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Περίληυη: Ζ δξακαηηθή αύμεζε ησλ αζηηθώλ ζηεξεώλ απνβιήησλ (ΑΣΑ) ηηο ηειεπηαίεο δεθαεηίεο  

είλαη απνηέιεζκα ηεο ηαρύηαηεο αζηηθνπνίεζεο ηνπ πιεζπζκνύ, ηεο θαηαλαισηηθήο θαη ηεο 
ηερλνινγηθήο εμέιημεο ησλ αλζξώπηλσλ θνηλσληώλ ηνπ πιαλήηε καο. Τα αζηηθά ζηεξεά απόβιεηα , καδί 
κε ηα πγξά απόβιεηα, απνηεινύλ ζήκεξα έλα από ηα πιένλ επείγνληα πεξηβαιινληηθά πξνβιήκαηα  ζε 
όιεο ηηο ρώξεο ιόγσ ηεο εθηεηακέλεο ξύπαλζεο πνπ πξνθαινύλ ζην έδαθνο θαη ζηα πδαηηθά 
ζπζηήκαηα κε ηελ δηαξξνή ηνμηθώλ θαη επηθίλδπλσλ ρεκηθώλ ξύπσλ. Δπίζεο, ηα ζηεξεά απόβιεηα 
κπνξνύλ λα θαηαζηνύλ αηηίεο ππξθαγηώλ, κεηαθνξάο κνιπζκαηηθώλ παξαγόλησλ ζηα ππόγεηα λεξά θαη 
ξύπαλζεο θαιιηεξγεηώλ κε βαξέα κέηαιια θαη άιιεο ρεκηθέο νπζίεο. 
 

  

Τα ζηαηηζηηθά δεδνκέλα πηζηνπνηνύλ όηη ηα ζηεξεά αζηηθά απόβιεηα απμήζεθαλ δξακαηηθά ζηνλ 21
ν
 

αηώλα θαη ππνινγίδνληαη όηη ζήκεξα παξάγνληαη 1,3 δηζεθαηνκκύξηα ηόλνη ζε παγθόζκηα θιίκαθα. 
Σύκθσλα κε ππνινγηζκνύο ζα απμεζνύλ ζε 2,2 δηζεθ. ηόλνπο ην 2025.  Τηο κεγαιύηεξεο πνζόηεηεο 
απνβιήησλ παξάγνπλ νη αλεπηπγκέλεο βηνκεραληθέο ρώξεο ιόγσ ηνπ ζεκαληηθνύ πνζνζηνύ αζηηθνύ 
πιεζπζκνύ ηνπο θαη ηνλ ππέξκεηξα θαηαλαισηηθό ηξόπν δσήο. Οη κνληέξλεο αλζξώπηλεο θνηλσλίεο  
θαηαλαιώλνπλ ηεξάζηηεο πνζόηεηεο ηξνθίκσλ, πιηθώλ ζπζθεπαζίαο, πιαζηηθώλ, θαη άιισλ πιηθώλ κίαο 
ρξήζεο. Οη 34 αλεπηπγκέλεο ρώξεο ηνπ ΟΟΣΑ ζήκεξα παξάγνπλ, πεξίπνπ, ην 50% ησλ αζηηθώλ 
απνβιήησλ, ελώ ζηελ άιιε πιεπξά ε Κίλα παξάγεη ην 70% ησλ ζηεξεώλ απνβιήησλ ησλ ρσξώλ ηεο 
ΝΑ Αζίαο. Οη ΖΠΑ θαηέρνπλ ηελ πξώηε ζέζε σο ρώξα ζηελ παξαγσγή ζηεξεώλ απνβιήησλ κε 
621.000 ηόλνπο θάζε εκέξα. Σηελ Διιάδα παξάγνληαλ 4 εθαηνκ. ηόλνη (1997) αζηηθώλ ζηεξεώλ 
απνβιήησλ (ΑΣΑ) θαη μεπέξαζαλ ηα 6 εθαηνκ. ηόλνη ΑΣΑ ην 2011.  Σηελ πεξηθέξεηα Αηηηθήο παξάγεηαη, 
πεξίπνπ, ην 40% ηεο εηήζηαο πνζόηεηαο θαη εθηηκάηαη όηη ζήκεξα ε παξαγόκελε πνζόηεηα ησλ αζηηθώλ 
απνβιήησλ μεπεξλά ηνπο 6.000 ηόλνπο  ηελ εκέξα. Τν λέν επξσπατθό θαη εζληθό ζεζκηθό πιαίζην γηα ηε 
δηαρείξηζε ησλ ζηεξεώλ απνβιήησλ ζέηεη δηαξθώο απζηεξόηεξεο πξνδηαγξαθέο πνπ πξέπεη λα 
εθαξκνζζνύλ από ηηο ηνπηθέο θνηλσλίεο. Ζ εκπεηξία ησλ Δπξσπατθώλ ρσξώλ κε αλεπηπγκέλα 
πξνγξάκκαηα δηαρείξηζεο ΑΣΑ δείρλεη όηη κπνξεί λα επηηεπρζεί πεξηβαιινληηθά θαιύηεξε δηαρείξηζε κε 
μείγμα δηαθόξσλ κεζόδσλ, αλάινγα κε ηα ηδηαίηεξα γεσγξαθηθά, δεκνγξαθηθά, ρσξνηαμηθά θαη 
θνηλσληθν-νηθνλνκηθά ραξαθηεξηζηηθά θάζε ρώξαο. (α) πξνγξάκκαηα πξόιεςεο θαη ειαρηζηνπνίεζεο 
ησλ απνβιήησλ (πεξηνξηζκό πιαζηηθώλ ζπζθεπαζηώλ, θιπ), (β) πξόγξακκα ρσξηζηήο δηαινγήο 
απνβιήησλ ζηελ πεγή θαη αλαθύθισζε ρξήζηκσλ πιηθώλ (ραξηί, κέηαιια, πιαζηηθά, δνρεία αινπκίλαο, 
γπαιί) (γ) κεραληθήο- βηνινγηθήο επεμεξγαζίαο (Mechanical Biological Treatment) ηνπ ρακειόηεξεο 
θαζαξόηεηαο, νξγαληθνύ θιάζκαηνο (θνκπνζηνπνίεζε θαη δηάζεζε ιηπάζκαηνο ζηε γεσξγία, θαζώο θαη 
εμνπδεηέξσζε πγξώλ ηνμηθώλ απνβιήησλ, ζπιινγή κεζαλίνπ, θ.ιπ) , θαη (δ) ζεξκηθήο επεμεξγαζίαο 
(θαύζε, αεξηνπνίεζε, ππξόιπζε) ησλ ζύκκεηθησλ ζηεξεώλ απνβιήησλ κε αληίζηνηρε παξαγσγή 
ελέξγεηαο.  
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<Επιστρουή στη λίστα επιστημονικών θεμάτων και ανακοινώσεων> 

http://www.chem.uoa.gr/scinews/Reports/PDF/MEDITER-POLLUTION-REVIEW-1-12--2014-PDF.pdf
http://www.chem.uoa.gr/scinews/episthmonika_themata.htm


 

2 

 

Municipal Solid Waste and Environmental Pollution 
Trends of Municipal Waste Management in European Countries and in Greece 

 
Athanasios Valavanidis, Thomais Vlachogianni 

 
Department of Chemistry, University of Athens, University Campus Zografou, 15784 Athens, Greece 

Abstract : The dramatic increase of municipal solid waste (MSW) in the last decades reflects the 
evolution of urbanization of the Earth‘s population at an unprecedented rate, as well as excessive 
consumerism and technological culture of the human societies in all areas of the planet Municipal 
solid waste represent today one of the most urgent environmental problem for all countries, 
especially on account of the widespread pollution of soil and aquatic systems. Effective and 
environmentally acceptable waste management strategies depend on local waste characteristics, 
which vary with cultural and socioeconomic variables. Studies showed that today the world produces 
1.3 billion tones of MSW. Additionally, municipal waste can be the cause of wild fires in forested 
areas, a source of spreading infectious pathogens to underground waters and pollutants of 
agricultural soil and farm products by heavy metals and hazardous chemicals.  

  

 
In recent years statistical data showed that MSW) are increasing at an unprecedented rate to reach 2.2 

billion tones by 2025.  MSW tends to be generated in much higher quantities in wealthier regions of the 

world because of the high proportion of urban populations adopting high-consumption lifestyles. Human 

societies use more and more packaging and plastic materials producing , approximately, 1.2 

kg/person/day solid waste (2013) that is expected to increase to 1.42 by 2025. The most advanced 

industrialized countries of OECD (34 nations) today generate ~ 50% of world‘s waste, whereas 

populous China produces 70% of solid waste in the SE Asian region. For comparison, the USA comes 

first as a country in terms of production of MSW output at some 621,000 tons per day. Greece belongs 

to the OECD countries and in the last decades the generation of MSW increased substantially, from 4 

million tones (1997) to 6 million tones in 2011. It is estimated that MSW will increase to 7,7 million tones 

in 2025. The region of Attica with its highly urban populated areas produces 40% of MSW. It is 

estimated that Attica generates 6.000 tones of MSW every day. Every family in EU countries on average 

throws away around 500 kg of household rubbish every year. Manufacturing, water and energy sectors 

produces 450 million tones/yr of MSW and construction another 900 million tones/yr. Altogether, the 

European Union produces up to 3 billion tones of MSW every year. The new European and national 

legislative framework for effective management of MSW places continuously stricter regulations for all 

countries. The European experience on environmentally advanced programmes of MSW management 

showed that a mixture of methods are more effective in dealing with MSW, depending on geographical, 

and socioeconomic characteristics of every country: a) programmes of waste prevention and 

minimization (biodegradable materials, less packaging), b) programmes of separation of rubbish at 

source and recycling (recovery practices, collection of useful and reusable waste materials, paper, 

metals, glass, aluminum), c) mechanical-biological (Mechanical Biological Treatment, MBT) and landfill 

management  (to contain leachate and reduce methane generation, plant material, food scraps for 

composting and digestion processes to decompose organic matter and used as mulch or compost for 

agricultural and landscaping), d) modern waste incineration and energy recovery of mixed solid waste.   

 

http://en.wikipedia.org/wiki/Composting
http://en.wikipedia.org/wiki/Decompose
http://en.wikipedia.org/wiki/Mulch
http://en.wikipedia.org/wiki/Compost


 

3 

 

Introduction: Trends in Global Municipal Solid Waste Generation  
 

Growing prosperity and urbanization of the world‘s population (in 2014 54 % of the world‘s 

population lived in urban areas and is expected to increase to 66% by 2050) in the last decades 

increased substantially the generation of  municipal solid waste (MSW) as well as other types of waste 

(liquid waste, agricultural, industrial, toxic chemicals, electrical and electronic waste). Estimates of MSW 

at a global scale showed that 1.3 billion tones were produced in 2013, expecting to increase to 2.2 

billion tones by 2025. Developed industrialized countries, such as the 34 OECD nations (Organization of 

Economic-Cooperation and Development), generate, approximately, 50% world‘s waste and China 

produces 70% of  MSW in South East Asia region. Increasing rates of urbanization and consumerism 

could double the volume of MSW annually by 2025, challenging environmental and public health 

management in the world‘s cities Although some of this waste is eventually recycled, the doubling of 

MSW would bring substantial environmental problems and cause difficulties in management practices.
1-3

 

Municipal solid waste (MSW) consists of organic material (food scraps, garden grass, etc), 

paper, plastic, glass, metals, and other refuse collected by municipal authorities, largely from homes, 

offices, institutions, and commercial establishments. MSW does it include sewage, industrial waste, or 

construction and demolition waste generated by cities, and of course does not include rural wastes. 

Studies in England and Wales with MSW established that the composition was: paper and cardboard 

23–25%, kitchen and garden waste 35–38%, plastics 8–10%, glass 6–7%, and metals 3–5%.
4
 

 

 

 
(Data from EPA, Office of Solid Waste, 
"Characterization of Municipal Solid Waste in the 
United States," 1997 edition.) 

 
Figure 1. Municipal solid wastes (MSW) increase at an unprecedented rate in all countries in the last 
decades. The USA as a developed industrialized country produces more than 620,000 tones per day. 
Characterization of MSW in the USA showed that 38% are paper and paperboard, 13% garden waste, 
10.4% food waste, 9.4% plastic, and then metals, glass, wood and other types of waste.  

