-waste as the share of PMD-waste in their total waste 

production would have lessened. This could harm the collection of PMD-waste other than one-way 

beverage packaging. Now, for the remainder of this thesis, we will concentrate on the study for a DRS 

in Flanders conducted by OVAM. First we will take a look at how they calculated the costs. 

 

5.3 Costs 

Now that we discussed the PMD-system and have seen some statistics about Belgium, we will take a 

look at how the costs of a DRS in Flanders were calculated by OVAM (2015)15. While doing this we 

will keep in mind everything we learned in the previous chapters. Figures about their cost 

calculations can be found in Appendix F. In their study OVAM (2015) estimated that implementing 

and operating the DRS in Flanders would cost between 36 and 95 million euros per year (see figure 

1.F in Appendix F). This estimation only covers the direct costs of the system as seen in 3.3.1. The 

most important costs are the transport costs and the costs of investing in RVM’s. The transport costs 

of the DRS are estimated to be higher than the transport costs of the PMD-System. Aside from these 

evident costs, the more less obvious costs are also considered.  

For the supplier they assume that the quantity of sold beverages will probably not diminish much in 

contrast with the theoretical assumptions that were made in 3.3.3. The reason for their assumption 

is that they assume that the increase of the product price because of the deposit will not influence 

the consumption behaviour of the consumers as when the consumers return their used good the 

refund compensates the extra cost. Only when the net costs the producers may suffer because of the 

implementation of the DRS are included in the product price the consumers will adjust their 

consumption behaviour. They however intend the DRS to break-even and mitigate the supplier for 

their negative impacts. As a result the costs of the DRS for the producers would make up an 

insignificant amount of the production costs and therefore there would not be a significant increase 

in the product price. Though, remembering chapter 4 this is one of the problems the German and 

Dutch DRS encounters. On that account this is probably not a realistic consumption. Next to these 

extra costs, the inconvenience costs (e.g. transport costs, storage costs) that the consumers suffer 

because of the DRS are not considered in their study. These extra inconvenience costs could cause 

the consumers to buy products that are not covered by the DRS. We also have to consider that 

Belgium is a small and open country. A rise of the product price could cause the consumers who live 

near the border to go shopping abroad or to Wallonia if the DRS is only implemented in Flanders. If 

                                                           
15

 We will only discuss the costs of the chosen reference scenario (DRS for PET/HDPE and aluminium with a 
deposit of 0,25 per piece). 
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we look at figure 5.9 it is clear that this certainly could be a problem. We do not have to regard the 

German and Dutch border as they also have a DRS. The French border (and the Wallonia border) is  

Figure 5.9 Composition of the price of beverage cans 

 

Source: OVAM (2015) 

*The deposit of the DRS is not included 

 

another matter altogether. As can be seen in figure 5.9 the price of beverage cans is somewhat 

smaller than in Belgium. However when you take into consideration the deposit, rise in price because 

of extra production costs and the inconvenience costs, this difference could be much larger. As a 

result more people will buy beverages in France. As a result the profits of the Belgian producers 

suffers. Furthermore, the beverages bought abroad are not covered by the DRS so there is a 

possibility that they will be disposed of illegally. This could lead to extra costs that are not accounted 

for. A last remark is that the DRS can lead to customer loyalty. This particularly benefits large 

distribution centres, while it impairs the small distribution centres. 

For consumers extra transport costs are not considered if packaging waste can be returned to all 

distribution centres. OVAM (2015) assumes that consumers combine the returning of packaging 

waste with grocery shopping. It is difficult to know how much extra transport costs there will arise 

because of a DRS but expecting that there are none is probably a wrong assumption. This could 

underestimate the consumer costs and the environmental impact of the DRS. The extra storage 

space the consumers need is also estimated. According to their own calculations the consumers need 

extra storage space from 0.15 m2 up to 0.30 m2. This cost is however not monetized. The cost 

because of time loss is also calculated but not monetized. The loss of consumer surplus is again not 
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mentioned. This could however be an important cost to society. Next to the consumer and supplier 

costs, the efficiency loss of the PMD-system is also considered. However as they are unsure about 

the impact the DRS has on the efficiency of the PMD-system no analysis has been done. Only the loss 

of profits originating from the materials that were obtained by recycling one-way beverage packaging 

by the PMD-system were calculated. These loss of profits are smaller than the estimated material 

gains by the DRS. As to say, the DRS is more efficient in collecting and recycling one-way beverage 

packaging. 

