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Non-Technical Summary 

Just under 13% of the Slovak population pay a fee depending on the amount of waste generated. 

Most municipalities charge residents an annual flat fee, which is the same for all inhabitants of the 

municipality regardless of the amount of waste produced. A fee of such form does not motivate citizens to 

reduce production or to increase sorting or waste composting. On the other hand, billing households 

according to the weight or volume of the waste generated, so-called unit-based pricing, is a direct financial 

incentive and a tool for applying the 'pay-as-you-throw' principle. In practice, mainly volume-frequency pricing 

system is used in which the amount of the fee is calculated according to the frequency of collection and the 

volume of the container. The second most common type is unit-pricing scheme using tags which citizens 

hang on the container if they wish to have it emptied. 

Unit-based pricing scheme in Slovakia significantly reduces the production of mixed municipal waste 

and increases the sorting rate. An analysis of data for the period of 2010-2018 shows that unit-based 

pricing scheme in Slovakia reduces the production of mixed municipal waste per capita by 22% on average. 

The introduction of tag collection reduces the amount of mixed municipal waste by almost 31%, volume-

frequency collection by 11%, respectively. For this type of fee, the sorting of plastics is higher by 15% and 

the sorting of glass by 9%. Although the analysis did not show a higher rate of sorting for biowaste and paper, 

in fact, an increase in the sorting of these materials can also be expected. The problem is probably missing 

data in the records due to household composting or delivery of paper to paper scrap yards or school 

collection.  

Table 1: Effect of unit-based pricing on waste production (% change compared to a flat fee)  

 Mixed municipal waste Plastics Glass 

Unit-based pricing -22.3% 15.4% 9.1% 

Tag  -31.0% - - 

Volume-frequency -11.3% 22.1% 12.4% 

                                                                                                                       Source: IEP 

The potential risk of illegal dumping can be minimized by appropriate setting of the pricing system 

and preventive measures. The analysis of the available data did not confirm the effect of unit-based pricing 

on the number of illegal landfills reported. However, based on experience gained from certain municipalities 

in Slovakia and abroad, the introduction of unit-based pricing scheme may be accompanied by problems 

with illegal disposal of waste. In practice, only few municipalities have encountered this problem. However, 

such behaviour can be effectively prevented by reasonable system settings (a minimum fixed fee, a discount 

system) and several preventive measures. Unit-based pricing scheme should be accompanied with adequate 

infrastructure for separate collection.  

We found no evidence of waste tourism caused by unit-based pricing scheme implementation. Some 

experience and foreign studies confirm that after the introduction of unit-based pricing scheme, they have 

noticed disposing of waste to other neighbouring regions without unit-based pricing. Appropriate measures 

eliminated the problem in most cases. An analysis of the impact of unit-based pricing on waste tourism shows 

that unit-based pricing in Slovakia does not increase, but on the contrary reduces the production of mixed 

municipal waste in neighbouring municipalities. This may be due to the dissemination of information and 

awareness-raising among municipalities. 

 

The introduction of tag collection in family houses and volume-frequency collection in residential 

buildings throughout Slovakia may result in financial savings for municipalities of EUR 28.5 mil. per 
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year. By reducing the amount of mixed municipal waste that is transported to landfills, municipalities will save 

the cost of its collection as well as the cost of landfill charges. On average, EUR 6 will be saved per capita 

per year. 

A one-off investment in unit-based pricing can amount to EUR 0 - 28.6 mil., operating costs can range 

from EUR 0 to 2.3 mil. per year, depending on the type and system informatization. The introduction of 

simple unit-based pricing without electronic evidence of waste would only entail the cost of the awareness-

raising campaign. The cost for an average municipality with a more sophisticated system with an electronic 

evidence can reach EUR 0 to 10.5 thousand one-off and EUR 0 to 838 per year, depending largely on the 

size of the municipality, the number of containers for mixed municipal waste, the selected type of collection 

and system informatization. 

In addition, an increased rate of sorting will require costs for collection and composting. Additional costs for 

separate collection of plastics and glass are estimated at EUR 1.7 mil. per year. Provided that the same part 

of the paper potential in mixed municipal waste is sorted as in the case of plastics and glass, the additional 

costs would be EUR 0.7 million per year. The cost of the purchase of composters for all family houses would 

amount to almost EUR 6 mil. per year. 

Table 2: Financial costs and benefits of the municipality for the unit-based pricing (EUR mil./year) 

 Combination* 

Landfill costs saved 28.5 

Cost of system introduction and operation  

  Single investment 0-28.6 

  Operation 0-2.3 

*Tag collection in family houses, volume-frequency collection in residential buildings                                                                Source: IEP                

 

Landfill reduction as a result of unit-based pricing brings both environmental benefits and increased 

motivation for people to sort waste. The estimates of external landfill costs vary considerably; we assume 

that landfill reduction due to the introduction of unit-based pricing scheme can save EUR 2 to 21 mil. per 

year. If we use the results of a Norwegian survey, the cost of lowering comfort of inhabitants due to the 

sorting of plastics and glass can reach EUR 352 ths. In addition, the application of the 'pay-as-you-throw' 

principle creates a fair system in which diligent citizens are rewarded.  

The current Act on Local Taxes and Fees creates a legislative barrier to the effective introduction of 

unit-based pricing scheme. The calculation of the fee according to the frequency of waste collection and 

the method of levying the fee itself do not allow the actual amount of waste collection to be taken into account. 

Possible solutions are the payment of a fee in the form of an advance with a subsequent settlement or setting 

a fee with the possibility of taking into account the actual amount of waste collection in the past year. The 

application of such solutions should be analysed by the MoE SR and the MoF SR in cooperation with the 

municipalities concerned.  

Improving the collection of quality data are key in assessing the impact of measures and policies. In 

the analysis, we encountered data constraints such as insufficient data for separate collection, missing data 

on household composting or data on household waste that are not separated from other municipal waste. 

Possible solutions are a new waste management information system, the extension of the waste catalogue 

and the development of a methodology for recording household composting.     
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1 Production and Collection of Municipal Waste in Slovakia 

In 2018, the average Slovak citizen generated approximately 426 kg of municipal waste. Municipal waste 

consists mainly of household waste, but also includes waste from companies, offices and public institutions. 

Up to 86% of municipal waste is mixed municipal waste and sorted paper, glass, plastic and metal waste and 

biowaste. The rest is mainly bulky waste, waste from markets and street-cleaning residues. 

Graph 1: Development of municipal waste components (kg/person) 

 

 

 

 

 
Source: IEP  

On average, mixed municipal waste accounts for up to 67% of the total municipal waste produced. The 

average annual production of 220 kg per capita has been constant since 2010. On the other hand, the amount 

of all sorted components is growing year on year. Since 2010, metals have increased by almost 90%, paper, 

plastics and biowaste by 10%. The significant increase in metal waste is mainly due to changes in reporting 

and improved reporting by collection sites and paper scrap yards. In previous years, collection sites reported 

metal waste as industrial waste, but since 2015, it has been reported as municipal waste. The amount of 

metal waste is therefore only starting to be counted in the municipal waste evidence, but its amount is not 

likely to grow dramatically. The actual increase in municipal waste production is on average 1% per year. 

Collection and recovery of sorted waste components such as paper, plastics, glass, beverage cartons, metal 

packaging and others are covered by the producer responsibility organizations, which finance a separate 

collection system through fees from the producers of packaging and non-packaging products. The producer 

may take into account the cost of sorting in the price of the product for the consumer. The costs of collecting 

and disposing of mixed municipal waste and bulky waste and the separate collection of biowaste are borne 

by the municipalities, which collect the fees for waste from citizens for this purpose.  

The waste fee may be flat-rate or differentiated according to the volume or weight of waste produced. 

According to literature, the second option ('unit-based pricing') is an effective tool for increasing the rate of 

sorting and recycling while reducing the volume of waste going to landfills or incineration plants. While 

countries with recycling rates above 45% have some unit-based pricing in place, countries with recycling 

rates below 20% do not use any form of unit-based pricing (EEA, 2016). Unit-based pricing scheme applies 

the 'pay-as-you-throw' (PAYT) principle and motivates citizens to environmental behaviour (Eunomia, 2003).  

In Slovakia, municipalities have the possibility to set a local fee on a flat-rate basis or according to the volume 

of waste generated, or their combination. Most municipalities charge inhabitants an annual flat fee, which is 
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the same for all inhabitants of the municipality regardless of the amount of waste produced. Thus, the cost 

of waste for households that produces more waste is partially subsidized by households with lower waste 

production. Such form of a fee does not motivate citizens to reduce production or to increase sorting or 

compost biowaste. On the other hand, the fee, which depends on the weight or volume of waste produced, 

constitutes a direct financial incentive and a tool for applying the 'polluter pays' principle.  

1.1 Unit-Based Pricing in Slovakia 

In 2018, there were 167 municipalities in Slovakia with unit-based pricing of mixed municipal waste, of which 

74 municipalities had tag collection1 and 93 municipalities volume-frequency collection. Almost 13% of the 

Slovak population pay a fee depending on the amount of waste generated. The number of municipalities with 

unit-based pricing increased from 102 municipalities in 2010 to 167 in 2018.  

Tag collection is widespread especially in the Tvrdošín, Malacky, Ružomberok and Nové Zámky districts. 

Most municipalities with a volume-frequency system are located in western Slovakia in the districts of 

Malacky, Senec, Senica and Pezinok. Another 283 municipalities have a combination of flat rate and variable 

fees. In 2018, unit-based pricing existed only in 4 cities2 in Slovakia, namely Bratislava, Žiar nad Hronom, 

Dubnica nad Váhom and Spišská Stará Ves. Each of them has volume-frequency unit-based pricing, other 

types of unit-based pricing scheme are not in place in Slovak cities.  

The weighted average flat fee amount in Slovakia is EUR 18 per capita per year. The unit-based fee amounts 

to an average of 2 eurocents per litre of mixed municipal waste. 

Map 1: Municipalities with unit-based pricing in 2018 by pricing type  

 

 

 

  

 

 

 

Source: IEP    
 

Box 1: Types of mixed municipal waste pricing system in Slovakia 

Flat fee 

Most municipalities charge a flat annual per capita fee which is the same for all regardless of the amount 

                                                           
1 Among the 74 municipalities with tag collection, we also included 5 municipalities with collection via QR or barcodes since the 
principle of the systems is the same. 
2 A city has the position of municipality in the legal system after meeting the conditions under Article 22 par. 1 of Act of the Slovak 
National Council No. 369/1990 Coll. on Municipal Establishment. 
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of waste generated.  

 

Tag collection  

For this type of fee, citizens buy a tag which they hang on their container if they wish to have it emptied. 

The waste transporter removes the tag and hands it over to the municipality. The price of the tag is 

determined by the size of the container and the cost of its disposal. Citizens thus regulate the fees 

according to the number of tags used. 

 

Barcodes or QR codes and RFID chips 

This type of collection works on the same principle as the tag system. In this case, citizens have a 

container identified by a specific barcode, QR code or RFID chip. If they want to have it emptied, they 

place the container in a designated place, where the carrier scans the code and empties the container.  

 

Volume-frequency collection 

Citizens’ fees are calculated according to the frequency of waste collection and the size of container 

used. Citizens can choose the size of their container (usually 110, 120 or 240 l) as well as the frequency 

of waste collection (usually once, twice or four times a month) at the beginning of the year or during the 

year. Since the fee amount depends only on the predetermined size of the container and the frequency 

of collection, the impact is weaker compared to collection with tags or codes. 

 

Combined collection 

This is a combination of the flat rate and some of the unit-based types of collection in one municipality. 

Usually there is a distinction between people living in family houses, for which some form of unit-based 

pricing is introduced, and people in flats with flat-rate fees. 

 

The correct setting for unit-based pricing leads not only to a reduction in waste production but also to cost 

savings for citizens and the municipality. One example is the municipality of Rakovnica, where a minimum 

fixed fee is set to cover the municipality’s basic expenses for waste. Setting a minimum fee or a minimum 

frequency of waste disposal will provide the municipality with sufficient income to cover basic fixed costs and 

reduce the incentive for illegal landfilling. The municipality of Vrádište is one of the first municipalities with 

electronic evidence of waste using containers identified by barcodes. The reduction of waste generation as 

well as a balanced budget for waste inspired neighbouring municipalities to introduce unit-based pricing.  

Box 2: Two examples of unit-based pricing success stories in Slovakia 

Reduction of waste and costs in Rakovnica 

The municipality of Rakovnica introduced a system of tags in 2017 with a mandatory purchase of at least 

9 tags per household per year. In 2017 and 2018, the municipality produced on average 33% less mixed 

municipal waste per capita compared to the previous flat-rate collection period. Invoices published on the 

municipality's website also show that they have saved 37% on the costs of landfilling and collection of 

mixed municipal waste. The volume of sorted waste per capita has increased twice and the municipality 

has started to report the sorting of biowaste. 

 

Inspiration from the municipality of Vrádište 

The municipality of Vrádište is one of the first municipalities in Slovakia to register and charge fees for 

waste using barcodes, since 2013. After its introduction, they reported a reduction in municipal waste by 

an average of 7% and waste separation almost doubled. The municipality has also managed to cover the 

costs of collection and disposal from its income from fees. The positive experience also inspired the 
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neighbouring municipalities of Chropov and Dubovce, which introduced unit-based pricing in 2016 and 

2019, respectively. 

 

Experience shows that the electronic evidence of waste brings changes in waste production without 

introducing unit-based pricing. Waste evidence eliminates anonymity and provides an overview of waste 

production, creating a psychological effect on the population even without financial incentives. In the 

municipality of Košeca, they reduced the amount of landfilled waste without changing waste fees. In the case 

of electronic evidence, a waste collection company only transports identified containers, which in Senec led 

to the reporting of “stowaways” who used unregistered containers free of charge. Thus, the municipality will 

gain an overview of the actual number of collected waste containers and has the possibility to check the 

eligibility of financial costs for collection. 

Box 3: Electronic register in Slovakia 

Less waste without changing fees in Košeca 

In April 2019, the municipality of Košeca introduced electronic waste evidence without any change in fees 

for citizens. Thanks to the register, the anonymity of household waste was removed, which led to a 

change in the behaviour of the population. The number of collected containers decreased by 24% year-

on-year after the introduction of the register and the volume of waste at the landfill decreased by 17%, 

which reduced the municipality's costs (JRK, 2019). 

 

Reporting of “stowaways” in Senec 

In August 2018, the municipality of Senec introduced unit-based pricing with barcodes and electronic 

waste register. The volume of mixed municipal waste decreased and at the same time the sorting of all 

waste components increased. In addition, the introduction of the electronic register has resulted in the 

evidence of waste containers by “stowaways,” whose waste had been collected for free from unregistered 

containers or who had been using more containers than permitted. The municipality signed an agreement 

with the waste collection company with an amendment on sanctions for the removal of an unidentified 

container. The waste collection company thus empties only identified containers, which motivates citizens 

to register while at the same time gives the municipality a picture of the actual number of containers 

emptied. 