 
China is a typical example of a country with rapid rates of urbanisation and increasing 

tendencies of high rate of consumerism. The total MSW amount in China increased from 31.3 million 

tones in 1980 to 212 million tones in 2006, that is 7 times in 25 years because of the massive move of 

population from villages to cities. Currently, waste composition in China is dominated by a high 

organic and moisture content of kitchen waste in urban areas. In 2007, 91.4% of MSW in China was 

landfilled, 6.4% was incinerated and only 2.2% was composted. In the last decade China‘s MSW is 

growing fastest in paper, plastics and multi-laminates which is generally believed to be a sign of 

urbanisation and rapid economic development..
5 

The urban population of the Earth in 2014 accounted for 54% of the total global population, 

up from 34% in 1960, and continues to grow. It is estimated that by 2017, even in less developed 
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countries more than 50% of the population will be living in urban areas. As the world hurtles toward its 

urban future, the amount of MSW, representing excessive lifestyle consumerism, will grow even faster 

than the rate of urbanization. Today, more than 3 billion urban residents on Earth generate 1.2 kg per 

person per day (which accounts for the1.3 billion tones MSW per year). By 2025 it is estimated that 

this will likely increase to 4.3 billion urban residents generating about 2.2 billion tones MSW per year.
6 

Municipal solid waste (MSW) and a variety of collection practices are everyday experience in 

every country. MSV consists of everyday items such as packaging material, furniture, clothing, plastic 

items, aluminum cans, glass bottles, food scraps, newspapers, appliances, paint, tyres (or tires), 

batteries, wooden items, etc. Although the initial waste management policies and technologies were 

very different in the various industrialized countries, providing a variety of environmental benefits, 

nowadays there are key strategic practices and processes that integrate waste minimization, 

separation at source, recycling, composting, advanced incineration methods for energy generation 

and minimal landfilling. Key waste management challenges include integrating the informal waste 

sector in developing cities, increasing and standardizing the collection and analysis of solid waste 

data, and effectively managing increasingly complex waste while protecting people and the 

environment.
7
 

 

Municipal Solid Waste in Developed Countries 
 

Municipal Solid Waste in the United States of America (USA) 
 

The USA is the third most populous country on Earth with a total resident population of 319 

million (2014) and the most advanced industrialized country with 81% of population residing in cities and 

suburbs, whereas the worldwide urban rate is 54%. The excessive consumer-related lifestyle of the 

American population, results in the generation of, approximately, 621,000 tons of MSW per day (the 

highest in the world). The solid waste, more commonly known in the USA as trash or garbage, consists 

of paper, plastics, grass, clothing, glass, aluminum cans, food scraps, appliances, paint, batteries, etc.
8  

 
 

Figure 2. Trends in municipal Solid Waste (MSW) in the USA for the period 1960-2012 (in lb). Total 
MSW generation increased from 88 million tones (1960) to 250 million tones (2012). The per capita 
generation of MSW in the same period was 2.68 lb or 1.2 kg/person/day (1960) to  4.38 lb or 1.97 
kg/person/day (2012). 
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Total annual MSW generation in the U.S. has increased by 65% since 1980, to the current 

level of 250 million tones. Per capita MSW generation increased by 20% over the same time period, 

from 1.6 kg to 2 kg per person each day. For comparison, MSW generation rates (kg/person/day) are 

1.26 kg in Sweden, 1.6 in Germany, and 1.4 kg in the United Kingdom.  Packaging, containers, and 

nondurable goods (including papers and plastics lasting ~3 years) made up over 50% of MSW 

generation in 2012. Most of the remainder is split between durable goods, yard trimmings, and food 

waste. In 2012, 34.5% of MSW generated in the U.S. was recovered for recycling or composting, 

diverting 87 million tons of material from landfills and incinerators—more than double the amount 

diverted in 1990.
9 

Municipal solid waste in European countries 
 

The European Union of 28 member states (and 6 as candidates)  has a combined population of 

over 507 million inhabitants (2014)
 
or 7.3% of the world population. As an economic superpower the EU 

in 2014 generated a nominal gross domestic product (GDP) of 18.124 trillion in US dollars, constituting 

approximately 23% of global nominal GDP, representing 35.849 US$ per capita. All countries in the EU 

are considered advanced industrialised nations with similar to a certain degree consumer customs and 

environmental issues for MSW management. In 21 of the countries, the amount of MSW generated per 

capita increased between 1995 and 2012, rising fairly steadily in 10 of these countries. The highest 

average annual growth rates were recorded for Greece (3.1 %). The highest average annual growth 

rates were observed in Austria, Ireland and Sweden, before the amounts stabilised or fell slightly 

between 2003 and 2012. Even though more waste is being generated in the EU-28 countries, the total 

amount of MSW landfilled has gone down due to new legislation. Countries in the EU would face 

tougher recycling targets, while burying recyclable waste in landfill would be banned, under plans put 

forward by the European Commission (2014). The proposals, which form part of the Commission‘s 

Waste Targets Review, include updated targets to recycle 70% of household waste and 80% of 

packaging waste by 2030. The proposed landfill ban would apply from 2025. Achieving the new targets 

could create up to 580,000 new waste management jobs and make Europe more competitive by 

reducing demand for costly scarce resources. The total MSW landfilled in the EU-27 fell by 61.7 million 

tones, from 143 million tones in 1995 to 81.2 million tones in 2012 (annual decline of 3.3 %).
10,11 

 

Figure 3. The composition of MSW in the 27 nations of the EU (2012). Organic kitchen waste with 25% 
comes first, paper and board is second with 18% and third are all types of plastic items with 12% 
[Source : Eurostat, 2012].  

http://en.wikipedia.org/wiki/Member_state_of_the_European_Union
http://en.wikipedia.org/wiki/List_of_countries_by_GDP_(nominal)
http://ec.europa.eu/environment/waste/target_review.htm
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Reduction in MSW landfilling can partly be attributed to the implementation of European 

legislation (Directive 62/1994 on packaging and packaging waste). By 2001, all Member States had to 

recover a minimum of 50 % of all packaging put on the market. Furthermore, Directive 31/1999 on 

landfill stipulated that Member States were obliged to reduce the amount of biodegradable municipal 

waste going to landfills to 75 % (by 2006), to 50 % (2009) and to 35 % (2016). The Directive has led to 

countries adopting different strategies to stop sending the organic fraction of municipal waste to landfill, 

namely composting (including fermentation), incineration and mechanical-biological pre-treatment 

(including physical stabilisation). As a result, the amount of waste recycled rose from 25.1 million tones 

in 1995 to 65.9 million tones in 2012. The share of municipal waste recycled overall rose from 11 % to 

27 %. The recovery in EU countries of organic material by composting has grown with an annual rate of 

5.5 %. Recycling and composting together accounted for 42 % of organic material in 2012.  Waste 

incineration has also grown steadily in the same period. The amount of MSW incinerated in the EU-27 

has risen by 25.9 million tones (1995) to 58.1 million tones in 2012.
12-14

 

 
Table 1. Eurostat statistics for Municipal Solid Waste generated in European countries, 2012. The best 
performing countries in Europe (waste avoidance and recycling are Estonia, Slovenia and Belgium). 

 

Trends in municipal waste treatment in the European Union countries 

  It is estimated that in Europe every person per year throws away 6 of waste. Although the 

management of waste improves in recent years in the EU, the European economy and lifestyle lose a 

significant amount of potential 'secondary raw materials' such as metals, wood, glass, paper, plastics as 

waste. From the 2.5 billion tons of waste a 36% was recycled, with the rest was landfilled or burned. 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31994L0062:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31999L0031:EN:NOT
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Figure 2.  Austria(AT), Belgium (BE), Bulgaria (BG), Croatia(HR),Cyprus (CY), Czech Reb (CZ), Denmark (DK), Estonia (EE), Finland(Fl), France 

(FR), Greece (EL), Hungary (HU),Ireland (IE), Italy (IT), Latvia (LV) Lithuania (LT), Luxembourg (LU), Malta (MT), Netherland (NL), Poland (PL), Portugal 
(PT), Romania (RO), Slovakia (SK), Slovenia (Sl), Spain (ES), Sweden (SE), United Kingdom (UK).  

MSW in 28 countries of the EE and the method of treatment in 2012 by country (landfill, incineration, 
recycling, composting, other) sorted by percentage (%) of landfilling kg per capita (in 2012) 
[http://epp.eurostat.ec.europa.eu/statitics_explained/index.php/File:Municipal_waste_treated_in_2012_by_country_a

nd_treatment_category_sorted_by_percentage_of_landfilling_kg_per_capita_2012_new.PNG]   
 

The European Commission set important goals for an integrated European environmental 

policy, especially a roadmap on a resource efficient Europe (EC, 2011) and the EU's Waste Framework 

Directive (EU, 2008). But national efforts for reduction and efficient management of MSW have been 

under way for longer, in large part driven by earlier EU legislation such as the Landfill Directive (EU, 

1999). Although only a few countries reduced their municipal waste output between 2001 and 2010, 

there are clear indications of a shift away from landfilling towards preferred waste management 

approaches. The number of countries that landfill more than 75 % of municipal waste output decreased 

sharply. In general, there have been substantial increases in the proportion of municipal waste 

recycled.
11 

 The EU countries with the most advanced waste management practices moved away from 

landfilling into recycling and incineration. In Sweden, the amount landfilled dropped from 42 kg per 

capita in 2004 to 23 kg per capita in 2005 and right down to 3 kg per capita in 2012 after the introduction 

of a ban on landfilling organic material in 2005. In Germany, landfilling has been reduced steadily over 

the last decade, mainly by recycling, mechanical biological treatment and incineration. It dropped 

sharply due to the ban on landfilling of untreated municipal waste that entered into force on 30 June 

2005. Denmark, that is one of EU countries that generates more waste per capita, is world leader in 

incineration of household waste, burning 60% of it. This means that (after discounting recycling of 

various types of MSW that can give recycled raw materials) Denmark burns large amounts of waste.
11

  

All  EU countries in the last decade showed a positive indications of a shift away from landfilling MSW  

towards preferred waste management.
12 

http://epp.eurostat.ec.europa.eu/statitics_explained/index.php/File:Municipal_waste_treated_in_2012_by_country_and_treatment_category_sorted_by_percentage_of_landfilling_kg_per_capita_2012_new.PNG
http://epp.eurostat.ec.europa.eu/statitics_explained/index.php/File:Municipal_waste_treated_in_2012_by_country_and_treatment_category_sorted_by_percentage_of_landfilling_kg_per_capita_2012_new.PNG
http://epp.eurostat.ec.europa.eu/statitics_explained/index.php/File:Municipal_waste_treated_in_2012_by_country_and_treatment_category_sorted_by_percentage_of_landfilling_kg_per_capita_2012_new.PNG
http://www.mst.dk/NR/rdonlyres/EBE9E5D4-B765-4D4E-9954-9B713846E4CF/162130/Ressourcestrategi_UK_web.pdf
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Figure 3. Denmark is the country that generates more waste per capita, is world leader in incineration of 
household waste, burning more than 60% of it. Demark has at the same time a very active and efficient 
system of recycling of electrical and electronic waste. 

