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ABSTRACT 

 

The main purpose of the Deliverable 3.6 called “Best practices factsheets and performance 

analysis of the improved systems on selective collection, transport, sorting and pre-treatment 

during the pilot implementation in municipalities” is to identify the initiatives selected to be 

implemented in the pilot cities of the project, based on the analysis of the current situation, and 

then, to present the details and explanations of the pilot cities, of course, with some examples 

and the corresponding illustrative images and tables. 

On the one hand, a list of best practices is analyzed with an exhaustive study, and then the 

selection made for the pilot municipalities is presented and justified, that is, among the list of 

the best practices which of them have been selected to be implemented in the current project 

and why this selection has been made. 

On the other hand, the pilots implemented in three cities are explained with details, including 

initiatives related to collection, transport and characterization of waste. In each city the status 

before the pilots is described, with the corresponding KPIs. After that, the main results due to 

the SCALIBUR project are explained in the same way too. And to finish, both stages are 

compared to be aware of the saving in each city due to the project, for instance, CO2, fuel, time, 

and distance savings are illustrated. 
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PUBLISHABLE SUMMARY 

 

The main purpose of this document is to present the selection of best practices which have 

been made for the current project, and then, the details of the three selected pilot cities where 

the SCALIBUR techniques have been implemented. 

In the first part of the document, a list of best practices is explained, they have been analyzed 

after a study, and they are all presented with images, tables, and data about their success in 

some cities where they have been set up. 

The second part of the document is related to the three selected cities where the pilots have 

been carried out. They are the following: Madrid (Spain), Kozani (Greece) and Albano Laziale 

(Italy). 

In these three cities the summarized process has been as follows: identification of the issues to 

improve in each city, selection of best practices to improve in each one among the list previously 

explained, the planning of the pilot, and finally the implementation of the pilot in each of the 

cities. 

In these cities, before the pilot, the route followed by trucks was not optimized neither in terms 

of fuel (per kilometers) nor in terms of the filled containers, that is, if a container is almost empty, 

the trucks stopped and collected it. The same occurred with the degradation of the waste, 

containers were collected regardless of if it was in its optimal point to be revalorized or not. 

The novelty of the SCALIBUR project is the development and deployment of system to optimize 

the waste collection and transport. The system consists of IoT sensor equipment, a platform for 

managing the information provided by the sensors, as well as a route optimization module 

included in the platform.  

Specifically, the sensor developed is capable of measure not only the filling level of the 

containers, but also the status of the matter with the gas emissions, and thus to know when the 

matter is in its optimal point to be revalorized into value-add goods (like fertilizers and so on). 

All this information is stored in the platform, allowing the generation of operational and 

performance reports. 

As mentioned, a route optimization module has been developed too. That is, taking into 

account the information collected by the sensors, the collection trucks only would have to pick 

up the containers with the proper filling level and gas emissions. This way, cost will be reduced 
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in terms of fuel consumption of collection trucks collection trucks, CO2 emissions, collection 

times, kilometers done by the trucks and so on. 

Finally, real examples of the SCALIBUR technologies implementation are detailed including the 

results obtained in each city. 

To conclude, a comparison between the status of these cities before the pilots and after is done; 

thus, the real improvements due to the SCALIBUR technologies can be estimated. 
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1. INTRODUCTION 

 

The SCALIBUR project aims at helping implement Circular Economy in the European Union. 

Within WP3, all the pilot actions will increase and improve the quantity and quality of urban 

biowaste by implementing best practices, to later characterize and pre-treat to produce high-

value products in WP4-6. This will consist in optimizing collection methods of OFMSW and 

HORECA waste, enhancing transport and logistic operations and improving characterization 

processes. Hence, Deliverable 3.6 presents the best practices selected for the project and their 

justification, and then, the three pilot cities are presented in detail, including a deep description 

of the improvements that SCALIBUR technologies and developments have achieved because of 

their deployment. 

In this regard, the implementation of waste management system that designs collection 

operations according to the volume of containers filled and the level of waste degradation, 

together with the implementation of a route optimization tool based on the containers to be 

collected, improves the operation efficiency (cost and time reduction) and sustainability 

(emissions reduction). As a precedent, several European cities have been beneficiated by the 

implementation of a route optimization system, e. g., Valencia, Utrecht and Alba Iulia, which 

achieved savings1 of 34%, 28% and 15% in operation distance travelled, time spent and fuel 

consumption, respectively. 

Specifically, the SCALIBUR routing have been applied in Kozani (Greece) and Albano (Italy) 

focused on the urban biowaste collection. This routing system is based on two different types 

of data: 

1. On demand HORECA biowaste collection based on the schedules, transport routes 

and collection needs. 

2. Level of decomposition of urban biowaste gathered through sensors installed on the 

household containers. 

 

 

1 Saving information obtained from PlastiCircle project  
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This deliverable aims to present the best practices selected to be implemented in the pilot cities 

of the project, and then, to describe in depth the activities and technologies developed and 

deployed, including examples and illustrative images and tables. 

To this end, first, a list of best practices is analyzed with an exhaustive study, and then the 

selection made for the project is presented and justified, that is, among the list of the best 

practices which of them have been selected to be implemented in the current project and why 

this selection has been made. 

Subsequently, the pilots implemented in three cities are explained with details. In each city the 

status before the pilots is described, with the corresponding KPIs. After that, the obtained results 

due to the SCALIBUR project are explained in the same way too. And to finish, both stages are 

compared to be aware of the saving in each city due to the project, for instance, CO2, fuel, time, 

and distance savings are illustrated. 

 

 

 

2. SUMMARY OF INITIAL PROBLEMS OF 

THE CITIES INVOLVED 

Improved methods of selective collection, transport, sorting and pre-treatment will be 

implemented in the three pilot cities: Albano (Italy), Kozani (Greece) and Madrid (Spain). These 

methods will be applied to the pilot cities in order to improve the situation of the three cities. 

Therefore, for this purpose initial problems of the cities involved were identified.  

 

Albano 

Albano Laziale is a municipality located in the Lazio region, province of Rome.  This municipality 

has a population of 41.715 inhabitants. The annual cost per capita of waste is about 154 € 

(Source: Italian Ministry of the Interior). The company “Volsca Ambiente e Servizi” manages the 

waste collection service. 

In the city of Albano, waste is separated and collected into different fractions, namely wet 

fraction, plastic, paper and cardboard, metal and glass packaging, paper and cardboard, road 

cleaning residues and undifferentiated waste (dry, non-recyclable). The collection system is 
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managed by VOLSCA AMBIENTE. Specifically, biowaste is collected, sorted and pre-treated in 

an automated system, using magnets and screens. In Albano, the wet fraction of biowaste is 

also used to produce compost and for anaerobic digestion. 

 

The action plan intends to reduce the production of waste and enhance separate collection 

“door to door”. As indicate in the GA, the current rate of the organic fraction is 75% and with 

the project the intention is to increase this rate to 90%. The city of Albano currently produces 

12 tons/Day of organic material. 

 

It is important to underline that the introduction of the punctual tariff in Albano Laziale 

Municipality “TARIP” ('pay as you throw') that came into force on 1st
 May 2019, marks an 

important innovation and a step forward for the reduction of waste, including for the organic 

and for making citizens aware of the issue.  

 

In Table 1 are indicated the initial problems of the city of Albano that have been identified. The 

identification of these initial problems has led to the implementation of the best practices that 

are defined in section 3.  