 

Discount system according to the sorting rate in the municipality of Rakovice 

The municipality of Rakovice has registered both mixed and sorted waste electronically since the end of 

2017. In addition, the municipality has adjusted local flat-rate fees for waste with the possibility of 

discounts for households if they demonstrate at least a 60% sorting rate based on electronic records 

(Rakovica, 2019). The municipality has thus increased the sorting rate year-on-year from 24 to 32%.      

 

The current Act on Local Taxes and Fees creates a legislative barrier to the effective introduction of unit-

based pricing. The calculation of fees depending on the frequency of collection and the method of charging 

fees as such do not allow for the actual number of waste collections to be taken into account. Possible 

solutions are the payment of fees in the form of advance payments with subsequent settlement, or the setting 

of fees with the possibility of taking into account the actual number of waste collections in the past year. The 

application of these solutions should be analysed by the Ministry of Environment and the Ministry of Finance 

of the Slovak Republic in cooperation with the municipalities concerned. A positive change in the draft 

amendment to the Act on Local Taxes and Fees would be to allow the municipality to reduce the fee for 

citizens who prove that they have sorted a specified percentage of municipal waste components. 
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Box 4: Legislation and unit-based pricing 

Fee calculation  

The law defines the method of calculating fees as the product of the frequency of waste collections, rate 

and volume of the waste container, while it is not clear what is meant by the frequency of waste collection. 

The frequency of waste collection can be understood as a fixed parameter when a citizen chooses the 

frequency of waste collection during the month. In this case, the fee amount does not take into account 

the actual number of waste collections per year. 

It is possible to set a fixed frequency of waste collection per month at the beginning of the year and 

subsequently increase or reduce the fee based on the actual number of waste collections in the past 

year. However, the current law does not explicitly permit any increase or decrease in the fee introduced. 

Charging fees 

It is more advantageous to municipalities to charge fees due to the recovery of fees, but it does not allow 

for the actual number of waste collections to be taken into account as the fee is paid at the beginning of 

the year. Some municipalities that have a tag collection system charge a fee for a minimum frequency of 

collection to which a certain number of tags is assigned. If payers wish to get more frequent waste 

collection, they buy more tags. It is thus a combination of charging the fee through the assessment and 

another form, while the current legislation does not allow another form. 

Discount system 

A positive change in the Act on Local Taxes and Fees would be to allow a municipality to reduce the fee 

to citizens who prove that they have sorted a specified percentage of municipal waste components. The 

change thus creates a financial incentive to reduce the production of mixed municipal waste while 

increasing the sorting of waste. A higher sorting rate consequently reduces landfill charges, which has 

been calculated since 2019 based on the sorting rate at the municipal level in the previous year3.  

 

1.2 Best Practices Abroad 

Unit-based pricing is widely distributed across Europe, the United States, Canada, Japan and South Korea. 

While in Slovakia there is only a container labelling system or a system based on container size and waste 

collection frequency, other forms of unit-based pricing are used abroad.  

In Belgium and Switzerland, there is a widespread system of prepaid bin bags. The collection is organized 

by means of bags with a printed location on them, which citizens can buy in shops. The bags are usually 

color-coded depending on whether they are intended for mixed or sorted waste or biowaste. Waste is taken 

away only if it is in the correct printed bag. The bag’s price includes the cost of waste collection, transport 

and recovery or disposal.  

Unit-based pricing according to waste weight is used mainly in Germany, the Netherlands, France and 

Ireland. For unit-based pricing according to waste weight, the waste is collected in containers that are 

equipped with a chip and barcode assigned to each household. The inhabitants thus pay according to the 

weight of the waste weighed using a collection vehicle equipped with a reader and a weighing system. The 

weighing system requires more effort for maintenance and weighing-machine calibration, but it achieves 

better results than the bag collection system. 

                                                           
3 Article 4 par. 4 of Act No.329/2018 Coll. on fees for waste landfilling 
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According to studies by Allers and Hoeben (2009) and Dijkgraaf and Gradus (2004) which evaluate several 

types of unit-based pricing in the Netherlands, the weight-based system and bag system achieve better 

results compared to the container volume system.  

Unit-based pricing in cities may be less targeted and transparent compared to villages, as inhabitants live 

mostly in residential buildings with problematic waste evidence at the household level. Only 4 towns in 

Slovakia have unit-based pricing in place; it is more frequent abroad. The bag system also works in large 

cities (e.g., Brussels, Zurich, Geneva) where most of the population lives in residential buildings. As collection 

bags are purchased by citizens in shops, the system is able to fairly differentiate the fee in individual 

households and residential buildings. Another option is locking waste containers then opened with a chip 

which is assigned to each household or resident of a residential building. Lockable chip or card containers 

are used in several countries such as Italy, Portugal, France or Finland. 

Box 5: Best practices abroad 

The bag system, weight-based system or container locking are among the best practices abroad. 

Bag system in Belgium and Switzerland 

Belgium and Switzerland have a widespread system of prepaid bag collection that is easy to implement 

and does not require additional investments for its implementation (ADEME, 2018). The prices for 

collection bags are regulated by the government, which sets minimum and maximum prices. In Belgium, 

the rate for mixed municipal waste ranges from 1.3 cents to 4 eurocents/l in collection bags (OVAM, 

2019). The average price per bag for the sorting of plastic, cans and beverage cartons is 0.26 eurocents/l 

(IVAGO, 2016). Collection of paper, glass and textiles is free for residents. In Switzerland, the price for a 

mixed municipal waste bag is on average 6.2 Swiss cents/l (HelloSwitzerland, 2019). If waste is placed 

incorrectly, a fine may be imposed and the waste will not be taken away. In both countries, the bag 

system has significantly increased the recycling rate of municipal waste to more than 50% and reduced 

the annual production of mixed municipal waste to 150 kg per capita. (European Commission, 2018). 

Waste weighting system in Germany and Italy 

In the German County of Aschaffenburg, an identification system with weighing at the door was 

introduced in 1997. The system led to an increase in recycling of up to 86% and a reduction in mixed 

municipal waste production to 50 kg per capita per annum (Morlok J., Schoenberger H., Styles D., 

Galvez-Martos J. L., 2017). The Italian regions of Treviso and Trento have reduced their mixed municipal 

waste to 55 and 100 kg/per capita per annum, respectively (European Commission, 2018).  

Lockable containers in Parma 

In the Italian city of Parma, in addition to unit-based pricing of household waste, they also have a flexible 

collection system through so-called 'eco-stations'. They are containers in a separate locked structure to 

which residents have access through their health insurance card. While separate collection is provided 

free of charge, the mixed municipal waste charge is 70 eurocents for a 40-litre bag (Zero Waste Europe, 

2017). 
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2 Analysis of the Impact of Unit-Based Pricing on Waste 

Production 

The amount of direct and indirect costs associated with waste disposal affects the demand for individual 

waste management methods. The resulting recycling rate therefore depends on the relative landfill charges 

and the prices of secondary waste treatment. The price charged for waste disposal in a landfill reflects the 

cost of collection, disposal of waste in the landfill, the legal landfill charge and should be included in the waste 

fee for residents. Similarly, the price of biowaste includes the cost of collecting and recovering biowaste and 

should also be included in fees for residents. The direct costs of sorting are paid only by producers and are 

zero for the population. The indirect cost of sorting for residents is the time they have to spend on additional 

sorting of waste. The time required depends on the availability of the infrastructure and its distance. 

The price of other means of waste management such as illegal landfilling is affected, for instance, by the 

availability of a place where residents can illegally place waste or the number of fines they may receive.  

In Slovakia, producer responsibility organizations have a legal obligation to ensure adequate infrastructure 

for separate collection in each municipality. This means that in municipalities where unit-based pricing and 

good availability of separate collection are in place, the direct cost of separate collection should be lower 

than the cost of disposing of mixed municipal waste. We have verified this assumption by analysing the 

effects of unit-based pricing on the production of mixed and sorted waste and the development of illegal 

landfills.  

2.1 Foreign Literature 

Foreign studies show the positive effect of unit-based pricing on reducing mixed municipal waste production 

in the short term (Dijkgraaf, 2004, Wright, 2011, Huang, 2011). According to estimates, the reduction of mixed 

municipal waste production due to the introduction of unit-based pricing ranges between 21 and 70%, 

depending on the type of collection. The weight-based system and the bag system, which is similar to tag 

collection, have the highest effect. The estimated collection effect by container volume and disposal 

frequency is lower but still significant. New research (Allers and Hoeben, 2009, Usui and Takeuchi, 2013) 

shows that the effect of unit-based pricing is significant, but lower compared to earlier studies. More recent 

studies use more extensive data and more sophisticated econometric methods and provide more credible, 

unbiased estimates.  

Estimates of the effect of unit-based pricing on waste sorting differ according to foreign literature. According 

to some studies (Fullerton and Kinnaman, 1996, Jenkins et al., 2003, Kinnaman and Fullerton, 2000), the 

introduction of unit-based pricing did not lead to any sorting changes, but more recent analyses (Callan and 

Thomas, 2006, Kipperberg, 2007, Usui 2008, Allers and Hoeben, 2009) estimate a significant positive effect 

on increasing the volume of sorted waste. 

The short- and long-term effects of unit-based pricing on waste production are often different. Immediately 

after the introduction of unit-based pricing, residents may react to the change in a different way in the short 

term in the first year than in the long term after several years. According to Allers and Hoeben (2009) 

and Usui and Takeuchi (2013), in the first year after the introduction, the effect is higher than in the long term, 

but not significantly. In contrast, Linderhof et al. (2001) and Dijkgraaf and Gradus (2009) estimate higher 

price elasticity in the long term. Although some studies estimate that the effect of unit-based pricing 

decreases over time, it does not disappear in the long term of 7 to 30 years (Dijkgraaf and Gradus, 2009, 

Usui and Takeuchi, 2013, Yamakawa and Ueta, 2002). 
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2.2 Data 

When analysing the effect of unit-based pricing in Slovakia, we used data on the annual production of 

municipal waste, municipal waste fees and data on demographic and social characteristics. The data are at 

municipal level and come from the Statistical Office for the period 2010 to 2018.  

The amount and type of fees for municipal waste are stated in the form within the annual report of 

municipalities proposed by the IEP in 2017 for the purpose of getting additional information on communal 

waste in Slovakia. We then verified the data on the type of fees over the phone directly with the 270 

municipalities concerned and added the year in which the type of fee was introduced. The fee is only known 

for 2017 and 2018.  

For the purpose of estimating the models, we omitted 7 municipalities out of a total  of 2 887, which lack data 

on the type of fees or the year of introduction of unit-based pricing. In the case of sorted plastic, paper and 

glass waste, we replaced the missing values with the median of the type of waste in the relevant municipality. 

The number of missing values for sorted plastic and glass waste was less than 3%; for paper, a total of 15% 

data was missing for 9 years. The resulting data set thus consists of balanced data4 for 2 880 municipalities 

for 9 years. Summary statistics of the data used are given in Table 3.  

Due to gaps in the records, we have not analysed some types of waste separately, but only within other 

sorted waste. This includes kitchen biowaste, which started to be reported to a higher extent only in 2015, 

whereas in 2018 only one third of municipalities reported sorted kitchen biowaste. Similarly, here we include 

beverage cartons that started to be reported only in 2013 and metal packaging that was only reported for all 

metals in 2010 to 2017 and was not monitored separately. The rest of other sorted waste is waste that can 

be sorted and included in the numerator when calculating the sorting rate5. 

Table 3: Summary statistics at municipality level 

 Weighted average Min Max 

Mixed municipal waste (kg/inhabitant) 220 1 4 182 

Paper (kg/inhabitant) 12 0 592 

Plastics (kg/inhabitant) 6 1 524 

Glass (kg/inhabitant) 10 1 503 

Garden biowaste (kg/inhabitant) 23 0 711 

Another sorted waste (kg/inhabitant) 6 0 1 605 

Number of inhabitants 1 938 7 432 801 

Population density (inhabitant/km2) 111 1 1729 

Proportion of the population under four years of age 5% 0% 22% 

Proportion of the population aged 65+ 14% 0% 63% 

Median monthly income (in EUR) 487 5 1 125 

Flat fee (EUR/ inhabitant) 18 1 50 

Fee in the case of unit-based pricing (EUR/l) 1,7 0,1 4 

Source: IEP 

Data Limitations 

Data on waste generation are provided by municipalities as part of municipal waste reports, with some 

limitations. The data on municipal waste include not only household waste but also waste from offices, 

schools and public institutions, whereas fees for waste from legal entities or entrepreneurs are often different. 

Thus, waste produced per capita may be overstated or understated in some municipalities. A possible 

solution is to extend the catalogue number for mixed municipal waste to mixed municipal waste from and 

outside households.  

                                                           
4 For each municipality there is a figure in each year. 
5 Annex No.1 to Act No. 329/2018 Coll. on fees for waste landfilling 
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While data on mixed municipal waste have been correctly reported over the long term, data on separate 

waste collection are often understated or missing. This is also evidenced by an increasing number of 

municipalities reporting non-zero volumes of sorted waste from plastics, paper, glass and biowaste. On the 

one hand, separate collection increases every year, and on the other hand, there is increasing motivation to 

report separate collection of waste due to lower prices charged for waste disposal in a landfill. In 2014, the  

Act on fees for waste landfilling determined a rate based on sorted components. Since 2019, a fee for each 

municipality has been calculated based on the sorting rate in a municipality in the previous year. This is also 

associated with a significant increase in reported sorted metal waste since 2015. The new waste 

management information system should record the entire material waste stream, thus helping to improve 

and unify waste information. 

Another limitation of data on separate waste collection is school collection, paper scrap yards and 

composting of biowaste by households. Despite the legal obligation,6 paper scrap yards and mobile waste 

equipment often do not report all quantities collected, which results in evidence gaps. Data on composted 

biowaste on someone’s own land are not recorded at all. Reporting of collected quantities within purchasing 

installations should be controlled, or sanctions should be imposed on them for the non-performance of 

obligations. The solution for the evidence of household composting is a methodology prepared by the Ministry 

of Environment of the Slovak Republic. 

2.3 Spatial models with Fixed Effects 

The majority of the studies that used panel data (Allers and Hoeben, 2009, Dijkgraff and Gradus, 2004, Usui 

and Takeuchi, 2013) estimate the effect of introducing unit-based pricing on waste production and separate 

collection using various variations of fixed effect models. However, these studies neglect the possible spatial 

dependence of waste generation. Czech studies (Rybová and Burcin, 2017, Rybová et al., 2018) confirmed 

a positive spatial dependence for mixed municipal waste, in the case of sorted plastic and glass waste spatial 

dependence was not found. The hypothesis of spatial dependence has also been confirmed by other studies 

(Keser et al., 2011, Ismaila et al., 2015), Ioannou et al. (2010) identified the spatial dependence of separate 

collection, too. 

