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Abstract 

This deliverable includes a description of the procedure to characterize unitary 

garbage bags by waste managers and the associated proposal for citizens’ 

compensation. 

It will be based on the results of T3.3 and it will be the basis for T3.5. 
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Publishable summary 
The European Comission has adopted an ambitious new Circular Economy 

Package to hel European businesses and consumers to make the transition to a 

stronger and more circular economy where resources are used in a more 

sustainable way. 

The proposed actions included in this Deliverable 3.5, contribute to “closing the 

loop” of product lifecycles through greater recycling, and bring benefits for both 

the environment and the economy. 

Along this Deliverable 3.5, the reader could identify 4 differentiated parts, listed 

here: 

- A summary of the current legislation and initiatives concerning packaging 

and packaging waste, including also a short description of the Pay as You 

Throw (PAYT) programmes within Europe. 

- A characterization protocol that will be the basis to calculate the 

compensation for the citizens participating in the pilots of the project. 

- A compensation procedure developed in PlastiCircle’s framework. 

- A list of barriers and limitations that can be found when the time to 

extrapolate the system to bigger environments arrive. 

All of this information can be found along this document, giving a detailed 

information to the reader about the way that PlastiCircle will proceed, both to do 

the characterization of the waste and to compensate the citizens. 

Further decisions must be made by the cities, in order to stablish the rewards to the 

citizens, and the exact ones will be included in the deliverables from WP6. 
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1. Introduction 
The fast-growing population (it is estimated that by 2050 it would take almost 3 Earth 

planets to provide the natural resources necessary to maintain current lifestyles1), 

food safety and climate change are some of the challenges we face today. For 

this reason, Europe has initiated the shift towards a circular economy and the 

efficient use of resources. 

In this line, the Ellen MacArthur Foundation works together with governments, 

educational institutions and companies to inspire society to rethink and redesign 

the way we produce. 

The Foundation supports that through a change in perspective, the current 

economic model can be redesigned by designing products that can be "created 

to be created again" and using renewable energies. They also support that, with 

creativity and innovation, a restorative economy can be built, as can be seen in 

the following Figure 1. 

 

Figure 1. Ellen Macarthur butterfly diagram 

                                                             
1 Sustainable Development Goals Number 12 – Responsible consumption and production. United Nations. Web: 
https://www.un.org/sustainabledevelopment/sustainable-consumption-production/ 
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Plastics are an essential factor for this change. Thanks to their versatility they have 

become key materials for strategic sectors such as packaging, construction or 

transport, among others. Three are the ambitions of the new economy of plastics: 

1. Create an effective economy after use 

2. Drastically reduce the dumping of plastics in natural systems and other 

negative externalities 

3. Decoupled plastics from fossil sources. 

Therefore, to make use of the full potential of these materials, it is necessary to apply 

pressure at the end of their life to manage them in the most sustainable way 

possible, restricting landfill deposit to the maximum. That is exactly the aim of 

PlastiCircle Project. 

Valencia (Barrio San Marcelino), together with Utrecht (Holland) and Alba Iulia 

(Romania) will be the pilot cities of PlastiCircle, where citizens can participate and 

get a reward through the compensation system explained along this deliverable 

and innovations implemented in plastic containers, Deliverable 6.1 will shed more 

light on this matter. 

Thanks to these pilots, plastic packaging will be reintroduced within the value chain 

through innovation processes in all phases of waste collection, transport, 

classification and recovery. 

The mentality change is important, the waste is no longer something without value 

to be deposited in landfill, but a material that becomes a resource to manufacture 

new products, through the appropriate channels of selective collection and 

recycling. Companies should consider this transition as an opportunity, full of 

possibilities for improvement for both, products and services as well as for the 

environment. 

The European Directives tends towards a payment approach for the generation of 

waste promulgating the waste management principle, i. e. the "polluter pays” 

principle. In the next few years EU countries must achieve the implementation of 

this kind of systems. The goal is to involve the citizens by making the cost fall, both 

of treatment and waste collection, on the main responsible, generating an 

incentive to reduce their generation.  

PlastiCirle aims to increase packaging waste recycling rates in Europe by 

implementing a compensation procedure. A compensation procedure is a 

psychological technique to change, increase or create a new behaviour. From a 

psychological point of view the reward encourage the citizen to learn the correct 

form of sorting of the packaging waste in the origin. This is the first and more 

economical measure to get all packaging waste collected and to recover all 

plastic packaging waste in value-added products. 
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2. Objective 
The objective of this deliverable is to show the current European legislation in order 

to design an incentive policy to achieve an optimal waste separation by rewarding 

the citizen for the correct separation of the packaging waste in the origin. 

The design of the compensation procedure was based taking into account the 

public administrations and stakeholders and in the smart container gathered 

information.  

It also shows the characterization protocol to know the quality of segregation of 

single garbage bags with packaging waste.  

Finally, the characterization protocol and the compensation procedure will be 

adapted for the specific case of each city, considering their characteristics and 

necessities, in order to design an incentive policy to increment the citizen 

participation on waste packaging collection. 

 

 

3. European regulations and 

initiatives 

3.1. Packaging waste  

3.1.1. Directive 94/62/CE2 

This Directive laid down measures aimed, as a first priority, at preventing the 

production of packaging waste and, as additional fundamental principles, at 

reusing packaging, at recycling and other forms of recovering packaging waste 

and, hence, at reducing the final disposal of such waste. 

After the appearance of the Directive, Member States had to ensure that 

packaging met certain essential requirements as well, such as: 

- To limit the weight and volume of packaging to a minimum in order to meet 

the required level of safety, hygiene and acceptability for consumers; 

- To reduce the content of hazardous substances and materials in the 

packaging material and its components; 

- To design reusable or recoverable packaging. 

 

                                                             
2 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=LEGISSUM:l21207 

 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=LEGISSUM:l21207
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3.1.2. Directive 2004/12/CE3 

This Directive proposed, as well as in Directive 84/62/CE, ambitious objectives to be 

reached and, in addition, Member States should ensure that other preventive 

measures (besides the ones to prevent the formation of packaging waste) are 

implemented.  

The recycling targets that the Commission had to reach by the end of 2008 were 

the next ones: 

Table 1. Recycling targets by the end of 2008 

Recycling targets by the end of 2008 

Glass 60% 

Paper&Board 60% 

Metal 50% 

Plastics 22,50% 

Wood 15% 

 

3.1.3. Waste Framework Directive 2008/98/EC4 

Directive 2008/98/EC sets the basic concepts and definitions related to waste 

managament, such as definitions of waste, recycling, recovery. It explains when 

waste ceases to be waste and becomes a secondary raw material (so called end-

of-waste criteria), and how to distinguish between waste and by-products. The 

Directive lays down some basic waste management principles. Policy of the EU 

Member States shall apply as a priority order the following waste management 

hierarchy: 

 

Figure 2. Waste hierarchy 

The Directive introduces the "polluter pays principle" and the "extended producer 

responsibility". It includes two new recycling and recovery targets to be achieved by 

2020: 50% preparing for re-use and recycling of certain waste materials from 

households and other origins similar to households, and 70% preparing for re-use, 

recycling and other recovery of construction and demolition waste. 

                                                             
3 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32004L0012&from=ES 
4 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32008L0098&from=EN 
 

https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32004L0012&from=ES
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32008L0098&from=EN
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3.1.4. Directive 2015/720/EC5 

Directive 2015/720 of the European Parliament and of the Council amends 

Directive 94/62/EC as regards reducing the consumption of lightweight plastic 

carrier bags. 

Besides these measures, from 27 May 2018 Member States shall also report the 

annual consumption of lightweight plastic carrier bags when providing data on 

packaging and packaging waste to the Commission. 

 

3.1.5. Action Plan for the Circular Economy 

(2015)6 

Recently, several documents have 

been published at European level 

to give priority to this transition to 

the new circular model as well. 

With the fundamental objective of 

facilitating and promoting the 

transition to the circular economy, 

the European Commission 

designed its "Action Plan for the 

Circular Economy" at the end of 

2015, with the slogan "Closing the 

loop". 

 

Besides, the Plan of Action aims to 

contribute achieving the Sustainable 

Development Goals (SDGs) 

established in the 2030 Agenda for 

Sustainable Development adopted 

by the United Nations in September 

2015 as a new and ambitious plan to 

respond to trends and challenges 

worldwide.  