 

Kozani 

The city of Kozani is a municipality in the region of Western Macedonia, which is located in 

northwestern Greece and has a population over 41.066 inhabitants.  The issue of the 

management of biodegradable waste and biowaste is a key point for the management of solid 

waste in Greece. It should be highlighted that the taxes on waste are paid based on m2 of each 

household, regardless of how many people live in each house or how well they recycle. 

 

Household waste is collected twice per week. There are two main categories for waste collection: 

short and large. While short collection refers to the logistics of small amounts of waste from the 

city to the Local Waste Management Units (LWMU), large collection is the collection and 

transference from LWMU to Mechanical and Biological Treatment plant (MBT). Initially, the 

municipal council manages the short collection, while large collections are managed by 

DIADYMA S.A. However, in some cases, short collections can be performed by DIADYMA as 
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well. The biowaste is put in plastic bags and separate brown bins per house or block are 

provided. 

 

The legislation focuses on implementing a separate collection of biowaste, minimizing the 

landfilled waste, implementing new biowaste treatments such as compost, anaerobic digestion 

or incineration. As a result of this legislation, the biowaste management system has significantly 

changed in Kozani. 

 

In Kozani, the current rates of organic fraction collected selectively are 19% and this municipality 

aims to reach 50% of separate collection.  In Table 1 are indicated the initial problems that led 

to the implementation of the best practices. 

 

Madrid 

The city of Madrid, which is the capital of Spain, has 3.182.175 inhabitants. The total waste 

production reach more than 1.2 million tons/year. To deal with this amount of waste the city 

has a comprehensive system that includes containerization through a color code, of five 

different fractions: packaging, glass, paper & cardboard, mixed waste and biowaste. They are 

sorted into different containers, following a colour code and mainly collected on a daily basis. 

The collection system is based on surface containers and a door-to-door system. The collection 

and the transport are performed by private collectors hired by the City Council. In this case, one 

of the companies hired for the purpose is FCC. All the waste collected in Madrid is treated in a 

waste treatment system, Valdemingomez Technology Park. From there, all the biowaste fraction 

collected is treated in Las Dehesas Anaerobic Digestion Plant. The valorisation process is 

achieved in two different ways: 

• Biogas production, to produce biomethane or power. 

• Digestate production, to obtain fertiliser. 

Also, it should be highlighted that the taxes are paid regardless of how well citizens separate 

or recycle (the system is a voluntary system that relies on the citizen’s confidence). Secondly, 

end consumers for the compost produced in the composting plant are still unidentified due to 

the lack of information on the quality of the compost produced 
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Table 1. Initial problems of the cities involved 

 Albano Kozani Madrid 

Collection 

Collection of Horeca 

Waste 

Bad waste quality No unifromity in containers 

Illegal dumping Collection of Horeca 

waste 

Overfilling of the containers 

before collection of waste 

Lack of a biowaste 

collection centre 

  

Transport 
High cost of 

transport 

No optimization of 

the collection routes 

No optimization of the 

collection routes 

Social Awareness 

A door-to-door 

collection system for 

OFMSW from 

housing is 

implemented since 

2019, including a 

“Pay as you Throw” 

(PAYT) model. The 

objective is to 

progress in this 

direction for 

HORECA waste 

Lack of knowledge of 

the people on how 

to correctly recycle 

No motivation to recycle 

Waste tax is based 

on the m2 of the 

household and no 

connection is made 

with the quality of 

the waste collected 

No reward mechanism, the 

taxes to the municipality are 

paid regardless how well 

citizens separate or recycle 

There is a lack of knowledge on 

how to separate waste 

 

 

The identified problems (the ones in the table above), are the ones that are going to be solved 

with the best practices implementation. The best practices are the solution for these problems. 
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3. DEFINITION OF BEST PRACTICE 

FACTSHEETS 

 

A selection of best practices has been done in order to solve the problems explained in the 

section above. These best practices will solve the identified problems in the cities. 

In this section, a summary of the best practices related to collection, transport, social awareness, 

and characterization, that were identified, is included.  

As a summary of best practice per type a table has been included in order to make easier to the 

reader the comprehension of them (Table 2). In this table each best practice has been named 

with letters and numbers to identify each one easier and faster, the same nomenclature will be 

used in the whole deliverable (Table 2, summary of each best practice and Annex 1). 

Moreover, at the end of the deliverable, at “Annex 1”, every best practice will be explained into 

details. It has been done a sheet per best practice, and each sheet/best practice includes: the 

explained problem, the benefits obtained from the best practice applied, some examples and 

so on… 

The goal of the best practices sheet is to give the complete information to the easy 

implementation of the BBPP in the cities.  
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Table 2. Summary of best practices 

 

 

 

 

3.1 Summary of BBPPs by tipology 

3.1.1 Collection 

 

Thirteen Best practices were identified in collection (C1, C2…C13). In this section, a summary of 

all of them is made. The complete Best Practice Fact sheets are included in the annexes.  

 

• C1 - Homogeneous bring banks around the country: The size and shape of the 

containers is really important, as no uniformity can later conditionate transport, making 

it more difficult. Therefore, the action will be to use the same colour in the containers 

for the selective collection of organic waste in all the region or country. 

• C2 - Implementation of an underground container system: In this sense, it is common 

that in some cases containers are too small, and consequently, they become 

overcrowded, littering the city and causing odors, visual impact, and reducing the 
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quality of the urban environment. The action will be the implementation of an 

underground collection system to collect biowaste in order to establish cleaner 

surroundings and improve the collection efficiency. 

• C3 - App for on-demand collection from HORECA: It is usual in the HORECA sector that 

the waste bins are filled before the collection date, avoiding more waste to be collected.  

When the opposite happens, bins are not completely full, the collection is not 

optimised. The action will be the implementation of an app that allows the HORECA 

sector to have on-demand collection when needed. 

• C4 - Containers with chip to register filing levels: In many cases, the overflowing of the 

containers is a problem for the municipality. However, in other cases, containers are in 

places where the filling occurs slower than in other areas which if not controlled, may 

result in inefficient collection routes. The information about filling level of containers 

allows waste resource managers to plan optimized collection routes for waste and 

recyclables collection. The action will be the implementation of a system to control 

filling level of containers to monitor collection rates and improve planning procedures. 

• C5 - Use of biodegradable and bio compostable bags for collection.: The Austrian 

compost and biogas association KBVÖ (Kompost- und Biogasverband Österreich) 

reported that 80-90% of impurities in the organic waste collected from households are 

conventional, non-biodegradable bags. To tackle this problem and reduce impurities, 

biodegradable and biocompostable bags can be used to collect biowaste. The action 

will be to Implement the use of biodegradable and biocompostable bags for biowaste 

collection. 

• C6 - Start biowaste collection at schools: Getting students and teachers involved in 

recycling at school is good for the environment, educational and can be a lot of fun. 

Educating our children about the importance of recycling provides the country with a 

path to a greener future. As children learn about recycling, they will be more likely to 

carry these habits into their adult years. They also will learn how their personal actions 

can affect the future. The action will be an educational project promoting the collection 

of biowaste in schools, where they will be a starting point to collect organic waste. 

• C7 - Specific collection system adapted to each situation: Adapting the collection 

scheme to the territory, in particular regarding to the frequency, the type of collection 
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(door-to door, bring scheme) and the collection vehicle, and testing the scheme at a 

pilot level before implementing it full scale, by enlarging progressively the territory and 

promoting biowaste prevention in areas where there is low quantity/potential. 

• C8 - Efficient collection during summer: in the summer months odour nuisance is a 

problem. In order to overcome this problem, the organization of the collection must be 

very effective in order to avoid problems related to odours, flies, etc. 