The resulting models for the production of mixed municipal waste and separate collection in the municipality 

i in the year t were estimated using the following equations: 

1. Mixed municipal waste - Spatial Durbin Model with fixed effects of municipalities and years 

2. Sorted plastic waste - Non-spatial model with fixed effects of municipalities and years 

3. Sorted paper waste - Spatial Durbin Model with fixed effects of municipalities and years 

4. Sorted glass waste - Model with spatial errors with fixed effects of municipalities and years 

                                                           
6 Article 16 par. 2b) and par. 3 of Act No. 79/2015 Coll. on waste 
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5. Biowaste - Non-spatial model with fixed effects of municipalities and years 

𝑄𝑖𝑡 means the amount of mixed municipal or sorted waste in the municipality i in the year t (in kilograms per 

capita).  

𝑃𝐴𝑌𝑇𝑖𝑡 takes the value 1 if in the given year, the municipality has unit-based pricing in place, and the value 

0 if the municipality has a flat fee. 

𝐷𝐸𝑁𝑖𝑡 , 𝑈𝑛𝑑𝑒𝑟4𝑖𝑡 , 𝑂𝑣𝑒𝑟65𝑖𝑡 means demographic variables, population density, proportion of 

the population aged 65+ and proportion of the population under four years of age. 

𝐼𝑛𝑐𝑜𝑚𝑒𝑖𝑡 means an economic variable indicating the median monthly income received for permanent 

employment or employment for an agreement7  

𝐺𝑎𝑟𝑑𝑒𝑛𝑖𝑡 means the area of gardens per capita (in m2 per capita) 

𝛼0𝑖 and 𝛼1𝑡 means coefficients that represent fixed effects of municipalities and years. 

𝑤𝑖𝑗 means the elements of the spatial weight matrix, which were created based on the so-called 'queen 

contiguity' rule, based on which two municipalities are adjacent if they share a common border, regardless 

of its length8. We used a row-normalized matrix, which means that the amount of waste 𝑄𝑖𝑡 depends on the 

average values of the independent variables in neighbouring municipalities. 

For the variables 𝑄𝑖𝑡 , 𝐷𝐸𝑁𝑖𝑡 , 𝐺𝑎𝑟𝑑𝑒𝑛𝑖𝑡 we used logarithmic transformation to achieve the desired linearity 

of the parameters.  

Demographic and socio-economic characteristics of municipalities or households that may influence waste 

production are partially included in the fixed effects, and partially in the variables 𝐷𝐸𝑁𝑖𝑡 , 

𝑈𝑛𝑑𝑒𝑟4𝑖𝑡, 𝑂𝑣𝑒𝑟65𝑖𝑡, 𝐼𝑛𝑐𝑜𝑚𝑒𝑖𝑡, 𝐺𝑎𝑟𝑑𝑒𝑛𝑖𝑡. Population density is used as a proxy for the residential 

space, while it is more difficult to store sorted waste in a small house (Usui and Takeuchi, 2013). A higher 

proportion of children under the age of 4 may result in higher waste production due to the use of diapers  

(Allers and Hoeben, 2009, Usui and Takeuchi, 2013). Municipalities with a higher proportion of 

the population aged 65+ can theoretically achieve higher recycling rates of glass and paper, as the sorting 

of these components has a long history in Slovakia. In addition, lower total waste generation per capita can 

be expected in these municipalities due to lower total consumption of the older population. Income can be 

considered as a proxy for consumption (a positive relation to waste generation), the opportunity cost for the 

time devoted to sorting (a negative relation to waste generation), or as a proxy for education level. The size 

of gardens in municipalities should have a positive effect on the production of garden biowaste. 

Other explanatory variables commonly used in foreign literature to estimate waste production are the average 

household size, the educational structure of the population, the proportion of ethnic minorities, tourism or 

environmental awareness (Usui and Takeuchi, 2013, Dijkgraaf and Gradus, 2004, Agovino et al., 2016). 

                                                           
7 As a rule, the square of income is also used, in our case the use of this variable did not change the resulting effect of unit-based 

collection, so we kept the original model setting. 
8 We developed a spatial weight matrix also using the distance of centroids of municipalities and the distance between individual 

municipalities in kilometres. The results achieved were very similar, so we do not provide them in the analysis. 
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Literature and practice agree that the collection system has a significant impact on waste production. The 

door-to-door collection system for biowaste or separate collection has a significant impact on both the high 

rate and quality of sorting (European Commission, 2015, OECD, 2006). These data are only available for 

one year or not at all, so we have not included them in the model. If such unobserved variables correlate with 

the amount of waste and also with the introduction of unit-based pricing, the estimated effect is biased. We 

can avoid this problem by including fixed effects that partially control changes in unobserved variables.  

For the selection of suitable models, we followed Elhorst (2010) in three steps. We started from a basic non-

spatial pooled regression where panel data structure is neglected. Subsequently, we estimated the model 

with fixed effects of municipalities and the model with two-way fixed effects of municipalities and years. When 

deciding between the pooled regression and the fixed effect model, we used the F-test of significance for 

fixed effects. With the Breusch-Pagan test, we tested the significance of time fixed effects. Based on this 

systematic selection, we have chosen a model with fixed effects of municipalities and years for each type of 

waste. We tested the inclusion of spatiality in the model using robust Lagrange multiplier tests. 

As the second step we compiled Spatial Durbin Models with selected fixed effects of municipalities and years. 

Using Wald tests, we verified whether individual models could be simplified to a model with spatial 

displacement or a model with spatial errors. Finally, we tested whether specific fixed effects could be 

considered random using the Hausman test. 

The results of all models used and their tests are shown in Table 19 and Table 20. Since conventional 

standard deviations may be underestimated due to auto-correlation, the significance level of the coefficients 

in Table 19 results from the t-values, which are based on robust standard deviations groped by municipalities 

and years, which are usually higher than usual standard deviations.  

We used balanced data when developing spatial models, as missing data would mean a missing “neighbour” 

in the spatial weight matrix. For comparison, in Table 19 we provide the results of non-spatial models 

estimated for unbalanced waste data. 

Table 4: Estimated coefficients of the resulting models  

 Mixed municipal waste Plastics Glass Paper 

PAYT -0.25*** 0.14* 0.09* 0.11 

ln DEN -0.39*** -0.43** -0.49*** -0.15 

Over65 -0.16 0.13 0.83*** 1.45*** 

Under4 0.33` -0.56 0.72* 0.48 

Income -0.11* 0.09 0.07 0.07 

W* PAYT -0.19*** - - -0.15 

W*ln DEN 0.32*** - - 0.47* 

W*Over65 -0.33 - - 1.27 

W*Under4 -0.53 - - 0.98 

W*Income 0.13` - - 1.29*** 

𝜌 0.15***   0.28*** 

𝜑   0.29***  

*** p<0.001,** p<0.01, * p<0.05, ` p<0.1                                                                                                                                           Source: IEP                                                                       

 

The results show that unit-based pricing has a significant effect on the reduction of mixed municipal waste 

production. The effect on increasing the separate collection of plastics and glass is also significant; in the 

case of paper, unit-based pricing has no effect. This may be due to the alternative option of delivering paper 

through purchasing installations or school collection. Population density is significant in all models except 

paper with a negative sign. For separate collection, the effect is in line with expectations (Usui and Takeuchi, 

2013). The proportion of the population aged 65+ has a significant positive effect on separate collection of 
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glass and paper, probably due to the long history of its sorting. The proportion of the population under four 

years of age is expected to have a positive effect on the production of mixed municipal waste.  

2.3.1 Effects by the Type of Unit-Based Pricing 

Different types of unit-based pricing can have different effects on waste production (Allers and Hoeben, 2009, 

Dijkgraaf and Gradus, 2004). When estimating the effects of individual types of unit-based pricing, we use 

modified equations in which we replace the variable 𝑃𝐴𝑌𝑇𝑖𝑡 with the variables 𝑇𝐴𝐺𝑖𝑡 and 𝑉𝐹𝑖𝑡. The variable 

𝑇𝐴𝐺𝑖𝑡, or 𝑉𝐹𝑖𝑡 takes the value 1 if the municipality has tag or volume-frequency collection in the given year. 

We did the same in the selection of models; the results of the models and tests used are given in Table 21 

and Table 22. 

Table 5: Estimated coefficients of the resulting models for unit-based pricing types  

 Mixed municipal waste Plastics Glass Paper 

Tag -0.37***  0.09 0.06 0.19* 

VolumeFrequency -0.12** 0.19* 0.12` 0.02 

ln DEN -0.39*** -0.43** -0.49*** -0.14 

Over65 -0.15 0.13 0.83*** 1.45*** 

Under4 0.33` -0.57 0.72* 0.48 

Income -0.11* 0.09 0.07 0.07 

W* Tag -0.08 - - -0.04 

W* VolumeFrequency -0.13` - - -0.23 

W*ln DEN 0.29*** - - 0.48** 

W*Over65 -0.31 - - 1.26 

W*Under4 -0.54 - - 1.01 

W*Income 0.12 - - 1.31*** 

𝜌 0.15***   0.28*** 

𝜑   0.29***  

*** p<0.001,** p<0.01, * p<0.05, ` p<0.1                                                                                                                                              Source: IEP                                                                       

 

2.3.2 Interpretation of results 

Since the dependent variable waste quantity 𝑄𝑖𝑡 is logarithmically transformed, the effect of the variable 

𝑃𝐴𝑌𝑇𝑖𝑡 is calculated as 𝑒𝛽1 − 1, where 𝛽1 is the estimated coefficient of this variable. The effect of 

introducing unit-based pricing is thus expressed as a percentage change in the quantity of waste in the case 

of shift from flat-rate to unit-based pricing. In this way, the results of the non-spatial model for sorted plastics 

collection and the model with spatial errors for sorted glass collection can be interpreted. 

The effect of unit-based pricing on mixed municipal waste was estimated using the Spatial Durbin Model, 

which also considers the interaction between neighbouring municipalities. The overall effect of changing the 

explanatory variable thus consists of a direct effect on the relevant municipality and an indirect effect on 

neighbouring municipalities. As a result of the feedback effect, direct or indirect effect do not correspond to 

the coefficients  𝛽, or 𝜃. The calculation of direct and indirect effects is stated in Annex 1 (Equation (11) 

according to LeSage and Pace (2009). 

Table 6 shows only effects of unit-based pricing on waste production. The results of models for sorted paper 

collection with balanced data are significant, but in the non-spatial model with missing data, the effect is not 

significant and is even substantially lower (Table 21 and Table 22). Since in the case of papier, there was 

a lack of even 15% of data for a period of 9 years, we consider the result of the model with missing data as 

relevant, which is not significant. 
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Table 6: Effect of unit-based pricing on waste production (% change compared to a flat fee)  

 Mixed municipal waste Plastics Glass Paper 

Unit-based pricing combin. -22.3% (-4.3%) 15.4% 9.1% - 

Tag  -31.0% (-6.1%) - - - 

Volume-frequency -11.3% (-2.0%) 22.1% 12.4% - 

*Indirect effects on neighbouring municipalities are indicated in brackets                                                                                                Source: IEP 

Unit-based pricing reduces mixed municipal waste production in the municipality by 22% in comparison with 

a flat fee. This reduction is due to the introduction of unit-based pricing at an average fee of 1.7 eurocents 

per litre of waste. The results in Table 6 show that the effect of unit-based pricing varies according to the 

collection type. White tag collection reduces the production of mixed municipal waste by 31%, volume-

frequency collection only by 11% compared to a flat fee. The results are in line with expectations and foreign 

literature, as in the case of tag collection, the residents pay for the relevant disposal and in the case of 

volume-frequency collection they pay according to the pre-set frequency and the size of the containers.  

In addition to the direct effects on mixed municipal waste production in the municipality, the introduction of 

unit-based pricing also has an indirect impact on mixed municipal waste production in neighbouring 

municipalities. The introduction of unit-based pricing in the municipality reduces waste generation per capita 

in neighbouring municipalities by an average of 4%. In the case of tag collection, the indirect effect reaches 

6%, in the case of volume-frequency collection it reaches 2%, respectively. This may be due to the 

dissemination of information and awareness-raising in municipalities. 

Unit-based pricing has a significant and positive impact on sorted plastics and glass collection. In 

municipalities, 15% more sorted plastic waste and 9% more glass is collected thanks to the introduction of 

unit-based pricing. The analysis did not show a significant effect of unit-based pricing on paper sorting. This 

may be due to alternative paper management options through purchasing installations or school collection, 

which have a long tradition in Slovakia. Data on the amount of paper waste received in such facilities is 

generally not reported and is absent in the waste register.  

However, the resulting effect for a particular municipality may be lower or much higher. A municipality with 

higher fees, higher environmental awareness, an active mayor in the field of the environmental or a better 

information campaign and evidence may achieve better results. For instance, in the municipality of Košeca, 

they reduced waste production only thanks to the introduction of automatic waste evidence and high-quality 

enlightenment, without unit-based pricing (JRK, 2019). In addition, if a municipality has door-to-door 

collection for bio-waste and sorted waste, the effect of unit-based pricing may be higher (European 

Commission, 2015, OECD, 2006).  

2.3.3 Testing Endogeneity 

The use of models and their interpretation in Chapter 2.3 assumes the exogeneity of the introduction of unit-

based pricing, i.e. the introduction of unit-based pricing does not correlate with a model error. We tested 

possible endogeneity using instrumental variables. Due to the robustness of the results, we assume that the 

introduction of unit-based pricing is exogenous. 

One of the prerequisites for using the above methods is the so-called exogeneity, where the explanatory 

variables and the model error are uncorrelated, and a violation of this assumption may lead to biased 

estimates. The cause of endogeneity may be the omission of an important explanatory variable, which affects 

the choice of the introduction of unit-based pricing and waste production.  

For instance, the inhabitants of some municipalities may have a higher environmental awareness as a result 

of campaigns, promotions or a mayor who promotes environmental policies and measures. In such 

municipalities, the introduction of unit-based pricing may be more likely than in those with a low-

environmental awareness. At the same time, environmental awareness may affect the waste production 
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regardless of the type of fees for collection, which could overestimate the effect of unit-based pricing 

(Dijkgraaf and Gradus, 2009). Another example could be municipalities with long-term high waste production, 

which would benefit more from the introduction of unit-based pricing.  

The model with fixed effects used by us in the analysis of the effect of unit-based pricing on waste production, 

partially reduces possible endogeneity, which is based on the unobserved characteristics of municipalities 

such as environmental awareness, political ideology but it may not be sufficient in the case of specific 

characteristics of individual municipalities that change over time. Interaction of the municipalities can also be 

seen as a form of endogeneity that we eliminated by including spatial dependence in models. 