 

During the three years of life that this plan has been running, great progress has 

been made in the five priority sectors (plastics, food waste, critical raw materials, 

construction and demolition and bio-economy) and the four areas of action 

(production, consumption, waste management and the conversion of waste to 

resources). In 2017, the first progress report of the plan and an annex of the status 

of the plan, to which new initiatives have been added during the year 2018, was 

presented. 

One of these initiatives is the new Plastics Strategy, launched last January, being 
                                                             

5 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32015L0720&from=EN 

6 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52015DC0614&from=EN 

Figure 3. Circular economy, closing the loop 

Figure 4. Sustainable development Goals 

https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32015L0720&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52015DC0614&from=EN
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the first at European level. 

 

3.1.6. Plastics Strategy (2018)7 

This strategy sets the foundations for a new and more sustainable plastics economy. 

Among its objectives, it is to convert all plastic packaging of the European Union 

market in recyclable or reusable before 2030, reduce the consumption of 

disposable plastics and restrict the deliberate use of microplastics. 

In May 2018, the European Commission also proposed new rules to reduce single-

use plastics. These standards are mainly focused on the top 10 single-use products 

that are most frequently found on the beaches and seas of Europe. These products 

can be identified in the following figure: 

 
Figure 5. 10 most common plastic objects found on European beaches 

In this context, a European Directive on reducing the environmental impact of 

certain plastics in the environment was proposed, although it is still in the draft 

phase. 

 

3.1.7. Directive 2018/8528 

Modifies Directive 94/62/CE and its objectives. The main goal is to increase the 

recycling of packaging waste in order to better reflect the ambition of the 

European Union to move towards a circular economy. These objectives are, 

therefore, as described below : 

• Objectives for 2025 - Recycling of 65% of all packaging waste (50% plastics) 

• Objectives for 2030 - Recycling of 70% of all packaging waste (55% plastics) 

  

 

                                                             
7 http://ec.europa.eu/environment/circular-economy/pdf/plastics-strategy.pdf 
8 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32018L0852&from=EN 

http://ec.europa.eu/environment/circular-economy/pdf/plastics-strategy.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32018L0852&from=EN


 
 

  D3.5. Characterization protocol and compensation procedure 14 

 

Important data to remember:  

It’s time to change the way we design, produce, use and dispose . 

By 2030, all plastic packaging placed on the EU market must be recyclable, 

compostable or reusable. 

The aim is to make packaging last longer, easier to reuse and recycle, and easier 

to collect. 

Plastic packaging recycling goals:  2025 = 50% //  2030 = 55%  

 

3.2. Pay as you throw (PAYT) system 

3.2.1. PAYT basis 

The two most traditional approaches of disposing municipal solid waste are a flat-

rate system or municipal taxes. All users pay the same municipal taxed regardless 

of how much waste they generate. Under the flat-rate system there is no 

incentive to reduce the waste produced. 

PAYT is based on two guiding principles: 

1. The polluter pays principle, and 

2. The shared responsibility concept. 

The basis for PAYT system can be divided intro three broad categories. 

Economic 

Under a PAYT scheme, waste management services are treated just like other 

utilities such as electricity or water that are charged by unit or consumption. 

Environmental 

PAYT programmes are an effective tool in increasing waste separation and 

recycling, encouraging waste minimisation too. The result is significant energy 

savings from transportation, increased material recovery from recycling, and 

reduction in pollution and loads from landfills and incinerators. 

Social 

Waste collection costs are distributed more fairly among the population, and in 

proportion to the amount of waste that each user generates. PAYT is said to 

promote community sustainability. Lower-income families tend to produce less 

waste and thus, pay lower waste collection fees, and citizens also tend to buy more 

durable items. 
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3.2.2. PAYT in Europe 

Next, some examples of PAYT programmes within Europe are described. 

In Germany, an electronic system for bin identification and differentiated  

billing system was first introduced in Dresden, Saxony in 1994. Since then,  

many German districts and cities have reformulated their waste statutes and  

collection plans, enabling PAYT to be a viable option when planning new waste  

management strategies. For Germany as a whole, company figures indicate that  

in 2000, more than 4.5 million waste bins carried an identification device,  

corresponding to approximately 9.2 million households9. Following further 

subsequent expansion and development, it is likely that waste services and billing 

using PAYT principles now operate in about one quarter of German households. 

In Italy and Ireland, the application of PAYT systems is evolving rapidly due  

to the revision of national policy programmes. The Minister for the Environment  

in Ireland declared January 2005 as a target for national completion of the  

changeover to pay-by-use waste charges for all households. Italy abolished the  

flat-rate tax (TARSU) and set a target to complete the shift from tax to  

tariff by 2007. In both of these countries, there have been significant moves  

towards realizing these goals, such as the preparation of new waste fee 

ordinances and establishment of additional collection schemes for recyclables. 

However, there is still some way to go before PAYT is fully implemented. 

The European project Waste4Think10 is introducing in Calais (France) the PAYT 

programme. A RFID chip delivered to the citizen allows to record the individual 

information directly on the bin. 

  

                                                             
9 Pay as you throw. Options, economics and prospects across Europe. Waste management world. 
10 waste4think.eu/  

http://waste4think.eu/
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4. Characterization protocol 

4.1. Pilot cities description (extract from 

D3.1) 

4.1.1. Valencia 

The city of Valencia represents the 16% of the total population of the Valencia 

Region being its capital city and it is, demographically and economically speaking, 

the third biggest city in Spain.  

Regarding waste collection, nowadays Valencia city is collecting 8 different kind 

of domestic waste streams: 

- Paper & cardboard 

- Light packaging: plastic, cans and beverage carton 

- Glass 

- Used oil 

- WEEE 

- Bulky products 

- Other waste 

- Organic (now as a trial pilot) 

Waste collection is being performed using a combination of different methods: 

door-to-door collection for commercial cardboard, bring banks for almost every 

domestic waste (domestic paper & cardboard, glass, light packaging, organic and 

other waste) and, finally, eco-parks and mobile eco-parks for other kind of materials 

(bulky waste, oil, WEEE, etc.) 

The frequency of collection in Valencia varies depending on the waste stream. It is 

stablished an everyday collection for organic and rest fraction and a 3 days per 

week frequency for packaging waste streams (paper, light packaging and glass).  

After collection, garbage and organic waste is transported to a treatment plant in 

Manises, in exception to the packaging plastic fraction contained in garbage: 

- PET 

-  HDPE Bottles 

-  HDPE Boxes 

- Mixed plastic 

- Film 

SAV is using around 45 trucks for the waste collection management, being 11 

of them specifically used for packaging collection.  

Concerning the pilot experience to be developed in WP6 between M23 and 
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M30, Valencia has decided to establish ‘San Marcelino’ area as ‘pilot 

neighbourhood’. The distribution of the containers around the pilot place is as 

seen in the next figure: 

 

Figure 6. Distribution of San Marcelino's containers for the pilot 

 

4.1.2. Utrecht 

Management of household waste and recycling in the Netherlands is under 

the responsibility of local authorities. Different localities implement different 

systems. Environmental tax is due for the service and may be billed monthly or 

included in a rental contract. 

Municipalities all over the country publish a calendar, on a yearly basis, of the 

pickup dates and the addresses of the waste separation and recycling 

stations. 

Utrecht’s plastic waste collection is made in 3 different ways: 

1. Three large civic amenities (64 tons per annum, in potential 154 tons per 

annum) 
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Figure 7. Civic amenities in Utrecht 

2. 190 underground containers 

 

Figure 8. Underground containers 
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Figure 9. Distribution of underground containers in Utrecht 

These containers (capacity 3 to 5 m3) are widely distributed in the city 

Figure 8. Approximately 1000 tons per annum. Containers are emptied 1-7 

times per week. 

3. Door to door collection of mini-containers 

 

Figure 10. Pilot area in Utrecht 

Concerning the activities to be developed during the pilot, in WP6, between M27 

and M34, the city of Utrecht will be making use of the door to door collection and 
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of the underground containers. It is planned to execute within one of the 5 routes 

of the western part of the city for the door to door collection, and on the other 

hand, in an area of 2.000 households, which will suppose the use of approximately 

40 underground containers. 

 

4.1.3. Alba Iulia 

Alba Iulia collects separately the ‘dry fraction’11 (all recyclables) from the ‘humid 

fraction’12 (garbage) for individual homes. A door-to-door collection system is used 

for the waste collection of individual houses, while in the apartments associations 

citizens should carry their waste to the bring banks. Alba Iulia collects yearly about 

18,000 t of household waste (over 600 kg/household). Collection is performed 

weekly for individual households and daily for associations of flat apartments. 

In the next images are shown the different kind of bins used in Alba Iulia13. 

