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Abstract 
 

This paper discusses the possibilities of developing and installing a mechanical waste 

treatment device – proposed by the author – intended to be used in residences or waste 

collecting points. The device would perform the job of waste classification, grain size 

reduction and volume compression off the main municipal waste families at the 

production place, thus, reducing the energy and economic cost in the collection and 

transportation processes. 

 

In the study, the most common sorted types of leftovers produced in municipalities are 

categorized and then, separately analysed the treatment to which it is subjected each of 

the type of waste sorted in the Household Solid Waste (HSW). For this purpose, the 

selection sub-processes they go through before recycling, compost or disposing are 

specified and described. The study aims to specify which are the current characteristics 

of the collected waste input so as the processing is feasible and correct. 

 

The current characteristics are compared to the reduced grain size and specific volume 

that would bring the Proposed Waste Pre-Treatment (PWPT). This way, it is determined 

if the PWPT characteristics are suitable to their integration in the current waste treatment 

system. Explanations are given regarding the problems found when searching for usable 

data about energy consumption as well as cost of collection and transportation of waste. 

 

The present investigation provides strong evidence that the PWPT device is not 

applicable in a widespread way to all types of HSWs, as the characteristics of reduced 

grain size and specific volume obtained can not be integrated into the current waste 

treatment systems of most of residue types. In case wanting to search for means to reduce 

energy consumption as well as cost of collection and transportation of waste, other 

solutions for each type of waste should be investigated; these are briefly discussed in the 

thesis. 
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Introduction 

What is “waste”? What is Household Solid Waste? 
 

According to Directive 2008/98/EC Article 3(1) ‘waste’ is defined as “any substance 

or object which the holder discards or intends or is required to discard” (European Union 

2008). It is widely known that waste production is an inevitable consequence of all 

societies. Due to the increasing life rhythm, in the modern civilizations the amount of 

garbage produced is growing day by day, although a temporary reduction is being found 

over the last decade because of economic reasons (Eurostat 2015, Welivita, Wattage et 

al. 2015).  

 

Household solid waste (HSW), is defined as the amount of leftover produced in 

residential areas which is destined to elimination, reuse or recycling (Al-Maaded, Madi 

et al. 2012). HSW accounts round 10 % of total refuses generated (Eurostat 2014a), 

nevertheless, it has a strong political profile due to its complex character, based on its 

composition, diversification and correlation to consumption patterns. Its manage involves 

storage, compiling, transportation, treatment and disposal. Due to its complex character, 

this fact is becoming an important challenge for governments and council all around the 

world because of leftovers direct and indirect impact over society, health, environment, 

economy and other long-range factors in modern civilizations (Al-Maaded, Madi et al. 

2012). 

 

Main ways to manage waste 
 

Landfilling, incineration, recycling and composting are the main ways to manage 

urban trash. The last two ways are not new for many countries. They are increasing in 

popularity because they represent the less harmful method for the environment (Eurostat 

2014a). Reviews that evaluate waste life cycle gave the same conclusion: generally, 

recycling and composting save more energy and produce less environmental burden than 

incineration with energy recovery, because of the decreased need for fresh raw materials 

(Tyskeng, Finnveden 2010). 

 

Improvements in these fields are increasingly visible; new technologies are refined as 

time goes on and this is turned in the obtaining of better products from the recycling and 

composting processes (Martinuzzi, Montevecchi 2014). This is not only based in the 

developed advances; a better involvement from trash producers is needed, due to the 

necessity of more precise selection and distinction of the waste resources that are going 

to be reintroduced in the circle.  

 

As said before the benefits of a more precise assortment of garbage are clear and 

undeniable, but this also involves a higher cost in the collection, transportation and 

process too, because of the great diversification of them (Eurostat 2014b, Mavrotas, Gakis 

et al. 2015). Economical diagnostic models based on HSW management systems have 

found that usually direct benefit from recycling and composting are below costs, so it is 

necessary to underline reasons such as environmental protection or household services 

(Tonjes, Mallikarjun 2013). 
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Research Focus 
 

The following Thesis focuses on the possibilities of developing and installing own 

designed mechanical device in residences or waste collecting points, which would 

perform the job of classification, grain size and specific volume reduction (compression) 

over the main municipal waste families at the production place.  

 

The main objective of this research is to check if it is possible the introduction of this 

pre-treatment in the actual waste managing system and, at the same time, to determinate 

if there exists a reduction of energy consumption and cost. In case the result being 

satisfactory, in an independent study a mechanical design of the equipment will be done.   

 

Background 
 

This is a personal idea of the author, developed from the process of observation and 

acquired during the study of Environmental Technology subject at Basque Country 

University. As seen in the subject mentioned before, due to the characteristics of the 

garbage at the production place such as low specific weight and large volume (m3), the 

energy consumption and cost of its collection and transportation is high. By applying the 

idea mentioned in the Research Focus section, the characteristics will be modified to 

some more appropriate ones. 