For assessing possible endogeneity, we need relevant explanatory variables that influence the possibility of 

introducing unit-based pricing but do not directly affect waste production (Besley and Case, 2002). Allers 

and Hoeben (2009) estimate that the introduction of unit-based pricing depends on political ideology and on 

the introduction of unit-based pricing in neighbouring or surrounding municipalities. Political interaction for 

the introduction of unit-based pricing may result from the dissemination of information or the political 

competition of municipalities. Several studies have found that the introduction of any fee or tax is more likely 

if neighbouring municipalities have already introduced this type of fees (Ashworth et al., 2006, Brueckner, 

2003, Heijnen, 2007).  

The development of unit-based pricing in Slovakia suggests that the introduction of unit-based pricing is 

concentrated and may depend on the decision in the neighbouring or surrounding municipality. In Slovakia, 

municipalities have unit-based pricing in municipalities mainly in such districts as Tvrdošín, Ružomberok, 

Nové Zámky. Volume-frequency collection was introduced mainly in western Slovakia in the districts of 

Senec, Malacky and Dunajská Streda. 

Map 2: Municipalities with unit-based pricing by year of introduction 

 

 

 

 

  

 

 

 

Source: IEP    

We estimated the possible endogeneity using the Two-Stage least squares method. In the first step we 

estimated the choice of introducing unit-based pricing using type of collection in surrounding municipalities 

in the previous year as the instrumental variable and other explanatory variables from the waste equation. 

The equation was estimated using a weighted regression model with fixed effects of municipalities and years. 

We used weights based on the ratio between municipalities with unit-based pricing and municipalities with a 

flat fee. 

𝑃𝐴𝑌𝑇𝑖𝑡 = 𝜌𝑃𝐴𝑌𝑇𝑌𝑁𝑗𝑡−1 + 𝛼0𝑖 + 𝛼1𝑡 + 𝛽2𝐷𝐸𝑁𝑖𝑡 + 𝛽3𝑈𝑛𝑑𝑒𝑟4𝑖𝑡 + 𝛽4𝑂𝑣𝑒𝑟65𝑖𝑡

+ 𝛽5𝐼𝑛𝑐𝑜𝑚𝑒𝑖𝑡 + 𝜀𝑖𝑡  
(5) 
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The variable 𝑃𝐴𝑌𝑇𝑌𝑁𝑗𝑡−1 takes the value 1 if in the vicinity of the municipality there is at least one 

municipality with unit-based pricing in the previous year, otherwise it is 0. We created the variable using a 

spatial weight matrix that we constructed based on the distance of the centroids of municipalities. We assume 

that the information on unit-based pricing in a municipality may also be disseminated to distant municipalities, 

with which they do not share a common border. The municipalities that introduced unit-based pricing before 

2010 are omitted from the testing, as we do not have information whether in their vicinity there were any 

municipalities with unit-based pricing before the introduction. The results of the first degree of regression are 

shown in Table 23 in Annex 1. 

 

In the next step we will use the predicted 𝑃𝐴𝑌𝑇𝑖𝑡
̂  and estimate the equation for mixed municipal waste using 

a non-spatial model with fixed effects. Due to the omission of municipalities in the first step, we cannot 

estimate the spatial model.  

Table 7: Test for endogeneity 

 Basic model 2SLS 

PAYT -0.265*** -0.255*** 

F-test of significance 𝜌 (p-value)  738 (0.00) 

Hausman test for endogeneity (p-value)  1.22 (0.94) 

Source: IEP 

The effect of introducing unit-based pricing according to the basic model without the treatment of endogeneity 

is similar to the result of the Two-Stage method. The Hausman test for endogeneity9 of an explanatory 

variable does not reject the hypothesis that the explanatory variable is exogenous. The inclusion of fixed 

effects could eliminate potential endogeneity e.g. if municipalities introduce unit-based pricing as a result of 

high waste production. The F-test of significance of the collection type in surrounding municipalities in the 

previous year confirms the relevance of the instrumental variable used. 

 

The number of municipalities with unit-based pricing corresponds to only almost 6% of all municipalities in 

Slovakia. We could only test the possible endogeneity with the chosen instrumental variable only for a half 

of the total number of municipalities with unit-based pricing, as up to 80 municipalities introduced unit-based 

pricing before 2010. For these municipalities we do not know their motivation to introduce unit-based pricing. 

We additionally verified the robustness of the results obtained using our own criteria for the selection of a 

data sample:  

1) Analysis of only those municipalities that have ever had unit-based pricing, thus comparing 

only municipalities that are more similar, as they are the same municipalities at different periods of 

time. 

2) Analysis of only those municipalities that introduced unit-based pricing after 2010 for case 

that the municipalities that introduced unit-based pricing until 2010 were different. 

3) Analysis of only those municipalities that have ever had unit-based pricing and Monte Carlo 

simulation of municipalities with a flat fee, in which we randomly selected 500 or 1000 

municipalities from among flat-fee municipalities and this random selection was repeated 1000 

times. 

The results of the analyses 1), 2) and 3) performed for the selected sample show that the effect of unit-based 

pricing as well as types of unit-based pricing on mixed municipal waste is robust and significant. The effect 

of unit-based pricing on plastics is robust but in some cases it is no longer significant.  

                                                           
9 We used robust standard deviations grouped by municipalities and year. 

  𝑄𝑖𝑡 = 𝛼0𝑖 + 𝛼1𝑡 + 𝛽1𝑃𝐴𝑌𝑇̂𝑖𝑡 + 𝛽2𝐷𝐸𝑁𝑖𝑡 + 𝛽3𝑈𝑛𝑑𝑒𝑟4𝑖𝑡 + 𝛽4𝑂𝑣𝑒𝑟65𝑖𝑡 + 𝛽5𝐼𝑛𝑐𝑜𝑚𝑒𝑖𝑡 + 𝜀𝑖𝑡  (6) 
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Table 8: Robustness test of results   

 Mixed municipal waste Plastics Glass Paper 

Basic model -0.26*** 0.14* 0.12** 0.09 

Tag  -0.39*** 0.09 0.09 0.17` 

Volume-frequency -0.13** 0.19* 0.14* 0.02 

(1)     

PAYT -0.25***  0.13*  0.13** 0.08 

Tag -0.38***  0.09  0.12` 0.14 

Volume-frequency -0.12*  0.12`  0.14* 0.01 

(2)     

PAYT -0.27***  0.14* 0.12** 0.09 

Tag -0.39***  0.09  0.09 0.17` 

Volume-frequency -0.12**  0.19*  0.14* 0.02 

(3)     

PAYT -0.26***  0.14**  0.14 0.09 

Tag -0.39***  0.09 0.10 0.16 

Volume-frequency -0.12*  0.19* 0.13* 0.02 

Significance level by t-values which are in (2) based on robust standard deviations                                           Source: IEP                 

grouped by municipalities, in (3) grouped by municipalities and years, *** p<0.001,** p<0.01, * p<0.05, ` p<0.01 

 

2.3.4 Sensitivity Analysis 

In addition to testing for possible endogeneity, as part of the sensitivity analysis, we have verified other 

assumptions that may influence the magnitude of the unit-based pricing effect: 

(1) An analysis in which we omitted cities, as only 2 cities have a unit-based pricing system in place. 

(2) An analysis of unbalanced data. 

(3) An analysis without municipalities with combined collection. 

Since we omit some municipalities in the sensitivity analysis, we compare the results with a model with fixed 

effects of municipalities and years without spatial dependence. A comparison of the coefficients of spatial 

and non-spatial models stated in Annex 1 shows the robustness of the estimates. 

The results of the sensitivity analysis in Table 9 show that the selected models are robust with respect to the 

data used.  

Table 9: Sensitivity analysis   

 Mixed municipal waste Plastics Glass Paper 

Basic model -0.26*** 0.14* 0.12** 0.09 

Tag -0.39*** 0.09 0.09 0.17` 

Volume-frequency -0.13** 0.19* 0.14* 0.02 

(1)     

PAYT -0.25***  0.14*  0.12** 0.12 

Tag -0.36***  0.08  0.09 0.18` 

Volume-frequency -0.12**  0.21*  0.15** 0.06 

(2)     

PAYT -0.26*** 0.13*  0.11* 0.06 

Tag -0.39*** 0.07 0.09 0.11 

Volume-frequency -0.13** 0.20* 0.13* 0.00 

(3)     

PAYT -0.26*** 0.14* 0.12** 0.11 

Tag -0.39*** 0.09 0.09 0.18` 

Volume-frequency -0.13** 0.19* 0.14* 0.03 
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Significance level by t-values which are in (2) based on robust standard deviations                                            Source: IEP                 

grouped by municipalities, in (3) grouped by municipalities and years 

*** p<0.001,** p<0.01, * p<0.05 

 

2.4 Matching (Propensity score matching) 

An alternative way of estimating the effect of a measure to a standard regression analysis approach is the 

matching technique. The purpose of matching is to find matches for units from a control group to all units 

from the treated group based on their characteristics and then compare the output values. Like regression 

models, matching techniques require explanatory variables that are responsible for the selection related to 

the control or treated group. The estimated effects are unbiased when all relevant explanatory variables have 

been included and there are no other unobserved variables. Unlike regression models, the matching 

technique does not require a linear functional form of parameters. 

In the analysis we chose the propensity score matching, which is a conditional probability of the introduction 

of a measure, i.e. unit-based pricing, given the observed explanatory variables (Rosenbaum and Rubin, 

1983).  

We estimated the probability of introducing unit-based pricing for the given values of explanatory variables 

X using the logistic regression model 

We used the same explanatory variables as in the equation (5) in Chapter 2.3.3. Thus, equation (7 can be 

written in a linear form 

 

Table 10: Logistic regression model results 

 Estimated coefficient 

Intercept -3.93*** 

∑𝑑𝑖𝑗 𝑃𝐴𝑌𝑇𝑗𝑡−1 7.21*** 

Den -0.02 

Under4 0.81 

Over65 -3.97` 

Income 1.46*** 

Source: IEP 

The introduction of unit-based pricing in a neighbouring municipality in previous years as well as the median 

income have a significant positive effect on the introduction of unit-based pricing. Some authors (Austin et 

al., 2007, Caliendo and Kopeinig, 2008) suggest that the final model should include not only statistically 

significant variables, so we will leave all explanatory variables used in the model. 

When matching municipalities, we applied the so-called nearest neighbour matching method, which found 

the nearest neighbour from among the municipalities without unit-based pricing (the control group) for each 

neighbour with unit-based pricing, based on calculated probabilities from logistic regression. When matching, 

we used the selection without regression, which makes it possible to use a municipality without unit-based 

pricing for matching with the municipalities with unit-based pricing only once. 

 𝑃(𝑃𝐴𝑌𝑇|𝑋) = 𝑒𝑋𝛽

1 + 𝑒𝑋𝛽⁄  (7) 

 
ln

𝑝

1 − 𝑝
= 𝛽0 + 𝛽1 ∑𝑑𝑖𝑗

𝑛

𝑗=1

𝑃𝐴𝑌𝑇𝑗𝑡−1 + 𝛽2𝐷𝐸𝑁𝑖𝑡 + 𝛽3𝑈𝑛𝑑𝑒𝑟4𝑖𝑡

+ 𝛽4𝑂𝑣𝑒𝑟65𝑖𝑡 + 𝛽5𝐼𝑛𝑐𝑜𝑚𝑒𝑖𝑡 + 𝜀 

(8) 
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The number of observations dropped after matching to 2,404 from the original 25,920, leaving out data 

outside the region of common support. Most omitted or unmatched municipalities is in the range of 0 to 0.2 

due to the probability of introducing unit-based pricing (Graph 2 in Annex 2). The matching of municipalities 

significantly improved congruence between the distribution of probabilities of the introduction of unit-based 

pricing, which suggests a reduction in potential selection bias. 

A key requirement of the matching technique is to achieve the covariate balance. This means that differences 

resulting from explanatory variables for municipalities with and without unit-based pricing are not statistically 

significant. The achieved balance was assessed by visual inspection, normalized mean differences and a 

chi-squared test.  

After matching, the points in the quantile graph are on a diagonal, which means that the explanatory variables 

in both groups come from the same distribution (Graph 4 in Annex 2). The absolute value of the normalized 

mean differences for the explanatory variables dropped after matching to below 25% (Table 24 in Annex 2), 

which suggests an improvement in the balance of all variables (Stuart and Rubin, 2008). Hansen and Bowers 

(2008) proposed a test to check if there is at least one explanatory variable in the model for which the control 

and treated groups are different. A statistically significant result of the chi-squared test for unmatched data 

indicates that at least one variable in the model creates an imbalance between the control and the treated 

groups. For matched data, the result is not significant, indicating a balance between the groups (Table 25 in 

Annex 2). 

Provided that conditional independence is met, on the basis of the explanatory variables used, the difference 

between the production of waste in municipalities with and without unit-based pricing is solely due to the 

effects of the introduction of unit-based pricing. We estimated the average effects of the introduction of unit-

based pricing by using the method of least squares on the matched data in the common support region.  

Table 11: Average estimated effect of introducing unit-based pricing on waste production 

 Mixed municipal waste Plastics Glass Paper 

Matching technique -0.26*** 0.14*** 0.21*** 0.17*** 

Resulting models from Part 

2.3 

-0.25*** 0.14* 0.09* 0.11 

Source: IEP 

The estimated effects of introducing unit-based pricing on mixed municipal waste production and plastic 

sorting are significant and coincide with the results of spatial or non-spatial models with fixed effects in Part 

2.3. The effects of unit-based pricing on the sorting of glass and paper are significantly positive, but 

significantly higher compared to previous results. This may be due to the omission of unobserved variables 

affecting the sorting of paper and glass in municipalities, leading to biased estimates and a poor balance in 

matched municipalities. One example could be paper purchasing installations, which are found only in some 

municipalities and have a significant impact on the amount of paper in the sorted waste. The models in Part 

2.3 check the effect of such unobserved variables through fixed effects of municipalities. 

2.4.1 Sensitivity Analysis 

When assessing the robustness of the matching results against possible bias due to an unobserved variable, 

we performed a sensitivity analysis. The Rosenbaum Sensitivity Test (2002) is based on the Wilcoxon sign 

rank test and the Hodges-Lehmann point estimate for the sign rank test.  

The test statistic is calculated on the basis of the statistical significance of the resulting variable for different 

values of gamma, which is interpreted as the odds ratio of introducing unit-based pricing for two observations. 

Provided that the estimates are not biased due to an unobserved variable, the values of gamma close to 1 

at which the corresponding p-value is 0.05 or higher indicate that the results are sensitive to a small change 
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due to the implicit bias. High values of gamma are associated with robust results for which the effect of an 

unobserved variable must be considerable high for the estimates not to be statistically significant. Gamma 

values ranging from 1 to 2 are used in most studies (Rosenbaum, 2002).   