• C9 - Selective collection of biowaste from the HORECA waste: small-scale shops 

generate kitchen waste comparable in its composition to that of a common household 

and, therefore, synergies can be realised through combined collection and treatment 

of the waste from the two sources. The action will be the selective collection of biowaste 

(i.e., food waste plus green waste) from hotels and restaurants through door-to-door 

collection or bring banks systems. 

• C10- Collection of open market biowaste: The amount of food thrown away is a waste 

of resources as energy, water and packaging used for food production, transportation 

and storage. All this goes to waste when we throw away edible food. Therefore, the 

selective collection of biowaste to open markets could help to solve this problem.  

• C11 - User-friendly collection containers: Use of containers with ergonomic design 

adapted to different kind of users such as, children, elderly people or disabled citizens. 

• C12 - Volunteer collection of biowaste: Volunteer collection is an initiative that public 

or private organization (e.g., schools, sports, clubs, charity organizations, etc.) at local 

level (neighborhoods, sports clubs, etc.) can implement in a municipality by collecting 

paper and board separately 

• C13 - Anaerobic digestion plant: The Directive prescribes in Article 22 that Member 

States shall take appropriate measures to encourage the separate collection of bio-

waste with a view to their composting and anaerobic digestion 

 

 

3.1.2 Transport 

 

Five Best practices were identified in transport (T1, T2…T5). In this section, a summary of all of 

them is made. The complete Best Practice Fact sheets are included in the annexes.  
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• T1 - Software designed optimized waste collection route: Route optimisation allows 

waste collection and street cleansing operators to identify and then remove 

inefficiencies. By building a digital model of their service, solid waste operators can 

compare different options with their current setup to identify more efficient and 

effective operating routes. In addition to cost savings, this can also mean balanced 

workloads and happier drivers, better customer service as crews is less likely to run 

short of capacity, and a safer operating environment since routes have been designed 

to account for safety issues properly. 

• T2 - Compacting collection trucks: The compaction of the collected material allows 

increasing amounts of biowaste to be transported per trip. Less space required for the 

collection of waste. Thus, it is possible to increase the route length being so more 

effective. 

• T3 - Using electric trucks to collect waste: Electric collection trucks will provide cleaner 

and healthier air in the cities where they operate. They will not create emissions, which 

will improve local air quality, and the electricity used to recharge batteries will come 

from a power generator with an individual emission point and pollution control 

equipment. Electric vehicles do not idle when stopped or parked, and they make far 

less noise than diesel engines while on the move. Electric trucks may create 

opportunities such as new renewable energy from waste generation. 

• T4 - Truck traceability: Vehicle emissions depends on driving behaviour such as 

acceleration and speed. Monitoring the speed, excessive idling, unnecessary 

accelerations, and braking will give information that can be used to significantly reduce 

the fuel consumption. 

• T5 - Eco-driving in waste collection trucks: Eco-driving is a systematic driving style that 

cuts fuel consumption and the emission of polluting gases. Onboard units now enable 

a wide array of vehicle data to be recorded, such as fuel consumption, revs per minute, 

acceleration, braking, maintenance, etc, while also flagging up technical alarms. All this 

information can then be combined with complementary data from other systems such 

as the fleet management system. Drivers are given instant feedback with visual and 

acoustic cues for correcting their driving style and cutting out inefficient behaviour such 
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as over-braking and excessive idling. Through the implementation of eco-driving, fuel 

reduction and better maintenance of the vehicle are obtained, extending its life. 

 

3.1.3 Social awareness 

 

Thirteen Best practices were identified in social awareness (SA1, SA2…SA13). In this 

section, a summary of all of them is made. The complete Best Practice Fact sheets are 

included in the annexes.  

 

• SA1 - Clear instructions on the containers and bags:  Confusion about selective 

collection leads to mistakes and scepticism which causes people to throw tons of waste 

into the wrong container daily. This confusion may be due, among other reasons, to 

the lack of clarity in the labels of recycling container. Consistent and regular information 

should be provided to citizens through different channels, up to the final separation 

point. The information is intended to clarify citizens' concerns, increase their 

understanding of recycling processes, and could include recycling targets as an 

additional motivation. 

• SA2 - Pay as you throw principle for fee calculation: In the traditional schemes for 

household waste management in Europe, the services are financed via general taxes or 

due to a fixed recurring fee in bills of other supply services as electricity, regardless of 

the produced waste amount. This tax can act as an incentive to recycle and an excellent 

way to reward households doing it well. Introduce (mandatorily) specific bags for every 

source separated fraction and charge higher costs for fractions that need to be reduced. 

Pay for quantity of waste generated (not by m2). 

• SA3 - Educational areas in recycling yards:  Educating our children about the 

importance of recycling provides the country with a path to a greener future. As 

children learn about recycling, they will be more likely to carry these habits into their 

adult years. They also will learn how their personal actions can affect the future. 

• SA4 - Events, roadshows and workshops: environmental campaigns help consumers to 

change their habits. Some of the benefits of these actions are increasing citizen 

engagement and therefore increasing the quantity and quality of biowaste due to the 



 

20 

 

****

information received and direct feedback about problems to address them directly. 

Citizen's viewpoint can be very valuable in decision making processes to improve 

recycling rates 

• SA5 - Competition rewarding the best performance in biowaste collection. 

Competitions can be an excellent way to generate awareness and interest in biowaste 

collection. They give extra motivation to the people and help to reinforce the messages 

from the recycling campaigns. Furthermore, the competitions can be held at different 

levels (Municipalities, neighborhoods, small business, schools). 

• SA6 - Schools campaign: As any separation at source, the separation of biowaste in the 

households requires personal efforts in form of awareness and change of habits of the 

citizens. Therefore, it is important to convey to children the benefits of recycling for the 

environment. Fun activities are a great way to learn how about the environmental 

benefits of recycling and how to separate waste correctly. This is especially true for 

children who in addition have a powerful influence over the recycling habits of a 

household. 

• SA7 - Publication of positive recycling news as TV advertisement. Advertisement on TV 

is a fast and direct way to give information to the population about how and why is 

important to recycle waste. Thus, motivate the people and increase recycling rates.  

• SA8 - Include citizens actively in the information loop: Citizens are not involved in the 

decisions that municipalities take regarding waste management activities. This means 

that they are not involved in the activities proposed by municipalities and that the 

recycling rate is very low.  

• SA9 - Waste ambassadors: The use of waste advisers is especially relevant to address 

specific issues by targeting a specific territory or audience with a poor separate 

collection rate or high contamination in separately collected fractions in order to deliver 

an adapted answer, as waste advisers can interact face to face. The action will be to 

design an awareness system based on ambassadors who inform citizens about the 

collection system established in the municipality. 

• SA10 - Website on biowaste and recycling: Misinformation and false news about waste 

management lead to poor classification by citizens. In many occasions, the citizen has 

doubts about where to classify the most complicated materials and it is necessary a 
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tool that can solve the problems instantly. The website will serve to keep the city 

informed about the importance of recycling, bio-waste and its management, which will 

lead to an increase in the recycling rate and greater involvement by citizens. Thanks to 

this information, citizens will manage their waste correctly. 

• SA11 - Association of citizens providing direct feedback to municipalities:  it is 

important that citizens' organizations or associations communicate the problems of the 

cities and maintain a continuous flow of communication between the municipality and 

the citizens. Therefore, the creation of association of citizens who get together to 

discuss issues about waste collection will serve to solve the lack of flow communication 

between citizens and municipalities. Their feedback could be used by the municipality 

to improve the waste collection system. 