 

To develop this idea there is some analysis over the garbage disposals operation 

(Figure 1) which are used widely to handle with food wastes in United States, Canada 

and to a lesser extend in some areas of Europe and Asia; but in this case the equipment 

would not be connected to wastewater treatment facilities. The output would be selected 

according to the waste treated, that way, the different type of leftovers would be saved in 

individual trash bins or skips. 

 

 

 
Figure 1. Garbage disposal (disposer.gif (2016) [ONLINE]. Available at: 

http://repair2000.com/disposer.gif [Accessed 13 May 2016]) 
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Theory 
 

As stated in the Background section, the main idea of this Thesis was originated during 

the study of Environmental Technology subject at Basque Country University. In this 

subject it is shown how most of the municipalities that have municipal garbage collection 

service made it through specialized compacter trucks (Figure 2). Currently, there exists a 

few councils that have a pneumatic system for the transportation of the HSW from the 

point of production to the treatment centres (Ruiz de Ojeda, Azkoiti Elustondo 2015, 

Teerioja, Moliis et al. 2012).  

 

 

Figure 2. Garbage truck (Good Pix Cool, (2015), Garbage Truck 32 cu Yards [ONLINE]. Available 

at: http://goodpixcool.com/garbage+truck+png?image=963077439 [Accessed 20 May 2016]) 

 

Compacter garbage trucks are vehicles with a conventional cockpit which houses the 

engine and passenger cabin compartment, but have an exceptional equipment in the 

hopper. A complex mechanical equipment is installed in the rear of the vehicle which is 

responsible for shredding and compacting waste when it is dumped into the hopper from 

the collection container. The reduction of specific volume produced in the compacter 

allows to perform more collection before going to the waste treatment centre to make the 

discharge of leftovers. 

However, the inconvenience presented to equip these trucks with a compacter system 

is that it substantially increases the weight of the mean of transport, reaching 22 tons in 

some cases, much higher than the usual trucks with similar dimensions. (Federal Highway 

Administration 1999). This, added to the weight of the collected garbage, represents a 

remarkable sum. 

It is obvious that given the considerable weight of these vehicles, their energy 

consumption in the displacement is high, not forgetting the increase that assumes the 

functioning of the compressor system, of great power. All this signifies an important 

difference in the consumption of fuel in comparison with a conventional truck, being 

usually gasoline or diesel (Bumpus 1999). Not only represents a single energy and 

economic expenditure, but also participates in environmental degradation because of 

pollutant emissions in engine exhaust gases. 
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There is a future in which, as it will happen with automobiles, electric garbage trucks 

will replace previous ones (Kelly Detwiler 2015), but there is still much to do to cross 

that line. 

After a reflection on the different variables involved in the high energy and economic 

cost of the collection and transport of waste, the author of this thesis raised the following 

question: Why not do a pre-processing of waste at source? When the pre-process its 

mentioned, it refers to the classification, grain size reduction and specific volume 

decreasing (compression) over the main municipal waste families, as said in the Research 

Focus section. 

It is important to mention that the task of classification of the waste is currently 

performed at the place of production, by the deposition of waste in containers according 

to its typology. Instead, specific volume reduction is a task to be performed by the 

compressor equipment located in the hopper of refuse collection trucks (Bumpus 1999).  

In addition, if a grain size reduction is added to this compression process, the volume 

(m3) decrease would be even more effective. 

The benefits in terms of pre-processing at origin of waste are peeked in the following 

way: 

 Given that the specific volume reduction process would be done at source, it 

would not be necessary to equip the waste collection trucks with the heavy and 

expensive compression equipment, being then replaced by conventional trucks, 

saving energy and money in transport. Now, these trucks should be properly 

prepared to prevent spread of odours and leachate. 

 Through an effective reduction of volume (m3) among grain size and specific 

volume reduction at the production point, the collection containers for each of the 

waste families would take more time to reach their maximum fill level, and may 

thus expand collection times, which would lead to the possibility of saving energy 

and money. It must also be taken into account that, by increasing the specific 

weight of leftovers, the load weight of the containers would be greater and, 

perhaps, there would be a necessary to replace some of the current containers by 

more resistant ones. 

 

It is clear that changes in the waste collection and transport system raised in the 

sections above, will not only represent profits, but also drawbacks and difficulties such 

as: 

 Problems with the implementation within the current waste processing system. 

 Cost of installation of the necessary equipment for the pre-processing of leftovers. 

  Non-amortization of vehicles currently used for waste collection. 

 

In the subsequent sections the author will analyse these variables from a professional 

and orderly manner, with the conviction that the conclusions reached will be a new point 

of view about the proposed idea. 
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Method 
 

According to the Research Focus section, the first objective of this Thesis is to prove 

if it is possible the introduction of the pre-treatment in the actual waste managing system 

and, subsequently, to determinate if there exists a reduction of energy consumption and 

cost. 

To achieve the first aim, a study of the current waste treatment system has been done, 

searching the following: 

• The most common classification within the different groups of waste. 

• Different methods of collection. 

• The treatment carried out to each type of waste. 