       

     Figure 11. Example of 120 l bin.   Figure 12. Model of 240 l bin. 

 

       

     Figure 13. Examples of 1.1 m3 bins (garbage, light packaging glass and paper) 

Focusing on the plastic packaging waste stream, collection is performed weekly 

for households and daily for the flat building apartments (or more frequently 

according to estimated quantities and contract). For this purpose, 9 diesel trucks 

IVECO Euro 5 (2013) with back end loading are used: 7 with a capacity of 16m3 

and 2 with 8m3. Trucks are performing their routes around a central local platform, 

where trucks begin and finish their journey, with an average distance travelled of 

33 km/truck/route, giving a total number of 18,000 km/truck/year. The average 

consumption of trucks used for collection is around 53 l/100km. For the route 

selection, there is a daily routine, established according to contracted frequency.  

Analysing waste flow, there is not enough information available on the amount of 

plastic packaging waste generated; Polaris is recycling approx. 40 t/ year, that is 

0,62 kg/ citizen, other quantities being collected by other companies. The quality 

of the waste collected is not measured nowadays, but it is expected to be low, 

containing mainly PET, plastic bags and cans. 

                                                             
11 Stimated weight: 80 kg/m3 
12 Stimated weight: 280 kg/m3 
13 Source: Dedeman Romania 
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Regarding the pilot experience to be developed in WP6 between M31 and M38, 

there is a preferred area, but final routes will be developed according to actual 

routes, distances between containers, route length and available communication 

systems. In any case, the area affected will contain 4-5 associations of apartment 

flat buildings and only if needed for project scope around 50-100 individual houses 

(more difficult sorting). It is expected to involve 600-800 citizens. 

 

4.2. Characterization protocol  

4.2.1. Variability 

The consumption habits of the population vary in different times of the year, which 

translates into a different composition of the waste. In the same way it occurs in the 

composition of the waste in the different days of the week, where said composition 

will vary if the waste is collected during the weekend or during the week. All this 

indicates that the temporal variability of the composition of the input residues is 

high and cyclical. 

 

4.2.2. Scale 

The scale is considered as the minimum amount of material abovewhich variations 

are considered unimportant. To determine the scale, we will avoid the 

heterogeneity of the residuals, given that the test that will be carried out to 

characterize the target flows is precisely that of determining their composition. 

Therefore, being aware that a survey can only be truly valuable when it’s reliable 

and representative and based on the next estimation, the number of bags to be 

characterized will be calculated. 

To do the calculations, we will use the next formula (Figure 14). This formula is a 

general statistical formula used to get the representative number of samples when 

the total of the population is known. It has been considered that the number of 

households participating in the pilot are 500, as estipulated as a minimum in the 

Document of Action. This number will be recalculated once the citizens’ 

engagement has been done, using the total number of participants to get the 

representative number of bags to be characterized per week. 

 

𝑛 =
𝑁 ∗ 𝑍2 ∗ 𝑝 ∗ 𝑞

𝑑2 ∗ (𝑁 − 1) +  𝑍2 ∗ 𝑝 ∗ 𝑞
 

Figure 14. Representative sample formula 

Being: 

- N = number of participant households 

- Z2 = 1.962 (for a confidence level ol 95%) 

- p = margin of error (normally p=0.05 (50%)) 
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- q = (1-p) = 0.95 

- d = Accuracy = 7% = 0.07 

𝑛 =
500 ∗ 1.962 ∗ 0.05 ∗ 0.95

0.072 ∗ (500 − 1) +  1.962 ∗ 0.05 ∗ 0.95
= 34.72 = 35 𝑏𝑎𝑔𝑠 

 

4.2.3. Sampling 

The duration of the pilot is of 6 months, but trying to be realistics and with all the 

preparation needed, we have supposed that the real extent of the pilots will be of 

3 months working properly. 

Regarding the sampling protocol and based on the number of containers, the 

preliminar distribution has been made. Supposing that the duration of the pilots is 

of 3 months (=12 weeks)as explained before, this means that every week bags 

would be collected from different containers (C1 to C40), as it can be seen on 

Table 2. This data may change depending on the number of containers of each 

pilot and the information will be added in the corresponding Deliverable of each 

pilot.  

The sampling procedure will be done manually, a special vehicle will collect the 

bags with a sticker. These bags will be taken from the container by an operator. 

Although this system is slow, it could be improved implementing two actions that 

won’t be developed in the pilots: 

- closing the container. If a special key is needed to use the container, it will 

be sure that all bags inside will have the sticker. 

- An X-RAY analysis could tell easily the number of unwanted material and the 

approximate location. With this approximate location an operator could 

extract the bag and identify the user who has done a wrong selection of the 

waste. 

Table 2. Bags collection along the pilots 

 
W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 

C1 5     
2 5     

2 
C2 5     

2 5     
2 

C3 5     
2 5     

2 
C4 5     

2 5     
2 

C5 5     
2 5     

2 
C6 5     

2 5     
2 

C7 5     
2 5     

2 
C8 5     

2 5     
2 

C9  
5    

2  
5    

2 
C10  

5    
2  

5    
2 

C11  
5    

2  
5    

2 
C12  

5    
2  

5    
2 

C13  
5    

2  
5    

2 
C14  

5    
2  

5    
2 

C15  
5    

2  
5    

2 
C16  

5    
2  

5    
2 

C17   
5   

2   
5   

2 
C18   

5   
2   

5   
2 
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W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 

C19   
5   

2   
5   

2 
C20   

5   
2   

5   
2 

C21   
5   

2   
5   

2 
C22   

5   
2   

5   
2 

C23   
5   

2   
5   

2 
C24   

5   
2   

5   
2 

C25    
5  

2    
5  

2 
C26    

5  
2    

5  
2 

C27    
5  

2    
5  

2 
C28    

5  
2    

5  
2 

C29    
5  

2    
5  

2 
C30    

5  
2    

5  
2 

C31    
5  

2    
5  

2 
C32    

5  
2    

5  
2 

C33     
5 2     

5 2 
C34     

5 2     
5 2 

C35     
5 2     

5 2 
C36     

5 2     
5 2 

C37     
5 2     

5 2 
C38     

5 2     
5 2 

C39     
5 2     

5 2 
C40     

5 2     
5 2 
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4.2.4. Sampling control sheet 
In order to do the characterization of the selected bags, an individual macroscopic 

manual characterization will be carried out for each one of them. Basically, it will 

consist of an identification of the different types and amounts of waste present. 

An example of the different categories of waste to be classified is given in the next 

table (Table 3), and it will be used as a control sheet for the characterization 

protocol. 

Table 3. Sampling control sheet 

  Nº ITEMS COMMENTS % SCORE 

TOTAL   100 - 

NOT PACKAGING 
WASTE (UNWANTED 

MATERIAL) 
      

NO-
EMPTY PACKAGING 

      

STACKED PACKAGING       

TOTAL NUMBER OF 
COMPACTABLE 

BOTTLES 
      

COMPACTED 
BOTTLES 

      

        
TOTAL   

            

      
To be filled by the waste 

characterization team     

               

      To be filled by ITENE     
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The following instructions will be provided to the operator together with the control 

sampling sheet in order to ensure a correct sampling procedure: 
 

INSTRUCTIONS FOR THE SAMPLING PROCEDURE: 

1. Count all the items in the bag 

 

2. Count the unwanted material (non-packaging waste, cardboard or 

glass) [it will depend on the pilot city] 
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3. Check if there is some pack full (or almost full) with product 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Check if there are some stacked packaging 
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5. Count all packaging suitable for compaction (usually water bottles) 

 

 

6. Count the bottles that have been compacted 
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The resulting table for the example shown will appear as in Table 4. 

 
Table 4. Sampling control sheet example 

Bag identification  
Nº 

ITEMS 
COMMENTS % SCORE 

TOTAL 18   100 - 

NOT PACKAGING 
WASTE (UNWANTED 

MATERIAL) 
5 

One spoon: to civic amenity 
One orange peel: to brown 
(organic container) 
Two batteries: to civic 
amenity o special container 
for batteries 
One cardboard box: to the 
cardboard container 

 28   

NO-
EMPTY PACKAGING 

1    6   

STACKED PACKAGING 5    28   

TOTAL NUMBER OF 
COMPACTABLE 

BOTTLES 
2       

NO-COMPACTED 
BOTTLES 

1   50   

        

TOTAL   

            

      
To be filled by the waste characterization 

team     

               

      To be filled by ITENE     
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5. Compensation procedure 

5.1. PlastiCircle Compensation 

Procedure Design 
PlastiCircle aims to implement a compensation procedure to encourage citizen to 

collect and sort packaging waste through positive reinforcement as previous research 

shows how incentives are useful to change attitudes and behaviour toward 

generation and disposal waste in individual households.  