In order to calculate the costs the study conducted by OVAM (2015) mostly relied on the initial and 

operational costs. The more indirect costs are often considered and discussed but they are not 

monetized and added in the final total costs. Some costs also have the tendency to be 

underestimated. This becomes clear when reading the addendum to the OVAM-study (2015). The 

addendum discusses the results of a study conducted by an independent research agency. This 

agency estimated the costs to around 105 million euros per year which is much higher than the 

estimation of the OVAM-study. Now that we have discussed the costs, we will take a look at the 

benefits. 

 

5.4 Benefits 

In the previous part of this thesis we reviewed the cost estimated by the OVAM-study. We 

discovered that some important costs were omitted or not monetized and that other costs were 

probably underestimated. We will now take a look if this is also the case with the estimations of the 

benefits. 

 

In their study OVAM (2015) estimated that implementing and operating the DRS in Flanders would 

give a revenue between 51 and 102 million euros per year (see figure 1.F in Appendix F). This 

estimation does not cover the benefits of a reduced amount of litter. Only the benefits originating 

from unredeemed deposits and recuperated materials are accounted for. The benefits from the 

unredeemed deposits make up more than half of the total benefits. This means that a better working 

DRS (in terms of incentives) will reduce the revenues of the system. For their analysis OVAM 

assumed a return rate of 90% based on the situations in other countries. However, observing two of 

our neighbouring countries, namely the Netherlands and Germany, who also apply a deposit of 0,25 

euros, it is striking that they both have a return rate higher than 95%. Looking at figure 5.10 it is clear 

that a rise of the return rate from 90% to 95% in their analysis would lead to a huge decline of the 



42 
 

yearly revenues. When the return rate rises to 98%, the study reveals that the revenues are only half 

the amount of when the return rate is 90%. Considering that a return rate of 95% is not such an 

absurd assumption, this could be an overestimation of the revenues of the DRS. It is rather ironic that 

Figure 5.10 The impact of an increase of the return rate from 90% to 95% on the cash flow 

 

Source: OVAM (2015) 

 

 

the unredeemed deposits are such an important revenue for the system in comparison with the 

material revenues as one of the objectives of the DRS is maximizing the recovery and recycling rate 

of PET-bottles in order to obtain the valuable material gains. 

Next, OVAM (2015) considered the benefits from the saved costs linked to the PMD-system. Because 

almost half of the quantity of waste that has to be processed by the PMD-system transfers to the 

DRS, a lot of operating costs are saved. This decrease of costs for the PMD-system is as expected (see 

5.2) not proportionate to the quantity of waste transferred to the DRS. However, nothing is said 

about this in their study. The cost saved are estimated to be between 5 million euros to 14 million 

euros per year. 

The benefits from litter reduction are also calculated, as they are the second purpose of the DRS. In 

accordance to other cost-benefit analyses the benefit is calculated as the reduction of the litter-



43 
 

collection-costs. They estimated this to amount to a reduction of maximum 20 million euros per year 

from the original 61,5 million euros. No surveys were conducted nor are the aesthetic costs taken 

into account. However they did consider the impact of a reduction of litter on the value of real 

estate. For their calculations they assumed that 40%16 of the amount of litter will disappear because 

of the DRS. However counting by piece, one-way beverage packaging only contributes 4% to the total 

amount of litter. So there is a probability that the impact the reduction of one-way beverage 

packaging in litter has on the collection costs is overestimated. Besides, thinking about the results of 

the study in 4.2, they found that the amount of litter had not decreased significantly after the 

implementation of the DRS. Although there were no one-way beverage packaging to be found in 

litter, other waste had replaced their share (Thörner, Schütz and Moto, 2007). 

A last important benefit they have considered is the ecological impact of the DRS. Here they 

summarize the well known facts such as a reduction of pollution and emissions, however these were 

not quantified and monetized. As was the case with the costs, for the benefits the more direct 

benefits were estimated for the analysis. Some of these benefits were probably overestimated, while 

other were not quantified. Now that we reviewed the costs and the benefits, we will look at the 

conclusions of the study and discuss these conclusions for Belgium. 