The information to check if characteristics of compression and small grain size that 

would be given to each kind of waste are suitable or not for the implementation of the 

PWPT in the current waste treatment system has been obtained. 

As for the second objective, the points considered are the following ones: 

• Energy cost in the collection and carriage of each kind of leftover. 

• Economic cost in the collection and carriage of each kind of leftover. 

• Variables involved in the two previous points.  

• Methods with similar objectives to the proposed one and which are applied 

nowadays. 

This way, it has been checked if there truly exists the possibility of saving energy and 

money through the implementation of the pre-treatment of waste at source and, at the 

same time, to compare it with alternative methods of pre-treatment of waste that are 

existing nowadays. 

To reach these objectives available publications has been analysed and contrasted: 

thesis, academic articles, journal articles, reports and summaries on the facilities 

operating in the update and a long etcetera. Data and knowledge collection has been 

tough, looking for publications supported by scientific and academic community.  
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Process and results 

Waste categorization 
 

The first step to tackle HSW subject, is to set the categories to sort the most common 

types of leftovers produced in municipalities. According to the Doctoral Thesis realized 

by Dahlén (2008) the best way to compare results from waste component studies is firstly 

to set some basic primary categories. Nowadays, a wide range of primary groupings is 

used, and a great amount of secondary, tertiary, etc. categories too, so this could lead to 

misunderstanding. This issue goes far beyond the diverse terms which are used to label 

the same term and, at the same time, equal terms are employed to label different things. 

 

In the following section, the author outlines a reduced amount of primary categories 

based mainly on physical properties. Some secondary categories are suggested too, 

however, the selection of one of this subcategories applicable to a particular case is not 

relevant for the final result, since these groupings can be clearly merged to create the 

primary categories. 

 

 
Table 1. Suggested categories for municipal waste composition studies (Dahlén 2008) 

 
Primary category  Secondary category 

1. Biowaste   

  food waste 

  garden waste 

2. Paper   

  newsprint, magazines, etc. 

  corrugated cardboard 

  paper packaging (>50 weight % paper) 

  other paper 

3. Plastic   

  plastic film 

  foam plastic 

  dense plastic packaging (>50 weight % plastic) 

  other plastic 

4. Glass   

  glass packaging 

  other glass 

5. Metal   

  metal packaging * (>50 weight % metal) 

  other metal 

6. Other inorganics (e.g. ash, cat sand, ceramics)   

7. Hazardous waste (except electronics) note type of hazardous waste in the specific case 

8. WEEE (Waste electronic and electrical equipment) note type of WEEE in the specific case 

9. Miscellaneous   

  wood, textiles, diapers, sanitary napkins 

   anything else that does not belong to any other 

category (e.g. leather, shoes, soap, complex 

products) 
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Waste collection design 
 

The main waste collection designs of HSW are as important as leftover categorizing. 

Depending on the characteristics of the areas where the garbage is generated one or more 

collection method is applied. The design of the process could result on different 

efficiencies on waste sorting due to producers’ behaviour and attitude in the face of 

collection design (Dahlén 2008) as is shown on the following table. 

 

 
Table 2. Observed effects of waste collection system design (Dahlén 2008) 

 

Household waste collection design  Observation 

Bagged, mixed household waste 

regularly collected close to the property 

A wide variation in kg/capita per year 

between municipalities. Surprisingly, no 

correlation to amount of sorted 

recyclables per capita. 

Bio-waste regularly collected close to 

the property, in a separate bin 

Less waste in the traditional bin. Some 

years after full-scale implementation 

collection rates level out at around 40-60 

kg bio-waste /capita per year. 

Sorted dry recyclables regularly 

collected close to the property 

More sorted metal, plastic and paper 

packaging than with only drop-off points. 

No significant difference in glass and 

newsprint. 

Drop-off points for sorted dry 

recyclables and supervised recycling 

centres for a wide variety of wastes 

Less sorted recyclables when drop-off 

points and recycling centres were sparsely 

located. 

Volume- or weight-based collection 

charges  

Weight-based billing led to less waste 

in bins and bags, but no significant 

difference in separated recyclables per 

capita. 

 

 

The “Observation” column is included to show how the selection of one or other 

collection design can affect to the final result, even so, a deeper analysis is not the aim of 

this research. 
 

 

Treatment carried out nowadays to each type of waste & input 
characteristics of the sub-processes 

 

In this section, it will separately be analysed which is the treatment to which it is 

subjected each of the type of waste sorted in the HSW. This study aims to specify which 

should be the characteristics of the collected waste input so as the processing will be 

feasible and correct. This way, it would be determined if the characteristics of small grain 

size and reduced specific volume that would bring them the PWPT are suited to their 

current integration in the waste treatment system. 
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For the drafting of the following sections, handling centres installed in the Basque 

country (Spain) have been studied since for the following reasons they present ideal 

conditions to serve as a model in the current investigation: 

 

 Modern facilities and up-to-date:  

o Bizkaiko Kompostegia composting centre, opened in March 2011. 

o Packaging sorting plants of Urnieta and Legazpi, inaugurated in 2008. 

o Eko-RER, centre for treatment and manufacturing products from recycled 

PET, inaugurated in 2012. 

o Mechanical-biological treatment centre located in Monte Arraiz (Bilbao), 

specialized in the separation and treatment of mixed waste, inaugurated in 

February 2013. 

o Vidrala glass recycling company It is a Spanish company located in Llodio 

(Alava) and also the fourth manufacturer of Western Europe in glass 

bottles. 

o Cogersa paper selection plant. Cogersa is a leading company in waste 

selection, located in the North of Spain. 