 

Municipal solid waste in Greece 

According to statistical data, Greece produced 4 million tones of MSW in 1997, whereas in 

2011 the MSW increased substantially to 6 million tones and is expected to increase further into 7.7 

million tones in 2015 with present trends. The most populous area of Attica (estimated to 5 million) 

produces 40% of MSW per year, whereas the region of central Macedonia (Thessaloniki) produces 16% 

of MSW. In 2000 the median per capita generation of MSW was 408 kg/person/year and in 2010 

increased to 475 kg/person/year. Attica produces 6.000 tones/day. The composition of MSW are very 

similar to other developed countries: In 2010 : 46-47%were organic kitchen waste, 19-20% paper, 18% 

plastics, 3-4% glass and 15,5 % other. But in recent years studies showed a substantial increase in 

plastic waste in the urban areas of Greece.
13,14

 

Municipal solid waste (MSW) and toxic industrial waste in Greece are two of the most 

distressing and urgent environmental problems with many regional points of friction between central 

environmental authorities and local administration and citizens who do not want landfills in their 

backyards. Greece in the last decade was paying exorbitant fines to the EU for illegal waste tips, which 

in 2005 were calculated to be more than 3.000. At the same time toxic and hazardous industrial waste, 

tar derivatives, tyres, used cars, batteries, engine oils and others were accumulating at increasing rates 

in various areas of Greece at an alarming rate. Despite the general hygiene problems and water 

pollution, illegal waste tips caused fires and environmental contamination of soil and wetlands. Despite 

the numerous past problems and lack of funding, but under the direct pressure of the EU regulatory 

actions, Greece improved substantially the situation on waste in the last decade. Land disposal of MSW 

(landfills) is still the predominant method for managing MSW and recycling is catching up (from only 

10% in 2005). Until recently (2009) 90% of MWS was disposed without prior treatment and recycling at 

the source was advancing at very slow pace. Athens and Thessaloniki at present recycle around 20-

25% of their MSW by various ways (separate collections, separation in the landfill, etc) but progress is 

very slow and there are in 2014 some illegal waste tips, some island and towns face difficulties in 

managing their MSW. As of 2011, there are still 109 illegal dumping sites all over Greece in operation, 

despite the ruling of the European Court of Justice of 2005 (case c-502/03) which dictated that by the 

end of 2008 all illegal dumping sites should have been closed and rehabilitated.
15,16,

 

In the last few years many state and private operators in Greece started various initiatives for 

the collection of waste. In 2007 25% of the domestic waste was recycled (mainly package material, 

glass, plastic, etc) with the help of private contractors. Special storage containers (bleu waste collection 

containers) helped to promote the recycling effort (some of them sponsored by private companies). In 

http://www.mst.dk/NR/rdonlyres/EBE9E5D4-B765-4D4E-9954-9B713846E4CF/162130/Ressourcestrategi_UK_web.pdf
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2007, 50.000 old cars were collected by the local authorities from the streets and recycled, 47.000 tyres, 

37.000  tones of oil of internal engines, 450 tones of batteries, 32.000 of capacitors and 30.000 tones of 

electrical equipment . By 2008, 525,000 tons of packaging material were recycled/recovered from a total 

production of 1,050,000 tons. A total of 19 centres for sorting and recovery were established in Athens, 

Thessaloniki, Heraklion, Chania, Kalamata, Patras, Zakynthos, Schimatari, Lamia, Karditsa, Corfu, 

Katerini, Magnesia, and Ioannina. Also, Greece operates two waste to energy facilities, one in Athens, 

(Ano Liosia Hygenically Controlled Landfill) and one in Thessaloniki (at the Tagarades Hygenically 

Controlled Landfill). The Ano Liosia facility produces heat and power from biogas (capacity of 23.5 MW). 

The Tagarades power plant produces electricity from biogas (capacity of 5 MW), capable of covering the 

energy needs of 80,000 residents.
17,18

 

  

 

Figure 3. Composition of MSW in Greece (2009) and recycling. In the last decade plastic items and 
packaging materials have increased substantially. Studies in the Athens area observed that in MSW 
more than 50% are plastic materials. [Source: Ministry for the Environment, Energy & Climate Change – 
Hellastat, waste management sector study (2009 & 2010)]. 
 

 The Ministry for the Environment, Energy and Climatic Change and various organizations 

promoted various initiatives and conferences on the subject of MSW management and the challenges 

for Greece towards a Zero Waste Economy, despite the financial difficulties of the last 5 years (2009-

2004).
19,20

  In the last decade, several initiatives and policy measures have been employed by the Greek 

government in order to divert MSW from landfilling and disengage the dependency on landfills. One of 

the direct outcomes of Law 2939/2001 ‗on packaging and recycling of packaging and other products - 

Establishment of the National Organization for Recycling of Packaging and other Products‘ was the 

establishment of the Hellenic Recovery Recycling Corporation (HERRCO) in the end of 2001, which 

became fully operational by 2003. Although initially covering less than 40 % of the population, mainly in 

urban areas, by 2011 around 75 % of the total population of Greece is covered by the collection 

mechanisms of HERRCO. This operation has significantly boosted the performance of recycling and 

material recovery, removing a fraction of MSW from landfill .
21,22 

 

Both composting (to a lesser extent) and recycling in Greece were boosted after the 

establishment and operation of two large MBT (Mechanical and Biological Treatment) plants in two 

regions of Greece in 2005-2006. It seems that the MBT output has contributed significantly in providing 

material recyclables, but not so much compost material. The future EU targets for MSW are going to 

influence the pace of changes in Greece with the Landfill and the Waste Framework Directives. 

According to the current trends, Greece is likely to miss the targets of both Directives if it does not 

accelerate efforts towards recycling and diversion of waste from landfill considerably. Regarding the 

Landfill Directive, the level of landfilling of biodegradable MSW was estimated to amount in 2010 to 
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around 108 % of the generated amount in 1995. Therefore, besides missing the target for 2010, Greece 

is likely to experience great difficulties in meeting the targets for 2013 and 2020. Greece will need to 

make an exceptional effort in order to fulfil the 50 % recycling target of the Waste Framework Directive 

by 2020. Also, Greece seems to have a strong future strategy regarding treatment of MSW. According 

to European Investment Bank, a great number of plants are in the planning or construction stage, mainly 

based on MBT technology, which has the potential to contribute to all Greece‘s targets by 

simultaneously diverting the biodegradable fraction from landfills and increasing the material recovery. 

The introduction of new plants could have the same effect on recycling as the two existing MBT plants 

which boosted the figures for recycling.
23,24 

International Trends in MSW Management 
 

Management of Municipal Solid Waste (MSW) is not only a serious environmental issue for 

most countries, but also a sociopolitical problem. Increased MSW generation throughout the world 

creates more environmental problems in different countries, particularly in developing countries where 

the cities are not able to manage wastes due to lack of institutional, financial, technical and regulatory 

issues as well as reduced public participation in the practical aspects of management. The 

consequences of inadequate disposal of MSW and difficulties in management solutions cause the 

widespread use of illegal tips, water pollution and environmental degradation. The impact of disposed 

MSW has significant adverse effect on atmospheric pollution with odorous chemicals, volatile organic 

compounds (VOC) and methane, contamination of surface and groundwater through leachate, soil 

contamination, air pollution through burning of wastes and spreading of diseases by different vectors 

such as birds, insects, and rodents. The final results of MSW are adverse effects on the environment 

and human health. Proper management for the disposal of MSW is a necessity and an integral part of 

the healthy urban environment, reduction of degradation of land resources, and planning of the safe 

urban infrastructure while considering the promotion of sustainable economic growth. In the last 

decades all developed countries legislated for efficient MSW management practices that so far are in 

priority order: recycling, digestion and composting, incineration and landfilling as a last resort. In many 

developed countries emphasis is given to controlled incineration for energy and electricity generation of 

MSW that is not for landfills, then anaerobic digestion and composting of biodegradable waste (use of 

compost for fertilizers and the gas for energy),  priority for recycling or recovery of useful raw materials 

(paper, metals, glass, alumina, rubber) or  separate valuable materials from the mixed waste (electrical 

items, electronic , textiles, plastics, car parts, wood, etc) and sell the recovered materials to waste 

collectors for further use.
25,26 

Increasing population levels, booming economy, rapid urbanization and the rise in community 

living standards have greatly accelerated the municipal solid waste generation rate in developing 

countries. Municipalities, usually responsible for waste management in the cities, have the challenge to 

provide an effective and efficient system to the inhabitants. However, they often face problems beyond 

the ability of the municipal authority to tackle mainly due to lack of organization, financial resources, 

complexity and system multi dimensionality.
27,28

 

Scientists studied different waste treatment options for MSW in a systems analysis. Different 

combinations of incineration, materials recycling of separated plastic and cardboard containers, and 

biological treatment (anaerobic digestion and composting) of biodegradable waste, were studied and 

compared to landfilling. The study evaluated the use of energy resources, environmental impact and 

financial and environmental costs. The case studies were performed in three Swedish municipalities. 
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The study showed that reduced landfilling in favour of increased recycling of energy and materials lead 

to lower environmental impact, lower consumption of energy resources, and lower economic costs. It 

was concluded that landfilling of energy-rich waste should be avoided as far as possible (environmental 

impact and recovery of useful materials). The researchers conclude that when planning for effective 

waste management, it is important to know that the choice of waste treatment method affects processes 

outside the waste management system, such as generation of district heating, electricity, vehicle fuel, 

plastic, cardboard, and fertilisers.
29,30

 

Expert  opinion envisage great financial opportunities from the appropriate waste management. 

The waste market (composting, waste-to-energy, recycling) has a very high economic value. It is 

estimated that OECD countries MSW market has a value of 125 billion ($US). In emerging economies 

(Brazil, China, India) MSW has a value of 25 billion ($) and there is an increase in global MSW market 

(2007‐11) by 37%. Municipal solid waste can become a material resource through the recovery of 

materials and energy from waste. It is estimated that  MSW can become a world secondary materials 

market (in million metric tones): fibers 170 mt, ferrous metal 405 (mt), non‐ferrous metal 24 mt, plastics 

5mt, The total recovery of useful raw materials from waste is estimated at ~ 600 mt/year.
31

  

 

Disposal and Management of MSW through Landfilling 

From the 1950s all developed countries started a systematic disposal of municipal and other 

wastes by landfilling or spreading waste in controlled dumping places. MSW was collected by special 

vehicles and transported directly to a landfill site as the most appropriate hygienic method. A modern 

sanitary landfill is not a dump; it is an engineered facility used for disposing of solid wastes on land 

without  creating nuisances or hazards to public health or safety, such as the breeding of insects and the 

contamination of ground water. Developed countries disposed MSW in a systematic manner in specially 

constructed dumps, developing countries usually threw out MSW in open dumps in a haphazard way 

causing environmental pollution and unhygienic conditions.
32 

  

Figure  4.  Controlled landfill is safe stockage of solid waste with confinement in a suitable waterproofed 
area, minimizing the risks for man and the environment. Anaerobic processes of decomposition of 
organic materials can be contained with the production of biogas and leachate. 
 

Landfilling can be organized in a proper way through scientific and technological techniques 

Once the maximum waste volume has been reached, the site is closed and restored, the waste is 

covered with sealed top layer which is then covered with soil in order to reduce the seepage of the 

meteoric water (reduction of leachate production) controlled biogas leakage into air and allow the site to  

be grassed over and trees planted [ http://www.mater.polimi.it/mater/en/wmt/landfilling ] 

http://en.wikipedia.org/wiki/Ground_water
http://www.mater.polimi.it/mater/en/wmt/landfilling
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Some statistical data of MSW indicate that in 1995, in the developed countries of Western 

Europe, 67% of waste was landfilled and was reduced to 57% in 1999. But from the turn of the century 

(2000) landfilling of MSW was decreased in most developed countries. Germany 18% (2004), Japan 

13% (2003), France 36% (2005), Italy and USA 54% (2005) and UK 64% (2005). From 57% of MSW in 

the EU countries landfilled the proportion decreased to 37%,  recycling increased to 25%, composted is 

at 15% and incineration for energy increased to 23%  [ Euractiv.com : Environment, Landfills continue to 

rule despite EU recycling target, 5/3/2013].  

The member states with the highest share of landfilled MSW (2011) were Romania (99%), 

Bulgaria (94%), Malta (92%). The highest shares of incinerated waste were in Denmark (54%), Sweden 

(51%), Belgium (42%), Netherlands (both 38%), Germany (37%). Recycling was most common in 

Germany (45% of waste), Ireland (37%) and Belgium (36%). The highest composting for municipal 

waste were Austria (34%), the Netherlands (28%), Belgium and Luxembourg (both 20%), Spain and 

France (both 18%). Recycling and composting of municipal waste together accounted for more than 

50% of waste treated in Germany (63%), Austria (62%), the Netherlands (61%) and Belgium (57%). 

[http://www.euractiv.com/sustainability/landfills-continue-rule-despite-news-518229]. 

 

Figure 5. Percentage of municipal waste landfilled in European Environment Agency countries, 2003 
and 2008; and development of municipal waste management in EU-27, 1995 to 2008 . 
[http://www.eea.europa.eu/data-and-maps/figures/percentage-of-municipal-waste-landfilled ] 

In the last decade the European countries‘ landfilling rates of MSW were reduced, as most 

governments introduced a ban on landfilling of waste. Disposal of wastes with landfilling in the USA had 

decreased from 89% of the total amount generated in 1980 to 54% of MSW in 2007. In the USA over 

the last few decades, the generation, recycling, composting, and disposal of MSW have changed 

substantially. MSW generation per person per day peaked in 2000 while the 4.38 lb/person/day is the 

lowest since the 1980‘s. The recycling rate has increased–from less than 10% of MSW generated in 

http://www.euractiv.com/sustainability/landfills-continue-rule-despite-news-518229
http://www.eea.europa.eu/data-and-maps/figures/percentage-of-municipal-waste-landfilled
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1980 to over 34% (2012). Disposal of municipal waste to a landfill has decreased from 89% in 1980 to 

under 54% percent of MSW in 2012 (EPA, Environmental Protection Agency, Municipal Solid Waste 

Generation, Recycling, and Disposal in the United States: Facts and Figures for 2012, 

[http://www.epa.gov/osw/nonhaz/municipal/pubs/2012_msw_fs.pdf ]. 

