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Abstract  

Currently, municipal solid waste (MSW) appear as a major environmental problem worldwide with an 

unceasing growth of its production due to the consumerist nature of contemporary society. Thus, MSW 

management systems entail high costs inherent to the activities that involve them. 

Due to the obligation to comply with the established national and international targets, Alenquer’s City Hall 

(ACH) needed to find a strategy to reduce waste production and increase recycling, to create a sustainable 

system that enables them to fully recover the costs of the MSW management system (MSWMS), which 

nowadays does not happen. Therefore, the application of a Pay-As-You-Throw (PAYT) system was identified 

as the most appropriate. It is based on the polluter-pays principle, that allocates the costs of producing MSW 

to the producers themselves, by taxing according to the amount they produce and not by the amount of 

water they consume as it happens nowadays. 

This work aimed to design a new PAYT tariff system in the Alenquer’s parish, which is the intervention area 

(IA). It was important to study some international and national projects as well as the waste sector in general 

and follow the steps considered crucial for its implementation. After that, a PAYT tariff proposal was 

developed. The users pay a fixed tariff (FT) and a variable tariff (VT) depending on waste production, using 

pre-paid bags with a specific volume of 30, 50 and 100 L. 

Keywords: municipal solid waste, production, Pay-As-You-Throw, tariff, pre-paid bags 

 

1. Introduction 
Portugal has registered significant changes in the waste 

sector (Reichel, 2013), with a decrease of the average 

production of municipal waste (MW) per capita from 520 

kg to 440 kg during the 2009-2013 period (reduction of 

15,4% and daily production of 1,2 kg per capita) (eurostat, 

2015). However, the most recent available data 

(preliminary data) indicate that, by 2015, each inhabitant 

generated 464 kg of MW (amount identical to 2005) 

corresponding to an increase of 5,17% from 2013 to 2015 

(INE, 2016b). 

Most MSWMS tariffs applied in Portugal are indexed to 

the water consumption, giving rise to situations of 

injustice among users, since it does not differentiate them 

according to the separation degree, does not encourage 

the production reduction and there are no consequences 

for excessive production. Thus, the European 

Commission (EC) and the Republic Assembly (RA) 

recommended, in 2013, that a strategy should be 

implemented on the basis of a gradual adaptation of the 

former tariff into a FT, while introducing a VT using the 

PAYT system as an incentive to reduce MSW production, 

increase recycling and reduce costs for households 

(DRE, 2013b). 

It is in this context that this research was developed with 

ACH, which saw the need and importance of changing 

the paradigms already used to reach a greater recovery 
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of MSWMS costs and reduction of the collected waste 

tonnage. Therefore, this work aimed to design a new 

PAYT tariff system in the IA. However, many changes will 

have to occur regarding the behaviors/attitudes of the 

population and its management so that these 

improvements and investments can achieve the expected 

results. 

The paper is structured as follows: section 

2 - relevant literature on the defined problem, where 

MSWMS, existing tariff types, PAYT systems and 

implementations are reviewed; section 3 – case study 

where the main problem characteristics are presented, as 

well as implementation of the PAYT tariff system in the 

IA; section 4 – main conclusions are presented. 

2. Literature review 
2.1 MSW in Portugal 
2.2.1 Definition and evolution of waste sector 
According to the Portuguese Environment Agency, MSW 

is a broad concept concerning the mixing of materials and 

objects referring to those of domestic origin. They also 

include waste from the services sector, from commercial 

or industrial establishments and from units providing 

health care, as long as their nature or composition is 

similar to household waste, whose daily production does 

not exceed 1.100 liters per producer (DRE, 2006). 

The search for a strategy to encourage less waste 

production began in 1985. However, in 1997, the first 

Strategic Plan for MSW (PERSU) emerged, with a time 

horizon up to 2006. It was based on three main axes: total 

eradication of dumps; construction of 40 waste 

management systems; implementation of selective 

collection (SC) (DRE, 1997). By 2007, PERSU II was 

created with the following guidelines: reduce, reuse, 

recycle; separate at source; minimize landfill; energy 

recovery of the non-recyclable fraction; the "Kyoto 

Protocol" as a key commitment in the waste policy; 

validated information in time to make decisions; the 

sustainability of MSWMS (DRE, 2007). More recently, in 

2014, the PERSU 2020 appeared, aiming to ensure a 

high level of environmental protection and human health, 

with appropriate processes, technologies and 

infrastructures to increase the SC and recycling levels, to 

promote the phasing out of direct landfill and to support 

the increased efficiency of MSWMS (DRE, 2014). 

 
2.2.2 Production and consumption 
According to Bandara et al. (2007), the composition of 

MSW is difficult to quantify and its production is directly 

related to the population and its income.  

Portugal produced 464 kg/inhab of MW in 2015, below 

the average 474 kg/inhab of the 28 countries (INE, 

2016b). Between 2009 and 2013, waste generation 

decreased at an average rate of 5,6% due to the fact that 

the purchasing power in Portugal was also dropping. 