 Easy access to reliable and accurate documentation. 

 Possibility of contact and consultation with those responsible for the facilities. 

 

Bio-waste 
 

In this section, the characteristics of residue which comes to a composting centre and 

how these characteristics affect to the variables that intervene in the process will be 

analysed. For this research, the Bizkaiko Kompostegia composting centre will be taken 

as example, through the report submitted by the Provincial Council of Biscay in 

collaboration with Garbiker (Garbiker, Bizkaiko Foru Aldundia 2011). 

 

Firstly, it should be noted that in many cases domestic users, in some regions little 

used to the separation of organic waste, make mistakes when it comes to classifying an 

organic residue. In addition, not all organic wastes are compostable for hygienic reasons 

that would affect the final product. That is why at the arrival of the bio-waste to the factory 

is subjected to a process of manual triage in which the undesirable elements that could be 

mixed, as the non-organic and non-compostable (e.g. animal waste) are removed.  

 

The next step in the process is the mixture of the bio-waste, once eliminated the reject, 

with leftovers of pruning and gardening crushed and denominated as "structurer". The 

mix of the variable grain size of bio-waste with the small grain size of the structurer is 

suitable to favour the aeration of the mixture by turning over, providing oxygen and 

preventing compaction. Therefore, this organic residue is added without crushing to the 

mixture. 
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Figure 3. Compost piles at Bizkaiko Konpostegia (Garkiker, (2013), Nave de formación y 

maduración de pilas [ONLINE]. Available at: http://garbiker.bizkaia.eus/esp/ca_Pag_436.htm 

[Accessed 22 May 2016]) 

 

Moreover, the piles in which the mixture for its natural decomposition is stored (Figure 

3) need to keep fresh (wet) every moment so that the internal decomposition process is 

adequate and works correctly. It is therefore important that the piles are porous to enable 

the arrival of moisture provided to all the points, which would be impossible with an 

excessive crushing of all the elements that compose them. 

 

During the composting process, it is carried out a complex succession of 

microorganisms populations able to degrade or decompose a complex organic matter. 

Every bacterial population needs appropriate environmental conditions to their 

development and therefore there must pay attention to a series of parameters to create 

optimal working conditions (mainly: temperature, humidity, pH, oxygen and nutrient 

balance) which have an influence in the development of these micro-organisms and thus 

positive reduction of pathogens. 

 

 Temperature: The cause considered of greater importance for the elimination of 

pathogenic microorganisms is the increase of temperature. To ensure the 

elimination of pathogens, not only is necessary to reach high temperatures during 

the process, but also is essential that its level prolongs some time. 

However, if the barrier of the 70 - 75° C is exceeded, all micro-organisms and 

bacteria will perish and, therefore, the composting process stops immediately. 

Therefore, the working temperature is set around the 55 ° C. Whenever it reaches 

the 65 - 70° C the only solution is to turn over the pile immediately and, as 

mentioned above, the right flipping of the mixture depends on its variable grain 

size. 

 

 Humidity: If humidity drops below 30%, microbial activity slows down, while if 

it exceeds 65-70%, air circulation is difficult through the mass, which can create 

anaerobic conditions and consequently unpleasant smells from decomposition and 

reduction in the speed of the process. It was mentioned before the relevance of the 

porosity in the homogeneous and adequate wetting. 

http://garbiker.bizkaia.eus/esp/ca_Pag_436.htm
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 pH: pH has a direct influence on the composting by its action on the dynamics of 

microbial processes. There is a relation between pH and the aeration of the 

mixture. A process with adequate aeration leads to products with a pH between 7 

and 8. Acidic pH values indicate absence of maturity, usually due to short time of 

composting or the occurrence of anaerobic processes in the mass. Therefore, by 

monitoring the pH, an indirect measure of the control of aeration of the mixture 

can be obtained. 

 

 Oxygen: Since composting is a process typically developed by microorganisms 

with aerobic metabolism, it is essential to allow the arrival of oxygen to all 

material. The oxygen level is an indicator of the state of internal decomposition; 

it allows to know if the piles are evolving favourably. Insufficiency indicates 

anaerobic processes which generate methane and other substances that cause 

unpleasant odours, less heat generation and slow down of the process. These 

anaerobic proceses do not favour an increase in temperature so sanitarily may not 

produce biological stabilization of the compost. 