• SA12 - Targeted communication campaigns: Public awareness campaigns are usually 

conducted for a general audience, which means that information does not reach certain 

people and is not recycled or done properly. For this reason, it is necessary to focus the 

information on specific groups of people, such as tourists in holiday flats, new residents 

or children motivating their parents to recycle. 

• SA13 - Dissemination of the environmental and economic benefits of biowaste 

recycling: Campaigns to reduce bio-waste promoted by cities will help to reduce the 

environmental impact of waste by reducing the number of tons of waste going to 

landfill, while at the same time providing economic benefits from the transformation of 

this waste into high value-added products such as biogas and compost. 

 

3.1.4 Characterization 

 

Two Best practices were identified in characterization (CH1 and CH2). In this section, a 

summary of all of them is made. The complete Best Practice Fact sheets are included in 

the annexes.  

 

• CH1 - Data collection and monitoring quality parameters: During waste collection, the 

main parameters are measured, such as: material composition, impurities, ashes, 

moisture and sticky contaminants. Thanks to these results, it is possible to know how 
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citizens are acting and if they are doing it correctly in addition to recycling. This will 

influence the quality of the final product. If this is not the case, it will be possible to 

know where to improve. 

• CH2 - Monitoring and control of the composition of residual waste in other recycling 

streams: Based on the results of the monitoring, specific measures can be taken to 

obtain more recyclable and/or recoverable material and to prevent waste from ending 

up in the other recycling streams. This will result in an improvement of the recovered 

waste fraction and an increase in quality. 

 

3.1.5 Sorting and pre-treatment 

 

Two Best practices were identified in characterization (CH1 and CH2). In this section, a 

summary of all of them is made. The complete Best Practice Fact sheets are included in 

the annexes.  

• SP1 - Live characterization with IRIS system: The characterization of the composition of 

the OFMSW is fundamental to evaluate its potential and the most adequate pre-

treatments for their valorization. Current methods are time consuming and less precise, 

so a live-characterization can result in an in-situ, faster and more precise methodology. 

Therefore, live characterization by differnet camera technologies will result in time 

saving, high degree of results certainty and increase of potential valorization 

 

• SP2 - Improvements on pre-treatments to raise the OFMSW quality: The presence of 

improper waste (non-biodegradable materials) in the OFMSW hinders its potential of 

valorization and the products obtained. However, the potential can be improved by 

implementing specific pre-treatment steps in each case. For instance, the 

improvements like the reduction of the size particle and the reduction on its 

degradation will help in the adequation of the biowaste for its use in the further 

saccharification. The selection of higher purity biowaste streams increases it 

significantly.  
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3.2 Selection of BBPPs for each city 

For the project, a selection of best practices was made in order to improve the pilot cities in 

these fields. Every previous best practice was studied and after that, a mix of them was made 

for the current project. 

The selected best practices for each city are detailed in Table 3. The extended explanation will 

take place in the details of each pilot city, where the improvements due to the best practices 

are detailed. 

 

 

 

 

Table 3. Summary of best practices selected 

Albano Madrid Kozani 

Collection: 

C4. Containers with chip to register 

filling levels. 

C8. Efficient collection during 

summer. 

As the sensors detect the filling 

level and in summer more waste is 

produced, the collection during this 

season is more frequent not 

allowing neither exceeded 

containers nor bad odors. 

C9. Selective collection of biowaste 

from the HORECA waste. 

In Albano only the HORECA waste is 

going to be collected with Scalibur 

techniques because the rest is 

 Collection: 

C4. Containers with chip to register 

filling levels (in addition to gas 

emissions). 

C6. Start biowaste collection at schools. 

C8. Efficient collection during summer. 

As the sensors detect the filling level 

and the gas emissions, and in summer 

more waste is produced, the collection 

during this season is more frequent not 

allowing neither exceeded containers 

nor bad odors. 
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being collected with a “pay as you 

throw” system, and it’s arealdy 

developed and implemented. 

C13. Build an anerobic digestion 

plant 

Transport: 

T1. Software designed optimized 

waste collection route 

T4. Truck traceability. 

It’s done though the platform. 

 Transport: 

T1. Software designed optimized waste 

collection route 

T4. Truck traceability. 

It’s done though the platform. 

Social awareness: 

SA2. Pay as you throw principle for 

fee calculation. 

Explained above in C9 point. 

SA4. Events, roadshows and 

workshops. 

SA10. Website on biowaste and 

recycling (the Scalibur website) 

 

Social awareness: 

SA4. Events, roadshows abd 

workshops. 

SA10. Website on biowaste 

and recycling (the Scalibur 

website) 

SA13. Dissemination of the 

environmental and 

economic benefits of 

biowaste recycling 

Social awareness: 

SA3. Educational areas in recycling 

yards. 

SA4. Events, roadshows, and 

workshops. 

SA6. School campaign. 

SA10. Website on biowaste and 

recycling (the Scalibur website) 

 

Characterization: 

CH1. Data collection and 

monitoring quality parameters 

 

Characterization: 

CH1. Data collection and 

monitoring quality 

parameters 

 

Characterization: 

CH1. Data collection and monitoring 

quality parameters 

 

 Sorting and pre-treatment: 
SP1. Live characterization of 

OFMSW with the IRIS system 
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SP2. Improvements on pre-

treatments to raise the 

OFMSW quality 

 

 

4. IMPLEMENTATION OF PILOTS 

 

It has been developed three pilots in the following cities: Madrid (Spain), Albano (Italy) and 

Kozani (Greece).  

In each city several actions have been carried out, for instance, best practices have been selected 

for each city to solve their problems (they are detailed in each pilot city section). A first approach 

to understand this point is summarized below: 

 

- Madrid (Spain)  On one side, it has been developed social awareness measures, 

where the goal was to increase the engagement and knowledge of the people about 

the importance of their individual actions in the circular economy. Secondly, different 

BBPP on pre-treatment, sorting and characterization were selected and implemented. 

- Albano (Italy)  In this city sensors have been installed in the containers in order to 

measure its filling level. Furthermore, with the information of these containers, 

collection trucks routes have been optimized with a platform to save costs (kilometers, 

fuel, CO2 emissions and so on). In this city the sensors and the platform are commercial 

ones, of an external company.  

Moreover, different BBPP on transport, collection and characterization were selected 

and implemented. 

- Kozani (Greece)  in this city designed and manufactured sensors by ITENE not only 

measure filling level, but also gas emissions, thus, the waste is recollected when the 

filling level is proper, and when the waste it’s in its optimal point to be revalorized into 

add-value items (measuring gas emissions). Moreover, the platform developed by 

ITENE optimizes the collection route in order to save costs like collection times, 

kilometers done by trucks, consumed fuel, CO2 emissions of the trucks and so on. 
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Moreover, different BBPP on transport, collection and characterization were selected 

and implemented. 

 

4.2 Preliminary trials at ITENE 

Not public information. 

More information in “D3.6. Confidential annex”. 

 

4.3 Madrid Pilot 

4.3.1 Status Before the Pilot 

The status of the selective collection within the city of Madrid was studied, including the base 

line analysis, limitations, and current drawbacks of the system, but also new strategies to face 

the problems.  The Biowaste Club of Madrid was created to contemplate and discuss the main 

problems and solutions within the city; 

 

First BCM in Madrid (November 21st and 22nd, 2019): this BCM was focused on engaging 

participants to the SCALIBUR project and to provide an overview of the current situation in 

Madrid, specifically in regard to biowaste collection, treatment and citizen engagement (e.g. 

campaigns on biowaste sorting and collection). Challenges and solutions were discussed, 

highlighting best cases and possible pilot activities that can be implemented in Madrid through 

the Scalibur project.  The types of organizations that attended this BCM were research 

organisations, universities, companies and the city council. 