Thus, there was an increase in the collected and 

generated MW, with 2015 having the second highest 

result of the 5-years period in analysis. 

However, regarding undifferentiated collection (UC) 

versus SC, the increase in 2015 was due to the growth in 

SC, corresponding to 21.9%. The waste collected in an 

undifferentiated way registered an absolute decrease of 

40 thousand tons, which corresponded to a decrease of 

0.9%  (INE, 2016b). Regarding the MW destination 

management options, the 2014 value of landfill waste 

(222 kg/inhab) is higher than the EU average (132 

kg/inhab) (INE, 2016b). 

The current EU waste strategy and policy is based on the 

application of the waste management hierarchy to ensure 

an efficient use of natural resources and the minimization 

of their negative environmental impacts. The hierarchy 

provision is related to the recovery of MW and is as 

follows (by decreasing importance): prevention and 

reduction; preparation for reuse; recycling; other types of 

valorization; elimination (DRE, 2011),  

2.2.3 Quantitative and qualitative characterization 
According to Levy et al. (2006), factors such as population 

characteristics, economic power, professional activities, 

habits and others, directly influence the diversity of MSW 

physical composition and its production. They also 

indicate that the weather and festive events can have 

great impact. 

In Portugal, the most produced MW are putrescible and, 

regarding the total MW produced, about 53,4% 

corresponds to biodegradable municipal waste (BMW), 

slightly lower than the one assumed in PERSU 2020 

(55%). Also noteworthy is the high fraction of recyclable 

waste that makes up the MW (about 73,6%) and that can 

be object of valorization. 

 

2.2.4 Management system, collection and transport 
The MSWMS consists in a structure of human resources, 

logistics, equipment and infrastructures to carry out 

management operations and can encompass the 

operations of packaging, undifferentiated and selective 

deposition according to the responsibilities of the 

management entity (ME), UC, SC and transport 

according to ME obligations (ERSAR, 2015). By 2015, 

there were 23 integrated MSWMS in the continental 

territory: 12 multi-municipalities (municipalities or 

associations of municipalities responsible for the activities 

of collection and transport) and 11 intermunicipal 

companies (concessionaires responsible for the highest 

component of waste storage, sorting, recovery and 

disposal). 

According to Vitorino (2008), MSW collection involves 

several operations and is divided into two types: UC and 

SC. In UC the transportation of MSW to transfer stations 

(TS) is carried out and can be done door-to-door (DtD), 

collectively or in centralized deposition places to be 

prepared and transported to another valorization or 

elimination place. As far as SC is concerned, there are 

sorting stations where material sorting and storage that 

follows for recycling, the resulting refuse sent for landfill. 
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2.2.5 Tariff systems 
According to Alves (2013), there are municipalities that do 

not have any waste tariffs system. Tariffs indexed to water 

consumption are the most used and cover the different 

types of tariffs: FT - unique to each consumer and 

charged by cubic meter of water; VT - directly related to 

the amount of water consumed and can be progressive; 

Composed tariffs - with a more variable fixed component, 

which are the most used. There are tariffs that index tariffs 

to other variables: removal frequency, removal system, 

housing area and characteristics of the municipality. 

The same author mentioned above, also presents the 

following ways to carry out the taxation: existence or not 

of piped water; type of consumer; water consumption; 

percentage of water bills; type of removal system; 

frequency of collection; characteristics of the municipality; 

frequency of collection; housing area. Therefore and to 

meet the objectives of PERSU 2020 and achieve cost 

recovery, as recommended by AOR (DRE, 2013b), the 

waste tariff system based on the PAYT should be applied. 

2.2 PAYT systems 
2.2.1 Characterization and types 
PAYT systems are based on the application of the user-

pays principle and shared responsibility. They aim to 

establish a link between the amount of MSW produced by 

the user and the cost charged for collection, transport, 

treatment and disposal at destination (PAYT, 2017). It 

differs from the other systems because the VT of waste 

removal is directly proportional to its production, avoiding 

its indexation to parameters such as the housing area, the 

number of residents per dwelling or water consumption, 

as is usual in Portugal and sometimes unfair to many 

users. These systems are recognized by the added value 

they present in three broad categories: economic-

financial; environmental; social. 

From Figure 1, it is possible to verify the various ways of 

implementing PAYT systems. The waste producer can be 

held responsible by identifying the user or the disposal 

container used, as billing should be carried out as close 

to the source of waste production as possible. 

 
Figure 1 - PAYT systems 

PAYT (2017), shows that there are two main steps when 

implementing a PAYT system: 

1) Define waste production identification: through the user 

or through the container/receptacle: by user (identification 

can be keys or electronic cards, recording of the service 

use for later billing or through containers with a top 

opening with a specific dimension that may be based on 

the weight or volume of the waste); by receptacle 

(indexed devices); 

2) If in the first stage the identification is defined by 

container/receptacle, it should be defined whether if it is 

individual or collective/routine: individual (considers that 

the volume of the container is full, since the containers 

have a known volume, giving the possibility for the users 

to place the containers for collection only when they are 

full); routine/collective (frequency of collection defined by 

the responsible entity, accounting for the collection in all 

containers even though they are empty, encouraging 

users to purchase containers of the appropriate sizes). 