 
 

Plastics & Metals (Packaging) 
 

In this section, the characteristics of residue that arrive to a packaging sorting plant are 

analysed, and so, how do affect these to the variables that intervene in the process. As 

mentioned above, packaging sorting plants of Urnieta and Legazpi are taken as an 

example, using the reports available on their websites, (Gipuzkoako Hondakinen 

Kontsortzioa 2016, San Markos Mankomunitatea 2016). Although these facilities are 

independent, it is necessary to point that their performance is similar, and therefore the 

process is described as unique. 

 

Has to be initially reviewed that in the appropriate container for the collection of 

packaging, and even if the selection is correctly made by users, the variety of waste 

deposited is huge. For this reason, it is necessary that once these wastes are collected, 

they go to a classification centre as the ones existing in Legazpi and Urnieta. 

 

These centres, by means of an advanced system of selection, separate packaging in 

different families (different types of plastics and metals) so that they can later be sent to 

treatment and recycling factories. An example of these ones is the plant Eko-REC, located 

in Andoain (Gipuzkoa), which is capable of processing 4 billion PET bottles a day (a total 

of 20,000 tons/year), coming from the sorting centres, to produce with the resulting matter 

plastic sheets and polyester yarn which will be used later for the manufacture of new 

products. 

 

Returning back to the classification centres, the process begins with the arrival of 

compactor trucks that deposit residue slightly compacted on the conveyor which enters 

to the facilities. Vibration of the conveyor belt helps clusters to disperse, and so facilitate 

manual triage which will eliminate the bulkier products that could clog the equipment. 

After this first screening, it is transported to the bags breaker so that waste can continue 

its way separately. 
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According to mentioned so far, the biggest problem that could appear when applying 

the grain size and specific volume reduction pre-treatment at source, would be in scatter 

carried out on the input conveyor belt, and would have easily solved through a larger stay 

and vibration frequency. The problem comes then, since in the next stage the waste is 

passes through the ballistic separator, responsible for classify the packaging according to 

their shape and size. Three kinds are distinguished: 

 

 Thin elements (caps, plates): elements of small size, fall by 80 mm holes to a 

conveyor belt. 

 Rolling elements (cans, bottles, cartons, containers of food) 

 Planar elements: Flat-type containers. 

 

 

 
 

Figure 4. Ballistic separator (Kiverco Recycling Plant, (2015), 4._Ballistic_Separator.jpg 

[ONLINE]. 

Available at: https://kiverco.s3.amazonaws.com/uploads/image_upload/upload/357/4._Ballistic_Separa

tor.jpg [Accessed 25 May 2016]) 

 

 

Each type described before will follow different ways in the classification. In the stages 

that follow the previous ones, and regardless to which of three kinds of waste mentioned 

above they belong to, leftovers pass through magnetic, inductive and optical separators 

and manual triage cabins. It is going to be discuss below briefly each of the processes and 

the problems that could arise in relation to the reduction of particle size in the pre-

treatment: 

 

 Ferric separator: separates the ferrous elements from the rest and leads them to 

pressing. Grain size reduction would not have any effect in this case since utilizes 

powerful magnets to attract all sizes of particles. 

 

 Inductive separator: separates the aluminium elements from the rest. Waste 

particle size reduction would require greater precision equipment, since the 

separation is carried out by air currents (Figure 5). 
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Figure 5. Inductive Separator (GTS Engineering, (2014), Eddy-current-7.jpg [ONLINE]. Available 

at: http://www.gtsworld.eu/wp-content/uploads/2014/11/Eddy-current-7.jpg [Accessed 24 May 2016])  

 

 

 Optical separator: identifies materials of different types according to its 

configuration (PET, high-density polyethylene HDPE, Low-density polyethylene 

LDPE, plastic film, bricks, mixed plastic) and separates them from the rest. Waste 

particle size reduction would make difficult its operation and would require 

greater precision equipment, since the separation is performed by air currents. 

 

 Manual triage cabin: They discard items that could not be identified by any of the 

three previous processes. It is made by manual triage and an important grain size 

reduction would make impossible the procedure (Figure 6). 

 

 

 
 

Figure 6. Manual Triage Cabin (Cogersa, (2011), 24558.jpg [ONLINE]. Available at: 

http://cache.metaspaceportal.com/24558.jpg [Accessed 24 May 2016]) 

  

http://www.gtsworld.eu/wp-content/uploads/2014/11/Eddy-current-7.jpg
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Glass 
 

In the following paragraphs the variables that affect to the recycling of glass will be 

analysed., based on various articles and reports published by competent companies in this 

sector within the Basque country (the Spanish autonomous community that more glass 

recycles) such as EcoVidrio and Vidrala (Vidrala S.A. 2012, Ecovidrio 2015, Mata, 

Gálvez 2011). 

 

As for the recycling of waste, the treatment of the glass is one of the simplest until it 

is sent to the companies that are responsible for manufacturing new products. As in the 

previous cases, procedure begins with the collection of the residue accumulated in the 

containers for the purpose established. Depending on the country or region where 

recycling takes place, the glass can be collected according to its colour or not (Álvarez 

2010). Compactor trucks move residue to treatment centres where will be stored until its 

input in the process. 