 

5.5 Conclusions and discussion 

Now that we can form an idea about the costs and benefits of a DRS for Flanders we will review their 

conclusions and evaluate the possibilities of a DRS in Belgium. In the study of OVAM (2015) there are 

7 questions that must be answered about the DRS. The first is if the net costs of the DRS weigh up to 

the costs that were saved because of the DRS. The answer for this question can be found in table 5.2. 

As you can see in four of the five scenarios the net costs are twice as high as the benefits. Only in the 

fifth scenario they are equal. Based on this figure one could say that the implementation of a DRS 

does not result in a net benefit for society. However, on the one hand a lot of important costs are 

omitted so that the costs are probably underestimated and on the other hand some social benefits 

were omitted such as the positive environmental effects of a DRS so that the benefits are also 

underestimated. However some other benefits such as the revenue of unredeemed deposits are 

probably overestimated. The absence of some important variables and the uncertainties about the 

estimations that were done make it difficult to form a conclusive decision about the DRS, however it 

is clear that it is a very expensive policy. 

                                                           
16

 As 40% of the amount of litter consists of one-way beverage packaging. 
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Table 5.2 A comparison of costs, benefits and saved costs because of the implementation of a DRS 

in Belgium 

 

Source: OVAM (2015) 

 

The second question is if the two objectives of the DRS are achieved. The researchers estimated that 

approximately 40% of the amount of litter would be reduced. However, there is uncertainty about 

how the implementation of the DRS will effect the amount of other waste that is littered. The 

consumers could start to litter the rest of their PMD-waste as it has become more bothersome to 

deal with as a result of the DRS for example. Also, one-way beverage packaging only amounts to 4% 

of the total amount of pieces of litter. So some question could be asked about the effective of the 

reduction of this 4% has on the reduction of the aesthetic/social costs. On top of that, the study in 

Germany found no visible reduction of the amount of litter after four years of DRS (Thörner, Schütz 

and Moto, 2007). The second objective was to increase the recovery rate of one-way beverage 

packaging collected by selective collection. The implementation of a DRS will certainly accomplish 

that. The study predicts that the percentage will rise from 82% to 90% however, based on other 

studies, it will probably go as high as 95%. Yet, the implementation of the DRS could mean that the 

recovery rate of some other materials will diminish. Next to this the DRS is also very costly. So it is 

only the question if the raise of the recovery rate is worth the astronomic costs of the DRS and the 

possibility of worsening the recovery rates of other materials. Again no conclusive decision can be 

made. 

The third question is what the social cost of implementing the DRS amounts to. The answer is 4 to 

57,4 million euros per year. The large difference between these two boundaries show how much 

uncertainty is associated with this study. If the costs are closer to the upper boundary then this 
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would mean that the DRS has very high costs. Based on other countries this would probably the case 

in reality too. 

The fourth question is if the consumers suffer from a decrease of comfort because of the DRS. The 

researchers found that the consumer only suffer minor discomfort from storage space, time loss and 

a small amount of extra transport costs. However some other costs are not accounted for. First there 

are the general inconvenience costs the consumers undergo, for example the need to preserve the 

barcodes on the beverage containers. Second the loss in consumer surplus is not accounted for. In 

the long term this loss could have an important effect on the consumer. Third there is the fact that 

the high costs the suppliers have because of the system are almost always charged to the consumer 

through the product prices. On that account the DRS could be an extra tax on one-way beverage 

packaging. If you know that Belgium is the country with the highest tax burden (OECD data, 2016), 

then it is clear that the DRS could cause major discomfort for the Belgian consumer. All these 

arguments could give raise to major critique on the DRS when it is implemented or could make it 

difficult to implement the DRS politically. 

The fifth question is if there are any geographical differences for the impacts of the DRS. The 

researchers found that the consumers living in urban areas will carry the blunt of the costs. Though 

the litter problems are the highest in the urban areas so it is only fair. On the other hand this means 

that although the consumers living in the rural area suffer less from litter, they also have to pay for a 

very expensive system. In the study, they also didn’t pay mind to transport costs for the consumers 

which are normally higher in rural areas. 