The results of the Rosenbaum Sensitivity Tests are shown in Table 26 in Annex 2. For mixed municipal 

waste, the upper limit of the Wilcoxon sign rank test p-values changes to a statistically insignificant value 

when the gamma value is 1.9. This means that the odds ratio would have to change 1.9 times to make the 

estimates statistically insignificant. This potential effect of implicit bias is equivalent to an increase in the 

median income value by EUR 441, which is almost double. For sorted plastic, glass and paper waste, 

estimates are not significant even at lower gamma values.  

The Hodges-Lehmann point estimate of an additive treatment effect is a robust estimate derived from the 

randomization of a rank test and can be interpreted as a difference of the median of the resulting variable in 

the control and treated group. The median difference in mixed municipal waste production is -0.21 if there is 

no implicit bias. For gamma values of 1.1, the median ranges from -0.32 to -0.12. Only when the gamma 

value is 2, the Rosenbaum interval includes a value of 0, which would mean the opposite effect of unit-based 

pricing on mixed municipal waste production. For sorted plastic and paper wastes, the interval covers a value 

of 0 at a gamma value of 1.3; for glass it is 1.5, respectively. 

The results of Rosenbaum Sensitivity Tests thus indicate that the estimated results of the impact of unit-

based pricing on mixed municipal waste production are relatively robust to possible bias due to an 

unobserved variable. Conversely, the positive effect of unit-based pricing on the sorting of plastics, paper 

and glass is sensitive to possible implicit bias. 
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3 Possible Negative Effects of Unit-Based Pricing 

The introduction of unit-based pricing may be accompanied by problems with illegal disposal of waste in 

illegal landfills or the transport of waste to neighbouring municipalities without unit-based pricing. Another 

option is the incineration of waste by households or the disposal of mixed municipal waste through separate 

collection. In the municipalities of Hranovnica, Kajal and Nesluša there were cases when inhabitants did not 

set out any waste collection container at the curb for the whole year due to illegal landfilling of waste in 

nature. The inhabitants of Hranovnica even transported waste to the neighbouring town of Poprad without 

any sanctions. For these reasons, all the three municipalities were forced to cancel unit-based pricing.  

Therefore, preventive measures, e.g. the installation of real or fake cameras with a possible penalty notice 

must be introduced together with unit-based pricing. Another option is to introduce a two-component fee with 

a minimum fixed fee and a variable fee depending on the amount of waste. The efficient operation of unit-

based pricing requires available and sufficient infrastructure for separate collection. It is necessary to create 

a sufficient comfortable and incentive system for the inhabitants and to provide them with the necessary 

information before the system is introduced. The contents of sorted waste containers should be checked and 

should not be taken away in the event of unsorted waste. 

3.1 Waste Tourism 

The available data do not show that the reduction of waste production occurs after the introduction of unit-

based pricing due to the transport of waste to neighbouring municipalities. 

In the case of unit-based pricing, citizens pay according to how much waste they produce, which can lead to 

the disposal of waste to neighbouring municipalities without unit-based pricing. For example, after the 

introduction of the bag system in the municipality of Hranovnica, they noticed the transport of waste to waste 

containers in neighbouring Poprad  (Hranovnica, 2007). Dutch studies Dijkgraaf and Gradus (2004) 

and Allers and Hoeben (2009) did not prove the occurrence of waste tourism. Conversely, the Japanese 

study Usui and Takeuchi (2013) showed that municipalities with unit-based pricing reduced waste production 

through illegal transport to neighbouring municipalities.  

The impact of the introduction of unit-based pricing in a municipality on the production of waste in 

neighbouring municipalities can be determined using the estimated indirect effects of the Spatial Durbin 

Model for mixed municipal waste production from section 2.3. A positive indirect effect would indicate the 

possible disposal of waste by transporting it to neighbouring municipalities. 

 

Table 12: Indirect effects of introducing unit-based pricing 

 Indirect effect 

Unit-based pricing -4.2% 

Tag  -6.1% 

Volume-frequency -2.0% 

Source: IEP 

The results of the model show that the introduction of unit-based pricing has little negative indirect effect on 

mixed municipal waste production in neighbouring municipalities. The introduction of unit-based pricing in a 

municipality thus reduces the production of mixed municipal waste in neighbouring municipalities by an 

average of 4.2%. This may be due to the dissemination of information and awareness-raising among 

municipalities. 
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3.2 Illegal Dumping 

The results in chapter 2.3 show that the effect of unit-based pricing is more considerable for the reduction in 

mixed municipal waste than for higher sorting rate. While unit-based pricing reduces mixed municipal waste 

production by 33 kg per capita per year, separate collection increases by less than 2 kg of plastic and glass 

waste per capita per year. The impact of unit-based pricing on biowaste and other components of separate 

collection is not statistically significant (Table 19 and Table 21 in Annex 1).  

In fact, mixed municipal waste can be reduced e.g. by home composting of biowaste or sorting paper for 

school collection or mobile purchasing installations. Data on these quantities are often missing and not 

entered in the record of municipal waste, so it may appear from the results of the analysis that unit-based 

pricing does not affect these components. Another option for reducing mixed municipal waste production 

may be lower total waste production or illegal landfilling. 

The increased incidence of illegal landfilling is indicated as another problem of introducing unit-based pricing 

(Eunomia, 2003, Kim and Kim, 2012, Fullerton and Kinnaman, 1996). Several analyses that relied on opinion 

polls or comparing changes in unsorted and sorted waste, confirmed an increased number of illegal landfills 

after the introduction of unit-based pricing (Kinnaman a Fullerton, 2000, Kim a Kim, 2012). In the Spanish 

city of Torrelles de Llobregat, where they introduced a bag system with fully variable charges, they estimated 

that 10 to 15% of the waste had been landfilled at road borders (Puig-Ventosa, 2008).  

In the municipality of Hranovnica where they introduced the system in 2007, it happened that in some 

households they did not use any tags for waste collection and landfilled it illegally instead. This led to the 

total cancellation of unit-based pricing in 2015 (MŽP SR, 2014). Negative experience with illegal landfilling 

has led to the cancellation of unit-based pricing in the municipality of Kajal. Illegal waste disposal was also 

confirmed by the municipality of Budikovany, while the inhabitants do not face any sanctions for such 

activities. 

In the absence of official data on illegal landfills, in the analysis of the effect on illegal landfilling we relied on 

data from the TrashOut mobile application. Among other things, the location of landfills, the size of the landfill 

(a bag, car and wheelbarrow) and the types of waste that are present on it are reported to the application.  

In our case, we were only interested in illegal landfills where household waste was reported. We then linked 

the data with the data on municipal waste. Between 2013 and 2018, 2240 new illegal landfills with household 

waste were reported in the application, with about 40% of landfills of the size of a car, 40% of landfills of the 

size of a wheelbarrow and the remaining 20% of the size of a bag. As expected, most landfills were reported 

in regional capitals and western Slovakia. The number of reported landfills is lower than the actual number 

of illegal landfills in municipalities. The fact whether landfills are reported by inhabitants depends on several 

factors, e.g. on Internet literacy or information on the existence of an application. 
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Map 3: Illegal landfills reported in 2013-2018 

 

 

 

  

 

 

 

Source: IEP based on TrashOut    
When analysing the effect of unit-based pricing on the number of landfills reported, we used a Poisson 

regression model with fixed effects of municipalities and years in the form of 

Where the dependent integer positive variable 𝐷𝑈𝑀𝑃𝑖𝑡 from the Poisson distribution indicates the number 

of reported landfills of the size of a bag, car and wheelbarrow, or the number of reported landfills together. 

The explanatory variables used are the same as for the models in Chapter 2.3. Since we do not have data 

about Internet literacy of municipalities, this variable, which may affect the number of landfills reported, is 

included in the fixed effects of a municipality. 

Since only 488 out of the 2 865 municipalities analysed had at least one landfill reported during the period 

under review, we estimated Equation (9) for all data and for a sample of data as follows: 

1) All municipalities 

2) Only the municipalities that have ever introduced unit-based pricing 

3) Only the municipalities they introduced unit-based pricing after 2013 

4) Only the municipalities in which at least one landfill was reported 

5) Only the municipalities in which at least one landfill was reported and have ever introduced unit-

based pricing 

Table 13: Effect of unit-based pricing on the number of illegal landfills reported 

 Bag size Car size Wheelbarrow 

size 

Total 

1)     

𝑃𝐴𝑌𝑇𝑖𝑡 -0.66  -1.84`  -0.28  -0.69  

2)     

𝑃𝐴𝑌𝑇𝑖𝑡  -1.82`  -0.13  -0.71  

3)     

𝑃𝐴𝑌𝑇𝑖𝑡  -1.86`  -0.14 -0.72  

4)     

𝑃𝐴𝑌𝑇𝑖𝑡 -0.21 -0.96  -0.41  -0.62  

5)     

𝐷𝑈𝑀𝑃𝑖𝑡 = 𝛼0𝑖 + 𝛼1𝑡 + 𝛽1𝑃𝐴𝑌𝑇𝑖𝑡 + 𝛽2𝐷𝐸𝑁𝑖𝑡 + 𝛽3𝑈𝑛𝑑𝑒𝑟4𝑖𝑡 + 𝛽4𝑂𝑣𝑒𝑟65𝑖𝑡 + 𝛽5𝐼𝑛𝑐𝑜𝑚𝑒𝑖𝑡

+ 𝜀𝑖𝑡 
(9) 
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𝑃𝐴𝑌𝑇𝑖𝑡  0.30 0.53 -0.07  

                                                     Source: IEP 

 
Based on the available data, we have not proved a significant effect of the introduction of unit-based pricing 
on the increased number of reported landfills. Since the actual number of illegal landfills is higher than the 
number of reported ones, we cannot conclude with certainty that unit-based pricing does not increase the 
number of illegal landfills. 
 
A suitable measure against illegal landfilling is setting a minimum fixed fee for waste or installing cameras 
with a notice of a possible fine. The efficient operation of unit-based pricing requires available and sufficient 
infrastructure for separate collection (European Commission, 2018).  
 

Box 6: Measures against illegal dumping 

Discount system in Mikulov 

In 2012, Czech Mikulov introduced an intelligent waste management system (obec Mikulov, 2012). Waste 

containers for sorted and mixed municipal waste are equipped with chips and barcodes for each 

household, which are scanned and stored in the database. In billing, households are credited with a 

bonus based on the total waste generation and the ratio of sorted and mixed municipal waste. Based on 

the bonus, households will receive a benefit in the form of a reduced fee for waste for the next year. The 

amount of the bonus, waste generation and success rate can be viewed on a website in the ranking of 

the best households, which motivates citizens to improve their waste collection.    

Monitoring system in South Korea 

In South Korea, illegal landfilling has increased sharply after the introduction of a countrywide bag 

system, but citizens' reports and the introduction of video surveillance systems have helped to solve the 

problem. Offenders were subject to a fine of up to 900 pounds. Since 2000, anyone who reported illicit 

activity has received a reward of 80% of the fine (Kim and Kim, 2012).  

Minimum fixed fee for waste 

The introduction of a minimum fixed fee may help to avoid illegal waste disposal (Bilitewski, 2008, 

Reichenbach, 2008). Such a fee has been introduced in Slovakia in the municipalities of Veľké Dvorníky 

and Nižná Sitnica. The municipalities of Slaská, Zbehňov, Halič and others have a minimum number of 

tags that a citizen must use in a given year or a minimum number of collection intervals per year. 

Information campaign and sufficient infrastructure 

The efficient operation of unit-based pricing requires available and sufficient infrastructure for separate 

collection. It is necessary to create a sufficient comfortable and incentive system for the inhabitants and 

to provide them with the necessary information before the system is introduced (European Commission, 

2018).  
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4 Costs and Benefits of Unit-based pricing 

The introduction of tag collection in family houses and volume-frequency collection in residential buildings 

throughout Slovakia may result in the financial savings for municipalities of EUR 28.5 mil. per year. A one-

off investment in unit-based pricing can amount to EUR 0 - 28.6 mil. for municipalities, operating costs can 

range from EUR 0 to 2.3 mil. per year, depending on the type and system computerisation.  

Additional costs for separate collection of plastics and glass are estimated at EUR 1.7 mil. per year. We have 

not been able to quantify the impact of unit-based pricing on the sorting of paper and bio-waste, but we can 

expect an increase. If the same part of the paper's potential in mixed municipal waste is sorted as in the case 

of plastics and glass, then additional costs would be EUR 0.7 mil. per year. If inhabitants sort paper through 

purchasing installations or mobile devices, the additional costs of a producer responsibility organization 

would be zero. Additional costs for the purchase of home composters would amount to almost EUR 6 mil. 

per year. 

In addition to the financial costs and benefits, the introduction of unit-based pricing also brings non-financial 

costs and benefits in the form of environmental costs saved and increased discomfort associated with sorting. 

4.1 Financial Benefits and Costs of Unit-Based Pricing 

The introduction of unit-based pricing will save on average around EUR 6 per inhabitant per year on landfill 

charges, entry fees and mixed municipal waste collection costs for a municipality. Direct costs of a 

municipality associated with the introduction of unit-based pricing can reach EUR 0 to 18 ths. one-off and its 

operation on average EUR 838 per year, depending on the selected type of collection, the number of 

containers served and the system computerisation. A fully automated system brings about additional costs 

for a collection company, which must install an RFID chip reader on the vehicle in the amount of EUR 5.5 to 

7 ths. 

Increasing the sorting of plastics and glass will bring additional costs of almost EUR 1.7 mil. per year. We 

cannot quantify the cost of additional sorting of paper and biowaste, but we can expect its increase. In the 

case of plastics and glass, we estimate that approximately 4% of the potential of these components in mixed 

municipal waste will be sorted as a result of unit-based pricing. If the same part of the paper's potential is 

sorted, the additional costs would amount to EUR 0.7 million per year. If inhabitants sort paper through 

purchasing installations or mobile devices, the additional costs of a producer responsibility organisation 

would be zero. Additional costs for the purchase of home composters would amount to almost EUR 6 mil. 

per year. 

Table 14: Financial costs and benefits of unit-based pricing (mil. EUR/year) 

 Combination* 

Landfill costs saved 28.5 

Cost of system introduction and operation  

  One-off investment 0 - 28.6 

  Operation 0 - 2.3 

Cost of additional separate collection of plastics 1.5 

Cost of additional separate collection of glass 0.2 

Cost of additional separate collection of paper N/A 

Cost of home composters or composting N/A 

*Tag collection in family houses, volume-frequency collection in residential buildings                                                       Source: IEP                
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4.1.1 Saved Costs for Landfilling of Mixed Municipal Waste 

Reducing mixed municipal waste production when introducing unit-based pricing will reduce the total cost of 

collection and landfilling. In addition, the cost of landfill charges, which will grow to EUR 11 - 33 per tonne in 

2021, depending on the sorting rate,10 would be reduced. Reducing mixed municipal waste production and 

increasing sorting will result in a higher sorting rate, allowing the municipality to fall into a category with lower 

landfill charges. 