 

The treatment starts with a manual triage that removes bulky waste which could clog 

the machinery, and also the inappropriate elements (ceramics, glass, plastics, paper and 

cardboard) of larger size and easy disposal. Then goes through a magnetic selector that 

through a powerful magnetisation removes ferrous items and sends them to pressing. The 

glass after this first selection passes to be crushed and then subjected to a rigorous 

washing process which will eliminate floating rejects as non-ferrous metals, paper and 

plastics from tags and caps. 

 

Depending of the use that is going to be given to the glass, once it is ready to be used 

as raw material in the manufacture of new packaging, it will be stored in silos until its 

expedition, or sometimes a selection of colours that will separate the product as 

transparent, green and brown will be done (there are also other colours such as blue, but 

they are minority). This practice is becoming more and more common and this has been 

possible by the development of high precision optical separators, which are able to 

identify the colour of glass pieces of between 5 and 50 mm, and separate them according 

to their hue using air currents (Álvarez 2010). In addition, these separators are able to 

remove small opaque rejects giving greater purity to the final product. 

 
 

Paper 
 

This section discusses the sorting process of the paper prior to its passage to recycle 

and which variables affect to its sorting. Facilities of the Cogersa Company and reports 

on their processes were analysed for the write up of this section. Cogersa is a leading 

company located in the North of Spain, specialized in the treatment of waste from the 

collection of paper and cardboard container (Cogersa, Ecoembes 2011). 

 

The process that takes place in a paper and cardboard selection factory consists on the 

reception of the different fractions, their selection and subsequent preparation for export 

to external recycling plants, as well as the management of rejections existing in the 

collected fraction and its readiness for shipment to non-hazardous waste landfill. The 

sorting is made through a combined process of manual and mechanic selection, on the 

basis of the usual size of the different fractions and intrinsic properties of them.  

 

Depending on the type of material, there is a differentiated reception at plant: 
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 Material from the collection in igloo, with mixtures of different types of paper and 

cardboard 

 Material selected in origin, constituting a single fraction (newspaper, white paper 

or cardboard) 

 

The selection of material processes are carried out using different equipment. These 

will be analysed below:  

 

 Automatic cardboard separator: It consists of 3 sections of shafts. Each section 

has 4 axes equipped with rubber discs, making by a rotating motion, move the 

paper and cardboard. The distance between axles allows the fall of paper and 

smaller cardboard, while cardboard of larger size (DIN A3 size and above), 

automatically passes from the top to a tape that transmitters it the collection area 

(Figure 7). 

 

 
 

Figure 7. Automatic cardboard separator (Cogersa, (2011), 24506.jpg [ONLINE]. Available at: 

http://cache.metaspaceportal.com/24506.jpg [Accessed 28 May 2016]) 
 

 Paper-Spike: through a system of sharp belts it select the still existing cardboard 

(DIN A4 size or lower), passing it to a conveyor belt which transmitters it to a 

second cardboard collection area (Figure 8). 

 

 

 
 

Figure 8. Paper-Spike (Cogersa, (2011), 24509.jpg [ONLINE]. Available at: 

http://cache.metaspaceportal.com/24509.jpg [Accessed 28 May 2016]) 
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 Manual triage cabin: They are responsible for selecting manually, for reuse or 

for disposal, the waste that on conveyor belts pass through them.  
 

 

Mixed waste 
 

In the following section, the characteristics of residue which comes to a mixed waste 

sorting centre and how these characteristics affect to the variables that intervene in the 

process will be analysed. For this research, the mechanical-biological treatment centre 

located in Monte Arraiz (Bilbao) will be taken as example, through the report submitted 

by the Provincial Council of Biscay in collaboration with Garbiker (Madariaga, Huizi 

2013). 

 

Firstly, it is necessary to point that the aim of these factories is to treat all waste before 

disposal, that is, no fraction will go to landfill without being pre-treated. That way, the 

hierarchy of waste handling will be respected: prevention, reuse, recycling, energy 

recovery and ultimately disposal. 

 

The content of the containers reaches to the centres responsible of sorting mixed waste. 

In this containers, the users deposit the waste that could not be classified in any of the 

types discussed above (organic, paper, plastic, metal or glass), or because carelessness or 

lack of involvement or knowledge have not been properly separated. Its facilities include 

equipment of last generation which are able to identify and categorize, always within 

limits, the mixed leftovers in the different families of waste and subsequently give an 

appropriate treatment. 

 

The process carried out comprises three steps: reception, mechanical treatment and 

biological treatment. The aim of each step is explained this way: 

 

 Reception: Arrival, conditioning and storage of waste. 

 Mechanical treatment: Sorting of the incoming waste, obtaining on one side 

recoverable by-products and on the other side bio-waste with suitable particle size 

and level of rejects able to be treated in the biological stabilization tunnels. 