 

 

1st BCM Madrid (2019) 

Most relevant comments: 

-Low motivation to recycle 

-There is a lack of knowledge on how to separate waste 
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Second BCM in Madrid (Valdemingómez Technological Park, November 3rd, 2021):  in this BCM, 

the presenters of the workshop provided a comprehensive overview of several topics related to 

biowaste in Madrid, including: strategies and policies in Spain & the EU, main challenges in 

cities, the role of citizens in biowaste management, experiences on biowaste management, 

selective biowaste pick up and logistics in urban areas, innovative technologies for sludge 

valorisation, advance processes to biowaste valorization through insects, among others. This 

BCM included networking spaces for all participants and a filed visit to “Las Dehesas” plant 

installations. Specifically, the organizations that attended this BCM were waste management 

companies, technology & research organisations and city council representatives. Further, some 

invited presenters in this BCM were Ministerio para la Transición Ecológica y el Reto 

Demográfico, Anthesis Lavola, Consorcio de Residuos de Gipuzkoa (GHK), Ayuntamiento de 

Valladolid, Asociación Española de Normalización, among others.  

 

 

2nd BCM Madrid (2021) 

 

Furthermore, some comments of the participants during the event, were the following: “ 

- Citizens must be seen as the basis of the bio-waste recycling chain. 

- We need to be sustainable and for that we need to have data from the selective collection 

 

In this sense, is a main asset to raise the knowledge of citizens on how to recycle and the social 

awareness to improve the recycling behavior of the citizens and ultimately the potential of the 

biowaste.  For this aim, some activities like rising of awareness campaigns and engagement 

activities, uniform education with clear messages and disseminated in several idioms to avoid 

the barrier of the language must be interesting. 
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In addition, there is the need of undertake further innovations to improve the potential of 

valorization of urban biowaste: 

1. Innovation in the OFMSW sorting like a biowaste monitoring system-IRIS based on 

optic and spectroscopic cameras for the detection of contaminants within the organic 

fraction, allowing to separate and reach the required conditions of the biowaste for the 

WP4-6. 

 

2. Innovation in the OFMSW pre-treatment steps for the OFMSW fraction is necessary to 

avoid biodegradability of biowaste which reduces its potential for valorization into high 

added value products. In this regard, the presence of lactic acid in the biowaste was 

seen. 

3. Improvement in characterization since in the OFMSW from the selective collection is 

found high presence of improper waste, low purity of the biowaste is a main drawback 

for its valorisation as its value lows. In this sense, on one side, streamlined 

characterizations at collection points and on the other, to study of the segregation 

behaviour of citizens at households would be of main interest to increase the OFMSW 

purity and potential of valorization. 

 

In this sense, after careful review of the current issues, the following improvements and BBPP 

were undertaken. 

 

 

4.3.2 Results 

With the overview of the main difficulties and disadvantages of the city identified, both citizens 

barriers from the two Biowaste Clubs (BC) and the drawbacks of the processing steps of the 

biowaste. Thus, selecting different strategies and innovations were executed to meet the needs.  

 

Social Awareness 

One that most impact could generate was the implementation of social awareness and 

engagement best practices (BBPP), as following: 

• SA4: Events, roadshows and workshops 
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• SA13: Dissemination of the environmental and economic benefits of biowaste recycling 

In this sense, CSCP developed a virtual webinar with the aim of educating companies and 

citizens, generating more knowledge and social engagement. For example, the CSCP organized 

the webinar “Sustainable Trends and Opportunities of the Retail Sector in Spain” targeted to 

representatives of the retail sector in Spain. In cooperation with “Asociación Española de 

Distribuidores, Autoservicios y Supermercados (ASEDAS)”, the event took virtually on My 12th, 

2022 and counted with the participation of important supermarkets in Spain (e.g., Mercadona, 

Uvesco, Juan Fornes) and ASEDAS. The objectives of the webinar were to:  

• To analyze why the EU Green Deal and the circular economy are relevant issues for the 

retail industry. 

• Analyze the opportunities and challenges in the recycling of bio-waste in the Spanish 

food sector 

• To provide best practices and inspiration from European supermarkets and other actors 

in the food sector 

• Support the development of sustainable strategies and concrete actions 

During the webinar, the supermarket representatives highlighted main challenges and their 

current efforts on adapting their business practices towards the new legislation, the Law 7/2022 

on “waste and contaminated soils for a circular economy", which is a law that highlights key 

measures that are necessary to modernize waste management systems in Spain and support 

the transitioning towards a Circular Economy in the country. The participants were interested in 

learning more about sorting and valorization technologies of biowaste, which could support 

them to address this new legislation and improve the efficiency of their business operations. It 

is planned for SCALIBUR partners to participate in the upcoming ASEDAS “Sustainability 

Committee” on September, to promote biowaste technologies that can be applicable to 

supermarkets in Spain (TBD). Some comments in this webinar were: 

 “Waste management is a major challenge, especially for retail distribution chains” 

“We can no longer produce food only to throw it in the landfill” 

“More multi-stakeholder interaction is needed to solve waste management problems” 
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Furthermore, the CSCP is currently working with “Local Champions in Madrid”, who are local 

organizations in Madrid that have the power to influence a positive change in the community 

and consumers in general, through the diffusion of practices related to circular economy and 

resource efficiency. To accomplish this, the CSCP is currently developing interviews with a series 

of organizations, which will then be selected and invited to become part of the project through 

communication activities and a virtual engagement event. The main objectives of engaging with 

the “local champions Madrid” are: 

- To support the visibility of initiatives and organizations at the local and regional level. 

- To encourage citizens in Madrid to improve solid waste reuse, recycling and the 

adoption of circular practices. 

- To promote best practices and inspire initiatives in Madrid.  

 

Additionally, the city of Madrid has been demonstrating its commitment with the recycling 

change out of the project SCALIBUR through rising social awareness campaigns and 

engagement activities. Some examples are the Biowaste collection citizenship engagement 

campaign “acierta con la orgánica”,”cuando reciclo yo acierto” and ”con erre de” which has been 

developed since 2017 and it is expected to continue over the next years. 
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Sorting  

 

Regarding the innovation in sorting, the BBPP implemented was: SP1 – Live characterization of 

OFMSW with the IRIS system  

1. IRIS provided a monitoring system for the detection of unwanted fractions. 

 

Not public information. 

More information in “D3.6. Confidential annex”. 

 

 

Pre-treatment  

 

About the pre-treatments, the BBPP developed was: SP2- Improvements on pre-treatments to 

raise the OFMSW quality. 

In the Madrid Demo site Las Dehesas biomethanization plant, the implementation of 

innovations in the pre-treatment of OFMSW were undertaken prior to entering the new 

processing technologies in WP4-6, focusing on the improvement of the process and the 

monitoring after the selective collection for optimizing the desired conditions to be feed in 

WP4. 

Improvements in the pre-treatment step were necessary. For instance, OFMSW requires minimal 

degradation to preserve its potential for valorization, which was measured through the lactic 

acid content in the samples. Another aspect to work on was the absence of inert material within 

the biowaste since its presence reduce its content in organic matter and thus the quality and 

the yield of the valorization. Additionally, the size of the particle is also of great interest, the 

smaller it is the best can be used in the upcoming process. So, with the aim of improving these 

aspects, the following improvements were undertaken: 

1. One action was to evaluate/use the Mercamadrid biowaste instead of the household 

due to its greater purity and perform a manual removal of undesirable materials before 

the pretreatment. (Mercamadrid is a wholesale market for fruit and vegetables in the 

city, so the waste from this entity contains less amount of improper than the OFMSW 

from the household) 
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2. Work was also done in the reduction of the particle size by implementing an addiction 

grinding equipment  

3. In order to improve the quality of the biowaste, reducing the percentage of improper, 

the mesh of the pretreatment trommel has been replaced by another with a smaller 

pore size. 