2.2.2 Pricing systems  
Canterbury et al. (1999) reported that there are three 

large price systems to PAYT tariffs: 

1) Proportional - easier to manage and simpler to 

calculate the rate relating the production of waste with the 

price where. But it may not reflect the structural costs and 

there are uncertainties regarding potential revenues; 

2) Variable Rate - more flexible and may be the most 

complex to apply. The price varies according to the size 

of the container, operating under a concept of production 

ranges. The user chooses the appropriate size of the 

container, and the value of each unit of deposited waste 

does not have the same value.  

3) Multi-Component Rate – one fixed component 

intended to cover the system’s fixed costs (FC) and the 

second to cover the system’s variable costs (VC). 

There are three distinct billing systems: prepayment 

(when purchasing bags, labels or stickers or containers); 

subscription system (users subscribe a level of service 

depending on the amount of waste produced); after-

service (will be done by sending an invoice after 

collection). 

2.2.3 Pricing methodology 
According to the study by Canterbury et al. (1999), the 

methodology for calculating the tariff to be adopted is 

composed of six stages: 

1) Estimation of the amount of MSW produced (demand) 

- necessary to consider the collection system to estimate 

the annual quantities of MSW in the base year, estimating 

a reduction in production caused by the tariff; 

2) Determination of the components of the PAYT system 

to be implemented (services) - define which services or 

complementary services are going to be provided and 

extend the economic benefits for residents with economic 

difficulties and/or mobility problems and to the elders. It is 

also necessary to determine which PAYT method to 

adopt: weight or volume and in which tariff system; 

3) Estimated costs of the new MSWMS (costs) - initial and 

ongoing costs. Direct costs (labor, vehicles, fuels, among 

others) and indirect costs (telephone, electricity, rent, 

gas, water) should also be considered; 

4) Determination of revenues and costs coverage with 
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PAYT (revenues) - based on the previous costs, the 

necessary revenues to cover all or at least a percentage 

of the costs should be estimated; 

5) Develop a PAYT tariff structure - a provisional tariff can 

be determined which will subsequently be revised and 

improved. The complexity of the tariff will vary depending 

on the complexity of the PAYT system; 

6) Assessment and adjustment of the provisory PAYT 

system (balance) - expected costs vs. revenues, which 

will indicate the feasibility of the proposed system.  

2.2.5 Benefits and barriers to the implementation 

The implementation of PAYT systems has been studied 

and for Fernandes (2010) there are several beneficial 

factors from it: increased recycling; waste production 

reduction, namely undifferentiated waste for landfill; 

environmental; justice and equity of the system; system 

flexibility; increased waste compaction; greater 

environmental awareness of the population with the 

creation of the financial status of the citizen. 

However, there are factors that can condition their 

implementation as shown also by Fernandes (2010): 

illegal disposal of waste to avoid higher tariff payments; 

users perceive that the amount charged is higher than the 

current one (or "free"); fear of insufficient financial return 

to cover the system's initial and global investments and 

the uncertainty of the waste generation and future 

revenue generated in the future; budgetary constraints on 

the financing of the initial investments required; high 

expenses in awareness campaigns and information. 

2.2.6 Case studies  

2.2.6.1 Worldwide 
Canterbury et al. (1999) have shown several studies: 

• Denver (USA) - with the adoption of PAYT from 1991 to 

1999, the city reduced waste disposal by 7.100 tons per 

year and the budget of the MSW by 322.000 $; 

• Pasadena (USA) - the implementation was simple and 

there was no resistance from the population, since an 

exhaustive explanation/awareness work was done to the 

population. It was concluded that the best system was 

container capacity; 

• Nagoya (Japan) – 2,2 million inhabitants where a policy 

of waste reduction was carried out by citizens, commerce 

and local authorities, obtaining positive results with the 

adoption of the PAYT system with the purchase of a 

specific bag. Thus, there was a reduction in the amount 

of waste sent to landfill by 23,4% (1998 to 2000). 

 
2.2.6.2Europe 
• Luxembourg - the PAYT system is used by weight with 
the inclusion of chips in individual containers, for all types 
of waste collected. Thus, it is possible to know the amount 
of all waste produced per user, which is then taxed 
according to the type of waste, with different tariffs for 
types of waste (Gonçalves, 2010); 
• City of Panorama (Greece) - 10,6% decline in the waste 
sent to destination, implying a 5,4% reduction in waste 
collection costs and 13,9% with treatment (total 235.000 

€/year) (Karagiannidis et al., 2008); 
• Czech Republic - reduced the amount of waste 
produced and led to increased unbundling in cities where 
technicians and politicians became involved with the 
population, and in cities where environmental awareness 
of their inhabitants was already high (Slavik et al., 2013). 
 