Landfilling of MSW was used to a great extent in other industrialized countries. In the former 

USSR landfilling was 96% for the year 1989 (U.S. Census Bureau, 1991). During 2005, around 53 

million tons of MSW was managed in Japan, of which 13% was landfilled (MoE Japan, 2006). During the 

period of 1995–2005, the proportion of MSW landfilled in South Korea decreased from 68% to 41% due 

to the introduction of a volume-based waste fee system (unit pricing system) in 1995.
33

   Presently more 

than 90% of the MSW in China is disposed in landfills; however, China has recently (2007) closed more 

than 1,000 landfills because of environmental concerns.
34,35

 

 Landfilling of MSW is beneficial because ensures that hazardous waste materials receive 

appropriate storage and treatment in a way that protects the environment and human health, but is has 

some disadvantages and stops recycling of useful raw materials and energy recovery. Well-designed 

hazardous waste sites have protective seals to keep hazardous chemicals from escaping into the 

ground. However, if a leak occurs, hazardous chemicals can contaminate groundwater in the region. 

Landfills can also emit harmful gases into the atmosphere. Newer landfills have the ability to capture 

those gases and transform them into energy. Hazardous waste landfill operators seal their facilities with 

double liners and use other methods to keep hazardous materials from escaping into the environment. 

Evaluation of the environmental performance and discounted costs of the incineration and 

landfilling of MSW have been performed using the life cycle assessment (LCA) methodology in a recent 

study using data from Toronto , the most populous city in Canada. Two scenarios were assessed. In the 

first scenario the entire residual waste was landfilled whereas in the second scenario approximately 

50% of the residual waste was incinerated while the remainder is landfilled. Electricity was produced in 

each scenario. Results showed that the waste diversion initiatives were more effective in reducing the 

organic portion of the waste, in turn, reducing the net electricity production of the landfill while increasing 

the net electricity production of the incinerator. Therefore, the scenario that incorporated incineration 

performed better environmentally and contributed overall to a significant reduction in greenhouse gas 

emissions (displacement of power plant emissions; are at a noticeably higher cost). Although landfilling 

proves to be the better financial option, it is for the shorter term. The landfill option would require the 

need of a replacement of landfill much sooner. The highest shares of municipal waste landfilled were 

recorded in 2012 (Eurostat, News release STAT/14/48, 25.3.2014) were in Romania (99% of waste 

treated), Malta (87%), Croatia (85%), Latvia (84%) and Greece (82%).
36

 

 

Disposal and Management of MSW through Incineration 
 

In the last 20 years many countries realized that the opportunities for landfilling as a disposal 

method of MSW are rapidly declining with depleting available cheap land resources and the wasteful 

nature of disposing useful resources in the landfill operation. Although recycling and composting  are the 

most beneficial and effective ways for some types of municipal waste, there is a high proportion of 

mixtures of MSW that are difficult to separate and recycle. The favored method became incineration of 

MSW with heat recovery, from the point of economic benefits and resource recovery in the form of heat 

and power production. During this period incineration of MSW has seen turbulent times in terms of 

popularity from environmental groups and scientists alerted by the air pollution problems and the 

http://www.epa.gov/osw/nonhaz/municipal/pubs/2012_msw_fs.pdf
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formation of dioxins, furans, airborne particulates, and other toxic substances. But the technology of 

incineration improved substantially (high temperature, catalytic burning, electrostatic filters) to become 

an attractive alternative for disposal with significant energy recovery benefits.
37-39 

 The most important benefits of MSW incineration are (a) the volume and mass of MSW is 

reduced to a fraction of its original size (by 85–90% by volume), mass reduction (about 70%), and the 

possibility of energy recovery; (b) the waste reduction is immediate and not dependent on long biological 

breakdown reaction times; (c) incineration facilities can be constructed closer to the MSW sources or 

collection points, reducing transportation costs; (d) using heat recovery technology, the cost of the 

operation can be offset by energy sales; and (e) air discharges can be controlled to meet environmental 

legislative limit values. Despite the beneficial effect of incineration, it would not be a suitable option in 

developing countries due to the extreme moisture content and accordingly a low calorific value, too low 

for a self-sustaining incineration. Waste combustion is particularly popular in countries such as Japan 

where land is a scarce resource. Denmark and Sweden have been leaders in using the energy 

generated from incineration for more than a century, in localized combined heat and power facilities 

supporting district heating schemes. European countries rely heavily on incineration for handling 

municipal waste, in particular Luxembourg, Austria, the Netherlands, Germany and France. 
40-42  

 

Vestforbrænding (Denmark), the largest waste-to-energy 
plant in Denmark handling more than 700,000 tons of waste 
per year. 

 

Incineration Line 6, a waste-to-energy 
incinerator/power plant in Roskilde (Denmark) 

Figure 6. Denmark is one of EU countries that generates more waste per capita, is world leader in 
incineration of household waste, burning 60% of it.[ file:///C:/Users/User/Pictures/WASTE-TO-ENERGY-
DENMARK.pdf ]. 

 

Environmental and health concerns for MSW incineration 

Incineration proved to be controversial method for many environmentalists because of air pollution 

problems and the health effects from emissions of dioxins, furans and other toxic substances. These 

concerns were reduced recently by substantial improvement in technology of high temperature 

incineration, better control of emissions (dioxins, furans, etc) and use of ash residues as a non-

hazardous solid for various building materials or can be landfilled. 

 The health effects of emissions of dioxins, furans and other carcinogenic substances was the 

most serious problem for MSW incinerators. Especially high volumes were produced during start up and 

shut down of incineration. The problem was resolved by modifying the combustion techniques at very 

high temperatures, the use of electrostatic and baghouse filters, while the fly and bottom ash residues 

are collected and reused for materials and cement. The high carcinogenic potential of dioxins forced the 

Environmental Protection Agency (EPA) to announce in 2012 that the safe limit for human oral 

http://en.wikipedia.org/wiki/Combined_heat_and_power
http://en.wikipedia.org/wiki/District_heating
http://en.wikipedia.org/wiki/Luxembourg
http://www.mst.dk/NR/rdonlyres/EBE9E5D4-B765-4D4E-9954-9B713846E4CF/162130/Ressourcestrategi_UK_web.pdf
file:///C:\Users\User\Pictures\WASTE-TO-ENERGY-DENMARK.pdf
file:///C:\Users\User\Pictures\WASTE-TO-ENERGY-DENMARK.pdf
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consumption is 0.7 picograms (1pg= 10
-12

 g) Toxic Equivalence (TEQ) per kilogram bodyweight per day, 

which works out to 17 billionths of a gram for a 150 lb (70 kg) person per year.
43-45 

 In 2005, The Ministry 

of the Environment of Germany, where there were 66 incinerators at that time, estimated that 

"...whereas in 1990 1/3 of all dioxin emissions in Germany came from incineration plants, for the year 

2000 the figure was less than 1%. Chimneys and tiled stoves in private households alone discharge 

approximately 20 times more dioxin into the environment than incineration plants.
46 

 

 

In Paris, France, the Compagnie Parisienne de 

Chauffage Urbain supplies several thousand homes 
with hot water from incinerators located on the outskirts 
of the French capital 

 

 

Incinerator MSW, Premnitz, energy from waste [operator 

EEW, Germany, 2009, cost 70 million euros]  

Figure 7. In the capital; city Paris of France the municipal solid waste is incinerated in the outskirts of 
the French capital. The MSW Incinerator in the town of Premnitz, Germany. Operator EEW Energy, this 
plant generates environmentally friendly electricity and steam from 250 000 tones of combustible 
material. Businesses in Premnitz's industrial and commercial park are supplied with generated energy].  

 

 

Austria, and especially the capital city Vienna, projects its power plants not only for providing 

clean energy, but are also a part of the city‘s skyline, with their artistic and innovative design. Tours are 

offered to let visitors take a peek behind the scenes of this technology and learn more about 

environmental and climate protection measures. A popular photographic motif in Vienna is the Spittelau 

waste incineration plant, whose façade was redesigned and given its present colorful, irregular 

structures by eco-architect Friedensreich Hundertwasser following a major fire in 1989. Since then, the 

former utility building has combined the topics of waste, energy and art in a fascinating way. On a tour of 

the plant, visitors get an insight into Vienna's waste, recycling and disposal system, as well as the 

environmentally friendly generation of thermal heat and hot water. 

http://en.wikipedia.org/wiki/Chimney
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Figure 7. The Spittelau waste incineration plant processes around 250,000 tones of MSW every year. 
[The incineration plant produces approximately: 40,000 MWh of electricity, 470,000 MWh of district 
heating, 6,000 tones of scrap iron, 60,000 tones of clinker, ash and filter cake. The environmentally 
friendly heating produced at Spittelau is enough to heat 60,000 households in Vienna in a year. 
 

Technological improvements for MSW incineration and health risk assessment 
 

The incineration methods for MSW and waste from medical facilities have improved 

substantially. Fixed grate is the older and simpler kind of incinerator with a brick-lined cell with a fixed 

metal grate over a lower ash pit, with one opening in the top or side for loading and another opening in 

the side for removing incombustible solids. The rotary-kiln incinerator
 
with two chambers is used by 

municipalities and by large industrial plants consisting of an inclined refractory lined cylindrical tube. In 

the primary chamber, there is conversion of solid fraction to gases, through volatilization, destructive 

distillation and partial combustion reactions. The secondary chamber is necessary to complete gas 

phase combustion reactions. The fluidized bed techniques uses a strong airflow is forced through a 

sandbed. The air seeps through the sand until a point is reached where the sand particles separate to 

let the air through and mixing and churning occurs, thus a fluidized bed is created and fuel and waste 

can now be introduced. The sand with the pre-treated waste and/or fuel is kept suspended on pumped 

air currents and takes on a fluid-like character. The breakdown of dioxin, furans and other chemicals 

with aromatic rings substances requires exposure of the molecular ring to a sufficiently high temperature 

(more than 1,000
o
C) so as to trigger thermal breakdown of the strong molecular bonds holding it 

together. Modern municipal incinerator designs include a high-temperature zone, where the flue gas is 

sustained at a temperature above 850
o
C (1,560 °F) for at least 2 seconds before it is cooled down. They 

are equipped with auxiliary heaters to ensure this at all times. These are often fueled by oil or natural 

gas, and are normally only active for a very small fraction of the time. Further, most modern incinerators 

utilize fabric filters (often with Teflon membranes to enhance collection of sub-micron particles) which 

can capture dioxins present in or on solid particles.
47,48

 

 

 

2,3,7,8-tetrachlorodibenzo dioxin 

(TCDD) 

 
Figure 8. Basic chemical structures of Dioxin and Furans. Chlorination (or bromination) in various 
positions of the aromatic benzene ring is the characteristics of the Dioxins as a group of chemically-
related compounds that are persistent environmental pollutants (POPs). More than 90% of human 
exposure is through food, mainly meat and dairy products, fish and shellfish. 

http://en.wikipedia.org/wiki/Rotary_dryer
http://en.wikipedia.org/wiki/Fluidized_bed
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Health assessments of dioxin emissions from incinerators were carried out for many years in 

various countries and adverse health effects to people living in areas with incinerators of MSW. A study 

in Belgium (a country that has many incinerators of MSW) followed young people and children and 

compared their exposure to a control group. Measurements showed  that exposure in 1997 was below 

the exposure in 1980. Adverse health outcomes from dioxin exposure in the past cannot be excluded. 

There was no evidence for enhanced exposure to genotoxicants based on a comparison of 

chromosomal damage to blood cells of children from the study area to those from a control group.
49

 

A study in Spain (from 1996-2010) followed a wide surveillance programme to get overall 

information on the impact of a MSW incinerator in Tarragona (Catalonia, Spain). The concentrations of 

dioxins (PCDD) and furans have been periodically measured in soil and vegetation samples collected at 

locations in the incinerator surroundings. Both soil and herbage showed a notable reduction in the 

PCDD/F concentrations in comparison with the baseline study, with this decrease only being significant 

for soils. In contrast, PCDD/F values in air remained similar during the whole assessment period. 

Human exposure to PCDD/Fs was evaluated under different scenarios, and the associated non-

carcinogenic and carcinogenic risks were assessed. The hazard quotient was below unity in all cases, 

while cancer risks were under 10
−6 

(1 case to one million), which is lower than the maximum 

recommended guidelines. The current results clearly show that the MSWI of Tarragona does not 

produce additional health risks for the population living nearby.
50 

 Incineration of MSW is associated with considerable public concern, which may have a 

significant harmful effect on the mental, physical and emotional health of local residents, regardless of 

whether emissions have any direct effect on health. Many public authorities in many industrial countries 

for the protection of environment and human health have undertaken risk assessment presentations. 