4. Finally, to avoid possible degradation it was eliminated the heat treatment and the 

logistic were improved to reduce times. 

 

Characterization 

Regarding BBPP on characterization, an interesting one to solve some of the main concerns, 

was the implementation of the following one: CH1: Data collection and monitoring quality 

parameters. 

Another factor of main interest is the streamlined characterizations of OFMSW from the 

selective collection at collection points to have data of the quality and purity of the biowaste 

(discussed also in the BCM). In addition, to perform a comparative study of biowaste in the 

different districts allowing to assess the segregation behaviour of citizens at households and 

the main barriers to recycle. 

 

1. Streamline characterizations of OFMSW from different districts of Madrid: Amount of 

OFMSW sampled (Figure 10), characterization of OFMSW quality of Madrid (Figure 11) 

and by districts (Figure 12). 
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Figure 11. Composition and distribution the four fractions found in the samples by season: organic matter (blue), 

packaging plastics (orange), other waste with differentiated collection (grey) and other materials (yellow) 
 

Figure 10. Amount of OFMSW collected in Madrid by months from 2019 until 2021 
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2. Secondly, it was performed a study of impacting parameters on the biowaste 

segregation behavior at household to face the barriers of the citizens and improve the 

biowaste quality generated.  

 

To this aim, FCC provided data: Not public information. 

More information in “D3.6. Confidential annex”. 

 

Overall, all the previous strategies were followed in the pilot to improve the quality level of the 

OFMSW and cover weakness within the segregation behavior of the population. Indeed, 

because of the pilot and together with the efforts of the municipality of Madrid in the search of 

a green and circular city, like the awareness and education campaigns, it led unavoidably to 

remarkable results such as the increase of the organic matter content from 2019 to 2022, from 

almost 75 % to near 83 %, what brings huge benefits for its potential of valorization. 

Figure 14. Increase of the quality of the OFMSW collected in Madrid by year between 2019 

and 2022 

Figure 12. Comparison of the OFMSW quality from different districts by year 
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4.4 Albano Pilot 

4.4.1 Status before the pilot 

Before the implementation of the pilot project, the 19 containers were collected in Albano 

without any optimization. They are 19 containers because the pilot has been focused on the A3 

route, that’s because it’s the more representative route of the city in Horeca, as Volska told us. 

In order to optimize this route, the first step was to find out how the containers were usually 

collected three times a week. 

 

In the Table 7 the identification number and the address of each container are indicated. 

 
Table 7. Location information of the 19 containers in Albano. 
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In the Figure 15 the position of the containers in Albano area can be seen.  

 

 

Figure 15. Position of the 19 containers in Albano. 
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4.4.2 Results 

 

Best practices and results in each theme are explained below: 

 

Collection 

Currently, HORECA's OFMSW collection service is carried out at a frequency of 3 times/week 

(Monday/Wednesday/Friday), and all containers are collected, irrespective of their filling level. 

However, some parameters such as population density, the greater or lesser concentration of 

establishments in the service areas, and even the holding of specific events in different areas 

(neighbourhood festivals, etc.) cause the level of waste concentration to be uneven along the 

service route. This can lead to health problems (odours, rats, etc.) in areas where it is higher, 

and to unnecessary use of resources (collection of practically empty containers) in areas where 

it is lower. 

Therefore, and with the aim of improving the collection service, adapting it to the level of waste 

concentration, the installation and deployment of a system of IoT technology sensors capable 

of measuring the volumetric filling of the containers is proposed. 

Specifically, in this case, a type of commercial sensor from the company MOBA has been used. 

The FLS2 filling sensor is an autonomous wireless device equipped with an ultrasonic sensor 

specifically designed to monitor the degree of filling of any type of waste container and litter 

bin (organic waste, plastic, paper-cardboard, glass, textile, etc.). This device measures the 

distance between the sensor and the waste by means of an ultrasonic emitter, and the frequency 

of measurement and data transmission can be fully programmed autonomously, depending on 

the needs of the final application. 

The FLS2 sensor communicates via GPRS, NB-IoT, Sigfox or LoRa network, with an integrated 

SIM card (SoC) with international coverage and compatible with different communication 

providers. 
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Figure 16. MOBA FLS2 sensor. 

 

The sensor complements with the MOBA's MAWIS integral platform for an efficient and 

effective management of the waste collection fleet in cities. 

In order to optimise the collection operation, specific thresholds are established, after which 

alerts are generated for collection, so that only those containers that exceed these thresholds 

will be collected. This information allows waste resource managers to plan optimised routes for 

waste collection.  

Table 8 shows the warning and critical values for the containers fill level. 

 

Table 8. Values of the parameters analysed in the containers. 

Parameters Warning value Critical value 

Fill level (%) 60 85 

 

The following pictures show the installation process during the pilot deployment. 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Sensor’s installation process. 
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Transport 

The route optimization is developed in three phases. In the first phase the traceability of the 

non-optimized route is recorded. These recorded routes will be the baseline for comparison of 

the following stages. In the second phase, the route is optimized using the technology of an 

external company (not the device and the platform developed by ITENE like in the city of 

Kozani). The third phase includes the optimized route collecting only the containers with a filling 

level higher than the 60%. The value of 60% was chosen to avoid possible overfilling since the 

OFMSW containers are emptied only 3 times per week. 

 

 

Phase 1: Measurement and analysis of the real route collecting all the containers. 

The distance to be covered for the collection of the 19 containers indicated, without any 

optimisation, is 11 km, which takes 95 minutes. These data were provided by VOLSCA Ambiente, 

which is the concessionaire of the municipal waste collection service in the city of Albano 

Laziale. 

These values have been used as a baseline for the following phases to reduce them through 

route optimization. 

According to the used collection trucks in Albano (https://www.isuzutruckscn.com/3ton-

5ton-isuzu-compressed-waste-garbage-compactor-truck-for-sale_p305.html), the 

consumed fuel in this route of 11 km has been 3.85 liters and the equivalent CO2 emissions of 

the truck 8.09 kg. 

 

 

Phase 2: Optimization of the current route collecting all the containers in order minimize time 

and distance. 

Before implementing the route optimization in the real pilot, several theoretical calculations 

were done in order to evaluate the route optimization system. As an example, the theoretical 

distance and timing for the optimized route that independently minimizes time and distance 

for the collection of the 19 containers were calculated. 
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Subphase 2.1: Optimization of the current route collecting all the containers in order to 

minimize time. 

The collection route with time optimization for the collection of the 19 containers in Albano is 

shown in Figure 18. 

 

 

Figure 18. Collection route of 19 containers with time optimization. 
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The collection order with real distance and time between containers for the theoretical route 

after route optimization is shown in Table 9. 

 

Table 9. Order of the containers collected with time optimization. 
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The distance registered in the platform for the time-optimized route was 9.05 km and the 

duration was 62.20 minutes.  

According to the used collection trucks in Albano (https://www.isuzutruckscn.com/3ton-

5ton-isuzu-compressed-waste-garbage-compactor-truck-for-sale_p305.html), the 

consumed fuel in this route of 9.05 km has been 3.17 liters and the equivalent CO2 emissions 

of the truck 6.65 kg. 

 

 

Subphase 2.2: Optimization of the current route collecting all the containers in order to 

minimize distance. 