 

2.2.6.3 Portugal 

• Lipor/Maiambiente - implemented in July 2014 a PAYT 

pilot project with the objective of waste sustainable 

consumption, recycling and multi-material valorization, 

efficiency, operational costs reduction and increase 

waste recycling. To respond to the various types of 

housing, smart ecopoints were placed on the public road 

to weigh the amount of waste deposited and identify the 

user through a card and in the compartments (houses of 

garbage) of the dwellings in height, allowing to identify the 

user and the residues that produces; 

• Óbidos - pre-paid bag rate was the proposal presented 

by the fact that the Óbidos’ City Hall already obtains the 

bags for the selective deposition and has the distribution 

system already implemented, adjusting only the taxation. 

• EMARP - according to Soares (2013), the collection 

system will be carried out through ecological islands in 

the public highway and prepared to work with the PAYT 

system. The residents will have an identification card, 

through which they can access the containers installed in 

the ecological islands, and will pay according to the 

amount of MW deposited. However, the lack of funding 

has meant that this project has not yet advanced; 

• LIFE PAYT – According to Ferreira (2016), it has a 

budget of 2.517.571 €, this 2016 project is co-financed by 

the EU's LIFE Program and will implement an integrated, 

economical and highly replicable PAYT system in 5 

municipalities in southern Europe: Lisbon, Condeixa and 

Aveiro in Portugal and Vrilissia (Greece) and Larnaka 

(Cyprus). The project has four main objectives: reduce 

the amount of undifferentiated waste for households and 

trade and services; increase the SC rates of packaging 

materials; demonstrate that the PAYT system is 

technically and economically viable, contributing to the 

implementation of EU environmental strategies and 

targets and promoting the waste hierarchy (prevention, 

reuse and recycling); promote replication of the concept 

for wider but yet similar regions. The initial plan was for 

the project to start on the 1st of September 2016 and has 

a duration of 40 months. However, it will only begin in the 

fourth quarter of this year; 

• Historical Centre of Guimarães (HCG) – the main 

activities of the project, which has been successful, were: 

collection and transportation to the final destination of the 

MW deposited in containers (Moloks or Blue Bees) 

scattered throughout the municipality; SC and UC by DtD 

in all residences and next to all entities (free availability of 

small capacity containers of 25/45 L; free provision of own 

bags for the disposal of selective waste with bags of 50 

and 100 L; bags for sale of 15, 30, 50 and 100 L).  



5 
 

 
3. Case study – implementation of a PAYT system 
3.1 Characterization of the MA 
The MA is in the district of Lisbon, extending over an area 

of 304,22 km2 and housing over 141,8 inhab/km2. Despite 

the 2011 censuses, the population in the MA, distributed 

throughout 11 municipalities, at the end of 2013 and 

2015, was 43.086 and 43.136 inhabitants (INE, 2016a), 

respectively, showing a stagnation in population growth, 

unlike what happened until the year 2011. The IA is 

predominantly urban area. Despite occupying only 16.5% 

of the total MA area (50,08 km2), it represents about 25% 

of the population in the MA (10.821 inhabitants). 

This IA is also constituted by commercial zones. This 

leads to the use of other important data, such as the 

number of MSWMS users with a water supply contract, 

called domestic users (DU) and non-domestic users 

(NDU). According to the data obtained, the number of 

MSWMS users in the MA is 21.659 and in the IA there are 

5.414 users, being 4.233 DU and 1.181 NDU (AdA, 

2017). It is possible to verify that the 5.414 ZI users 

correspond to approximately 25% of the total users of the 

system. 

3.2 Characterization of the current MSWMS 

3.2.1 Models of MSW management, entities involved 

and strategic framework 

In Alenquer, the downstream system (municipal) is 

responsible for MW management activities related to the 

collection and transport of household waste and 

upstream systems (multi-municipal) are in charge of the 

remaining stages (storage, sorting, recovery and disposal 

of waste through deposition in landfills) and can be 

provided by different entities (APA et al., 2014). 

There are the functions of the three entities directly 

involved (DRE, 2013a): 

• ACH - responsible for ensuring the provision of the 

MWMS in its territory and is ME of the activities of the MW 

UC. It also makes occasional collections of MSW, 

"monsters" and BMW, requested by the MA population; 

• Valorsul - was granted the concession to operate and 

manage the multi-municipal system of SC in ecopoints, 

sorting, reception, recovery, treatment and disposal of 

waste, as well as the valuation and elimination of 

undifferentiated (upstream activities) supplied by the 

down payment system, under a concession agreement 

entered with the entity that holds this service - Portuguese 

State; 

• Recolte - responsible for collecting and transporting 

undistributed MSW, also carrying out the distribution, 

maintenance, washing, disinfection and deodorization of 

containers, activities which guarantee the good 

conditions of hygiene in the agglomerates, being thus 

considered an entity of activities in discharge. 