 Biological treatment: Treatment of the organic fraction from the mechanical 

process. It undergoes a procedure of inertization resulting in a stable material of 

low humidity (about 20%). 

 

In the following paragraphs, making use of separate sections, the sub-processes of 

sorting and equipment used in them, within the three steps that are performed in mixed 

waste treatment centres are going to be analysed.  

 

 Manual triage cabin: They are responsible for selecting manually, for reuse or 

for disposal, the waste that on conveyor belts pass through them. The operation 

is performed by the staff located therein. 
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 Trommel screen: It makes the selection of wastes according to their different grain 

size. In the treatment centre taken as an example nets with different sizes are 

used: >350mm, 350mm ÷ (250mm * 150mm), (250mm * 150mm) ÷ 80mm and 

<80mm.  

 

 
 

Figure 9. Trommel screen (Ceicgrp10, (2013), Trommel_Screen.png [ONLINE]. Available at: 

https://en.wikipedia.org/wiki/Trommel_screen#/media/File:Trommel_Screen.png [Accessed 24 May 

2016]) 
 

 Plastic film aspiration: It takes advantage of the low weight of plastics films to 

absorb them by air currents.  

 Ferric, Inductive, Optical and Ballistic separators: All of them are independent, 

similar to those that were described in the section Plastics & Metals (Packaging) 

and therefore presented the same problems when it comes in implementing the 

grain size reduction at source. 

 

Issues on obtaining valid data about energy consumption and cost during 
collection and transportation of waste 

 

In the following paragraphs, explanations will be given regarding the problems found 

when searching for usable data about energy consumption, the cost of collection, and 

transportation of waste. 

 

Firstly, a specific mention should be made about the fact that there are still operational 

difficulties in comparing data at European level, since not all countries apply the same 

methodology to calculate the quantities of waste for different treatments. Moreover, need 

to say that in the Waste Framework Directive a definition of what is considered as HSW 

does not exist, which influences the different wastes which are being included in the 

calculation (Puig de la Bellacasa, Gimaré Gallego 2014).  

 

Being aware of this problem, the communication of the European Commission on 

Circular Economy July 2, intended to unify the calculation formula taking into account 

the really recycled material and to establish a definition of sorted municipal waste for all 

Member States (European Commission 2015). 

 

World-widely, Europe is the leader in data collection in different fields. As discussed 

in the previous paragraphs the information obtainable is not of the highest quality, and 

although it has not been possible to reach conclusions on data collection on energy and 

economic costs of collection and transportation of waste in America, Asia, Africa or 
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Oceania, but it is assumed that this data will not be of better quality than those available 

in the Old Continent. 

 

Nevertheless, there are some studies about this issue around the world (Hogg 2002, 

Bumpus 1999, Parthan, Milke et al. 2012), but the lack of data of sufficient quality in 

waste management difficult diagnoses and does not allow proper processes of planning 

and management of waste. The collection, transmission and treatment of data on the 

different waste streams is being a task fraught with difficulties for various reasons such 

as their dispersion, heterogeneity, the involvement of many actors, the use of different 

parameters, transmission failures, missing data collection at certain stages, etc. 
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Discussion 
 

Within Process and results section, the sorting and recycling treatment to which it is 

subjected each of the types of waste sorted in the HSW were separately analysed. The 

classification into different families of waste was carried out according to the doctoral 

thesis presented by Dahlén (2008) as discussed in previous sections. 

During the study of sorting and recycling processes for each type of waste, a special 

emphasis on which are the characteristics of input and output for each residue, which are 

the equipment that are involved in the sub-processes, and how a modification in the input 

characteristics would affect to their correct execution is done. As mentioned, its objective 

is to determine if the application of grain size and specific volume reduction pre-treatment 

is applicable to each of the cases. 

For this reason, within the section of each type of waste it was partly discussed how 

the implementation of the PWPT would affect each sub-process and the overall process. 

The purpose of this section is to merge all those comments to facilitate the obtaining of 

conclusions. Each waste family it is going to be discussed separately following the order 

in Treatment carried out nowadays to each type of waste & input characteristics of the 

sub-processes. 

Bio-waste: The first problem for the application of the PWPT appears during the 

removal of the unwanted elements that could be mixed in the waste (non-organic 

and non-compostable) since a homogenized mixture of chopped waste would 

impede the manual triage.  

 

It is also mentioned that in the formation of the compost piles the bio-waste 

coming from HSW is added without crushing, since the mixture of its own variable 

grain size with the fine grain size of the structurer is porous, characteristic that 

favours aeration and homogenization of humidity. 

 

Wastes treated in the process of composting must have adequate and specific 

characteristics that favours the correct and natural decomposition, and thus get a 

sanitized compost, according to physic-chemical and bacteriological analyses to be 

carried out prior to issuance of the final elaboration. As commented, four 

parameters have great importance: temperature, humidity, pH and oxygen; and their 

development depends on the appropriate characteristics of the used bio-waste, as 

variable grain size, porosity and easiness to be turned over through the use of the 

turner machine. 