The sixth question is if the DRS has some impact on the suppliers. The answer is twofold. First the 

DRS could influence consumption behaviour which can result in profit loss. Second, the DRS can 

result in customer loyalty, which will be positive for large distribution centres and negative for small 

distribution centres. In addition to this the suppliers also has higher investment and operating costs, 

however some costs can be saved by using recycled materials in the production process. This means 

that suppliers don’t have distinct benefits because of the DRS. This will lead them to strongly oppose 

the implementation of the DRS politically. 

The seventh and last question is if the DRS should be extended to Wallonia as well. Obviously, this 

should be done because of four reasons; First some positive scale effects are at play. Secondly, this 

would make the system across Belgium more clear, simple and united. Two different systems would 

only cause confusion. Third, extending to system to the whole of Belgium would decrease the 

amount of possible free riders. Otherwise consumers from Wallonia could try to return their 
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beverage containers that did not have a deposit to a collection point in order to obtain a refund. 

Fourth, One-way beverage packaging is produced for Belgium as a whole. Two different systems 

would increase the production costs for the supplier and through this the product price for the 

consumer. 

Aside from the conclusions still some critiques on the study remain. Figure 5.11 shows the expected 

cash flows of the DRS. In the first years they are slightly positive. After some time new investments 

have to be made in RVMs which result in a slightly negative cash flow. Then the cash is positive again, 

but from the 2027 on the cash flow becomes very negative. The reason for this could be the 

attainment of a high return rate which results in low revenues of unredeemed deposits. As a solution 

Figure 5.11 The expected cash flows of the DRS (2018-2028)  

 

 

the researcher suggest to save the revenues of the first years as a buffer. However, the DRS has a lot 

of yearly costs which follow the price index. So this would mean that the acquired buffer devaluates 

every year. In spite of that there are no discount rates reported that were used in their analysis, so 

we could only assume that they weren’t used. The same is true for the rest of the cost-benefit 

analysis. In terms of future durability, it is difficult to make an adequate decision about a policy if the 

future costs and benefits are not discounted or reported. 
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Another point of critique is that the effects of the DRS on the labour market were not discussed in 

detail. OVAM (2015) estimated that there would be a slight increase in jobs, however they did not 

include the job loss that occurs in the PMD-system. This could be an important factor in the decision 

making. Next to this a more detailed analysis about the PMD-system in general is needed. Following 

the statistics about Belgium, the PMD-systems seems to be one of the best waste systems in the 

world. It is striking that there isn’t much scientific research on such a system that relies on sensibility 

campaigns, schooling and ethics. In the OVAM-study more attention is paid to the saved costs 

because of the decrease of amount of waste that is collected by the PMD-system., making it seem as 

a benefit. Instead, the loss of cost-efficiency of the PMD-system because of the DRS should have 

been the focus. In that way it would seem more as a social cost. 

We can conclude that there are a lot of uncertainties about the implementation of a DRS. The 

different costs and benefits are sometimes difficult to compute or monetize making it an easy 

decision to omit them. Because of this difficult character of estimating the costs and benefits it can 

be hard to compare DRS over the world. The beneficial theoretical traits of the system sometimes 

gives researchers the benefit of the doubt. However, the system is almost always accompanied by 

astronomical costs. We found that the DRS for Flanders or by extension Belgium would only 

accomplish one of its goals with absolute certainty. The way the DRS impacts the amount of litter is 

not known for sure. The only question that remains is if the huge costs of the system are worth it. 