3.2.2 Types of equipment and MSW deposition 
It is important to highlight two concepts: “Ecoponto” and 

deposition. “Ecoponto” is a set of recycling bins that can 

be placed on public roads, schools or other public spaces 

that are destined to SC of paper, glass, plastic, metal, 

packaging or other materials for valorization. The 

deposition is the accommodation of the MW at the sites 

or equipment determined by ME (ERSAR, 2015).  

There are 256 ecopoints in the MA with 2.500 L of 

capacity (in the IA there are 70) and 2.620 MSW 

containers (in the IA there are 917). Containers can be 

sealed with capacities between 100 and 1.100 L and 

buried containers with a capacity of 3m3 and 5m3. 

 
3.2.4 Quantification of MSW production in the IA and 
MA 
Regarding the quantities of MSW produced in the MA, 

data were composed on the collection of undifferentiated 

MSW carried out daily in the MA, except Sundays, for 

each vehicle through the six circuits for August 2017. 

According to João Chambel (Recolte), the production 

pattern of this month is consistent and is in line with the 

remaining months of the year in the MA. The collection 

circuits that incorporate the IA cover a much larger area, 

since they cover other municipalities. Then, it was 

necessary to adjust the assigned values for the IA, 

resulting in that the undifferentiated MSW produced in 

this one correspond to an interval between 25%-30% of 

the total undifferentiated MSW produced. 

Thus, it was decided to use the 25% value as the 

reference in some calculations, given that the percentage 

of inhabitants in the IA in relation to the MA is 25% 

(10.821 in the IA to 43.267 in the MA). The results are 

shown in Table 1. 

 

Table 1 - Indicative production data for MSW in the ZI in 

2016 

From Table 1, it is possible to verify that the overwhelming 

percentage of MSW collected is of the undifferentiated 

typology, with 96.74%. 

 
3.2.5 Current tariff structure 
The tariff applied in the MA in 2014 was also applied in 
2015 and those of 2016 and 2017 have already 
undergone significant changes. The FT is the only one 
per consumer, charged per accountant, depending on the 
time interval being invoiced, expressed in euros for every 
30 days and serves to cover the FC of the operation and 
availability of the service in the MA. VT is indexed to the 
volume of water consumed, depending on the amount of 
waste collected during the billing period in euros per cubic 
meter. The Waste Management Fee (WMF) corresponds 
to the impact of the charge borne by the ME. 
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Table 2 - Tariff of the MW management service from 

2013 to 2017 (ERSAR, 2017) 

Regarding to the FT of the water supply service in the MA 

and VT of the water supply service (ERSAR, 2017), for 

virtually all types of users there were increases from 2012 

to 2016. These relatively constant increases over the 

years are because the MA, as well as the remaining 

Portuguese municipalities, have difficulty in the full 

recovery of costs, as has been said previously, thus 

increasing the charged tariffs. 

 
3.2.6 Analysis of MSWMS prices, quantities, costs 
and revenues of the MA 
The prices of both Recolte's services (collection and 

transport of MSW and special waste, price per additional 

km and container supply and placement) and Valorsul 

(reception, treatment and valorization of MSW, municipal 

monsters, BMW and WMF) have fluctuated over the 

years. This is due to the impositions of ERSAR and the 

attempts of the municipalities to try to cover the costs 

inherent to the management of the MSW. 

About the quantities of MSW and special waste (SW), 

they have decreased since 2011 to 2015 with a variation 

of approximately 14% (total of 18.240,14 and 15,683.06 

tons, respectively). In 2016 it increased practically 

insignificantly by 0,5% (15.763,50 tons). The causes 

behind this decrease in production up to 2015 and the 

small increase in 2016 are probably cyclical and not 

properly structural since little or no structure of the waste 

sector in the MA has changed in this years. 

The amounts of undifferentiated waste collected by the 

MA and invoiced by Valorsul (MSW, SW/Monsters and 

BMW) decreased from 2011 to 2013, varying around 40% 

(from 46,58 to 27,90 tons), increased in 2014 by 21,5% 

corresponding to 35,36 tons, decreased by 14% in 2015 

with 30,58 tons and, finally, increased again in 2016 by 

10% to 33,58 tons of waste. These oscillations show a 

clear lack of perception of the population about the need 

to reduce production of undifferentiated MSW, which from 

2011 to 2013 seemed to be improving, but from 2013 to 

2016 returned to less positive values. 

Table 3 shows the FC and VC related to MSWMS for the 

MA between 2014 and 2016, where there is a clear 

reduction of costs over the three years. FC declined due 

to reduction in staff and administrative costs, while VC 

decreased due to increased efforts in planning and 

management, resulting in better service organization and 

consequently overall cost reduction for the MA. 

Table 4 presents the MA's revenues through the tariffs 

applied to the final user between 2014 and 2016, where 

a sharp and positive increase for the MA of the latter is 

36,6%. These increases took place due to an increment 

in tariffs implemented over the years, especially in the 

year 2016, where the higher values were recorded and a 

slight improvement in population awareness regarding 

the environmental component happened. 