The compensation procedure proposed is composed by: 

a)  A module of information and education aimed to spread the initiative and to 

create an understanding of what needs to be done, why it needs to be done, 

and how it can be done as it is necessary in order to implement a successful 

procedure as the bibliographic review point out the need to provide it (Taylor, 

D. C., 2000). Policy incentives to minimize generation of municipal solid waste 

(Linder, 2018), (Timlett, 2008). 

b) A contingency contract using a fixed ratio schedule of reinforcement. In this 

case, the reinforcement occurs after a fixed number of responses have been 

emitted since the previous reinforcement. The variable ratio schedule typically 

yields a very high, persistent rate of response but fixed ratio schedule is more 

commonly used as it is more easy to apply (Labrador F. J., 2008). The 

compensation procedure is going to use only the positive reinforcement as 

method to improve, control and change the behaviour of others as at this stage 

it is not mandatory to participate, so it is not allowing to cause perjury to whom 

show interest. Once the target behaviour has been acquired long enough an 

extinction phase (a phase fade out of reward) will ideally starts as the goal is 

eventually to have natural supports/rewards to take over. Due to the duration 

of the pilot phase and that it will require an individualized stage it is not possible 

to carried out this phase. As the objectives of the PlastiCircle project do not 

chase to achieve citizen reaching the behaviour without reward them, there is 

not sense to explain these phase in the present deliverable.  

 

5.1.1. Information and Education Modules  

Information and education modules are needed in order to present, frame and to 

minimize possible issues related to the intervention such as not be aware of the pilot 

implementation or lack of knowledge of the intervention/pilot’s objective: what is 

expected the citizen have to do it and how it is expected they have to do it.  

The first step is the pilot's dissemination: The citizen has to be aware that the pilot is 

going to be implemented. What, where and when are the main questions that the 

dissemination has to answer. Advertising the pilot is the first action to achieve high 

rates of participation.  Also, to help ensure the success, the citizen has to feel a 

duty/obligation/responsibility to participate in the program, so persuasive 

communication and social pressure are required (in some point the ideal is that they 

feel embarrassed for those who begin to recycle because they do not recycle yet). 
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At this stage business leaders and community associations can encourage individuals 

to develop attitudes and behaviours contributing to the realization of desired 

minimum standards.  

Once the citizens have shown their interest on the program the education module 

gains relevance as explaining this kind of initiative through statistics data, increase 

adherence and motivation with the program. Furthermore, participants have to 

clearly understand the relevancy of the intervention and the potential power of 

change that they have -you can make a relevant, and authentic change in the 

planet-. The goal is to create a proactive community planning with accessible 

educational seminars frequently offered.  

Both, information and education module must be implemented considering the target 

population, so it is necessary to appeal to the neighbourhood sociodemographic 

report of each pilot city. This way, the content, the way it is understood as well as the 

media used to advertise are specific to each community.  

Also, the informational and education intervention module could serve to introduce 

the contingency contract to the subject.  In the next section it will be described more 

detailed.  

5.1.2. Contingency Contract 

This system allows complex applications where it is required to work with several 

behaviours at individual level and/or to change a behaviour(s) in a group of people. 

In this case contingency contract is going to be used as a system of contingency 

management based on the reinforcement of target behaviours. 

The target behaviour must be observable and measurable to establish a previous 

baseline and to see if the program reaches the pre-set-up objectives. PlastiCircle 

compensation Procedure focus on two target behaviours  

a) Depositing regularly a packaging waste bag inside the container (directly 

related with the Smart Container recorded data)  

b) Characterise packaging waste bag deposited correctly (directly related with 

the characterization protocol).  

A contingency contract is a written document in which it is specified all relevant 

information about what is ask it to do, how is asked it to do and in exchange of what. 

So, the contingency contract has to include: 

• All target behaviours that the subject (or group of people) agree to 

performance.  

• The expected frequency of the behaviour.  

• The relationship between the performance of these behaviours and their 

consequences (reinforcers). 

• The criteria according to which it will be evaluated (how it will be measured 

and observed).  

• The time and place in which the consequences of gains will be obtained. 

• The duration of the intervention; the start and the end time of this.  

The main advantage of these procedure is the reduction of ambiguity by specifying 

the desired behaviours and consequences. But also, there are some issues around the 

contingency contracts that must be taken into account for the implementation phase 

such as how to introduce the contract to the subject and the identification and 

negotiation of reinforcers. The informational and education intervention module could 
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serve to introduce the contract to the subject by explaining why this kind of initiative 

is relevant through statistical data and European legislation tendency with the final 

objective of contextualize the initiative since the bibliographic research shows that by 

providing residents recycling information resulted in higher municipal recycling rates 

(Stern P. D., 1995).  

About the step of identification and negotiation of the reinforcers our study presents 

a limitation: due to economic and political issues, the participants won't be able to 

select the reinforcer that they wanted. They just will be able to choose from a 

predefined list that each city will give to them. So, each citizen will choose between 

all reinforcers available at this time but in order to reduce the negative effects derived 

to “impose” the reinforcers, PlastiCircle will do personalize as far as possible this stage 

making the final choice fall into the subject.  

 

5.1.3. Parameters weight 

According to the PlastiCircle consortium expertice several parameters have been 

selected in order to be evaluated in the characterisation protocol. Citizens will be 

informed about these parameters so that they learn how to do it right.  

During the technical visit to Utrecht, the participants filled up a questionnaire about 

the importance of different parameters regarding plastics recycling. The results of the 

questionnaire can be found in the Annexes.  

From the answers of that questionnaire, the weight of each parameter has been 

calculated, and it will be used to create the formula for the rewards. 

The different weights and parameters are shown next (Figure 15): 

 

Figure 15. Parameters weight taken into account for the compensation 

Following, the different parameters meaning/explanation: 

- Participation: only for taking the bag to the container and use the module of 

the sticker, the IoT platform will receive the information of this citizen. 

Automatically, 10 points will be added to his or her account.  

- Not packaging waste: All unwanted materials in the plastic packaging 

container will be counted as can be seen in Figure 16. Citizens will receive a list 

0 1 2 3 4 5 6 7 8 9 10

Not Packaging Waste

Empty Packaging

Stacked Packaging

Compacted Bottles

Parameters weight
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of the materials which are supposed to be thrown to the container where the 

plastic packaging should go. Also, an email and phone will be provided to ask 

questions. The unwanted material for each container will change depending 

on the pilot city. 

 

Figure 16. Unwanted material 

- Compacted bottles: Compaction at home reduces logistics costs. Also, in the 

sorting process is better to have flat bottles because the non-compacted ones 

can roll in the belt and the optical sorting is not always able to read the plastic 

type properly. All packaging suitable to be compacted will be counted (1 and 

2 in Figure 17) (normally only water bottles can be compacted). From this total 

number, the percentage of compacted bottles will be calculated (1 in Figure 
17), and the citizens’ points will rise in case of correct compaction. 

 

Figure 17. compactable packaging 

- Stacked packaging: Packaging which is stacked one inside another 

jeopardises the sorting process since the optical equipment is not able to read 

properly the type of material of the packaging. In this sense, citizens will be 

encouraged not to stack packaging. In Figure 18, it can be seen 5 packaging 

pieces stacked one inside another.  
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Figure 18. Stacked packaging 

- Empty packaging: It is important that packaging pieces are empty of product 

because it can complicate the recycling process. In this sense, in PlastiCircle it 

won’t be evaluated whether the packaging is perfectly clean (because this 

could increase the environmental impact due to the water use to clean it), 

however, if there is a lot of product inside, it won’t count as a correct action. 

In Figure 19 it can be seen a bottle with enough product inside to be 

considered wrong.  

 

Figure 19. Not empty packaging 

 

5.1.4. Formula to reward the citizen  

The method to reward citizens will be based on a “Points system”. Each time they 

participate using PlastiCircle module, 10 points will be added to their accounts. If their 

bag is taken for characterisation and they get, for example, 70 points, these points will 

be added to the ones they already had only for participating.  

Based on the assumptions made above the correct sorting by the user of the plastic 

packaging waste will be rewarded according to the table below, which shows 

different scores that will afterwards determine how well households are sorting his/her 

waste. 