Resident‘s concerns were obtained through participation in an open public meeting, correspondence 

and discussion with local authority officers. In the last 30 years data from several studies suggested that 

the risk posed by emissions from modern incinerators to populations living near them is very low. 

Perhaps the most authoritative is that of the US National Research Council, part of the National 

Academies, which, while acknowledging the need for further study, stated ‗when operated properly by 

well trained employees, modern waste incinerators pose little risk to public health.
51 

‘
A report by the Institute for European Environmental Policy came to a similar conclusion [Farmer 

A, Hjerp P. Municipal Solid Waste Incineration: Health Effects, Regulation and Public Communication. 

London: Institute for European Environmental Policy, 2001. http://www.nsca.org.uk] In contrast, 

Greenpeace concluded ‗incinerators are potentially very damaging to health‘ [Allsopp M, Costner P, 

Johnston P. Incineration and Human Health. Greenpeace Research Laboratories, Exeter, UK, 2001].  

The U.K. Health Protection Agency concluded in 2009 that "….Modern, well managed 

incinerators make only a small contribution to local concentrations of air pollutants. It is possible that 

such small additions could have an impact on health but such effects, if they exist, are likely to be very 

small and not detectable. The HPA published a final report with the epidemiological studies on risk 

assessment from air pollution from MSW incinerators in 2010…..‖.
52,53 

 A review of the Department of 

Environment Food and Rural Affairs (DEFRA) included a total of 102 publications and concluded that 

there is no convincing evidence of a link between incineration and cancer or respiratory problems, and 

between landfilling and cancer.
54 

 The existing epidemiological evidence linking waste management and 

human health was for many years quite controversial. Most studies investigated health impacts of old 

types of waste management facilities, especially in the case of incinerators. There is very little data on 

direct human exposure, and most studies resorted to surrogates such as residence information, with 

http://www.nsca.org.uk/
http://en.wikipedia.org/wiki/Health_Protection_Agency
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most recent studies including data on potential exposure pathways (e.g. pollutant concentration in soil, 

modeled atmospheric exposure). Confounding factors have not been adequately controlled in many 

studies, especially social deprivation and exposure to other sources rather than the one investigated.
55 

The construction of incineration facilities for MSW in many countries resulted in environmental 

protests, especially for the proximity of incineration air pollutants to towns of cities. Public concern about 

potential health risks associated with incineration has prompted studies to investigate the relationship 

between incineration and risk of cancer, and more recently, birth outcomes. Scientists conducted a 

systematic review of epidemiologic studies evaluating the relationship between waste incineration and 

the risk of adverse birth and neonatal outcomes. A review of 14 studies explored the incineration air 

pollution and birth outcomes for people living near incineration MSW facilities. All epidemiological 

studies did not find any associations between exposure to incineration air pollution and all congenital 

anomalies in neonatals. Associations were reported in some studies for grouped anomalies but limited 

evidence for other outcomes. The current evidence-base is inconclusive.
56

 

The construction of a MSW incinerator in Durham, Ontario, Canada (for 140,000 tones/year), 

promoted the study of risk assessment for human health effects and ecological risk assessment.  

Overall, the results of the human health risk assessment indicate that it is not expected that the 

proposed project (i.e., construction, operation, and eventual decommissioning of a modern Energy –for-

Waste, EFW, thermal treatment facility) will result in any adverse health risk to local residents, farmers 

or other receptors in the Local Risk Assessment Study Area. Although some risk has been identified 

through the assessment of  this risk can be attributed to conservative modeling assumptions that 

overestimate the actual risk present (e.g., use of method detection limits to represent chemical 

concentrations and use of child-specific ingestion rates to represent toddler rate of ingestion) and/or pre-

existing natural or anthropogenic conditions that correlate to baseline risk. These pre-existing natural or 

anthropogenic conditions were generally shown not to differ from those of similar urbanized areas in 

Ontario. In both studies results suggest minimal risks to humans expected at approved operating 

capacity. The same was the case for ecological risk assessment.
57,58

 

Another advantage of incineration of MSW is the electricity and heat generated. Produced heat 

substitutes power plants powered by other fuels at the regional electric and district heating grid, and 

steam supply for industrial customers. Incinerators and other waste-to-energy plants generate at least 

partially biomass-based renewable energy that offsets greenhouse gas pollution from coal-, oil- and gas-

fired power plants.
 
The European Union considers energy generated from biogenic waste (waste with 

biological origin) by incinerators as non-fossil renewable energy under its emissions caps. These 

greenhouse gas reductions are in addition to those generated by the avoidance of landfill methane 

(CH4). The bottom ash residue remaining after combustion has been shown to be a non-hazardous solid 

waste that can be safely put into landfills or recycled as construction aggregate. Suspended particulate 

matter (PM) emissions can be efficiently removed from the flue gases with baghouse filters. These 

technological advances reduced substantially the air pollution of incineration facilities and produced 

residue ashes which can be used for construction materials, cement and asphalt for roads.
59-61

 

The most advanced and only method for infectious medical waste and dried sewage sludge is 

incineration at high temperatures. Medical waste incineration with the technological progress of the last 

decade has proved very effective, and finally produces an end product ash that is sterile and non-

hazardous.
62 

Heavy metals, PAHs, polychlorinated biphenyls and metal leachability in fly and bottom 

ashes are the main problems of medical waste incineration, but can be regulated by technological 

means.
,63

 

http://en.wikipedia.org/wiki/District_heating
http://en.wikipedia.org/wiki/Baghouse
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Among the European countries, the highest shares of incinerated MSW for the year 2007 were 

observed in Denmark (53%), followed by Sweden (46%), France (36%), Luxembourg (35%), Germany 

(34%), Belgium (33%), the Netherlands (32%), Austria (30%), Portugal (19%), Norway (16%), Czech 

Republic/Finland/Italy (12%), Spain (10%), Iceland/United Kingdom (9%). However, countries such as 

Bulgaria, Cyprus, Estonia, Greece, Ireland, Latvia, Lithuania, Malta, Poland, Romania, Slovenia, 

Switzerland, and Turkey had no incineration at all. What is the explanation for this situation? With the 

exception of Switzerland all other countries concerned have relatively local populations who distrust 

expert opinion and have doubts of uncertainty about incineration or distrust expert opinion. Probably, 

their environmental agencies lack the initiatives to persuade public opinion on the merits of incineration 

of MSW. It is critically important to involve local people in the discussion leading to a decision at an early 

stage. This may be due to an intuitive feeling that the experts are wrong. Meetings with the public may 

be needed in these countries with officials from the Environment Agencies as opportunities to register 

local concerns and unknown health fears. Accepting that contrary opinions may be expressed is very 

necessary. Scientists know that doubts about expert opinion are connected with concerns about 

uncertainty of adverse health outcomes in the future. Expert opinion often includes a discussion of 

uncertainty. Explaining that many scientific conclusions based on experimental or observational 

evidence are subject to uncertainty is difficult and cuts across the perception that science should provide 

sure answers. In some ways this is due to firm assertions made by scientists and in part to the fact that 

the public in general are personally familiar with only elementary science or elementary expositions 

when the uncertainties, which certainly exist, are not discussed.
64

 

In 2010 there were 406 incinerators of MSW operating in the European Union and 43 plants 

were planned to be build in the coming years. The total amount of waste incinerated in the EU countries 

was around 54 million tons per year in 2010. Germany, France and Italy accounted for 63% of all 

incinerators and 64% of all waste incinerated. However, the countries with higher incineration rates 

measured in per capita terms are Denmark (365 kg/inhabitant), Luxembourg (240) and Sweden (226). 

Sweden manages MSW so effectively with incineration and recycling (landfills only 4%) that developed 

recently a shortage of garbage for its incinerators. Sweden manages to fuel the waste-to-energy 

incinerator-factories that provide electricity to 250.000 homes and 20% of the entire country‘s district 

heating. Sweden is now importing trash from the landfills of other European countries (England, Norway, 

etc). In fact, those countries are paying Sweden to transfer increasing tones of MSW. At present there is 

an overcapacity of incineration of MSW in Europe resulting in shipping of municipal waste among 

various countries, e.g. from UK to Denmark and Sweden. Emissions of green house gases  from MSW 

incinerators depend on the implementation of policies in various countries .
65,66

 

 

Management of Municipal Solid Waste through Composting 

In most parts of the world, MSW is largely incinerated, recycled or landfilled, though significant 

quantities of organic residue in MSW can be used alternatively. In the last decades increased attention 

has been given to alternative waste management options such as source separation into organic and 

inorganic fractions followed by either composting or anaerobic digestion with accompanying biogas 

production.
67,68

  

Composting of the organic solid fraction of municipal waste is a controlled bioprocess that has 

been proposed as an alternative to landfilling and the incineration of MSW. The compost can be used as 

a land-applied nitrogen material (fertilizer) to optimize crop yield and minimize environmental risk. The 
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land-application of mature compost from MSW has been proved to be an agronomically and 

environmentally admissible practice.
69  

Composting is a waste management practice that allows transformation of different organic 

waste (kitchen vegetables, fruit, organic waste, garden feed stocks, crop residues, etc) into a stabilized 

composting product which can be used as a fertilizer and soil improver. The number of composting 

facilities and the amount of source-separated and composted MSW has been increasing in many 

countries of Europe and in the United States. The management of organic matter from MSW is an 

essential part of sustainable management of resources and all European municipalities. And yet, 

municipalities may be faced with a number of questions as to how to implement a user-friendly, efficient 

and economically feasible system. Fortunately, after decades of experiences and with consolidated 

practices in the field of collection and treatment of organic waste, today it is possible to assess any 

given situation and design a system to capture most of organic waste present in MSW and ensure high 

quality output, saving costs to the communities and bringing the nutrients back to the soils.
70,71  

 

 

  

Figure 9. Composting is the controlled breakdown of organic matter by microbes in the presence of air. 
Composting is most commonly an aerobic process. The main byproducts of the breakdown are carbon 
dioxide, water and heat & compost. Composting is the efficient management of the biological 
decomposition of organic matter (garden waste, feed stocks, crop residues and waste from vegetable 
markets). 
 

In Greece, as in other European countries, there are no many composting and anaerobic 

digestion facilities for the preparation of different compost materials from olive oil waste and other 

organic wastes.
72-75

 After 2000 there were some initiatives for pilot programmes of compost of 

household and commercial waste. One of the ambitious project kicked off in Kifissia (north suburb of 

Athens) with the aim to boost awareness regarding sustainable biowaste management in Greece. Three 

organizations, the Association of Communities and Municipalities in Athens Region (ACMTR), the 

National Technical University of Athens (NTU), and EPTA Ltd Environmental Engineers and 

Consultants-, have teamed up to launch a programme (financed by LIFE) of environmental of 

composting with municipal solid waste.
76

  In June 2014, the NTU, AMAR, EPTA SA and the Municipality 

of Kifissia organized a 2nd International Conference on Sustainable Solid Waste Management within the 

framework of LIFE+Athens-Biowaste project [www.biowaste.gr,www.facebook.com /athensbiowaste] 

dealing with the separate collection and composting of biowaste in Athens.
77 

   

The first plant in Greece for composting of MSW started in the city of Kalamata (Peloponnisos) 

in 1995. It treated mixed MSW with a capacity of 31,500 tones/year. However, due to various problems 

the plant was closed down (2003) and although there are plans for its refurbishment and operation up to 

better standards, these have not been realized yet. A new large plant is being built in Athens (2012) and 

http://www.biowaste.gr/
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will soon go into operation. It will also treat mixed MSW (mechanically separated) and it will include a 

rotating drum for size reduction and pretreatment and tunnel composting. Its daily capacity will be 1,200 

tons MSW. The plant has not come to full operation yet, so there are no results about the quality and 

use of its products. A third plant, of similar technology but much smaller (40,000 tons/year capacity), is 

being constructed in Chania, Crete. Various regional waste management plans foresee the construction 

of composting MSW  plants as the main tool to meet the landfill directive targets, but the proposed 

plants have still not entered the actual planning phase [available at 

http://www.compostnetwork.info/greece.html , European Compost Network, Country Report of Greece, 

accessed February 2015].  