Lastly, it can be seen from Table 5 that, the principles of 

cost recovery and polluter-pays are not far from being a 

reality since, in 2016, MA managed to cover about 92% 

of costs through the tariffs applied to final user. 

 

Table 3 - MSWMS total costs to the MA 

 
 

Table 4 - Revenue from tariffs applied to final users from 

2014 to 2016 for MA 

 
 

Table 5 - Balance of MSWMS costs and revenues 

between 2014 and 2016 for MA 

 
3.3 PAYT implementation project in the IA 
3.3.1 Characterization of the PAYT system to be 
implemented 
The chosen alternative should not substantially change 

the current MSWMS. It is intended to adapt the existing 

means to the new PAYT system to be implemented, thus 

not altering the behavior of users drastically, something 

that could cause many problems. At the same time, this 

adaptation should allow the implementation costs to be 

reduced. An operationally effective system should also be 

chosen while at the same time penalizing users for the 

waste they produce. Then, after analyzing each PAYT 

implementation model in the IA, the pre-paid PAYT 

system with the purchase of identification bags with a 

specific volume was chosen. 

About the collection and disposal system, both in terms of 

MSW deposition equipment and in terms of collection 

vehicles, existing means shall be used for this purpose. 

Regarding selective waste, no taxation will be required 

and the deposit will continue to be carried out in the same 

way by the IA users, since they already have their own 

means (ecopoints distributed in the IA). If necessary, the 

quantities of ecopoints in the IA can be adjusted. 

3.3.2 Estimation of the quantity of undifferentiated 
MSW produced 
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2017 is already near the end for the implementation of 

this PAYT tariff so it was decided to make 2016 as the 

base year and 2017 as the tariff implementation year. 

The purpose of this decision was to reduce the margin of 

error associated with the estimates made and based on 

the lack of data on the production of MSW in the MA and 

the IA for the current year. The data for the last two years 

(2015 and 2016), were used to estimate the amount of 

MSW that will be produced in the IA, but the data are 

indicative and are not strict in that they do not include 

factors such as user attitudes. In  

Figure 2 it can be verified that the trend of the production 

of undifferentiated MSW in the ZI, has a slight increase. 

 
 

Figure 2 - Estimates of undifferentiated MSW production 

in the IA for 2017, considering the data from 2015 and 

2016 

Thus, as Piirimäe et al. (2011), Skumatz (2002), 

Fernandes (2010) and Gonçalves (2010) in their studies 

and projects related to the implementation of PAYT 

systems, it is estimated that, with its implementation, in 

the first year, there is a reduction of about 15% of the 

undifferentiated MSW production. Table 6 describes how 

the implementation of the PAYT system will affect the 

production of undifferentiated MSW in the IA. 

 

Table 6 - Estimation of the quantity of undifferentiated 

MSW produced in the IA through the introduction of the 

PAYT system 

 
3.3.3 Establish the types of MSWMS to be 
implemented 
For the new PAYT system to be invoiced in a correct and 

coherent way and in order to have well-organized and 

structured data for the invoicing, it will be necessary to 

adapt it to the existing database.  

This database should then be used to analyze the positive 

and negative aspects of the application of PAYT tariffs 

and to promote improvements regarding tariffs or other 

issues resulting from them. 

Finally, with the implementation of this system, it will be 

useful to strengthen surveillance. To this end, given the 

sizeable area of the IA, this reinforcement will be carried 

out through two workers who will oversee monitoring the 

implementation of the PAYT system. 

3.3.4 Estimation of costs of the new MSWMS with the 
PAYT system 
Choosing the pre-paid PAYT system with purchase of 

identification bags with specific volume will not imply 

significant changes on the IA’s MSWMS. There should be 

no significant changes in the number of users, extra costs 

with purchase and maintenance of vehicles and 

equipment, as those currently existing in the IA or extra 

fuel and insurance costs will be used. 

However, the costs related to the reinforcement of the 

inspection should be added, with the inclusion of two 

workers, the purchase of user pre-paid bags and 

environmental awareness campaigns, with the aim of 

raising awareness of the importance of PAYT rates. 

Regarding the activities of collecting and transporting 

undifferentiated MSW (services from Recolte), Table 7 

shows total costs. The total costs of these services in the 

IA in 2016 were calculated based on the 25% used 

previously. The estimated total cost of the same services 

in the IA for 2017 was based on the mentioned 15% 

reduction when estimating the production of 

undifferentiated MSW in the IA for 2017. It seems to be 

consistent since the new price update for Recolte's 

services for 2017 shows an increase of only 2,5%. 

 

Table 7 - Cost of collecting and transporting 

undifferentiated MSW in the IA in 2016 and estimated 

cost in the IA for 2017 

The total costs of the undifferentiated MSW treatment and 

recovery service were analyzed for each quantity value 

obtained, as shown in Table 8. 