5 different ranges have been set:  

<20% 20-40% 40-60% 60-80% >80% 

On the other hand, and depending on the parameter, a scale from 2 to 10 has been 

used, being 2 the worst performance and 10 the best one. So, for example, if the 
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presence of unwanted materials (not packaging waste) is of more than 80%, the 

performance score will be of 2. However, if the number of unwanted materials is less 

than 20% of the total (desirable situation), then the score will be of 10. It is important to 

understand that all will be based on positive reinforcements. 

The scores table will be as shown next, with the corresponding weight for each 

parameter. As mentioned before, the weight related to each parameter was defined 

by questionnaire answered by all the consortium. 

 

  <20 % 20%-40% 40%-60% 60%-80% >80% Weight 

(Wi) 

Unwanted material 10 8 6 4 2 8 

No-empty Packaging 10 8 6 4 2 6 

Stacked Packaging 10 8 6 4 2 6 

No-compacted Bottles 10 8 6 4 2 8 

The formula for the compensation: 

𝐶 = [
𝑆𝑖 ∗  𝑊𝑖 + 𝑆𝑖+1 ∗  𝑊𝑖+1 + 𝑆𝑛 ∗  𝑊𝑛

𝑊𝑇
] ∗ 10 

C = Compensation result 

Wi = Weight of parameter i 

Si = Score of parameter i 

WT = ∑ Wi = Sum of all parameters’ weights = 28 

Following with the example provided in section 2.2.3, Table 5 provides an insight of 

how the bag of each citizen will be evaluated. 

 

Table 5. Example of score setting 

  <20 % 20%-40% 40%-60% 60%-80% >80% Weight 

(Wi) 

Unwanted material 10 8 6 4 2 8 

No-empty Packaging 10 8 6 4 2 6 

Stacked Packaging 10 8 6 4 2 6 

No-compacted Bottles 10 8 6 4 2 8 

 

𝐶 = [
(8 ∗  8) + (10 ∗  6) + (8 ∗ 6) + (6 ∗ 8)

28
] ∗ 10 = 79 𝑝𝑜𝑖𝑛𝑡𝑠 
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Bag identification  
Nº 

ITEMS 
COMMENTS % SCORE 

TOTAL 18   100 - 

NOT PACKAGING 
WASTE (UNWANTED 

MATERIAL) 
5 

One spoon: to civic amenity 
One orange peel: to brown 
(organic container) 
Two batteries: to civic 
amenity o special container 
for batteries 
One cardboard box: to the 
cardboard container 

 28 8  

NO-
EMPTY PACKAGING 

1    6  10 

STACKED PACKAGING 5    28  8 

TOTAL NUMBER OF 
COMPACTABLE 

BOTTLES 
2   -  -  

NO-COMPACTED 
BOTTLES 

1   50 6  

        

TOTAL 79  

            

      
To be filled by the waste characterization 

team     

               

      To be filled by ITENE     

                

 

Depending on the result C, citizens will get a compensation. The better they 

perform, the better reward they will obtain.  

One classification regarding the final result could be like the one in Figure 20, 

however, rewards are yet to be defined by each pilot city. The specific rewards will 

be included in the corresponding Deliverables of each pilot action. To provide an 

insight of how the rewards could be related to each performance, an example is 
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shown below: 

Figure 20. compensation classification 

 

5.1.5. Communication with the citizens 

In order to motivate the citizens, each time they increase their number of points, 

they will receive an email announcing how many points they have already 

achieved. It is yet to decide by each city other communication channels, for 

instance, whatsapp, SMS, etc. Also, a phone and email address will be provided to 

clear doubts of citizens.  

If they have received less points due to unwanted material, they will be informed 

in the email of which unwanted material they have thrown and how should be 

disposed, as specified in Table 4. Sampling control sheet example 

There will be available (in the emails and in the project website) a catalogue of 

which rewards they can get with points (see Figure 20. compensation classification 

Depending on each city there will be several collection points for the citizens to 

collect their rewards. For instance, if it is a transport ticket it could be nice to have 

contact with the transport agency of the city and include the free ticket directly in 

their transport cards.  

  

1 Cinema ticket 

50 points 1 Transport ticket 

1 Museum ticket 

30% discount in some shops 

100 points 1 concert ticket 

1 Transport bonus 

Free access to all museums 

200 points Free access to public 
transport 
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6. Barriers/Limitations 
There are several limitations which may jeopardise the characterisation protocol 

and compensation procedure, they are mentioned and explained in the next lines: 

- A specific truck (or van) with no compaction will be required in order to 

collect the bags with the sticker otherwise the waste will be compacted, and 

the characterisation won’t be possible.  

- The collection of the bags will be manual, this will take long time to look for 

the bags and characterise them. A potential solution could be those 

explained in 4.2.3. 

- Since only the plastic packaging container will be involved in the pilots, 

citizens will be able to throw plastic packaging to other containers and this 

won’t be controlled. In order to work perfectly, the PlastiCircle concept 

should involve all containers. 

- Since there are different waste management systems for each city, a 

previous analysis should be done in order to implement PlastiCircle project. 

For instance, in Alba Iulia, all recyclables go to the same container, so a glass 

pack won’t be unwanted material, while in Valencia it really is.  

- In Utrecht the individual compensation won’t be applied, since there are 

Personal Data protection issues with individual identification.  

- There is a possibility of a low participation, in this case, further dissemination 

campaigns will be needed.  

- Only 3 practical months for the pilots are little time to see behavioural 

changes in citizens. Also, the opposite situation (with longer time they don’t 

get too motivated about doing it well), won’t be evaluated.  

- There is a possibility of the module not working properly and not providing 

the sticker.  

- There is a risk of the modules being stolen.  

- The rewards given by the cities may not be of interest for the citizens 

participating in the pilots 
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7. Conclusions 
The conclusions that can be extracted from this Deliverable 3.5 are listed next: 

1. There is a growing concern about the use of plastic packaging and 

legislation is stablishing ambitious recycling objectives and use limitations. 

2. To do the characterization of the waste, the protocol given should be 

followed. The workers in charge of doing it, will be educated to properly 

understand, take the bags and do the characterization in a good way, 

without causing big troubles to the general process of the waste collection. 

3. The formula to calculate the minimum number of bags needed to 

characterize is the next one: 

𝑛 =
𝑁 ∗ 𝑍2 ∗ 𝑝 ∗ 𝑞

𝑑2 ∗ (𝑁 − 1) +  𝑍2 ∗ 𝑝 ∗ 𝑞
 

Being: 

- N = number of participant households 

- Z2 = 1.962 (for a confidence level ol 95%) 

- p = margin of error (normally p=0.05 (50%)) 

- q = (1-p) = 0.95 

- d = Accuracy = 7% = 0.07 

There is a need to recalculate the number of bags once the workshops to 

engage the neighbours are done and the real number of participants for the 

pilots is compiled. 

4. To calculate the compensation, once the characterization has been done, 

the next formula will be used: 

𝐶 = [
𝑆𝑖 ∗  𝑊𝑖 + 𝑆𝑖+1 ∗  𝑊𝑖+1 + 𝑆𝑛 ∗  𝑊𝑛

𝑊𝑇
] ∗ 10 

Being,  

C = Compensation result 

Wi = Weight of parameter i 

Si = Score of parameter i 

WT = Sum of all parameters’ weights = 28 

The better the citizens perform, the better reward they will obtain.  

5. There are some limitations that could affect the normal performance of the 

pilot. The main barriers found are: 

1. Manual collection of the bags 

2. Only the packaging container will be controlled 

3. Possibility of low participation 
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4. Risk of vandalism or bad functioning of the module 

5. Pilot duration too short 

6. Further decisions must be made by the cities, in order to stablish the rewards 

to the citizens, and the exact ones will be included in the deliverables from 

WP6. 
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9. Annexes 

9.1. PlastiCircle’s Compensation 

Procedure Problem 
The European plastic market is not currently aligned with the circular economy as 

proposed by the EU Commission14. Interventions are needed to improve the public’s 

recycling practices. In 2016 in Spain more than 45.4% of domestic, commercial and 

industrial plastic containers were recycled. However, the landfill use is still very high, as 

in other countries of the European Union such as Poland, Hungary, Greece, Croatia, 

Romania etc according to “the plastics report15” that analyses the data related to 

production, demand and waste management of plastic materials. Although we are 

approaching the proposed objectives for 2035 (65%), we are still far away.  