The collection route with distance optimization for the collection of 19 containers in Albano is 

shown in Figure 19. 
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Figure 19. Collection route of 19 containers with distance optimization. 

 

The collection order with the detail of the containers for the theoretical route after route 

optimization is shown in Table 10. 
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Table 10. Order of the containers collected with time optimization. 
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In the case of the distance-optimized route the distance registered was 8.81 km and the 

duration was 62.51 minutes.  

According to the used collection trucks in Albano (https://www.isuzutruckscn.com/3ton-

5ton-isuzu-compressed-waste-garbage-compactor-truck-for-sale_p305.html), the 

consumed fuel in this route of 8,81 km has been 3.08 liters and the equivalent CO2 emissions 

of the truck 6.47 kg. 

 

 

Phase 3: Optimization of the route based on the filling level of the containers, skipping those 

containers which are not completely full at the day of collection. 

Many routes have been registered in this phase during the pilot, and they will continue being 

registered until end of September 2022. In this phase, the collection is performed only for the 

containers which the filling level is more than the 60%. In addition, the route to collect them is 

optimized by the route optimization system (optimizing in the platform by distance). 

The collection for a real optimized route where only 17 containers in the pilot area is shown in 

Figure 20. 
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Figure 20. Collection route of the 17 containers with route optimization. 

 

Table 11 shows the order of collection with real distance and time between containers for a real 

optimized route where only 17 containers in the pilot area where collected. 
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Table 111. Order of the 10 containers collected with route optimization. 
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The distance registered in the platform for the real optimized route for the collection of 17 

containers was 8.06 km and the duration was 57.03 minutes.  

According to the used collection trucks in Albano (https://www.isuzutruckscn.com/3ton-

5ton-isuzu-compressed-waste-garbage-compactor-truck-for-sale_p305.html), the 

consumed fuel in this route of 8,06 km has been 2.82 liters and the equivalent CO2 emissions 

of the truck 5.92 kg. 

 

 

Additionally, the collection for a real optimized route (of another day) where only 10 containers 

in the pilot area is shown in Figure 21. 
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Figure 21. Collection route of the 10 containers with route optimization. 

 

Table 12 shows the order of collection with real distance and time between containers for a real 

optimized route where only 10 containers in the pilot area where collected. 
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Table 122. Order of the 10 containers collected with route optimization. 

 

 

In the case of the collection of 10 containers the distance registered in the platform for the real 

optimized route was 3.66 km and the duration was 30.02 minutes.  

According to the used collection trucks in Albano (https://www.isuzutruckscn.com/3ton-

5ton-isuzu-compressed-waste-garbage-compactor-truck-for-sale_p305.html), the 



 

53 

 

****

consumed fuel in this route of 3,66 km has been 1.28 liters and the equivalent CO2 emissions 

of the truck 2.69 kg. 

 

Table 13 summarizes the results obtained during the route optimization in Albano. 

 

Table 133. Results obtained in the route optimization of Albano. 

PHASE DISTANCE (m) TIME (min) FUEL (liters) CO2 eq (kg) 

1 11,000 95.0 3.85 8.09 

2.1 - time 9,050 62.2 3.17 6.65 

2.2 - distance 8,810 62.51 3.08 6.47 

3 (17 cont.) 8,060 57.03 2.82 5.92 

3 (10 cont.) 3,660 30.02 1.28 2.69 

 

These results have been used to calculate the efficiency improvements in terms of savings in 

distance, time, fuel consumption and CO2 emissions compared to the results obtained without 

route optimization. Table 14414 summarizes the results of efficiency obtained in the different 

phases during the route optimization in Albano. 

 

Table 144. Efficiency obtained in the route optimization of Albano. 

PHASE 
EFFICIENCY 

DISTANCE (%) 

EFFICIENCY 

TIME (%) 

EFFICIENCY 

FUEL (%) 

EFFICIENCY 

CO2 eq (%) 

2.1 - time 17.7 34.5 17.7 17.8 

2.2 - distance 19.9 34.2 20.0 20.0 

3 (17 cont.) 26.7 40.0 26.8 26.8 

3 (10 cont.) 66.7 68.4 66.8 66.7 

 

When the 19 containers are optimized by time (phase 2.1), the route improves around 17-18% 

in distance (km), fuel consumption (l) and equivalent CO2 (kg), regarding to the situation before 

the pilot without optimization (phase 1). And 34.5% in the efficiency time (min). 
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When the same comparison is done but with the 19 containers optimized by distance (phase 

2.1), the improvement route is around 20% in distance (km), fuel consumption (l) and equivalent 

CO2 (kg), regarding to the situation before the pilot without optimization (phase 1). And 34.2% 

in the efficiency time (min). 

 

And finally, the two last lines of the table (phase 3), indicate the improvement of these KPIs 

when less containers are collected (due to the sensors and platform information), and also 

compare these situations to the initial condition (phase 1), when the optimization wasn’t done. 

 

Characterisation 

 

ANCI Lazio with the pilot city of Albano Laziale and the support of the municipal company 

VOLSCA AMBIENTE E SERVIZI SpA, has worked to improve the characterization of the separate 

collection of the organic fraction. Following the chemical analyzes carried out every six months 

on collected organic samples, it was found that the "organic" material went from a percentage 

of 86.27% to 90.22% with an improvement in percentages equal to 4,6%. Specifically, the 

"compostable" material (which includes other compostable fractions) went from 98.38% to 

98.52% with minimal variation. 

Another important element that was considered throughout the design was the presence of 

undifferentiated in the organic material, i. e., thanks to the work with stakeholders, the value 

went from 1.62% in 2019 to 1.48% in 2022 with a percentage reduction of 8%. 

As a further evaluation element, the incidence of mater-b bags absent in the calculation of 2019 

must be indicated, while in 2022 they represent a percentage of 1.43%. 

A greater presence of impurities was also observed in the organic fraction collected in the 

HORECA sector compared to that of domestic users. Therefore, the interest in working to raise 

awareness among stakeholders on the issue was confirmed, with the aim of increasing the 

quality standards of the staff collected as much as possible. 

In this context, a total of eight BIOWASTE MEETINGS were held. One of them took place on 24 

June 2021, under the title "Dialogo, opportunità e prospettive per il settore HORECA" (Dialogue, 

opportunities, and prospects for the HORECA sector), and focused on the potential for recovery 

and valorization of OFMSW, and on raising awareness of the deployment of an optimized 
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collection and transport system for such waste. To this end, emphasis was placed on the need 

to raise awareness among companies in the sector, starting with proper 

separation/characterization of waste at source. This meeting was attended by 11 

representatives of HORECA companies. 

 

 

Figure 22. Call for the meeting on 24 June 2021. 

 

Later, another meeting held on 8 July 2021 was dedicated exclusively to pilot action using 

volumetric sensors. The meeting was attended by 11 managers of the HORECA sector while a 

total of 51 representatives of this sector operating both in the historic center and in the outskirts 

of Albano Laziale were contacted. 

Furthermore, an important improvement is represented by the acquisition by the Municipality 

of an electromechanical composting plant for biodegradable urban waste from kitchens and 

canteens of 10 tons/day. The public tender was launched in 2020 and the contract with the 

contracting company was signed in 2021. To date, the construction of the plant has been 

completed and is in Via della Cancelliera, Km2,2 and the procedure for the authorization of the 

plant must be proceeded.   
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Notably, a project flow rate of 5 ton/g for 3 g/week was estimated, thus obtaining a total of 5 

ton x 156 days of reception, to obtain 780 tons/year of organic and reducing the costs of the 

plants themselves. This change is important in the current organizational management model 

of Lazio, where the treatment and valorization of organic waste is expensive due to the lack of 

nearby treatment plants. This problem forces local administrations to send these flows to plants 

outside their territorial area, with a consequent increase in treatment and transport costs.  