The European Union (EU) has initiated a consultative process that will assist in the creation of 

new policies for waste prevention and recycling. Composting and anaerobic digestion of MSW are 

strategies that are likely to be employed to reduce waste generation and to recycle nutrients. All 

countries of EU increased the rate of composting of MSW from 1995 to 2007 in Belgium (rate increased 

by 175%), Italy (by 95% in the period 2001-2007), Denmark (by 55%), Germany (by 55%), France 

(55%) etc. In 2007, composting of municipal waste was most common in Austria (41%), Italy (37%), the 

Netherlands (23%), Belgium (22%), and Luxembourg (21%), etc. followed by Denmark/Germany/Spain 

and Switzerland (all are 17% each), France (14%), Sweden and United Kingdom (both 12%), Finland 

and Portugal (both 10%). The lowest composting percentage of MSW was recorded in Malta and 

Slovakia (both 5%), Poland (3%), Greece/Ireland/Lithuania (2% each), and Czech 

Republic/Estonia/Hungary/Latvia (1% each), and not done at all in Bulgaria, Cyprus, Iceland, and 

Romania. It is obvious from the statistical data that countries with less advanced management system of 

MSW have very low proportion of composting.
 
 Eurostat  data from EU countries recorded that of treated 

municipal solid waste 15% was composted In the 28 member-states in the EU. This municipal waste in 

the EU (2012) was treated with the basic four different ways: 34% was landfilled, 24% incinerated, 27% 

recycled and 15% was composted. For the EU4 there has been a significant increase in the share of 

municipal waste recycled or composted, from 18% in 1995 to 42% in 2012.
78,79 

 

  

 

Figure 10. Composting of MSW on an industrial scale. Facilities and practice to control odors, leachate, 

and runoff are a critical part of any compost operation. In the EU28 treated MSW into compost reached 

15% (2012). 

 

http://www.compostnetwork.info/greece.html
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Recycling and Management of Municipal Solid Waste 
 

Recycling is the recovery at source of useful materials, such as paper, glass, plastic, and 

metals, from the trash to use to make new products, reducing the amount of virgin raw materials 

needed. Recycling means separating, collecting, processing, marketing, and ultimately using a material 

that would have been thrown away. For example, newspapers can be recycled for producing paper to 

be used in newspaper printing or other paper products. Cans and glass bottles can be collected and 

melted to produce new cans and glass bottles, or crafted for other uses. Recycling of metals can be very 

important in recovering valuable and expensive metallic elements. Quality products and packaging can 

be made from recovered materials and effective recycling.
80,81

 

 

 
 

Figure 11. Recycling of municipal waste. Source separation is the best way to recover useful raw 
materials (paper, glass, ferrous and non-ferrous metals and plastics) 

 

Recycling means the waste generated by a source is separated in the source, cleaned and  or 

given away for reuse. Developed countries typically utilize curbside recycling programs to collect and 

sort wastes for recycling processing. Conversely, developing countries utilize the social sector known as 

scavengers to handle such activities. Scavengers are citizens with low- to no-income group that collect 

materials that are dispersed throughout the city or concentrated at dumpsites. 

 

Figure 12. In 2013 Australian Paper began construction of a $90 million paper recycling plant at 

Maryvale in Victoria, to increase substantially the production of local recycled paper  

 
Municipal waste recycling differs substantially in developed and developing countries. Statistical 

data from 2012 showed that USA (out of 251 million tons of MSW) recycled 34.5%. Recycling and 

composting almost 87 million tons of MSW in USA saved more than 1.1 quadrillion Btu of energy. This is 

the same amount of energy consumed by almost 10 million U.S. households in a year. On average, 

Americans recycled and composted 1.51 pounds (2.2 pounds= 1kg) out of individual waste generation 

http://www2.epa.gov/recycle
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rate of 4.38 pounds per person per day [http://www.epa.gov/solidwaste/nonhaz/ municipal/pubs/ 

2012_msw_fs.pdf]. Recycling in Australia has grown over the past 20 years. It is estimated that 

recycling in 2002–03 accounted for 30% of MSW, 44% of commercial and industrial waste generated 

and 57% of construction and demolition waste generated. Waste recovered in Australian municipalities 

for recycling in 2002–03 was reaching approximately 50%. In the 2008-09 the recycling increased to 50-

60% depending for most of paper, glass, aluminum cans, metals.
82,83

 

Statistical data for recycling of MSW in developing countries is not very reliable. Recycling 

statistics focus on paper, plastic, glass and metals. Overall recycling for Brazil of MSW is estimated at 

20-49% (for four recyclable materials : paper 30%, plastic 20%, glass 20% and metals 49%), in India 

recycling of MSW is estimated in the range of 13-20%, China recycling is in the range of 7-10%, Turkey 

25-30%, Thailand 14-30%, Phillipines 13%, Vietnam 13-20%.
84

 

The overall recycling rate of municipal waste in the 27 member states of EU in 2007 was 18%, 

but through new legislative pressure from the European Union increased around 36% in 2012. The 

European Environment Agency (Copenhagen) published a statistical diagram for the total recycling of 

municipal waste stated in percentage of the generated amount for 2001 and 2010. Total recycling 

includes material recycling as well as composting and digestion of bio-waste. 

[http://www.eea.europa.eu/data-and-maps/figures/municipal-waste-recycling-rates-in]. Denmark, 

Finland, Sweden, Norway and Austria recycled MSW at a rate of 45-50% in 2001. In 2010 recycling 

increased to 55-60% in Austria, Germany, Belgium, Sweden and Denmark. In some countries such as 

Greece, Portugal, Cyprus, Poland, etc, recycling of MSW is much lower, at around 20%. 

 

Figure 13. Total recycling (including composting and digestion of bio-waste) of municipal waste in the 
European countries in 2001 (green line) and 2010 (orange line). 
 

The European Commission has adopted proposals to turn Europe into a more circular 

economy. It hopes to boost the recycling of municipal solid waste to 70% by 2030 and ban the landfilling 

of recyclable material by 2025. The Target Should be Zero Waste. Waste management in Europe has 

improved considerably in the last years. Recycling rates for MSW have more than doubled in the area of 

the EU plus Norway and Switzerland, going from 17 % of municipal waste recycled or composted in 

1995 to 38 % in 2010. Recycling already covers a large share of EU consumption of certain materials, 

especially paper and cardboard, iron and steel, but is below 10% for others such as copper, concrete 

and plastics. Revenues from recycling are just as substantial and fast-growing. According to a report 

http://www.epa.gov/solidwaste/nonhaz/%20municipal/pubs/%202012_msw_fs.pdf
http://www.epa.gov/solidwaste/nonhaz/%20municipal/pubs/%202012_msw_fs.pdf
http://www.eea.europa.eu/data-and-maps/figures/municipal-waste-recycling-rates-in
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from the European Environment Agency (EEA), the turnover of seven main categories of recyclables 

almost doubled to more than €60 billion in the EU from 2004 to 2008.  

  
 

Figure 14. The Zero Waste movement is an international campaign that has a clear and simple vision: a 

prosperous and inclusive future without waste and wasteful practices in the consumer society of the 21
st
 

century. A future without waste and toxics is a necessity for the sustainable future of our planet 

[http://www.zerowasteeurope.eu/about/principles-zw-europe/ ]. 

European countries produce, approximately, 16 tones of material per person per year of which 

6 tones become waste. Although the management of that waste continues to improve in the EU and 

other countries, recycling of MSW for useful materials is still lacking and the economy loses a significant 

amount of potential 'secondary raw materials' such as metals, wood, glass, paper and other raw 

materials which are produced from petroleum, mining products, etc.
85

 

The latest statistics showed that 42% of MSW in the 32 member states of EU was recycled or 

composted in 2012 (data published by the European Commission in 25/3/ 2014). One of the countries 

with the highest performance in recycling if the United Kingdom, that increased substantially its share of 

recycling of MSW (not including composting) to 46%, one of the highest rate in the EU. 

[http://www.letsrecycle.com/news/latest-news/eu-recycled-42-of-municipal-waste-in-2012/ ]. 

 

  

Figure  15. Recycling of municipal solid waste through a ―circular economy‖, by reusing, repairing and 
recycling old materials, packaging and consumer products is the only way forward for sustainable 
management. It is estimated that additional 500 million tones of MSW every year can be recycled in the 
EU countries.  

 

The EU is working towards a "circular economy" in Europe, in which reusing, repairing and 

recycling materials is the norm - instead of extracting raw materials, using them once and discarding 

them. It is estimated that more than 500 million tones of MSW and industrial waste that could have been 

reused or recycled were instead landfilled or burned in Europe. Making the most of our resources could 

boost EU competitiveness on the global stage and reduce its reliance on increasingly scarce and 

expensive raw materials. The European Commission in Brussels released a press statement (2/7/2014) 

http://www.zerowasteeurope.eu/about/principles-zw-europe/
http://www.letsrecycle.com/news/latest-news/eu-recycled-42-of-municipal-waste-in-2012/
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that ―Higher recycling targets to drive transition to a Circular Economy with new jobs and sustainable 

growth‖ The Commission adopted proposals to turn Europe into a more circular economy and boost 

recycling in the Member States. Achieving the new waste targets would create 580,000 new jobs 

compared to today's performance, while making Europe more competitive and reducing demand for 

costly scarce resources. The proposals also mean lower environmental impacts and reduced 

greenhouse gas emissions. The plans ask Europeans to recycle 70 % of municipal waste and 80 % of 

packaging waste by 2030, and ban burying recyclable waste in landfill as of 2025. The Commission also 

included a target for reducing marine litter along with food waste reduction objectives 

[http://europa.eu/rapid/press-release_IP-14-763_en.htm ]. 

 

Recycling of Plastic Solid Waste 

 

Plastic solid waste presents the greatest challenges for recycling but also contains great 

opportunities for reducing the volume of MSW and provide its sustainable management. A recent review 

on plastic recycling put special emphasis on waste generated from polyolefinic sources, which makes up 

a great percentage of our daily single-life cycle plastic products. There are 4 different routes of plastic 

solid waste treatment for recovery: primary (re-extrusion), secondary (mechanical), tertiary (chemical) 

and quaternary (energy recovery) schemes and technologies: a) Primary recycling involves the re-

introduction of clean scrap of single polymer to the extrusion cycle in order to produce products of the 

similar material (but rarely applied among recyclers, as recycling materials rarely possess the required 

quality).  b) The various waste products, consisting of and scrap) are the feedstock of secondary 

techniques, reduced in size to a more desirable shape and form, such as pellets, flakes or powders, c) 

Tertiary treatment schemes have contributed greatly to the recycling status of plastic solid waste in 

recent years. Advanced thermo-chemical treatment methods cover a wide range of technologies and 

produce either fuels or petrochemical feedstock. Non-catalytic thermal cracking (thermolysis) is 

receiving renewed attention, due to the fact of added value on a crude oil barrel and its very valuable 

yielded products, d) Energy recovery was found to be an attainable solution to plastic waste in general 

and municipal solid waste (MSW) in particular. Although primary and secondary recycling schemes are 

well established and widely applied, it is concluded that many of the plastic solid waste tertiary and 

quaternary treatment schemes appear to be robust and worthy of additional investigation.
86

 

Plastics cracking, is a process developed to recycle plastic wastes into useful petrochemical 

materials. Under thermal cracking conditions, plastic wastes can be decomposed into three fractions: 

gas, liquid and solid residue. The liquid products are usually composed of higher boiling point 

hydrocarbons. By adopting customary fluid cracking catalysts and reforming catalysts, more aromatics 

and naphthenes in the C6–C8 range can be produced, which are valuable gasoline-range 

hydrocarbons.
87

  Pyrolysis of plastic waste can be an alternative for the reclamation of rejected packing 

and packaging plastic waste. These rejected plastic can be different materials [ (e.g., polyethylene (PE), 

polypropylene (PP), polystyrene (PS), polyvinyl chloride (PVC), polyethylene terephthalate (PET), 

acrylonitrile butadiene styrene (ABS), aluminum, tetra-brik, and film)], for which an attempt at complete 

separation is not technically possible or economically viable, and they are typically sent to landfills or 

incinerators. A study used a simulated plastic mixture and a real waste sample from a sorting plant were 

pyrolyzed using a non-stirred semi-batch reactor. Red mud, a byproduct of the aluminum industry, was 

used as a catalyst.
88 

Various efficient methods of plastic recycling have been published in the last 

decade.
89 

 Plastics from waste electrical and electronic equipment have been an important 

http://europa.eu/rapid/press-release_IP-14-763_en.htm
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environmental problem because these plastics are PVC and contain toxic halogenated flame retardants 

which may cause serious environmental pollution (formation of dioxins and furans) during treat 

processing. Pyrolysis has been proposed as a viable processing route for recycling the organic 

compounds and turn plastic waste into fuels and chemical feedstock. Dehalogenation procedures are 

also necessary during treat process, because the oils collected in single pyrolysis process may contain 

numerous halogenated organic compounds, which would detrimentally impact the reuse of these 

pyrolysis oils. Zeolite or other type of catalyst can be used in the pyrolysis process for removing 

organohalogens.
90

 