The PlastiCircle project aims to increase packaging waste recycling rates in Europe at 

the origin by implementing a compensation procedure. Compensation is the term 

used to designate everything that people receive in exchange for their work. The 

compensation has the objective of counteract or to balance the effects of one thing 

with another contrary. A compensation procedure is intended to give a thing or make 

a benefit to a person as a repair of damage, injury or inconvenience that has been 

caused.  Within the clinical psychology, a compensation is used to refers to the 

strategies adopted by an individual with the aim of covering up their frustrations and 

weaknesses through virtues or rewards in other areas, be these conscious or 

unconscious. For its part the application of a compensation procedure it refers when 

this strategy is adopted by other person and it is applied to cover a weakness in one 

area through rewarding in another area. The compensation procedure is a 

psychological technique to increase or create a new behaviour. In this case, the 

compensation procedure will reward and will encourage the citizen for the correct 

sorting of the packaging waste.  

In the following sections the theoretical developments of the techniques of behaviour 

modification will be expose as well as the description, objective and the specific 

characteristics of the compensation procedure proposed by PlastiCircle will be 

described.  Also, a behavioural analysis of the “Pay as you throw” principle from a 

psychological behaviour modification point of view will be expose and lastly the 

compensation procedure proposed by PlastiCircle will be described.  

 
 
 
 
 
 

                                                             
14 EU Resource Efficiency Roadmap 
http://ec.europa.eu/environment/resource_efficiency/about/roadmap/index_en.htm 
15 The plastics report: situation in 2017. 
https://www.plasticseurope.org/application/files/5715/1717/4180/Plastics_the_facts_2017_FINAL_for_website_on
e_page.pdf 

http://ec.europa.eu/environment/resource_efficiency/about/roadmap/index_en.htm
https://www.plasticseurope.org/application/files/5715/1717/4180/Plastics_the_facts_2017_FINAL_for_website_one_page.pdf
https://www.plasticseurope.org/application/files/5715/1717/4180/Plastics_the_facts_2017_FINAL_for_website_one_page.pdf
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9.2. The Behavior Modification 

Approach 
Attempts to control the behaviour of people are lost in the origin of time. These 

attempts are always carried out either by a subject or by a group of people who 

consider themselves as having the authority and/or justification to try to change the 

behaviour of others. The field of psychology that has focussed in behaviour change is 

called “Behaviour Modification approach”. It is a treatment approach based on the 

principles of operant conditioning, that replaces undesirable or disadaptative 

behaviours with more desirables and/or adaptative ones through using different 

techniques.  

The research and theoretical developments that allowed to base the behaviour 

modification techniques are mainly focused on the development of the classic 

conditioning laws of Pavlov (Pavlov, 1927), the formulation of Thorndike's Law of Effect 

(Thorndike, 1898) and the work carried out by Watson about what psychology should 

be from a behavioural point of view. Watson is the pioneering figure in the 

development of the psychological school of behaviourism (Watson, 1928). Skinner 

deserves special mention with his work “Science and Human Behaviour” (Skinner, 

1953). According to Skinner, the behaviour can be explained, predictable and 

controllable based on the functional relationships with its antecedents and 

environmental consequences. He used the operant conditioning that consists in the 

reward of a partial behaviour or a random act that approaches the desired 

behaviour. Through operant conditioning, an individual makes an association 

between a particular behaviour and a consequence. However, at present there is a 

tendency in the field of Psychology towards an experimental cognitive psychology. 

Since this perspective for example to explain anxiety problems or disadaptative 

behaviours, attention would be focussed on perceptual biases.   

Currently behaviour modification integrates several orientations: applied behavioural 

analysis, mediational behavioural approach, social learning approach and cognitive-

behavioural orientation. All of them related to each other but emphasizing different 

aspects. The behaviour modification approach gives importance to the cognitive 

processes, to the environment, and to the subject by providing him an active role. 

Also, something characteristic of this approach is the importance grant of 

psychological evaluation by making an empirical evaluation of the intervention 

process.  

There are a multitude of behaviour modification techniques (Labrador F. J., 2008). The 

most commonly used are: Mindfulness, Biofeedback training, Exposure Technique, 

Operant conditioning techniques, token economy, and coping skills techniques.  

PlastiCircle aims to create and/or to maintain a correct sorting by the citizen of the 

packaging waste in the origin, a recycling behaviour, with the objective of recovering 

all plastic packaging waste in valued-added products. 
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9.2.1. Behaviour Modification 

Techniques 
Operant conditioning techniques aims to generate and to reduce behaviours by 

replacing undesirable or disadaptative behaviours with more desirable or adaptative 

ones. The origins of operant techniques are in the instrumental conditioning that it is 

based on the formulation of Thorndike's Law of Effect. According to this law the 

pleasant or satisfactory consequences that follows a response increase the 

connection between stimulus and response, while unpleasant or unsatisfactory 

consequences weaken this connection. The operant conditioning techniques to 

develop and/or to maintain behaviours are:  

- Schedules of reinforcement   

- Shaping or successive approximations 

- Chaining  

- Fading  

- Negative reinforcements  

- Contingency organization systems  

A brief description of this techniques appears in the annexes.  

As it is described in the annexes Operant Conditioning Techniques aims to generate 

and to reduce behaviours by replacing undesirable or disadaptative behaviours with 

more desirable or adaptative ones. The Operant Conditioning Techniques to reduce 

and/or extinguish behaviours are: Extinction, Time out of Reinforcement, Response 

Cost, Satiation and Negative Practice, Differential Reinforcement, Overcorrection, 

and Punishment. Since the objective of the PlastiCircle ‘s compensation procedure is 

to encourage citizen to collect and sorting packaging waste through positive 

reinforcement, Operant Conditioning Techniques to reduce behaviours are not going 

to be described in the deliverable.  

On the one hand, Shaping or Successive Approximations, Chaining and Fading are 

better to be discarded as their implementation requires an individualized, customize 

and a tedious application. Also, Shaping or successive approximations is useful to 

develop non-existing previous behaviours that never occurs, and Chaining is useful to 

existing behaviours that together form more complex ones, so it not may since use 

these techniques for our objective (that consists in make more likely the recycling 

behaviour). Fading is also discarded because requires identifying which is the 

antecedent stimulus that control the target behaviour individually. Regarding 

Negative reinforcement procedure is discarded because require the collaboration of 

others (such as relatives) and the previous existence of a stimulus that the individual 

perceives as negative and can be withdrawn naturally if the desired behaviour 

appears.  

On the other hand, Schedules of Reinforcements, Token economy and Contingency 

Contracts has been applied both individually and grupally.  Token economy is better 

to be discarded as it requires that an individualize final fading phase. Also requires a 

structured, high control over the environment and the challenging establishment of 

the token as a generalized reinforce. Contingency contracts have the extra value of 

the commitment and it includes schedule of reinforcement, so it does not make sense 

use the Schedules of Reinforcement alone.   
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There is a number of studies that explore the application and effectiveness of 

psychological theories to predicting pro-environmental behaviours (such as curb side 

recycling, resource conservation, wastepaper recycling etc). At individual level, the 

psychological theories to predict the engage in behaviours like recycling include: the 

theory of planned behaviour, the attitude behaviour- context model, social and social 

- cognitive psychological theory as well as models of social influence in predicting pro-

environmental behaviour (Seacat J. &., 2010); (Abrahamse, 2013); (Stern P. D., 1995); 

(Park, 2014); (Tonglet. M., 2003); (Hines, (1986/87).) and (Schultz P. O., 1995); (Maki, 

2016). The focus of all these studies has been to study the individuals’ intentions and 

other individual factors like personal control, normative beliefs, moral beliefs and 

behavioural intentions to predicting engage in pro-environmental behaviours. At 

community level’s factors, there have been several studies that have demonstrated 

the effectiveness of community factor such as recycling incentives as well as per-unit 

pricing of garbage or Pay as you throw programs (PAYT) (Kinnaman, 2006); (Huang, 

2011); (Blackmer, 2014). Evidence of the impact of such programs varies from small to 

moderate effects: the PAYT programs produced sizable and statistically significant 

reductions in disposed waste using and had a significant and positive effects 

improving the recycling rates in communities where it was implemented. This studies 

also raises the importance of the consideration by the municipalities of the resources 

and the cost at the town level to implement incentive or pricing programs like PAYT. 

The research carried out establishes that in order to implement a successful PAYT 

system is necessary a strong community support, as well as proactive policies, financial 

considerations, education and enforcement planning. By providing residents with 

recycling information resulted in higher municipal recycling rates. Planning for the 

enforcement of PAYT is also crucial of implementation. Continued education and 

enforcement will then lead to longer-term paradigm shifts with community norms 

becoming more supportive of PAYT over time. Research shows that the most effective 

interventions combine information, incentives of various kinds, social influences, and 

institutional supports (Stern P. C., 1999). 