Specifically, 10 tons/day of biodegradable urban waste represent 15% of the MSW and total 

biodegradable urban waste collected in Albano Laziale. Through the work carried out within the 

BIOWASTE CLUBs it will be possible to sign an agreement with a Farmers' Association for the 

use of the compost produced as fertilizer. 

 

 

Figure 23. Flow chart of the system to be implemented for the recovery of OFMSW from households and 

HORECA in Albano Laziale. 
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4.5 Kozani Pilot 

4.5.1 Status before the pilot 

Before the implementation of the pilot project, the 26 containers were collected in Kozani 

without any optimization. In order to optimize this route, the first step was to find out how the 

containers were usually collected twice a week. 

 

In the Table 15 the identification number, the address and the coordinates (latitude and 

longitude) of each container are indicated. 

 

Table 15. Location information of the 26 containers in Kozani. 

#ID SENSOR ADRESS LATITUDE LONGITUDE 

49 GR. LAMPRAKI 40.292222 21.783056 

50 N. ZORMPA 40.290278 21.7825 

51 G. PAPANDREOU 40.2925 21.783889 

52 AIANIS 40.291667 21.784444 

53 3RD SEPTEMBRIOU 40.292778 21.786111 

54 ER. AGIOY 

ATHANASIOY 
40.291389 21.786389 

55 ER. AGIOY 

ATHANASIOU 

(ADIEKSODO) 

40.289722 21.786667 

56 SX. KALOSTYPI 40.291944 21.787778 

57 KARAISKAKI – 

THOUKIDIOU 
40.290278 21.787778 

58 PLATONOS 40.293611 21.786944 

59 MAKRYGIANNI 40.293889 21.787222 

60 EPIKOYROY 40.290833 21.790833 

61 PAPAFI 40.292222 21.792222 

62 KAKRIDI 40.291111 21.794167 
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63 KOLOKOTRWNI 40.289444 21.795556 

64 TH. MILISIOU 40.289444 21.791111 

65 SLIMAN 40.290833 21.796111 

66 SLIMAN 40.291944 21.795278 

67 KSUGKOPOYLOY 40.291944 21.796111 

68 KAROYZOY 40.293056 21.797778 

69 KAKRIDI (KRHTIKOS) 40.290278 21.794444 

70 G. MYLONA 40.293333 21.796667 

71 ANTIGONOY 40.291111 21.796111 

72 PAPAXATZI 40.290556 21.7975 

73 KAKRIDI 40.293333 21.795 

74 IONIAS 40.290833 21.798333 

 

In the Figure 24 the position of the containers in Kozani area can be seen. The number indicates 

the identification number of each container. 

 

 

Figure 24. Position of the 26 containers in Kozani. 
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4.5.2 Results 

Not public information. 

More information in “D3.6. Confidential annex”. 

 

 

 

5. CONCLUSIONS  

 

The Best Practices to solve problems in each city have been focused on: 

- Albano Laziale (Italy)  Collection, transport and characterization. 

- Kozani (Greece)  Collection, transport and characterization. 

- Madrid (Spain)  social awareness, sorting, pre-treatment and characterization. 

-  

The SCALIBUR pilots in the three cities have been a considerable improvement for them, with 

successful results. In terms of savings, the optimization has been done in: distance done by the 

collection trucks (km), time required by the trucks to do the collection route (min), fuel used by 

the trucks during the collection routes (l) and equivalent CO2 emissions occurred during the 

routes (kg). 

 

In Kozani and Albano the pilot has been studied in three phases: 

- Phase 1  The routes which made the trucks before the pilot, without any optimization. 

- Phase 2  The routes of the cities with every container (regardless the information of 

the sensors) but optimized with the platform, in time (phase 2.1) and in distance (phase 

2.2). 

- Phase 3  Different routes of different days during the months of the pilots with 

different number of containers to collect. 

 

 

In Kozani, the improvement percentages in each stage have been in savings in terms of distance 

done by the collection trucks, time required to do the route, fuel consumed by the trucks and 

CO2 emissions.  
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Each stage have been compared to the results obtained without route optimization (phase 1). 

The following table Table 24 summarizes the results of efficiency obtained in the different 

phases during the route optimization in Kozani. 

 

 

 

Table 245. Efficiency obtained in the route optimization of Kozani. 

PHASE 
EFFICIENCY 

DISTANCE (%) 

EFFICIENCY 

TIME (%) 

EFFICIENCY 

FUEL (%) 

EFFICIENCY 

CO2 eq (%) 

2.1 - time 13.6 23.5 13.5 13.3 

2.2 - distance 16.2 19.9 16.1 15.9 

3 (10 cont.) 42.6 43.4 42.4 42.4 

3 (9 cont.) 47.5 45.1 47.4 47.3 

 

 

As can be seen during phase 2 in which the current collection route has been optimized using 

the technological platform, theoretical improvements of around 13-24% have been achieved 

with respect to the usual route in Kozani by collecting all the containers installed in the 

municipality. 

 

With respect to the real optimization (phase 3), by collecting only the containers above the 

previously established level, the improvement obtained is notably greater, reaching 

improvement values of around 42-48% with respect to the non-optimized route. 

 

On the other hand, in the same way, the results of the improvements in Albano are the following 

ones: 

 

Table 256. Efficiency obtained in the route optimization of Albano. 

PHASE 
EFFICIENCY 

DISTANCE (%) 

EFFICIENCY 

TIME (%) 

EFFICIENCY 

FUEL (%) 

EFFICIENCY 

CO2 eq (%) 

2.1 - time 17.7 34.5 17.7 17.8 
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2.2 - distance 19.9 34.2 20.0 20.0 

3 (10 cont.) 26.7 40.0 26.8 26.8 

3 (9 cont.) 66.7 68.4 66.8 66.7 

 

When the 19 containers are optimized, the route improves around 17-20% in distance (km), fuel 

consumption (l) and equivalent CO2 (kg), regarding to the situation before the pilot without 

optimization (phase 1). And 34% in the efficiency time (min). 

 

And finally, the two last lines of the table (phase 3), indicate the improvement of these KPIs 

when less containers are collected (due to the sensors and platform information), and also 

compare these situations to the initial condition (phase 1), when the optimization wasn’t done. 

 

Eventually, the BBPP selected for the pilot of the city of Madrid can be summarized as follow: 

social awareness, sorting, pre-treatments and characterization. Indeed, these implementations 

were in line with the main strategies and focus of the municipality of Madrid in their search of 

a green city. Therefore, as a result of this work, remarkable results in the increase of the organic 

matter content from 2019 to 2022, from 75 % to 83 %, were achieved, resulting in enormous 

benefits and promising valuable source. 
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6. ANNEX 1: BEST PRACTICES 

 

 



 

63 

 

****



 

64 

 

****



 

65 

 

****



 

66 

 

****



 

67 

 

****



 

68 

 

****



 

69 

 

****



 

70 

 

****



 

71 

 

****



 

72 

 

****



 

73 

 

****



 

74 

 

****



 

75 

 

****



 

76 

 

****



 

77 

 

****



 

78 

 

****



 

79 

 

****



 

80 

 

****



 

81 

 

****



 

82 

 

****



 

83 

 

****



 

84 

 

****



 

85 

 

****



 

86 

 

****

 

 

 

 



 

87 

 

****
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