According to data from the 8 largest collection companies in Slovakia, the average price for the collection of 

mixed municipal waste in 2019 was EUR 68 per tonne. According to information from landfill site operators, 

the charge levied upon a given quantity of waste received at a waste processing facility (the so-called 'gate 

fee') in 2019 was, on average, EUR 33 per tonne of waste, i.e. it rose by nearly 7% year on year. We 

estimated waste generation as well as the sorting rate by 2021 using a simple linear regression for the time 

series during 2010-2018. In forecasting we considered a reduction in landfilled waste and an increased 

sorting rate due to the introduction of higher landfill charges (Haluš et al., 2018).  

If tag collection in family houses and volume-frequency collection in residential buildings is introduced in 

2020, the mixed municipal waste production could have decreased by 214 ths. tonnes. Thus in 2021, 

municipalities could save 28.5 mil. EUR, on average a cost saving of approximately EUR 6 per capita per 

year11.  

Table 15: Saved costs of a municipality for mixed municipal waste (mil. EUR/year) 

 Combination* 

Landfill charges 5,3 

Gate fee 7,9 

Collection 15,3 

Total 28,5 

Per capita (EUR/year) 6,0 

*Tag collection in family houses, volume-frequency collection in residential buildings                                                              Source: IEP                

 

4.1.2 Costs of Introducing and Operating Unit-Based Pricing 

For the wide-scale introduction of unit-based pricing, one-off investment costs can range from 0 to 28.6 mil. 

EUR; operating costs can range from EUR 0 to 2.3 mil. per year. The costs of an average municipality thus 

reach EUR 0 to 10.5 ths. one-off and EUR 0 to 838 per year, depending largely on the size of the municipality, 

the number of waste containers, the selected type of collection and the system computerisation. A fully 

automated system brings about additional costs for a collection company, which must install a reader on the 

vehicle in the amount of 5.5 to 7 ths. EUR. We assume that only waste containers for mixed municipal waste 

for family houses would be identified where collection would be set according to the actual emptying intervals. 

Waste containers for residential buildings with volume-frequency collection would not be identified.  

Simple systems such as tag and volume-frequency collection are the most widespread in Slovakia. The 

advantage of volume-frequency system is especially low costs, simplicity and low organizational and time-

related demands for both the citizens and the collecting company. The experience of Nová Dedinka and 

Rohov, which introduced the system in 2016, shows that its implementation did not require any investment 

or operating costs. Similarly, the introduction of tag collection is only associated with one-off tag production 

                                                           
10 Article 4 par. 4 of Act No.329/2018 Coll. on fees for waste landfilling 
11 We estimated the collection price in 2021 on the basis of the inflation forecast (IFP, 2019), for the landfill charges we expect a 
7% year-on-year growth also due to the closure of landfills and a higher demand. 
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and the evidence of the number of collection based on the tags collected. The additional costs in this case 

are negligible.  

The costs of more sophisticated electronic waste evidence systems are higher as they include software 

development for automatic collection evidence, operation and expert advice. In the simplest case, the 

additional operating costs include only the purchase of a reader, the costs of an employee for code scanning 

and container identification. For a fully automated system that includes access to the records for the collection 

company, the municipality as well as for each household, regular data evaluation, training and connection to 

the ECR system, the costs are much higher. We expect that the costs of an average municipality for the 

electronic evidence of mixed municipal waste from family houses are in the amount of EUR 697 per year in 

the simplest form; for a fully automated system, it is EUR 838 per year and EUR 10.5 ths. one-off (more 

in Box 7). If a municipality decides to make evidence also for separate waste collection, the operating costs 

would be higher. Collection companies also have additional costs, as they must install a chip reader in the 

amount of 5.5 to 7 ths. EUR.  

Box 7: Cost of unit-based pricing with electronic waste evidence 

Barcodes – operation within own capacity 

Waste containers are identified by barcodes or QR codes that are assigned to each household. When 

waste is collected, the authorized employee of the municipality scans the code using a reader and the 

municipality evaluates the collected data on the number of waste collection at the end of the year.  

This system is in place in the municipalities of Vrádište and Chropov, where the cost of buying the reader 

and identifying the containers with barcodes amounted to 1000 and 200 EUR, respectively. In both 

municipalities they have an employee who works under agreement who scans the codes on the 

containers being emptied. The time required to register the whole municipality for one collection is 

between 1 and 3 hours. Data transmission from the reader and data evidence, which is usually performed 

by a municipal employee, requires only 3 hours per year, which is a negligible cost. 

The experience of municipalities shows that each family house has its own waste container in the volume 

of 110, 120 or 240 litres. According to the municipalities of Rakovice, Vrádište and Chropov, we have 

calculated that the worker will identify approximately 67 containers per hour when waste is collected.  We 

estimate based on data on the frequency of waste collection from the municipal waste report and the 

super-gross minimum wage of EUR 4.04 per hour in 2019 that the average cost for the employee is EUR 

697 per year. 

According to JRK, the price of one code per container is 10 eurocents with a life cycle of 3 years. 

According to the 2011 census data on the number of family houses and flats, we estimated the waste 

container infrastructure for each municipality. Thus, the cost of container identification for family houses 

with a bar code with a life cycle of 3 years is thus EUR 10 per year in an average municipality. 

Barcodes – operation in cooperation with a system supplier 

Waste containers are again identified by barcodes or QR codes that are assigned to each household and 

the authorized employee scans the containers when being emptied. Data evidence is performed by the 

system supplier who provides regular evaluation and advice. This system was introduced by the 

municipalities of Rakovice and Košeca in cooperation with JRK for the evidence of mixed and sorted 

waste. 

According to JRK, which operates the ELWIS waste evidence system, the one-off costs of identifying 

containers for mixed municipal waste can amount to EUR 150 per municipality and 50 cents per 

household. These costs include household data processing, communication campaign and initial training. 
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Thus, in an average municipality, the one-off costs amount to 306 EUR, with the identification of 

containers only for family houses.   

Regular costs related to consulting and data processing by JRK in an average municipality amount to 

EUR 2400 per year. Operating costs, which include the purchase of a reader for 5-years, 3-year barcodes 

and a container identification worker, thus a total of EUR 3 097 per year. 

The purchase of a code reader and the cost of the worker who identifies the containers by codes represent 

a significant part of the operating costs. If code readers are bought by collection companies, they would 

use the reader in several municipalities and the costs could be lower. Similarly, the municipality would 

save additional costs if containers were scanned by collection company employees. 

RFID chips 

In 2019, the municipality of Senec introduced the ESONA system with the identification of containers 

using a high-frequency identification chip (hereinafter referred to as RFID chip). The RFID chip is 

automatically scanned when the container draws close to a collection vehicle equipped with a reader. 

The advantage is therefore that there is no need for a worker to scan the codes.  

 

According to MIM, which offers the system, the amount of investment and operating costs of a municipality 

depends on a number of parameters such as the number of waste containers served, whether it is made 

of plastic or metal, the matching requirement with the ECP system12. The system brings about additional 

costs also for the collection company, which must install a reading device on the vehicle in the amount of 

5.5 to 7 ths. EUR. An alternative is a portable reader in the amount of EUR 799 and a EUR 20 monthly 

fee, which the worker of the collection company has attached to his wrist (Košeca, 2019). Operating costs 

for the user include the use of the application and are based on the number of containers.  

 

One-off costs of a municipality for the implementation of the system amount to EUR 3 to 8 ths. without 

integration to ECR system; EUR 6 to 18 ths. with integration. The cost of purchasing a reader and mobile 

device is 500 EUR, with an expected life cycle of 5 years. The cost of the chips depends on the type of 

container. In case of metal containers, it is possible to use chips with unlimited useful life, for plastic 

containers, adhesive chips with a 5 years life cycle are used. Regular operating costs depend on the 

number of containers served.  

 

Thus, the introduction of the system in an average municipality represents one-off investment costs of 

10.5 ths. EUR. We assume that municipalities will replace all containers with plastic after a certain time 

and will use adhesive chips. The annual operating costs of a municipality, which include the purchase of 

chips and readers calculated for 5 years and the costs dependent on the number of containers, represent 

an average of 838 EUR.  

 

For the purpose of unit-based pricing, we also assumed that a municipality will keep electronic records 

for mixed municipal waste only, the containers for sorted waste will not be identified. If a municipality 

decides also to register separate waste collection for the purpose of checking or rewarding citizens, the 

operating costs would be higher. 

 

Table 16: Average investment and operating costs of a municipality with electronic evidence (EUR/year) 

Collection type One-off investment costs Operating costs* 

Barcode / QR code   

Operation within own capacity 0 697 

External supplier 306 3 097 

                                                           
12 ECR means an electronic cash register 
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RFID chips 10 500 838 

*It includes purchase of reader and RFID chips calculated for 5 years, barcodes/QR codes calculated for 3 years                    Source: IEP                                                                                                           
 

 

4.1.3 Additional Costs for Separate Collection 

The introduction of unit-based pricing increases the amount of sorted waste and thus the costs of the 

extended producer responsibility system. According to the results of the previous chapter, the introduction of 

unit-based pricing in 2020 across Slovakia would lead to an increase in separate collection of plastic and 

glass by roughly 7.2 ths. tonnes. Although the results of Chapter 2.3.2 indicate only increased sorting of 

plastics and glass, it is likely that the sorting of paper waste will also increase. 

Analyses of the composition of mixed municipal waste performed by INCIEN show that about 12% of mixed 

municipal waste includes plastics, 9% paper and 6% glass. By introducing unit-based pricing, approximately 

4% of the potential of plastics and 5% of the potential of glass in mixed municipal waste will be sorted. If the 

same part of the paper's potential is sorted, an additional 4.2 ths. tonnes per year would be sorted.  

Based on these data, we have estimated the costs based on the amount of sorted waste separately for paper, 

plastic and glass (Annex 4). The additional net costs of financing separate collection of plastic and glass 

would thus amount to EUR 1.7 million per year. Assuming the same sorting of paper and glass, the cost 

would be EUR 2.4 mil. per year. If inhabitants sort paper through purchasing installations or mobile devices, 

the additional costs of a producer responsibility organisation would be zero. 

Table 17: Additional costs for separate collection 

 Quantity (ths. tonnes) Costs (mil. EUR/year) 

Plastics 4.6 1.5 

Glass 2.6 0.2 

Paper 4.2 0.7 

Source: IEP                                                                                                           

 

4.1.4 Additional Costs for the Collection of Biowaste 

According to INCIEN's analyses of mixed municipal waste performed in 2016 and 2017, about 20% is garden 

waste and another 20% is biowaste. Nevertheless, the results of the analysis did not show a significant 

impact of unit-based pricing on the sorting of garden biowaste. This may be due to the fact that, when 

introducing unit-based pricing, residents begin to compost biowaste at home and these data are not included 

in waste statistics. We have also shown that unit-based pricing does not affect the production of other sorted 

municipal waste. We did not quantify the impact of unit-based pricing on kitchen waste due to insufficient 

records of these data. The sorting of kitchen waste depends heavily on the infrastructure and collection 

system provided, regardless of the type of fees. Thus, we can assume that reduced production of mixed 

municipal waste results mainly from reduced waste production and home composting. Another option is to 

dispose of waste through illegal landfilling, which we cannot exclude.  

The recovery of biowaste would require additional costs for the purchase of home composters or the cost of 

collecting the waste in a composting plant. We calculated the number of home composters based on data 

about the number of family houses and residential buildings from the 2011 census and about the area of 

gardens in municipalities from the Statistical Office. According to market research, the average price of a 

garden composters in 2019 was approximately EUR 9 per year (Annex 4).  

The cost of the purchase of an average composters for each family house would be EUR 5.9 million per year. 

The required number composters in each municipality was also calculated using the average size of the 
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garden in a family house as a proportion of the garden area and the number of family houses in the 

municipality. The cost of purchasing composters depending on the average size of the garden in family 

houses in each municipality is EUR 5.9 mil. per year. The estimated cost of purchasing composters is an 

upper limit, as several households already have composters and some municipalities have obtained 

composters through an operational programme. 

4.2 Model Example - Municipality of Budča 

The municipality of Budča13 reached a sorting rate of 25% in 2018 and produced approximately 233 kg of 

mixed municipal waste per capita (Budča, 2019). These figures are thus close to an average Slovak 

municipality. If they introduced a tag unit-based pricing for family houses and a volume-frequency collection 

for residential buildings in 2020, they could reduce the production of mixed municipal waste to 171 kg per 

capita and increase the sorting rate to 34%. By increasing the sorting rate above 30%, the municipality would 

move to a category with lower landfill charges. In comparison with the flat-rate collection, in 2021, the 

municipality could save landfill costs in the total amount of EUR 11.5 ths. per year or EUR 9 per capita per 

year.  

According to the experience of municipalities, the introduction of simple tag collection and volume-frequency 

collection does not bring any additional investment or operating costs. For electronic evidence we assume 

the same effect on waste production as in the case of tags. If a municipality decides to introduce collection 

with electronic evidence for family houses using RFID chips with regular consultancy and data evaluation, 

the one-off costs could reach EUR 6 ths. and regular operating costs could be almost EUR 676 per year.  

Table 18: Estimated financial costs and benefits of introducing unit-based pricing in Budča 

 Total (ths. EUR/year) Per capita (EUR/year) 

Benefits 11.4 9.2 

Collection costs saved 5.9  

Landfill costs saved 2.3  

Saved costs for landfill site operator 3.2  

Costs 0-0.7 0-0.5 

Simple tag collection 0  

Collection with RFID chips and consultancy 0.7*  

*Plus, one-off investments of EUR 6,000 ths..                                                                    Source: IEP                

 

4.3 Non-financial Benefits and Costs of Unit-Based Pricing 

In addition to the financial costs and benefits, the introduction of unit-based pricing also brings non-financial 

costs and benefits in terms of environmental costs saved and increased costs of discomfort associated with 

sorting. Estimates of external landfill costs vary considerably, reducing landfilling thus can save EUR 2 to 21 

mil. per year. Assuming the use of the results of a Norwegian survey, the cost of reduced comfort of 

inhabitants due to the sorting of plastics and glass can reach EUR 352 ths. 

Environmental benefits 

Reducing mixed municipal waste will not only save direct financial costs but also the costs of landfill 

externalities. Landfilling of waste produces greenhouse gases and pollutants escaping into the air or leakage 

into groundwater and soil. Landfilling can cause discomfort to people living near landfills in the form of an 

unpleasant smell, appearance, noise and increased health risks. Estimates of the external cost of landfilling 

differ considerably in foreign studies, so we considered the lower and upper limits of costs of 10 or 98 EUR/ 

                                                           
13 The municipality was selected at random on the basis of publicly available data on waste production on its website.   
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tonnes of waste (Nahman, 2011, Eunomia, 2011). Thus, the introduction of unit-based pricing can save 

external costs of EUR 2 to 21 million per year.  