 

Plastics and Metals (Packaging): Regarding to the packaging, the issues in the 

introduction of the suggested treatment comes when sorting the different types of 

plastics and non-ferrous metals. If plastic and metal waste arrive at the factory with 

a similar grain size, regardless of its category, it would be impossible to use ballistic 

separator and therefore their correct classification, since this machine separates the 

wastes according to their shape and size. 

 

As said before, magnetic selectors are able to catch ferrous metals regardless 

their particle size. Respect to inductive and optical separators, their effectiveness 

would be lowered by smaller grain size materials, as they are performing the 

selection firstly using sensors and then splitting the types of non-ferrous metals and 
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plastics using air currents, so as to keep the quality of final matter better precision 

equipment would be needed.  

 

Glass: According to what was shown in its section, grain size and volume 

reduction pre-treatment is applicable in the case of glass, reviewed that shredding 

is part of the recycling process, and its perform at source would reduce costs of 

collection and carrying. The only problem could happen is during the first manual 

triage, since larger rejects would also be crushed so they would be more difficult to 

detect. However, there would be no more inconvenience than exert a proper 

cleaning and sorting in the optical selector, since this last one is able to identify 

pieces of between 5 and 50 mm, and separate them according to their hue and 

opacity using air currents. 

 

Paper: As it can be read in the section referred to this type of residue, the first 

two described sorting sub-processes (Automatic cardboard separator & Paper-

Spike) are based on the size and shape of waste arriving at the treatment plant, 

therefore a reduction in particle size would totally prevent operation. As 

commented in other sections, in triage cabins selection is made manually, therefore, 

the application of the PWPT would avoid the detection of inappropriate elements. 

 

Mixed waste: Mixed waste separation centres run the sorting sub-processes that 

were commented for the packaging wastes, (Ferric, inductive, optical and ballistic 

separators and manual triage cabins) and these ones will present the same problems 

in case of application of the PWPT at source. 

 

In addition, at entry of residues into these facilities they go through an equipment 

called Trommel screen, which using nets makes the first sorting of waste attending 

to the different particle size. These, according to their grading, will follow different 

paths. It is clear therefore that a reduction in particle size at source would absolutely 

impede the classification, vital for proper development of the process. 

 

In the last section of Process and results the issues on obtaining valid data about energy 

consumption and cost during collection and transportation of waste are discussed. For the 

reasons stated, the author avoids delivering numerical data and this is why a theoretical 

analysis was done about the possibilities of grain size and specific volume reduction over 

HSW at source. Anyway, it is clear that a unification of data in this area is needed to make 

the analysis easier, calculation, decision making and the achievement of specific findings 

in this field. 
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Conclusions 
 

As seen in the previous section, it is absolutely clear that the PWPT of grain size and 

specific volume reduction is not applicable in a widespread and similar way to all types 

of residue, as the characteristics of small grain size and specific volume to be obtained 

can not be integrated into the current waste treatment systems of most of residue types. 

 

The original idea was to develop a single equipment that could be used on all waste 

families, getting similar characteristics and advantages for all of them. After doing the 

study this makes no sense because the only type of waste that can be sent crushed in small 

particle size and compressed from the production place is glass, and due to its fragility 

this already happens naturally when is deposited in the containers 

 

As for other types of waste, the implementation of this pre-treatment is strongly 

discouraged for bio-waste and mixed waste. In the first case would imply obtaining a 

hygienically non acceptable compost that would be inadequate for a later use, as for the 

second case would prevent the operation of the equipment responsible of sorting the 

mixed residue, and thereby exploit the great amount of reusable materials before sending 

the rest to landfill. 

 

Its application in paper and packaging (plastic and metal) would require a much more 

accurate classification of these from the origin, differentiating between the types of paper 

(newspaper, paper printing, lightweight cardboard, thick cardboard etc.), plastic (PET, 

high-density polyethylene HDPE, Low-density polyethylene LDPE, plastic film, etc.) and 

non-ferrous metal, which by the high cost of separation and difficulty for consumers that 

would imply is absolutely unfeasible. 

 

In case wanting to search for means to reduce cost in the collection and transport of 

waste, different solutions for each type of waste should be investigated. There exists the 

option of using more extensively packaging waste (paper, cardboard and plastics) 

compressors used in shops and malls, although it has to stand out that waste generated at 

these establishments are from a characteristic and repetitive type, allowing the knowledge 

of the approximate content of containers previously (Shi, Qian et al. 2015). 

 

The pneumatic waste collection is another option, but involves a high cost of 

installation and maintenance, even though it is applicable to all types of waste (Teerioja, 

Moliis et al. 2012). As for the bio-waste, very energetic and booming in terms of selective 

collection, studies on the possibility of reducing the moisture of these wastes at source 

have been done. That would slow down the decomposition process, and thus avoiding the 

loss of energy contained in the waste that could be exploited in the composting once re-

humidified. This way, a good quality and energetic compost would be obtained (Nilsson 

2008). 
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