 

Table 8 - Value of undifferentiated MSW treatment and 

recovery service cost in the ZI with PAYT 

As seen in the previous table, both treatment values, 

recovery costs and the fixed WMF value have dropped 

significantly. Thus, even with the estimated increase of 

undifferentiated MSW production in the IA to 2017, the 

total cost of the treatment and recovery service was 

substantially lower. This decrease was of approximately 
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24,7%. With the estimate of undifferentiated MSW 

production with the PAYT system, in which the value 

decreased by 15%, the total cost of the same service was 

still lower. This decrease in total cost relative to the total 

cost for 2016 in the IA was 36% and the cost per ton of 

20,20 €. 

Estimating the total FC in the IA, stagnation, the worst-

case scenario, contrary to the trend of decrease of the 

last two years, was considered. The costs of some 

services (two operational assistants, telephone, 

leaflets/posters and DtD awareness campaigns and pre-

paid bags) were also estimated and added to the value. 

To calculate the number of bags that the MA needs to 

acquire, the value of 180 g/L for the density of the waste, 

presented by Levy et al. (2006) was used. Consequently, 

the production of undifferentiated MSW in the IA for 2017 

will be 19.161.588,89 L. The implementation of three 

types of bags with different capacities was chosen - 30 L, 

50 L and 100 L. With the results obtained during the first 

year of implementation of the PAYT system in 

Guimaraes, it was possible to notice that the most used 

bag were the 50 L ones. Thus, different weights were 

assigned to the types of bags - 55% for 50 L, 30% for 30 

L and 15% for 100 L. The total FC in the IA for 2016 was 

27.844,64 € and the estimation of FC in the IA for 2017 is 

62.203,84 €. Therefore, the result of the annual cost will 

be 283.116,90 € (Table 9).  

 

Table 9 - Costs in the IA for 2016 and estimated costs in 

the IA with implementation of the PAYT system for 2017 

As can be seen from the previous table, the total costs 

estimated with the implementation of the PAYT system in 

the IA have decreased approximately 10% compared to 

the costs for 2016. Although the estimated FC for 2017 

have increased approximately 223% due to the expected 

investments inherent to the implementation of the new 

PAYT system, there were substantial reductions in the 

two components of the VC in the table. These reductions 

are associated with the estimated decrease of 

undifferentiated MSW production in the IA for 2017. 

It is important to note that because the calculations are 

mostly based on estimates, there is the associated risk of 

the results being sometimes unrealistic. Population 

behavior, climate, increase/decrease in the economic 

power of MSWMS inhabitants, may change the forecasts 

and consequently the costs associated. 

3.3.5 Determination of revenues from the PAYT tariff 
and the intended cost coverage 
With the implementation of this PAYT system in the ZI 

MSWMS, it is intended that the existing costs could be 

fully covered by the revenues from the PAYT tariff. 

Through the results obtained in Table 9, it will be needed 

to generate an annual revenue of 283.116,90 €. 

 
3.3.6 Determination of the PAYT tariff structure 
From Table 9, it is possible to verify that the value of the 

estimated FC for 2017 constitutes only about 22% of the 

value of the total estimated costs. The remaining 78% 

correspond to VC. Then, since VT is of greater 

importance in the system and to cover the full costs, 70% 

of the total costs of the system were attributed to it, the 

remaining 30% belonging to FT.  

Regarding the calculation of the fixed component to be 

implemented, the values of the FT established for 2017 

without PAYT system were used to see if they covered 

the annual cost in the ZI with the established 30%, 

arriving to the conclusion that they were not sufficient. 

Thus, based on the evolution of the FT, it was decided to 

fix its value below the values used in 2016 (1,3264 € for 

DU and 1,6580 € for NDU) but sufficient to cover the 

planned costs. It is considered that the increase from 

0,1322 €/month for DU and 0,1402 €/month for NDU (1,59 

€/year and 3,6 €/year, respectively) is reasonable in 

terms of social justice. 

For the variable component, to obtain the unit price of the 

three types of bags selected, the production of waste from 

kg/year to L/year was converted and the VC multiplied by 

the capacity of the different bags (30 L, 50 L and 100 L) 

and divided by the value of the conversion. It was then 

possible to find the unit price of each type of bag and the 

final value was increased to cover costs in full. 

Table 10 shows a summary of both components: 

 

Table 10 - Summary of the values of the fixed and 

variable components of the PAYT system to be 

implemented in the IA 

 
3.3.7 Assessment/balance of preliminary PAYT tariff 
structure 
With the data provided, it was considered that the 

average monthly water consumption for 2017 in the MA 

and in the IA, would be 10 m3, for a DU. Knowing that the 

estimate of the average daily production of 

undifferentiated MSW per user with the introduction of the 

PAYT system in the IA is 1,746 kg, a comparison was 

made between the monthly amount paid in the current 

existing tariff and the monthly value that will be paid with 

the new tariff for a DU (Table 11). 
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Table 11 - Monthly vs. annual amounts to be paid by a 

DU in the current established tariff and in the PAYT tariff 

to be implemented 

The growth registered with the PAYT tariff is only 3,2% 

compared to the current waste tariff. The reason is due to 

the investments necessary to implement this PAYT 

system that were already referred. 