Additional consumer comfort costs 

Increased sorting will bring discomfort to consumers in the form of additional time for washing, folding, 

sorting, or transporting waste to a collection centre. According to a Norwegian survey by Bruvoll et al. (2000) 

residents spend an additional 30 minutes a week on average for sorting, and they sort 221 kg per capita per 

year. Survey data show that sorting 1 tonne of waste takes 118 hours. Survey participants would be willing 

to pay an average of 49 EUR/tonne14 per year for waste separation activities.  

If we applied the same assumptions to Slovakia, the additional sorting of 7.1 ths. tonnes of plastic and glass 

waste with the country-wide introduction of unit-based pricing of waste, the cost of reduced inhabitant comfort 

would reach EUR 352 ths. per year. For additional sorting 4.2 ths. tonnes of paper, the cost of reduced 

comfort would increase by another EUR 204 ths. per year. In fact, the willingness to pay and also the time 

spent sorting can be significantly different in Slovakia. It is also possible that people would also sort 

additionally the other components, which would further increase the cost of discomfort. 

Application of the 'pay-as-you-throw' approach 

The introduction of unit-based pricing brings a fair fee system, in which each citizen pays based on how 

much waste they produce. This system applies the 'pay-as-you-throw' approach, introducing fairness and 

thus creating a direct financial incentive to reduce mixed municipal waste production and increase sorting. 

  

                                                           
14 Converted according to PPP from Norwegian krones in 1998 to the Slovak euro 2018. 
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Annexes 

Annex 1: An Analysis of the Effect of Unit-Based Pricing on Waste Production   

Model selection 

Table 19: Estimation of the effect of unit-based pricing on the amount of waste - non-spatial models 

 (1) (2) (3) 

Fixed effects Without Municipalities Municipalities 

+ years 

Mixed municipal waste    

PAYT -0.16*** -0.26*** -0.27*** 

ln DEN 0.13*** -0.28** -0.31*** 

Over65 0.59*** 0.05 -0.13 

Under4 -4.1*** 0.28 0.32 

Income 0.98*** 0.14*** -0.09 

Within R2 0.15 0.01 0.01 

N 25 920 25 920 25 920 

F statistics of the model (p-value) 893 (0.00) 37 (0.00) 33 (0.00) 

F-test of significance of fixed effects (p-value)  22 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   13 317 (0.00) 

Robust LM test lag   0.80 (0.37) 

Robust LM test error   0.05 (0.82) 

Plastics (balanced)    

PAYT 0.14*** 0.22*** 0.14* 

ln DEN -0.05*** -0.22* -0.43** 

Over65 0.41** 2.27*** 0.13 

Under4 -6.12*** -0.88` -0.56 

Income 2.67*** 2.69*** 0.09 

Within R2 0.21 0.22 0.002 

N 25 920 25 920 25 920 

F statistics of the model (p-value) 1 368 (0.00) 1 264 (0.00) 10 (0.00) 

F-test of significance of fixed effects (p-value)  12 (0.00)  

Breusch Pagan LM test 2 fix. effects χ2 (p-value)   275 (0.00) 

Robust LM test lag   0,02 (0.89) 

Robust LM test error   5,44 (0.02) 

Paper (balanced)    

PAYT 0.37*** 0.09 0.09 

ln DEN 0.31*** 0.12 0.10 

Over65 1.42*** 2.74*** 1.98* 

Under4 -7.94*** 0.83 0.82 

Income 3.16*** 1.37*** 0.49** 

Within R2 0.19 0.04 0.002 

N 25 920 25 920 25 920 

F statistics of the model (p-value) 1 189 (0.00) 191 (0.00) 9 (0.00) 

F-test of significance of fixed effects (p-value)  17 (0.00)  

Breusch Pagan LM test 2 fix. effects χ2 (p-value)   6 421 (0.00) 

Robust LM test lag   69.20 (0.00) 

Robust LM test error   49.69 (0.00) 

Glass (balanced)    
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PAYT 0.24*** 0.14** 0.12** 

ln DEN -0.06*** -0.42*** -0.51** 

Over65 0.45*** 1.79*** 0.80 

Under4 -4.96*** 0.56 0.59 

Income 1.96*** 1.47*** 0.12 

Within R2 0.13 0.09 0.003 

N 25 920 25 920 25 920 

F statistics of the model (p-value) 805 (0.00) 487 (0.00) 17 (0.00) 

F-test of significance of fixed effects (p-value)  16 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   624 (0.00) 

Robust LM test lag   0.34 (0.56) 

Robust LM test error   5.51 (0.02) 

Plastics    

PAYT 0.13*** 0.22*** 0.13* 

ln DEN -0.05*** -0.23` -0.43** 

Over65 0.41** 2.33*** 0.02 

Under4 -6.19*** -1.05** -0.62 

Income 2.69*** 2.81*** 0.06 

Within R2 0.21 0.23 0.002 

N 25 139 25 139 25 139 

F statistics of the model (p-value) 1 325 (0.00) 1 295 (0.00) 9 (0.00) 

F-test of significance of fixed effects (p-value)  11 (0.00)  

Breusch Pagan LM test 2 fix. effects χ2 (p-value)   14 098 (0.00) 

Paper    

PAYT 0.37*** 0.07 0.06 

ln DEN 0.33*** 0.08 0.02 

Over65 1.17*** 3.17*** 1.97 

Under4 -9.22*** 0.77 0.83 

Income 3.50*** 2.00*** 0.78*** 

Within R2 0.20 0.07 0.002 

N 21 865 21 865 21 865 

F statistics of the model (p-value) 1 125 (0.00) 266 (0.00) 8 (0.00) 

F-test of significance of fixed effects (p-value)  13 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   2 896 (0.00) 

Glass    

PAYT 0.24*** 0.13** 0.11* 

ln DEN -0.06*** -0.47*** -0.55** 

Over65 0.33* 1.93*** 0.80 

Under4 -5.39*** 0.79 0.85 

Income 1.97*** 1.57*** 0.05 

Within R2 0.13 0.10 0.004 

N 24 974 24 974 24 974 

F statistics of the model (p-value) 769 (0.00) 513 (0.00) 17 (0.00) 

F-test of significance of fixed effects (p-value)  15 (0.00)  

Breusch Pagan LM test 2 fix. effects χ2 (p-value)   592 (0.00) 

Biowaste    

PAYT 0.07 -0.38* -0.33** 

ln DEN 0.06* 0.74` 0.63 
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Ln GARDEN 0.02 0.45 0.26 

Over65 5.95*** 0.81 -0.42 

Under4 -1.36 1.44 -0.29 

Income 1.50*** 2.59*** 0.89 

Within R2 0.06 0.07 0.003 

N 6 042 6 042 6 042 

F statistics of the model (p-value) 61 (0.00) 59 (0.00) 2 (0.05) 

F-test of significance of fixed effects (p-value)  9 (0.00)  

Breusch Pagan LM test 2 fix. effects χ2 (p-value)   272 (0.00) 

Other sorted waste    

PAYT 0.07 -0.08 -0.13 

ln DEN 0.04*** 0.44` 0.34` 

Over65 1.32*** 5.51*** 3.24** 

Under4 -9.73*** 0.25 0.43 

Income 3.14*** 2.75*** 0.19 

Within R2 0.13 0.08 0.002 

N 21 728 21 728 21 728 

F statistics of the model (p-value) 658 (0.00) 342 (0.00) 6 (0.00) 

F-test of significance of fixed effects (p-value)  6 (0.00)  

Breusch Pagan LM test 2 fix. effects χ2 (p-value)   548 (0.00) 

Significance level by t-values which are in (2) based on robust standard deviations                                    Source: IEP                 

grouped by municipalities, in (3) grouped by municipalities and years 

*** p<0.001,** p<0.01, * p<0.05, `p<0.1                                                                                                                                                       

  
Table 20: Spatial Durbin Model with two-way fixed effects of municipalities and years 

 Estimated coefficients Direct effect Indirect effect Total effect 

Mixed municipal waste     

PAYT -0.25*** -0.25*** -0.04*** -0.29*** 

ln DEN -0.39*** -0.39*** -0.07*** -0.46*** 

Over65 -0.16 -0.15 -0.03 -0.18 

Under4 0.33` 0.33* 0.06* 0.39* 

Income -0.11* -0.11** -0.02** -0.13** 

W* PAYT -0.19***    

W*ln DEN 0.32***    

W*Over65 -0.33    

W*Under4 -0.53    

W*Income 0.13`    

R2 0.78    

Wald lag 36.06 (0.00)    

Wald error 35.71 (0.00)    

Hausmann 1 377 (0.00)    

Plastics     

PAYT 0.13** 0.14** 0.10** 0.24** 

ln DEN -0.40*** -0.42*** -0.30*** -0.72*** 

Over65 0.33 0.34 0.25 0.59 

Under4 -0.38 -0.40 -0.28 -0.68 

Income 0.11 0.12 0.08 0.20 

W* PAYT -0.06    

W*ln DEN 0.16    

W*Over65 -0.84`    

W*Under4 -0.11    
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W*Income -0.03    

R2 0.75    

Wald lag 5.83 (0.32)    

Wald error 1.94 (0.86)    

Hausmann 630 (0.00)    

Paper     

PAYT 0.11 0.11` 0.04` 0.15` 

ln DEN -0.15 -0.15 -0.05 -0.20 

Over65 1.45*** 1.47*** 0.52*** 1.99*** 

Under4 0.48 0.48 0.17 0.65 

Income 0.07 0.07 0.03 0.10 

W* PAYT -0.15    

W*ln DEN 0.47*    

W*Over65 1.27    

W*Under4 0.98    

W*Income 1.29***    

R2 0.76    

Wald lag 53.28 (0.00)    

Wald error 61.93 (0.00)    

Hausmann 289 (0.00)    

Glass     

PAYT 0.09* 0.09* 0.04* 0.13* 

ln DEN -0.56*** -0.57*** -0.22*** -0.79*** 

Over65 0.71** 0.72** 0.27** 0.99** 

Under4 0.66* 0.67* 0.26* 0.93* 

Income 0.13` 0.13` 0.05` 0.18` 

W* PAYT 0.16`    

W*ln DEN 0.29*    

W*Over65 -0.16    

W*Under4 -0.79    

W*Income -0.07    

R2 0.74    

Wald lag 11.77 (0.04)    

Wald error 7.27 (0.20)    

Hausmann 1 340 (0.00)    

*** p<0.001,** p<0.01, * p<0.05, `p<0.1                                                                                                                                                 Source: IEP 

 p-values for direct, indirect and total effects are simulated p-values according to LeSage and Pace (2009)                                                                                                                                                       

 
Table 21: Estimation of the effect of unit-based pricing types on waste production - non-spatial models 

 (1) (2) (3) 

Fixed effects Without Municipalities Munic. +years 

Mixed municipal waste    

Tag -0.47*** -0.38*** -0.39*** 

VolumeFrequency 0.08*** -0.12* -0.13** 

ln DEN 0.13*** -0.29*** -0.31*** 

Over65 0.61*** 0.06 -0.13 

Under4 -4.16*** 0.28 0.32 

Income 0.96*** 0.15*** -0.09 

Within R2 0.16 0.01 0.01 

N 25 920 25 920 25 920 

F statistics of the model (p-value) 807 (0.00) 34 (0.00) 32 (0.00) 

F-test of significance of fixed effects (p-value)  22 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   16 (0.00) 
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Robust LM test lag   3.09 (0,08) 

Robust LM test error   0.36 (0.55) 

Plastics (balanced)    

Tag 0.31*** 0.19* 0.09 

VolumeFrequency 0.00 0.24* 0.19* 

ln DEN -0.05*** -0.22* -0.43** 

Over65 0.39** 2.28*** 0.13 

Under4 -6.07*** -0.88` -0.57 

Income 2.68*** 2.69*** 0.09 

Within R2 0.21 0.22 0.002 

N 25 920 25 920 25 920 

F statistics of the model (p-value) 1 149 (0.00) 1 053 (0.00) 8 (0.00) 

F-test of significance of fixed effects (p-value)  10 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   12 312 (0.00) 

Robust LM test lag   0.04 (0.84) 

Robust LM test error   7.19 (0.00) 

Paper (balanced)    

Tag 0.45*** 0.17 0.17` 

VolumeFrequency 0.31*** 0.01 0.02 

ln DEN 0.31*** 0.13 0.10 

Over65 1.42*** 2.74*** 1.98* 

Under4 -7.91*** 0.83 0.83 

Income 3.16*** 1.37*** 0.49** 

Within R2 0.19 0.04 0.002 

N 25 920 25 920 25 920 

F statistics of the model (p-value) 992 (0.00) 160 (0.00) 8 (0.00) 

F-test of significance of fixed effects (p-value)  17 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   6 491 (0.00) 

Robust LM test lag   70.53 (0.00) 

Robust LM test error   50.76 (0.00) 

Glass (balanced)    

Tag 0.40*** 0.13` 0.09 

VolumeFrequency 0.12*** 0.15** 0.14* 

ln DEN -0.06*** -0.42*** -0.51** 

Over65 0.44*** 1.79*** 0.80 

Under4 -4.91*** 0.56 0.59 

Income 1.97*** 1.48*** 0.12 

Within R2 0.14 0.09 0.003 

N 25 920 25 920  25 920 

F statistics of the model (p-value) 678 (0.00) 406 (0.00) 14 (0.00) 

F-test of significance of fixed effects (p-value)  16 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   637 (0.00) 

Robust LM test lag   0.35 (0.55) 

Robust LM test error   5.55 (0.02) 

Plastics    

Tag 0.29*** 0.19* 0.07 

VolumeFrequency -0.004 0.25* 0.20* 

ln DEN -0.05*** -0.23` -0.44** 
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Over65 0.39** 2.33*** 0.02 

Under4 -6.14*** -1.05` -0.62 

Income 2.71*** 2.82*** 0.06 

Within R2 0.21 0.23 0.002 

N 25 139 25 139 25 139 

F statistics of the model (p-value) 1 113 (0.00) 1 080 (0.00) 8 (0.00) 

F-test of significance of fixed effects (p-value)  11 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   14 098 (0.00) 

Paper    

Tag 0.45*** 0.13 0.11 

VolumeFrequency 0.31*** -0.006 0.00 

ln DEN 0.34*** 0.08 0.02 

Over65 1.16*** 3.17*** 1.97 

Under4 -9.19*** 0.77 0.83 

Income 3.51*** 2.01*** 0.78*** 

Within R2 0.20 0.07 0.002 

N 21 865 21 865 21 865 

F statistics of the model (p-value) 938 (0.00) 221 (0.00) 7 (0.00) 

F-test of significance of fixed effects (p-value)  12 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   2 941 (0.00) 