When we look at our neighbouring countries (the Netherlands and Germany) it seems that the DRS is 

cost-inefficient. We conclude that more extended research to the PMD-system and a more detailed 

cost-benefit analysis for a DRS in Belgium as a whole is needed, so that the two policies can be 

adequately compared. 
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6. Conclusion 
 

In the introduction of this thesis we asked ourselves if the implementation of a DRS for one-way 

beverage packaging would be theoretically and empirically viable for Belgium based on among other 

a OVAM-study conducted in 2015. Although Belgium does very well internationally in terms of 

recovery rates and recycling rates, a DRS is still being considered because of its inherent beneficial 

theoretical characteristics. The political objectives of the DRS in Belgium are twofold. First, the DRS 

should serve in order to decrease the amount of litter. Litter is a problem that has been prevalent for 

quite some years in Belgium. Especially the urban areas suffer from litter. A study conducted by 

OVAM (2013) estimated that litter costs 61,5 million euros per year for Flanders. The second purpose 

of the DRS is to increase the recovery rates of one-way beverage packaging collected by selective 

collection. In 2015 69,2% of the total amount of aluminium produced, 45,3% of the total amount of 

steel cans produced and 81,9% of the total amount of PET-bottles produced were recovered by 

selective collection. The rest of the amount produced ends up mixed with other waste materials in 

the incinerator. As steel and aluminium can still be recovered after being burned in an incinerator, 

they do not pose a large problem to get a final recovery rate higher than 90%. PET however cannot 

be recovered. Therefore it is an ideal target for a DRS. 

In order to come to an answer, first we discussed the problem of litter theoretically and empirically in 

chapter 2. Subsequently the existing literature about deposit-refund schemes and especially DRS on 

one-way beverage packaging was studied in chapter 3. It became clear that DRS have some inherent 

beneficial theoretical advantages that make it, economically, a very interesting environmental policy. 

However, it became also clear that a lot of the costs and benefits of a DRS are difficult to compute. 

The reason for this is that most costs and benefits are not expressed in monetary values, so that a 

way has to be found to monetarize them. After we had a look at the theoretical analysis of a DRS we 

discussed some existing cost-benefit analyses of DRS of various countries in chapter 4. We discussed 

two neighbouring countries, the Netherlands and Germany, and one country of another part of the 

world, namely Israel. The studies showed that DRS are very costly and even cost-inefficient in some 

countries. On top of that a lot of uncertainties and differences were found between the various 

analyses. Ultimately, we looked at the situation in Belgium in chapter 5. We discussed and criticized a 

cost-benefit analysis conduct by OVAM (2015). A lot of similarities with chapter 4 were found. 

We found that there are a lot of uncertainties regarding the estimations of the costs and benefits of a 

DRS for one-way beverage packaging in Flanders (and Belgium in extension). Some costs and benefits 

were probably underestimated, others were probably overestimated. Some important cost and 
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benefits were simply left out because of their non-monetary character. We found that a DRS for one-

way beverage packaging can serve as a means to increase the recovery rate of PET-bottles. The result 

for reducing the amount of litter was more ambiguous. The reason for this is that one-way beverage 

packaging only accounts for 40% of the total volume of litter and 4% of the total pieces of litter. This 

partially accomplishing of the political objectives is accompanied with a very costly system. In 

addition the system also has some negative effects on suppliers, retailers and ultimately consumers, 

who bare the blunt of the costs as suppliers can charge their extra costs in their product prices. 

Combined with already high taxes in Belgium this could be an undesirable system. As a conclusion we 

propose that more extensive research is conducted about the cost-effectivity of the PMD-system and 

that a more extensive cost-benefit analysis, keeping in mind the results of the research about the 

PMD-system, is made. 
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8. Appendix 
 

 

A. The organization of a DRS in Flanders 

In this appendix the organization of the DRS in Flanders will be discussed shortly on the basis of some 

figures who show the logistic and financial flows of the DRS. Figure A.1 shows a schematic view of the  

Figure A.1 A schematic view of the logistic flows of a DRS in Belgium 

 

Source: OVAM (2015) 

 

logistics flows of the DRS in Belgium. We start with the producer. He supplies his product to a 

distribution centre (1b), a retailer (1a) or directly to the consumer (1c). The distribution centre and 

retailer also sell to the consumer. After the consumer has consumed his beverages he mostly returns 

them to a collection point (3a). He could also litter or put his packaging waste in a PMD-trash bag 

(3b). Via a detour (3c) this packaging waste also arrives in the collection centre. In the collection 

centre the amount of waste is counted and made more compact. Then the waste is sent directly (4a) 
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or indirectly (4b) via a storage place to a treatment and sorting centre. From the treatment centre 

the sorted waste is then sent to the right recycling factory. 