The principles disadvantages of this kind of programs are the increase of inappropriate 

commingled waste-recycling and the occurrence of illegal dumping of municipal 

solid waste to avoid disposal charges. To minimize these disadvantages a proactive 

community planning with accessible educational seminars should be frequently 

offered.  

However not all studies have provided completely support for the use of incentives to 

enhance pro-environmental behaviour (Delmas, 2013). This study found an increase in 

energy consumption although the authors expose several explanations related to 

methodological and statistical issues to explained it.  

A recent study (Seacat J. D., 2018) found some demographics variables such as a high 

household income, a small population size, and a republican political orientation 

(instead of a libertarian's political orientation) predicted a better recycling behaviour. 

Other studies have found that married households were significantly more likely to 

recycle than non-married households (Reschovsky, 1994) and more highly educated 

persons were generally more likely to report they recycled than less-educated persons, 

consistent with other studies (Lansana, 1992). 

Also, the study of Seacat & Boileau found some community factors relevant to predict 

the recycling behaviour. Both, pay-as-you throw programs and providing recycling 

information to community residents were all significative positively to predict municipal 

recycling rates while pay to recycle programs significative predicted negatively 

municipal recycling rates. This can be explained from a psychological point of view as 
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charging for recycling services conveys a strong message to residents about municipal 

recycling priorities “throwing away trash is more valued than recycling” and generates 

a direct damage in the person by recycle while if PAYT programs are used, the 

damage directly affects the amount of waste generated by the citizen. Further on it 

will be explained how the generation of a damage cause a decrease on the related 

behaviour. This way can be understood how the recycle behaviour decrease in that 

case and how increase when a PAYT programs are used. 

Finally, households who reported an adequate space to store recyclable materials 

reported significantly greater levels of recycling as well as the knowledge of having a 

drop-off centre near to the home (when given curb side pickup was not available) 

was significantly associated with increased recycling of all the relevant materials 

except newspaper. (Reschovsky, 1994). 

In the following sections the theoretical developments of the techniques of behaviour 

modification will be expose as well as the description, objective and the specific 

characteristics of the compensation procedure proposed by PlastiCircle will be 

described.  Also, a behavioural analysis of the “Pay as you throw” principle from a 

psychological behaviour modification point of view will be expose and lastly the 

compensation procedure proposed by PlastiCircle will be described.  

The Behaviour Modification Techniques: Extended version.  

Operant conditioning techniques aims to generate and to reduce behaviours by 

replacing undesirable or disadaptative behaviours with more desirable or adaptative 

ones. The origins of operant techniques are in the instrumental conditioning that it is 

based on the formulation of Thorndike's Law of Effect. According to this law the 

pleasant or satisfactory consequences that follows a response increase the 

connection between stimulus and response, while unpleasant or unsatisfactory 

consequences weaken this connection. The operant conditioning techniques to 

develop and/or to maintain behaviours are:  

- Schedules of reinforcement   

- Shaping or successive approximations 

- Chaining  

- Fading  

- Negative reinforcements  

- Contingency organization systems  

A brief description of this techniques appears below:  

Schedules of reinforcement 

The schedules of reinforcement are useful to enhance already existing behaviours. The 

idea is to make the target behaviour more frequently and lasting. In order to make this 

program more successful they have to include: a target behaviour description, a 

search and selection of reinforcers, and adequate selection of the schedule of 

reinforcement program and consider some contextual aspects.  

The behaviour must be observable and measurable to establish a baseline and to see 

if the program reaches the pre-set-up objectives. Regarding the search and selection 

of reinforcers, several reinforcers must apply to avoid satiation problems. The chosen 

reinforcers must be pleasant to the subject, powerful enough, available to the 

administrator and if it is possible, available in the habitual environment of the subject. 

The reinforcers can be edible, activity, social and tangible but each one has some 

advantages or disadvantages. For example, watch a TV episode or to play some 

sports although are difficult to satiation are hard to administer and there are given to 
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the subject more delayed on the time while the tangible reinforcers like travel bus 

vouchers can be trusty powerful but very expensive and conflictive. The administration 

of the reinforcers must be contingent to the appearance of the desirable or target 

behaviour, that means the reinforcer is only administered if the behaviour has been 

performed.  Also, in order to enhance the powerful of the intervention the reinforcers 

have to be delivered as close in time as possible to the performed behaviour and 

should starts with high amounts of reinforcer, so they can be reduced later. The idea is 

to apply the Premack’s principle that consists in to associate a high-probability 

behaviour (more desirable behaviours) to lower-probability behaviours (less desirable 

behaviours), with the objective of make them more likely to occur. An example can 

be “If you want a piece of cake, you need to eat all your peas". In conclusion, the 

Premack’s principle makes it easier to do an unpleasant activity by putting a pleasant 

activity right after it.  

Also, an adequate selection of the schedule of reinforcement program is imperative 

to achieve success. Schedules of reinforcement are rules that control the delivery of 

reinforcement. The rules specify either the time that reinforcement is to be made 

available, or the number of responses to be made, or both. They can be continuous 

(the target behaviour is reinforced always after the performance) or Intermittent (the 

target behaviour is reinforced sometimes after the performance). There are several 

types of intermittent programs: A) Fixed ratio schedule: Reinforcement occurs after a 

fixed number of responses have been emitted since the previous reinforcement. B) 

Variable ratio schedule: Reinforcement occurs after a variable number of responses 

have been emitted since the previous reinforcement. C) Fixed interval schedule: 

Reinforcement occurs following the first response after a fixed time has elapsed after 

the previous reinforcement. D)Variable interval schedule: Reinforcement occurs 

following the first response after a variable time has elapsed from the previous 

reinforcement. Continuous schedules of reinforcement are more adequate in the 

acquisition phase (when the behaviour is learned) while intermittent programs are 

more useful through the intervention. In that sense the Variable ratio schedule typically 

yields a very high, persistent rate of response although fixed ratio schedule is more 

commonly used as they are more easy to apply.  Generally the ratio schedule 

programs (fixed or variable) are used when a high rate of response are expected but 

requires the behaviour can be recorded because they should know when  to dispense 

the reinforce while the interval schedule programs (fixed or variable) produce lower 

rates of response than  ratio schedule programs and are less practical as they require 

continuous monitoring of behaviour at the end of the interval until the relevant 

response appears.  
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Figure 21. Differential effects of different programs in execution rate of target behaviour on maintenance phase 
and extinction phase. (RF)Fixed ratio schedule, (RB)Variable ratio schedule, (IT)Fixed interval 
schedule,(IV)Variable interval schedule. OR. Cumulative records of the target behaviour during the phases of 
maintenance and extinction, under different schedules of reinforcement. (Labrador F. J., 2008) 

Finally, this kind of programs have to take into account also contextual aspects. 

Programs must be carried out in the habitual environment of the subject to achieve a 

better generalization and long-term maintenance of the learnings. Also, in order to be 

practical, the agent that dispenses the reinforcement should be the same person in 

charge of supervising the program.   

The schedules of Reinforcement use 4 basic methods based on Reinforcement Theory 

to control and change the behaviour of others: 

- Positive Reinforcement: positive behaviour followed by positive 

consequences.  

- Negative Reinforcement: positive behaviour followed by the removal of 

negative consequences.  

- Punishment or positive punishment: negative behaviour followed by the 

removal of negative consequences.  

- Extinction: negative behaviour followed by the removal of positive 

consequences.  

The use of a PAYT systems where the citizen pays according to the level of waste 

generated involve the use of two of these methods: the negative reinforcement and 

the positive punishment. The negative reinforcement is described as the removal of 

negative consequences after the performance of the particular behaviour: if the 

citizen generates few wastes then decrease the amount of tax. And to pay less taxes 

is perceived by the taxpayer as positive. The positive punishment is described as the 

appearance of a negative consequence after the performance of a particular 

behaviour: if the citizen generates lot of waste then increase the amount of tax. And 

to pay more taxes is perceived by the taxpayer as negative. These methods have 

opposites consequences in the behaviour. While negative reinforcement produces an 

increase in the appearance (of the particular behaviour) of generate few wastes, the 
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positive punishment produces a decrease in the appearance (of the behaviour) of 

generate lot of waste.  