Glass    

Tag 0.40*** 0.12` 0.09 

VolumeFrequency 0.12*** 0.14* 0.13* 

ln DEN -0.06*** -0.47*** -0.55** 

Over65 0.31* 1.94*** 0.80 

Under4 -5.35*** 0.79 0.85 

Income 1.98*** 1.57*** 0.05 

Within R2 0.13 0.10 0.004 

N 24 974 24 974 24 974 

F statistics of the model (p-value) 647 (0.00) 428 (0.00) 14 (0.00) 

F-test of significance of fixed effects (p-value)  15 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   601 (0.00) 

Biowaste    

Tag -0.40** -0.44 -0.47 

VolumeFrequency 0.30** -0.35 -0.27 

ln DEN 0.05 0.74` 0.62` 

Ln GARDEN 0.02 0.44 0.26 

Over65 6.09*** 0.81 -0.43 

Under4 -1.63 1.41 -0.35 

Income 1.47*** 2.60*** 0.88* 

Within R2 0.06 0.07 0.003 

N 6 042 6 042 6 042 

F statistics of the model (p-value) 56 (0.00) 50 (0.00) 2 (0.08) 

F-test of significance of fixed effects (p-value)  9 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   289 (0.00) 

Another sorted waste    

Tag 0.23*** 0.04 -0.01 

VolumeFrequency -0.07 -0.23 -0.27 
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ln DEN 0.04*** 0.44* 0.34 

Over65 1.30*** 5.51*** 3.23** 

Under4 -9.68*** 0.25 0.43 

Income 3.15*** 2.76*** 0.19 

Within R2 0.13 0.08 0.002 

N 21 728 21 728 21 725  

F statistics of the model (p-value) 551 (0.00) 285 (0.00) 5 (0.00) 

F-test of significance of fixed effects (p-value)  6 (0.00)  

Breusch Pagan LM test of time fix. effects χ2 (p-value)   545 (0.00) 

Significance level by t-values which are in (2) based on robust standard deviations                                 Source: IEP                 

grouped by municipalities, in (3) grouped by municipalities and years 

*** p<0.001,** p<0.01, * p<0.05, `p<0.1 

 
Table 22: Spatial Durbin Model with fixed effects of municipalities and years (unit-based pricing types) 

 Estimated coefficients Direct effect Indirect effect Total effect 

Mixed municipal waste     

Tag -0.37*** -0.37*** -0.06*** -0.43*** 

VolumeFrequency -0.12** -0.12*** -0.02*** -0.14*** 

ln DEN -0.39*** -0.39*** -0.07*** -0.45*** 

Over65 -0.15 -0.15 -0.03 0.18 

Under4 0.33` 0.33` 0.06` 0.39` 

Income -0.11* -0.11*** -0.02*** -0.13*** 

W* Tag -0.08    

W*VolumeFrequency -0.13`    

W*ln DEN 0.29***    

W*Over65 -0.31    

W*Under4 -0.54    

W*Income 0.12    

R2 0.78    

Wald lag 37.52 (0.00)    

Wald error 38.84 (0.00)    

Hausmann 1 246 (0.00)    

Plastics     

Tag 0.07 0.08 0.05 0.13 

VolumeFrequency 0.21*** 0.21*** 0.16*** 0.37*** 

ln DEN -0.39*** -0.42*** -0.30*** -0.72*** 

Over65 0.33 0.34 0.25 0.59 

Under4 -0.38 -0.39 -0.29 -0.68 

Income 0.11 0.12 0.08 0.20 

W* Tag 0.09    

W*VolumeFrequency -0.22`    

W*ln DEN 0.17    

W*Over65 -0.84`    

W*Under4 -0.09    

W*Income -0.02    

R2 0.75    

Wald lag 8.90 (0.18)    

Wald error 4.00 (0.67)    

Hausmann 636 (0.00)    

Paper     

Tag 0.19* 0.10` 0.03` 0.13` 

VolumeFrequency 0.02 0.10 0.03 0.13 

ln DEN -0.14 0.11 0.04 0.15 
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Over65 1.45*** 0.38*** 0.14*** 0.52*** 

Under4 0.48 0.47 0.16 0.63 

Income 0.07 0.13 0.04 0.17 

W* Tag -0.04    

W*VolumeFrequency -0.23    

W*ln DEN 0.48**    

W*Over65 1.26    

W*Under4 1.01    

W*Income 1.31***    

R2 0.76    

Wald lag 54.39 (0.00)    

Wald error 63.17 (0.00)    

Hausmann 289 (0.00)    

Glass     

Tag 0.07 0.07 0.03 0.10 

VolumeFrequency 0.12` 0.12` 0.04` 0.16` 

ln DEN -0.56*** -0.57*** -0.22*** -0.78*** 

Over65 0.71** 0.72** 0.27** 0.99** 

Under4 0.66* 0.68* 0.25* 0.93* 

Income 0.13` 0.13` 0.05` 0.18` 

W* Tag 0.21`    

W*VolumeFrequency 0.11`    

W*ln DEN 0.30*    

W*Over65 -0.16    

W*Under4 -0.78    

W*Income -0.07    

R2 0.74    

Wald lag 12.99 (0.04)    

Wald error 7.48 (0.28)    

Hausmann 1 397 (0.00)    

*** p<0.001,** p<0.01, * p<0.05, `p<0.1                                                                                                                                                 Source: IEP 

 p-values for direct, indirect and total effects are simulated p-values according to LeSage and Pace (2009)                                                                                                                                                       
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Calculation of Direct, Indirect and Overall Effects 

While linear regression coefficients have a direct interpretation, in models containing a spatial dependency 

of an explanatory or dependent variable, the interpretation is more complicated. The spatial models include 

information from neighbouring observations or municipalities. The Spatial Durbin Model can be written in the 

form of 

With the partial derivation of both sides of the equation according to the k-th explanatory variable X (𝑥𝑖𝑘  pre 

i=1,...,N) we get 

Where   𝑤𝑖𝑗 je (𝑖, 𝑗) is a spatial matrix element 𝑊. The direct effect is defined as the sum of the elements 

on the diagonal of the matrix, the indirect effect is defined as the diameter of the elements outside the 

diagonal (Lesage and Pace,2009). The overall effect is the sum of both the direct and indirect effects. 

 

The estimated indirect effects of the explanatory variables should be used to test the hypothesis that there 

is a spatial spill-over effect, i.e. the neighbouring regions interact with each other. Since indirect effects are 

composed of different coefficient estimates due to complex mathematical formulae, it is not possible to test 

the significance of the spatial spill-over effect from the relevant standard deviations and t-values. To assess 

the statistical significance of direct and indirect effects, Lesage and Pace (2009) propose a simulation of the 

distribution of direct and indirect effects using a covariance matrix estimated by the Maximum Likelihood 

method.   

 

Test for Endogeneity 

Table 23: First degree of regression 

 Estimated coefficient 

PAYTYN 0.19*** 

ln DEN 0.55*** 

Over65 0.90*** 

Under4 0.17    

Income 0.26*** 

F-test of significance PAYTYN (p-value) 738 (0.00) 

R2 0.002 

N 25 146 

Source: IEP 

  

𝑌𝑖𝑡 = 𝜌𝑊𝑌𝑖𝑡 + 𝛼0𝑖 + 𝛼1𝑡 + 𝛽𝑋𝑖𝑡 + 𝜃𝑊𝑋𝑖𝑡 + 𝜀𝑖𝑡  

𝑌𝑖𝑡 = (𝐼 − 𝜌𝑊)−1(𝛽𝑋𝑖𝑡 + 𝜃𝑊𝑋𝑖𝑡) + (𝐼 − 𝜌𝑊)−1𝛼0𝑖 + (𝐼 − 𝜌𝑊)−1𝛼1𝑡 + (𝐼 − 𝜌𝑊)−1𝜀𝑖𝑡 

 

(10) 

 

[
𝜕𝑌

𝜕𝑥1𝑘

…
𝜕𝑌

𝜕𝑥𝑁𝑘

] =

[
 
 
 
 
𝜕𝑦1

𝜕𝑥1𝑘

⋯
𝜕𝑦1

𝜕𝑥𝑁𝑘

⋮ ⋱ ⋮
𝜕𝑦𝑁

𝜕𝑥1𝑘

⋯
𝜕𝑦𝑁

𝜕𝑥𝑁𝑘]
 
 
 
 

 

 

= (𝐼 − 𝜌𝑊)−1 [

𝛽𝑘   𝑤12𝜃𝑘 ⋯   𝑤1𝑁𝜃𝑘

  𝑤21𝜃𝑘 𝛽𝑘 ⋯ ⋮
⋮ ⋯ ⋱ ⋯

  𝑤𝑁1𝜃𝑘   𝑤𝑁2𝜃𝑘 ⋯ 𝛽𝑘

] 

 

(11) 
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Annex 2: Propensity Score Matching 

Common Support Region Analysis 

Graph 2: Distribution of probabilities before and after matching of municipalities 

 

 

  
 

 

 

 

 

 

Source: IEP    

 
 

Graph 3: Histogram of probabilities before and after matching of municipalities 

 

 

  

 

 

 

 

*Raw Treated – municipalities with unit-based pricing before matching, Matched Treated – municipalities with unit-based pricing after matching                                                                                                                                                              

Source: IEP                                                                                                

 Raw Control – municipalities with a flat fee before matching, Raw Treated – municipalities with a flat fee after matching 
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Evaluation of the Balance Achieved 
 

Table 24: Verification of the balance by calculations 

  Average Normalized differences of avg. values 

  Treated Control    

∑𝑑𝑖𝑗 𝑃𝐴𝑌𝑇𝑗𝑡−1 unmatched 0.176 0.036 86% 

 matched 0.176 0.156 9% 

DEN unmatched 4.014 4.248 25% 

 matched 4.193 4.248 6% 

Under3 unmatched 0.051 0.053 8% 

 matched 0.052 0.053 4% 

Over65 unmatched 0.149 0.154 8% 

 matched 0.149 0.149 1% 

Income1000 unmatched 0.483 0.561 52% 

 matched 0.546 0.561 10% 

  Source: IEP 

 

Table 25: Chi-squared test  

 Chi-squared p-value 

Unmatched data 3 130  0.00 

Matched data 9.7 0.08 

Source: IEP 
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Graph 4: Visual inspection of the balance achieved 

 

 

  
 

 

 

 

 

 

 

                                                                                        Source: IEP 
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Sensitivity Analysis 

Table 26: Rosenbaum Sensitivity Test 

 p-value for Gamma Point estimate Equivalent of implicit bias 

Gamma Lower limit Upper limit Lower limit Upper limit Income1000 

Mixed municipal waste    

1 0 0 -0.22 -0.22 0 

1.1 0 0 -0.32 -0.12 0.06 

1.2 0 0 -0.32 -0.12 0.12 

1.3 0 0 -0.32 -0.12 0.18 

1.4 0 0 -0.41 -0.02 0.23 

1.5 0 0 -0.41 -0.02 0.28 

1.6 0 0 -0.41 -0.02 0.32 

1.7 0 0 -0.41 -0.02 0.36 

1.8 0 0.03 -0.41 -0.02 0.40 

1.9 0 0.15 -0.52 -0.02 0.44 

2.0 0 0.38 -0.52 0.08 0.48 

Plastics      

1 0 0 0.18 0.18 0 

1.1 0 0 0.08 0.28 0.06 

1.2 0 0 0.08 0.28 0.12 

1.3 0 0.05 -0.02 0.38 0.18 

1.4 0 0.30 -0.02 0.38 0.23 

1.5 0 0.69 -0.02 0.38 0.28 

1.6 0 0.93 -0.12 0.48 0.32 

1.7 0 0.99 -0.12 0.48 0.36 

1.8 0 0.99 -0.12 0.48 0.40 

1.9 0 1 -0.22 0.58 0.44 

2.0 0 1 -0.22 0.58 0.48 

Glass      

1 0 0 0.18 0.18 0 

1.1 0 0 0.07 0.27 0.06 

1.2 0 0 0.07 0.27 0.12 

1.3 0 0 -0.02 0.37 0.18 

1.4 0 0.04 -0.02 0.37 0.23 

1.5 0 0.26 -0.02 0.37 0.28 

1.6 0 0.62 -0.02 0.37 0.32 

1.7 0 0.88 -0.12 0.47 0.36 

1.8 0 0.98 -0.12 0.47 0.40 

1.9 0 0.99 -0.12 0.47 0.44 

2.0 0 0.99 -0.12 0.47 0.48 

Paper      

1 0 0 0.23 0.23 0 

1.1 0 0 0.14 0.34 0.06 

1.2 0 0.01 0.04 0.44 0.12 

1.3 0 0.15 0.04 0.44 0.18 

1.4 0 0.53 -0.06 0.54 0.23 

1.5 0 0.86 -0.06 0.54 0.28 

1.6 0 0.98 -0.16 0.64 0.32 

1.7 0 0.99 -0.16 0.64 0.36 

1.8 0 0.99 -0.25 0.74 0.40 

1.9 0 1 -0.25 0.74 0.44 

2.0 0 1 -0.26 0.74 0.48 

Source: IEP                                                           
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Annex 3: Costs of Separate Collection 

The activity reports of producer responsibility organizations that finance separate collection provide data on 

the amount of waste collected and the amount of net collection and recovery costs between 2016 and 2018. 

We have estimated the cost curve for separate collection from these data based on the amount collected.  

The Naturpack company has provided us with net cost data by material type that varies significantly. The 

cost of collecting one tonne of plastic is up to 4 times higher than glass collection costs and 2 times higher 

than paper collection costs. This is due to a lower purchase price for plastics as well as higher costs for 

plastic collection due to a large volume and low weight compared to other materials.  

To calculate the cost by the type of material, we assumed that the slope of the curve is the same for each 

material and differs only by the value of the constant that we calculated from the Naturpack data. 

Graph 5: Net costs of separate collection (mil. EUR) 

 

 

  

 

 

 

Source: Estimation of IEP on the basis of reports from PROs    
 

Annex 4: Cost of home composters 

Table 27: Market research on garden composters  

 Price Capacity (in litres) Life cycle (years) Costs (EUR/year) 

    4 

Prosperplast 380 25 380 3 8 

Prosperplast 400 32 400 3 11 

Jelinek Trading K 290 44 300 10 4 

Prosperplast 600 45 600 3 15 

Jelinek Trading K 390 49 390 10 5 

Prosperplast 800 55 800 3 18 

Jelinek Trading K 400 57 400 10 6 

JRK PREMIUM 335 85 335 20 4 

Jelinek Trading K 700 90 720 10 9 

JRK PREMIUM 445 95 445 20 5 

JRK PREMIUM 650 149 650 20 7 

JRK PREMIUM 800 159 800 20 8 

JRK PREMIUM 1050 176 1050 20 9 

JRK PREMIUM 2000 371 2000 20 19 

Average 100 632 13 9 

                                                                                                                                          Source: IEP based on www.zemito.sk 
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