Figure A.2 shows the financial flows concerning the DRS. The producer (1a) or distribution centre (1b) 

has to pay his collected deposits to the central administrator. The retailer (3a & 3b) must pay his 

collected deposits to the distribution centre or producer. The consumer must pay the deposit to the 

retailer (4). The consumer earns his refund when he returns his beverage packaging (5a & 5b). When 

Figure A.2 A schematic view of the financial flows concerning the DRS in Belgium 

 

Source: OVAM (2015) 

 

the deposits are not collected by the consumer they are collected by the collection point (5c). The 

collection point receives an amount of money from the central administrator equal to the refunds 

that he has paid to the consumer. 

Figure A.3 shows the financial flows concerning the administration of the DRS in Belgium. The central 

administrator pays remunerations for the costs the producer and distributer incurred while adapting 

to the DRS 1a & 1b). The central administration pays a start-up compensation to the collection points 

(2). The central administrator pays the operating costs to the treatment centre (3) and the other 
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Figure A.3 A schematic view of the financial flows concerning the administration of a DRS in 

Belgium 

 

Source: OVAM (2015) 

 

services. The central administrator pays the recycling costs (4) and receives the profits of the sale of 

recycled materials. 
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B. Some figures about the Netherlands 

Figure B.1 Total, urban and rural population of the Netherlands 

 

Source: The Worldbank (2016) 

 

Figure B.2 Population density per square meter of the Netherlands 

 

Source: The Worldbank (2016) 
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Figure B.3 GDP at market prices (constant 2010 US$) of the Netherlands 

 

Source: The Worldbank (2016) 

 

Figure B.4 GDP per capita, PPP (constant 2011 international $) of the Netherlands 

 

Source: The Worldbank (2016) 
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Figure B.5 A schematic overview of the lifecycle of a PET-bottle in the Netherlands 

 

Source: van Velzen (2011) 
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C. Some figures about Germany 

Figure C.1 Total, urban and rural population of Germany 

 

Source: The Worldbank (2016) 

 

Figure C.2 Population density per square meter of Germany 

 

Source: The Worldbank (2016) 
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Figure C.3 GDP at market prices (constant 2010 US$) of Germany 

 

Source: The Worldbank (2016) 

 

Figure C.4 GDP per capita, PPP (constant 2011 international $) of Germany 

 

Source: The Worldbank (2016) 
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D. Some figures about Israel 
 

Figure D.1 Total, urban and rural population of Israel 

 

Source: The Worldbank (2016) 

 

Figure D.2 Population density per square meter of Israel 

 

Source: The Worldbank (2016) 
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Figure D.3 GDP at market prices (constant 2010 US$) of Israel 

 

Source: The Worldbank (2016) 

 

Figure D.4 GDP per capita, PPP (constant 2011 international $) of Israel 

 

Source: The Worldbank (2016) 
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E. Some figures about Belgium 
 

Figure E.1 Total, urban and rural population of Belgium 

 

Source: The Worldbank (2016) 

 

Figure E.2 Population density per square meter of Belgium 

 

Source: The Worldbank (2016) 
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Figure E.3 GDP at market prices (constant 2010 US$) of Belgium 

 

Source: The Worldbank (2016) 

 

Figure E.4 GDP per capita, PPP (constant 2011 international $) of Belgium 

 

Source: The Worldbank (2016) 
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Figure E.5 Costs of the PMD-system (euros/resident) 

 

Source: Fost Plus (2015) 

 

Figure E.6 Contribution of the different materials to the PMD-system (in kilotonnes and million 

euros) 

 

Source: Fost Plus (2015) 
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Figure E.7 Contribution of the different production groups to the PMD-system 

 

Source: Fost Plus (2015) 

 

F. OVAM-study: tables and figures 
 

Figure F.1 Yearly costs and benefits of the DRS for 5 scenario’s 

 

Source: OVAM (2015) 
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Figure F.2 Sensitivity analysis of the yearly costs of the DRS for 5 scenario’s 

 

Source: OVAM (2015) 

Figure F.3 Sensitivity analysis of the yearly revenue of the DRS for 5 scenario’s 

 

Source: OVAM (2015) 
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