Both the analysis carried out on the studies and 

implementations of the PAYT system in Portugal and 

worldwide, as well as the analysis carried out in this 

master's dissertation indicate that this implementation will 

allow to fulfill the objectives established initially and 

presented on PERSU 2020, reducing the quantities of 

MSW produced and increasing selective deposition. 

 
3.3.8 Phases of the implementation of the PAYT 
system in the ZI 
As it was demonstrated in the literature review, the 

difficulty of implementing a PAYT system is extreme. It is 

mainly due to consumers behavior when faced with the 

needed changes that should be imposed, such as illegal 

waste disposal, placing undifferentiated MSW in 

containers of selective waste to avoid taxation, use of 

bags unauthorized, among others. Thus, a phased 

implementation is advisable for about one year to 

understand the behaviors of the population: 

• Phase 1 - to establish the tariff system to be adopted in 

the IA as well as its percentage of cost coverage; plan 

how to implement; create competent teams in training 

and awareness-raising of the population; 

• Phase 2 - train users of the IA, showing all the 

advantages of the new system; encourage the population 

through awareness raising; provide all possible 

information to users; 

• Phase 3 - free distribution of the bags for the population 

to get used to it and internalize the new system; 

monitoring on the users' field clarifying doubts; further 

training; awareness-raising activities for the population, 

from the youngest to the eldest; 

• Phase 4 - assessment of user behavior in the IA 

identifying the positive and negative aspects, possibilities 

for improvement and adaptations; create corrective 

measures regarding weaknesses in the system; to 

conduct user satisfaction surveys; 

• Phase 5 - placement of prepaid bags for sale; 

implementation; monitoring; regular analysis of the data 

generated by the system; revise the tariffs applied in the 

case of a readjustment; user satisfaction surveys. 

 
3.3.9 Obstacles and expected results 
Concerning the obstacles expected during the 

implementation of this system, ignorance on the subject 

and it advantages and bad perception of paying for waste 

that it produces, can generate a great deal of reluctance 

to its acceptance by the users. It may also increase the 

possibility of illegal depositions (depositing on the outside 

of containers, in isolated, abandoned spaces, in 

containers destined for separable waste or in 

unauthorized bags). Implementation time may be another 

barrier, but stakeholders should be made aware that this 

system requires time for the population to mature, inform 

and raise awareness so that good results can be 

achieved in the future. 

These represent the greatest uncertainties regarding the 

success of the implementation of the PAYT system. 

However, to mitigate these events and achieve the 

expected results, it will be essential to create user 

participation strategies, such as individual and/or 

collective awareness-raising actions on this theme, 

holding workshops and creating mechanisms for 

identifying, monitoring, and controlling the behavior of 

users such as daily rounds and monetary penalties. 

The expected results are in line with those recommended 

in PERSU 2020. With the implementation of the PAYT 

system, it is expected that there will be a full recovery of 

the costs of the MSWMS, a sharp decrease in the 

production of undifferentiated MSW, an increase of 

recyclable materials through RS, and, finally, greater 

fairness among users. 

 
3.3.10 Possibility of expanding to a different 
development area/prospect 
The expansion of the area studied in this dissertation will 

always be dependent on the results that can be obtained 

in the IA. The goal is that, in the upcoming years, if the 

results of this implementation are a success, it will be 

possible to expand the IA to the whole MA or even to 

other municipalities in Portugal. 

 
4. Conclusion 
In this paper were investigated the conditions for the 

implementation of a PAYT system in the IA of the MA. 

The introduction of PAYT tariff systems brings several 

benefits: reducing MSW production, increasing SC level 

and fairer taxation where users who produce less will be 

rewarded since they will pay less. It supports the 

hierarchical pyramid of waste in terms of prevention and 

recovery. However, they are complex systems for all the 

areas involved, in terms of entities, territorial, economic, 

technical characteristics, among others. 
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The selected PAYT system is believed to be the one that 

most adapts to the objectives of the IA and to the 

characteristics of its current MSWMS. Thus, the system 

selected was the pre-paid bag with a defined volume 

(bags of 30, 50 and 100 liters). 

The FT should cover the FC, while the VT should cover 

the VC and is associated with each user's waste 

production, creating an incentive to reduce waste 

production, increasing the selective deposition and thus 

creating a greater economic stability of MSWMS. 

It is believed and expected that this system will be a 

useful tool to support the decision of the ACH regarding 

the implementation of this system, which fulfills the initially 

stipulated objectives and even pursues the ones 

recommended in the PERSU 2020. If the results are 

satisfactory, the expansion of this implementation to other 

parishes of the MA could be in the near horizon. 
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