Shaping or successive approximations 

Shaping or successive approximations is a procedure that consists of the 

reinforcement of the successive approximations to the desired or target behaviour 

and the extinction of the previous answers that are not so similar. This procedure is 

commonly used in learning everyday skills like teaching to speak to non-verbal humans 

so shaping is useful to develop non-existing previous behaviours. This program is 

composed by several steps:  

1. Description of the desired final (or "target") behaviour.  

2. Description of the initial behaviour. The initial behaviour has to appear with the 

enough frequency and has to be similar to the target behaviour.  

3. Definition of the intermediate behaviour. Several steps (behaviours) lead to the 

final or target behaviour. In this step the use of triggers can be very useful. For 

example, saying the word that the child is point it out.  

4. The number of intermediate behaviours is determined by the difficulty or 

complexity of the objective behaviour and the person's capabilities, abilities 

and resources.    

The idea is to start the training with an already existing behaviour that the person emits 

with some probability. Gradually the form of this behaviour is changed across 

successive trials by reinforcing behaviours that approximate the target behaviour 

more and more closely. When the target behaviour is finally performed, it may be 

strengthened and maintained by implementing the use of a schedule of 

reinforcement. 

Chaining 

Chaining is a procedure that consists of the reinforcement of individual responses 

occurring in a sequence to form a complex behaviour. This procedure breaks down 

each step of a more complex skill into individual teaching steps. It is frequently used 

for the training of behavioural sequences that are beyond the current repertoire of 

the subject (complex skills) such as daily and independent living skills. So, a behaviour 

chain is a series of related behaviours, each of which provides the cue for the next 

and the last that produces a reinforcer. For example, if we want a child to learn to 

brush his or her teeth: 1) Turn on the water, and turning on the water signals the next 

step, 2) Get your toothbrush, 3) This then signals getting the toothpaste, squeezing the 

toothpaste on the toothbrush, wetting the toothbrush, and so on until the entire skill 

has been completed.  

Fading 

Fading is a procedure that consists in making a gradual change over successive trials 

of an antecedent stimulus that controls a response so that the response eventually 

occurs to a partially changed or completely new stimulus. To carry out this procedure 

is essential: 1) to Identify the desired behaviour and level of prompts needed for the 

subject to complete the task. 2) to Identify the process that will be used to fade the 

prompt. and 3) to Identify criteria that will indicate that the prompt or prompts can be 

faded.  
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Negative reinforcement  

The negative reinforcement refers to the increase of the target behaviour by taking 

out a stimulus that is considered by the subject as negative. There are many examples 

in our daily lives that are examples of the potential of this type of reinforcement to 

achieve the emission of behaviour. For example, the behaviour of putting on a coat is 

reinforced by the disappearance of the cold. However, in clinical practice this 

procedure has not been widely used since to apply a negative reinforcement it is 

necessary that previously an aversive element has been presented to the subject. 

When it is applied always require the collaboration of others such as relatives or 

teachers, something that the therapist cannot always control. 

Contingency organization systems  

These systems allow more complex applications than the previously procedures. These 

systems have been used to work with several behaviours at individual level and/or to 

change a behaviour(s) in a group of people. Multiple contingencies or reinforcements 

(both positive or negative) are used. However, an effective application requires the 

use of generalized reinforcements and a high control of the environment (Labrador F. 

L., 1993). 

There are two main contingency organization systems: the token economies and the 

contingency contracts. 

Token Economies 

The Token Economy is system of contingency management based on the systematic 

reinforcement of target behaviour. It requires a structured and high control over a 

specific environment. Individuals receive tokens immediately after displaying desirable 

behaviour. The tokens are collected and later exchanged for material reinforcers, 

services, or privileges (backup reinforcers) that involve the challenging of the 

establishment of the token as a generalized reinforcer before to start. Tokens need to 

be storable and manipulable since there are given to the subject until there are 

exchange for other things. Back-up reinforcers, as any reinforcer, are chosen in 

function of the individual or group for which the token economy is going to set up, but 

also depending upon the possibilities available to the administrator. Also, the token 

economy can use the punishment (a reinforcement technique) to reduce specific 

behaviours through token loss but as well as positive reinforcements should also be 

clearly specified before the application starts.  

In order to be effective, the system has to be able to allow register the people’s target 

behaviour and also it is essential to establish effective and exclusive control over the 

reinforcers that are available in the environment as well as criteria and price lists has 

to be exposed previously to the participants, by giving them a list for example how 

many tokens costs which one backup reinforcer and how many tokens can be earned 

by each target behaviour.  As in previously programs described above behaviours has 

to be clearly defined and participants can be involved in the specifying of the 

contingencies to enhance the effectiveness and the motivation. However, often these 

specifications are hard to make. While planning how many tokens can be earned by 

each target behaviour some factors have to be considered: on the one hand 

participants should be able to earn a minimal number of tokens for a minimal effort, 

and on the other hand participants should not earn too much too soon, making more 

effort useless.  

The Token economy is really useful to work with several behaviours at individual level 

and/or to change a behaviour(s) in a group of people. However, as a disadvantage, 
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this kind of programs should include a fading phase (that refers to the gradual 

lessening of reinforcement) that must to be implemented just when the target 

behaviours where acquired and that depends on the subject, so this phase is 

individualized and raise the costs and the personal who has to administer the program. 

Also fading is difficult to implement if it is made abruptly as could extinct the already 

acquired behaviours.  

Contingency contracts 

Contingency contract is system of contingency management based on the 

reinforcement of target behaviour. It is a written document in which it is specified: all 

target behaviours that the subject or group of people agree to performance and the 

relationship between these behaviours and their consequences (reinforcers) as all 

procedures described above (and all psychological interventions). Do not require high 

control of the environment, or the challenging of the establishment of new generalized 

reinforcers as they use primary reinforcers like materials, services, or privileges.  

These contracts use different schedules of reinforcement depending on the phase 

where they are located. At the beginning is more useful continuous schedule of 

reinforcement as well as provide the reinforcement as close as possible to the target 

behaviour performance. In posterior phases an intermittent schedule of reinforcement 

is more convenient.  

In order to be effective these kinds of contracts must be carried out through the 

agreement between both parts:  the target behaviours and the reinforcers, a copy of 

the contract is given to the participant to remember them the commitments. Also, a 

standard contingency contract can be used for all participants, but some individual 

customization improves the effectiveness. 

As advantages this procedure has high acceptability as the subjects decide to 

actively participate. Also, contingencies are less likely to be aversive because the 

subject has participated in the development of his contract. For last, making the 

contingencies explicit increase the effectiveness of the reinforcement.  

As it is described above Operant Conditioning Techniques aims to generate and to 

reduce behaviours by replacing undesirable or disadaptative behaviours with more 

desirable or adaptative ones. The Operant Conditioning Techniques to reduce and/or 

extinguish behaviours are: Extinction, Time out of Reinforcement, Response Cost, 

Satiation and Negative Practice, Differential Reinforcement, Overcorrection, and 

Punishment. Since the objective of the PlastiCircle ‘s compensation procedure is to 

encourage citizen to collect and sorting packaging waste through positive 

reinforcement, Operant Conditioning Techniques to reduce behaviours are not going 

to be described in the deliverable.  

On the one hand, Shaping or Successive Approximations, Chaining and Fading are 

better to be discarded as their implementation requires an individualized, customize 

and a tedious application. Also, Shaping or successive approximations is useful to 

develop non-existing previous behaviours that never occurs, and Chaining is useful to 

existing behaviours that together form more complex ones, so it not may since use 

these techniques for our objective (that consists in make more likely the recycling 

behaviour). Fading is also discarded because requires identifying which is the 

antecedent stimulus that control the target behaviour individually. Regarding 

Negative reinforcement procedure is discarded because require the collaboration of 

others (such as relatives) and the previous existence of a stimulus that the individual 

perceives as negative and can be withdrawn naturally if the desired behaviour 

appears.  
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On the other hand, Schedules of Reinforcements, Token economy and Contingency 

Contracts has been applied both individually and grupally.  Token economy is better 

to be discarded as it requires that an individualize final fading phase. Also requires a 

structured, high control over the environment and the challenging establishment of 

the token as a generalized reinforce. Contingency contracts have the extra value of 

the commitment and it includes schedule of reinforcement, so it does not make sense 

use the Schedules of Reinforcement alone.  Also, It is well known the commitment 

interventions significantly increase the participation relative to the no commitment 

interventions [Bryce, W. J., Day, R., & Olney, T. J. (1997). (Schultz P. W., 2014). As well as 

information, education and incentives (Linder, 2018); (Timlett, 2008) 
In the next section the PlasitCircle Compensation Procedure design will be described.  

 
 

 

 

 

 

 
 

 

 



 
 

 

 

 