 

 

Figure 16. Plastic materials are categorized in numbers 1-7, the number represents the resin 

identification code associated with the type of plastic used and indicates the item‘s ability to be recycled 

In the 21
st
 century with increasing global resource scarcity, municipal solid waste (MSW), 

especially plastics, becomes a resource that can be managed globally to offer raw materials. A reverse 

supply chain network for waste recycling needs to process all the waste with minimum costs and 

environmental impact. Recycled plastic can be used in industrial manufacturing to partly replace virgin 

plastics. The basic raw material for plastic is naphta, a distilled fraction from crude oil. Common ‗second 

life‘ applications for recycled plastic packaging materials include fleece clothing, strapping, sewage 

pipes, flower pots, bins, pallets, kerbstones, garden furniture, etc. Driven by the huge demand for 

recycled material in the manufacturing sector in the Far East, much waste is exported there, even under 

strict restrictions of waste trading from both Europe and Far East countries. The application of recycled 

plastics instead of virgin plastics makes product manufacturers more competitive and hence, China 

drives the global waste trade. 200,000 tones of plastic waste from Europe are exported to China each 

year for recycling. The packaging waste directives 94/62/EU and 2004/12/EU demand that European 

countries collect and recycle 22.5% of the plastic packages that are placed on their markets. Some 

developed countries trade all to the Far East, while other countries recycle a part themselves and trade 

the rest. For example, the Netherlands has a recycling target of 42% in 2012 to 52% in 2022 for plastic 

packaging waste.
91,92

 

 

Municipal and industrial waste of aluminium (Al) and alumina (Al2O3) recycling  

Aluminium recycling from MSW is one of the most efficient way to reduce waste and reuse 

valuable raw material again and again. Products and waste  from aluminium can be reused simply by re-

melting the metal, which is far less expensive and energy intensive than creating new aluminium 

through the electrolysis of aluminium oxide (Al2O3), which must first be mined from bauxite ore and then 

refined using the Bayer process. Recycling scrap aluminium requires only 5% of the energy used to 

make new aluminium. In the USA 30% of all aluminium produced comes from recycled scrap. Used 

beverage containers (aluminum cans) are the largest component of processed aluminum scrap. 

http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Electrolysis
http://en.wikipedia.org/wiki/Aluminium_oxide
http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Bauxite
http://en.wikipedia.org/wiki/Bayer_process
http://en.wikipedia.org/wiki/Recycling
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Aluminum is one of the most recycled -- and most recyclable -- materials on the market today. Nearly 

75% of all aluminum produced in developed countries (including the USA). is still in use today. 

Aluminum can be recycled over and over again without any loss to quality. In fact, an aluminum 

beverage container can be recycled and then can go back on the shelf in 60 days 

[http://www.aluminum.org/industries/production/recycling]. In the EU27 more than 50% of all the 

aluminium produced originates from recycled raw materials and used consumer products (cans) and 

that trend is on the increase. 

In 2004, approximately 11.4 million tones of aluminium were used for the production of 

fabricated goods in the EU. Primary aluminium production in the EU currently amounts to just 3 million 

tones. This in fact means that, without aluminium recycling, the EU would have to import about 8.4 

million tones of primary and recycled aluminium to meet requirements. Primary aluminium production in 

the rest of Europe yields a further 2.2 million tones. The EU countries despite the Al recycling still 

depend considerably on aluminium imports. In 2004, the EU produced 4.5 million tonnes of ingots for 

aluminium castings, wrought aluminium and deoxidation aluminium from aluminium scrap [ European 

Aluminium Association. Aluminium Recycling in Europe. The Road to High Quality Products, 

http://www.alueurope.eu/wp-content/uploads/2011/08/Aluminium-recycling-in-Europe-2007.pdf ]. 

The aluminium industry in developed countries actively is involved in providing collection and 

recycling of aluminium (Al) and aluminum (Al2O3) scrap. In Europe among the municipal waste 

aluminium waste has one of the highest recycling rates. It is ranging from 63% in beverage cans to more 

than 90% in building, construction, automotive and transportation materials. The aluminium industry is 

constantly investing and researching in active collection and sorting improvements of aluminium 

products for recycling [ http://www.alueurope.eu/eu-policies/recycling/   ]. 

 

 
 

Figure 17.  In the USA every year nearly $1 billion worth of aluminum cans are thrown away. In the 

EU27 beverage cans are recycled at 63%, more than 90% construction and vehicular products, and  

more than 50% of aluminium produced in Europe originates from recycled raw aluminium materials. 

 

Automotive recycling industry and end-of-life vehicles  

Automotive ownership worldwide exceeded 1 billion units in 2010 (it is estimated to reach 2.4 

billion by 2050). The EU and USA have 50% of motorcars (270 and 240 million respectively), China 

reached 100 million cars in 2012 with a substantial increase in production and ownership in the last 

years. It is estimated that 15 million motorcars are deregistered every year worldwide and 40 millions 

reach the end-o-life vehicle (ELV) with recycling rates at 75%-90% in developed countries. Other 

statistics showed that each year 27 million cars around the world that reach the end of their useful life 

are recovered for recycling.
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The total number of end-of-life vehicles reported in the 27 member-states of EU, from 6.3 million 

in 2008 increased to 9.0 million in 2009. In the last decade, approximately 14-15 million vehicles reach 

the end of their use each year in just the United States. In the USA, the automotive recycling industry is 

the 16
th
 largest industry, estimated to be a $25 billion per year. There are approximately 7,000 vehicle-

recycling operations in the USA. Recycling vehicles provides enough steel to produce almost 13 million 

new automobiles, while generating jobs for 46,000 people [available at : AutoAlliance .Driving 

Innovation. Automotive Recycling . You Car’s Afterlife. A Look at the Automotive Recycling Industry, 

USA, http://www.erie.pa.us/pdf/recycling/FactSheetAutoRecyclingFacts.pdf, accessed 27.2.2015 ]. 

Recycling of cars involve a series of collection and transport into specialized yards for 

dismantling. Once dismantled, the vehicle is compacted and then sent through a shredder where 

fragments are sorted magnetically into ferrous (steel and iron) and non-ferrous materials (metals include 

aluminum, magnesium, copper, brass and zinc). The removed metal, roughly 75% of a vehicle, is then 

mixed with new metal before returning to manufacturers for reuse. In 2004 over 14.5 million tons of steel 

was recycled and reused from end-of-life vehicles only the USA. The metal removed is reused for such 

things as a new vehicle‘s chassis and engine. Auto dismantlers also remove recyclable fluids and 

materials. Recyclable materials are typically batteries, catalytic converters, tires and plastics. These 

materials are recycled into a variety of new consumer products. Recycling plastics from an end-of-life 

vehicle is a growing part of the recycling industry. Salvaged plastic bumpers become new bumper 

reinforcements in the recycling process for Ford Motor Company. Toyota has recovered and recycled 

bumpers into new bumpers for new cars [USA, Automotive Recyclers Association, www.a-r-a.org ]. 

  

Figure 18. Recycling of used motorcars has become a big industry in most developed countries and 

provides millions of iron, steel, non-ferrous minerals, plastic and other materials for the motor industry.  

Recycling of motorcar tyres 

It is estimated that more than 1 billion motorcar and other vehicular tyres (or tires) are 

discarded annually worldwide. More than half of the used tyres are burned for their fuel value. Germany 

for example burns 55% of tyres for fuel. Tires are not desired waste for landfills due to their large 

volumes and 75% void space. The most noticeable problem associated with large tyre piles is the fire 

hazard they present. Once a tyre pile catches fire, it is very hard, if not impossible, to extinguish. In 

some instances, tyre piles have been Tyres can trap methane gases and its ‗bubbling‘ effect can 

damage landfill liners that have been installed to help keep landfill contaminants from polluting local 

surface and ground water. Shredded tyres are now being used in landfills, replacing other construction 

materials. Tyres can be recycled into hot melt asphalt and as an aggregate in portland cement. Tyres 

can also be recycled into new tyres. Old tyres can be used as strong constructive materials  in "green" 

buildings. Also, old tyres can be collected and under pyrolysis processes can be transformed into fuel 

http://www.erie.pa.us/pdf/recycling/FactSheetAutoRecyclingFacts.pdf
http://www.a-r-a.org/
http://en.wikipedia.org/wiki/Landfills
http://en.wikipedia.org/wiki/Methane
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http://en.wikipedia.org/wiki/Ground_water
http://en.wikipedia.org/wiki/Asphalt
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gas, oils, solid residue (char), and low-grade carbon black. Recent developments in devulcanization 

promise to deal with substantial volumes of rubber tyres and convert  them into value-added materials. 

This new generation of devulcanization compounds produced from processed tyre scrap can be blended 

with virgin rubber compounds, maintaining performance while substantially reducing the raw material 

cost.
94

 

Environmental Protection Agency (EPA) in the USA, estimated that in 2003, 290 million tyres 

were generated as solid waste. The same period 80% were of motorcar  tyres were recycled or used for 

fuel, asphalt, etc.: 130 million (44%) were used as fuel, 56 million (19%) were recycled or used in civil 

engineering projects, 18 million (8%) were converted into ground rubber and recycled into various 

products, 12 million (4%) were converted into ground rubber and used in rubber-modified asphalt, 9 

million (3%) are exported and 6.5 million (2 %) were recycled into cut or stamped products. 

[http://www.epa.gov/osw/conserve/materials/tires/ basic.htm] and Rubber Manufacturers Association, 

2004. In the EU member states (2000-2001, statistics from the European Tyre Recycling Association, 

ETRA)  a total of 2.5 million tones of old tyres were used as fuel or recycled : 23% were used for energy 

generation, 30% for landfilling/stockpiling, 16% for rubber recycling, 7,5% for exports, 8% for civil 

engineering projects and 15% for miscellaneous uses [ http://www.waste-management-

world.com/articles/2003/07/scrap-tyre-recycling.html ].   

 
 

Figure 19. Recycling of tyres in developed countries  has increased and a high proportion of used tyres 
are being recycled reducing resource use and the threat to environment. Almost 50% of used tyres are 
used as fuel for energy production. 
 

A number of EU Directives are expected to significantly impact on the way scrap tyres are 

disposed of in the coming decade. The three most important legislative changes are discussed briefly 

below. 

Landfill Directive (1999/31/EC). The Landfill Directive will have a significant impact on the manner in 

which tyres are disposed of in Europe, and new routes of disposal will have to be found for at least 30% 

of newly generated scrap tyres. In some Southern European countries such as Greece, Portugal and 

Spain where most (if not all) scrap tyres are currently landfilled, this law will have a dramatic impact. 

End-of-Life Vehicle (ELV) Directive (2000/53/EC).  Ratified by the EU Member States in 2002. Its 

objective is to reduce the amount of waste generated by vehicles, and to facilitate reuse and recycling of 

end-of-life vehicles. By 2006, at least 85% of an ELV by weight has to be reused or recovered, and by 

2015 this percentage will increase to 95%. 

Waste Incineration Directive (2000/76/EC). The Waste Incineration Directive was adopted into national 

law in the EU Member States in 2002, with the aim of preventing or limiting emissions from incineration 

and co-incineration of waste. The Directive sets more stringent emission standards for a number of 

pollutants including dust, HCl, HF, NOx, dioxins and heavy metals. Since thermal recovery in cement 

http://en.wikipedia.org/wiki/Carbon_black
http://www.epa.gov/osw/conserve/materials/tires/%20basic.htm
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kilns and power plants is one important route for disposal of scrap tyres, the Waste Incineration 

Directive may compel some current users of tyre-derived fuel to refurbish their emission control 

systems. Although this Directive is not thought to have a significant impact on the incineration or co-

incineration of waste tyres, scrap tyre pyrolysis and gasification operations may not be able to meet the 

set criteria for minimum operating temperatures and total organic content (TOC) in the bottom ash. 

 

Recycling of electrical and electronic equipments  

 
Although it is very difficult to calculate the total numbers of electrical and electronic items 

produced every year at a global scale, the amount of electronic and electrical equipment waste 

projected to be generated globally is estimated at 70 millions of tones of e-waste are disposed 

worldwide every year. Cell phones and other electronic items contain high amounts of precious metals 

like gold or silver. Americans dump phones containing over $60 million in gold/silver every year. Only 

12.5% of e-waste is currently recycled [ https://www.dosomething.org/facts/11-facts-about-e-waste ]. 

In recent years only in the USA 100 million cell phones are thrown away as trash. According to 

EPA in the USA every year 41 million desktops and laptops are discarded, 20 million television sets. 

Also, it is estimated that only 13% of electronic waste are recycled every year [EPA data from ―Municipal 

Solid Waste Generation, Recycling and Disposal in the United States, 2012,‖ Feb 2014, 

http://www.epa.gov/epawaste/nonhaz/municipal/pubs/2012_msw_dat_tbls.pdf ]. 

 

 

 

Figure 20. 70 million tones of electrical and electronic waste are produced every year at a global scale. 

 

 A recent United Nations report suggests that in some countries, production of Waste Electrical 

and Electronic Equipment (mobile phones, computers, TVs, electrical items) could rise by as much as 

500% over the next decade. The report notes that China already produces about 2.3 million tones of e-

waste domestically each year, second only to the USA  with about 3 million tones, while it remains a 

major dumping ground for developed countries despite having banned e-waste imports [United Nations 

(22/2/2010, ―As e-waste mountain soar, UN urges smart technologies to protect health, UN-DPI/NMD-

UN News Service Section, http://www.un.org/apps/news/story.asp?NewsID=33845&Cr=waste&Cr1#. 

VPRWv3ysWZ ]. 

Electrical and electronic equipment and smaller items  are fridges, cookers, microwaves, 

washing machines, dishwashers, vacuum cleaners, irons, toasters, clocks, personal computers, printers, 

copying equipment, telephones and pocket calculators, batteries, drills, smoke detectors, thermostats 

and heating regulators etc). Millions of tones are discarded every year in the majority of developed and 

developing countries. It is estimated that 2 million tones of electrical and electronic equipment are 

discarded by householders and companies in the UK. Recycling of Waste Electrical and Electronic 

Equipments (WEEE) is a specialist part of the waste and recycling industry. 

https://www.dosomething.org/facts/11-facts-about-e-waste
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The Waste Electrical and Electronic Equipment Directive (WEEE Directive) is the European 

Community directive 2012/19/EU on waste electrical and electronic equipment(WEEE) which, together 

with the RoHS Directive 2002/95/EC (Restriction of Hazardous Substances in Electrical and Electronic 

Equipment)  became European Law in February 2003. The new RoHS Directive 2011/65/EU (RoHS 2) 

entered into force on 21 July 2011 and requires Member States to transpose the provisions into their 

respective national laws by 2 January 2013. The WEEE Directive set collection, recycling and recovery 

targets for all types of electrical goods, with a minimum rate of 4 kilograms per head of population per 

annum recovered for recycling by 2009. The RoHS directive puts restriction for toxic substances used in 

electrical and electronic equipments. 

 

Recycling of municipal solid waste, motorcars, tyres and electronic items in Greece 

 
Recycling of MSW in Greece in the last decade increased very slowly from 10% in 2001 to 

20% in 2010 but will need to make an exceptional effort in order to fulfil the 50 % recycling target of the 

Waste Framework Directive by 2020. Greece at present has 25 centres for recycling of materials and 

sorting MSW, 5 units for mechanical waste sorting and compost production, 7 units of WEEE 

recycling.
95,96

 

Athens has an organized Blue Recycling Bins system to recycle MSW. More than 4,000 blue 

recycling bins have been put in place throughout the Athens Municipality. Various types of recyclable 

packaging items can be placed in these bins (eg aluminum cans, glass, plastic, metals and cardboard 

boxes). Recycled materials are collected from these bins daily. They are emptied using special vehicles 

and the materials are taken to the Recycled Item Sorting Centre (Ano Liosia), where they are sorted and 

forwarded for recycling. Recycling of electrical appliances and electronic goods is performed in 

collaborating with an approved electrical goods recycling operator. It has already begun to recover such 

goods and forward them for recycling. Citizens can call 1960 and make arrangements to deposit 

electrical items at a specific time and place, so that municipal staff can then collect them. Appliances 

Recycling S.A (Σπγγξνύ 196 & Φαξνθόπνπ 2, 17671 Καιιηζέα, www.electrocycle.gr, 

info@electrocycle.gr ). is the official collective system for the Alternative Management of the Waste of 

Electrical and Electronic Equipment (WEEE) in Greece. The WEEE recycling cost is financed by 

producers and importers of E/E items based on the product volumes they market in Greece. 

 

 
 

Figure 21. Recycling of municipal waste in Greece is at 20% and need to be expanded to 50% by 2020. 
The system is poor at present as the infrastructure is not in place for regular collection from villages and 
rural areas. Much needs to be done on encouraging the local population to recycle, but given time and 
education, there is the potential for good progress. 
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Paper recycling.  Athens provides paper recycling bins for interior spaces of public and private 

entities, at no cost. Bell-shaped paper and cardboard collection bins. A total of 158 yellow, bell-shaped 

printed paper and paper packaging collection bins (3.3 m
3 

capacity) have been placed throughout the 

city. It is estimated some 550tonnes of paper will be deposited in them on an annual basis. Recycling of 

old vehicles. Athens and the big cities in Greece are cooperating with approved old vehicle recycling 

operator. Municipalities collect abandoned vehicles for recycling. Recycling of oil products.  Athens re 

covers oil products from its mechanical equipment and forwards them for recycling to an approved 

operator. Recycling of car tyres. Athens municipality collects used motorcar tyres and forwards them for 

recycling to an approved recycling company. 

 

 

References 

1. Worldwatch Institute, Global Municipal Solid Waste Continues to Grow (Dec. 2014), New York,   
[http://www.worldwatch.org/global-municipal-solid-waste-continues-grow-0 ] 

2. Hoornweg D; Bhada-Tata P. What a Waste : A Global Review of Solid Waste Management. 
World Bank publications, Washington, DC., 2012.  
[ https://openknowledge.worldbank.org/handle/10986/17388  License: CC BY 3.0 IGO   ]. 

3. U.S. EPA. Municipal Solid Waste Generation 2012. Recycling and Disposal in the United States. 
Facts and Figures. Environmental Protection Agency, Washington DC, 2014. 

4. Burnley S J.  A review of municipal solid waste composition in the United Kingdom. Waste 
Managem 27(1):1274-1285, 2007. 

5.  Zhang DQ, Tan SK., Gersberg RM. Municipal solid waste management in China: Status, 
problems and challenges. J Environ Manage 91(8):1623-1633, 2010. 

6. Hoornberg D. Municipal Solid Waste: global trends and the World Bank portfolio.  (Faculty of 
Energy Systems University of Ontario Institute of Technology), February 2013. 
[https://einstitute.worldbank.org/ ei/sites/default/files/Upload_Files/Hoornweg_WaW_2-5-13.pdf]. 

7. Vergara SE, Tchobanoglous G. Municipal Solid Waste and the Environment: A Global 
Perspective. Ann Rev Environ Resour 37: 277-309, 2012. 

8. Environmental Protection Agency. US MSW EPA, 2011. Municipal Solid Waste Generation, 
Recycling, and Disposal in the United States: Facts and Figures for 2010. United States 
Environmental Protection Agency, Solid Waste and Emergency Response (5306P), Washington, 
DC 20460, EPA-530-F-11-005, December 2011. 

9. U.S. Environmental Protection Agency Municipal Solid Waste Generation, Recycling, and 
Disposal in the United States: Facts and Figures for 2012. US EPA publication, 2014. (available 
at http://www.epa.gov/solidwaste/nonhaz/municipal/pubs/2012_msw_fs.pdf) (accessed 
15.12.2014). 

10. Eurostat. 2014. Municipal waste statistics. Data from March 2014. Most recent data:  Further 
Eurostat information, Main tables and Database.  [Retrieved from: 
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Municipal_waste_statistics  ]. 

11. European Environment Agency (EEA). Managing Municipal Solid Waste-A Review of 
Achievements in 32 European Countries. Report No. 2/2013. EEA, Copenhagen, 19 May 2013. .  
Luxembourg, Publication Office of the EU, 2013 (doi: 10.2800/71424). 

12. EEA, 2009, Diverting waste from landfill — Effectiveness of waste-management policies in the 
European Union, European Environment Agency, Copenhagen, Report No 7/2009,  

13. Μπνπξηζάιαο AX, Θέκειεο NI, Καινγήξνπ E. Πνηνηηθή ζύζηαζε  Αζηηθώλ Σηεξεώλ Απνβιήησλ  
αλά Πεξηθέξεηα , 2011, Earth, Engineering Center, Columbia University. 2012.  Δηήζηα 
παξαγσγή ΑΣΑ (Kg/capita) ζηελ Διιάδα θαη ζηελ Δ.Δ. (JESSICA, Instruments for Solid Waste 
Management in Greece, EUROCONSULTANTS, EPTA, 2010), 2010. 

14. Νηαξάθαο Δ. Γηαρείξηζε ζηεξεώλ απνβιήησλ. Α.Π.Θ. Τκήκα Πνιηηηθώλ Μεραληθώλ, Τνκέαο 
Υδξαπιηθήο θαη Τερληθήο Πεξηβάιινληνο. Θεζζαινλίθε, Ηαλνπάξηνο 2014  
[http://users.auth.gr/darakas/Solid_Waste.pdf ]. 

15.  Papachristou E, Hadjianghelou H, Darakas E
,
,  Alivanis K, . Belou A,  Ioannidou D,, et al. 

 Perspectives for integrated municipal solid waste management in Thessaloniki, Greece. Waste 
Manage 29(3):1158-1162, 2009. 

16. Komilis DP, Haritopoulos T, Togia A. Municipal solid waste unit production rates and estimation 
of the required number of waste storage containers in the municipality of Athens.  Globa;l Nest J 
9(1):1-5, 2007.   

http://www.worldwatch.org/global-municipal-solid-waste-continues-grow-0
https://openknowledge.worldbank.org/handle/10986/17388
http://www.sciencedirect.com/science/article/pii/S0301479710000848
http://www.sciencedirect.com/science/article/pii/S0301479710000848
http://www.sciencedirect.com/science/article/pii/S0301479710000848
https://einstitute.worldbank.org/%20ei/sites/default/files/Upload_Files/Hoornweg_WaW_2-5-13.pdf
http://www.epa.gov/solidwaste/nonhaz/municipal/pubs/2012_msw_fs.pdf
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Municipal_waste_statistics#Further_Eurostat_information
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Municipal_waste_statistics#Further_Eurostat_information
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Municipal_waste_statistics#Further_Eurostat_information
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Municipal_waste_statistics
http://users.auth.gr/darakas/Solid_Waste.pdf
http://www.sciencedirect.com/science/article/pii/S0956053X0800161X
http://www.sciencedirect.com/science/article/pii/S0956053X0800161X
http://www.sciencedirect.com/science/article/pii/S0956053X0800161X
http://www.sciencedirect.com/science/article/pii/S0956053X0800161X
http://www.sciencedirect.com/science/article/pii/S0956053X0800161X


 

33 

 

17. Hellenic Solid Waste Management Association (Διιεληθή Δηαηξεία Γηαρείξηζεο Σηεξεώλ 
Απνβιήησλ, ΔΔΓΣΑ), Γηαρείξηζε Σηεξεώλ Αζηηθώλ Απνβιήησλ. 2010.  
[http://www.eedsa.gr/default.aspx?lang=en ]. 

18. Ministry for the Environment, Energy and Climatic Change (YPEKA), Γηεκεξίδα. Οινθιεξσκέλε 
θαη Βηώζηκε Γηαρείξηζε Σηεξεώλ Απνβιήησλ. Αζήλα 2-3/4/2012  
[http://www.epperaa.gr/elibrary/YPEKA-DIHMERIDA-2-3_4-eng.pdf ]. 

19. Tsompanidis Ch, Lolos G, Fragkakis P. 2
nd

 International Conference on Sustainable Solid Waste 
Management ―Greek Waste Prevention Programme: A Challenge on the Way to Zero Waste 
Economy‖. Athens, 13/6/2014 [ http://www.athens2014.biowaste.gr/pdf/tsompanidis_pr.pdf ]. 

20. Greek Society for the Management of Solid Waste.  4o
 

Σπλέδξην ηεο Διιεληθήο 
Δηαηξείαο Γηαρείξηζεο Σηεξεώλ Απνβιήησλ (ΔΔΓΣΑ) κε ζέκα «Γηαρείξηζε Σηεξεώλ Απνβιήησλ 
ζε θξίζε- Νέεο πξνθιήζεηο θαη  πξννπηηθέο». Athens, National Technical University, 30/11-1/12, 
2012. 

21. Hellenic Recovery Recycling Corporation (HERRCO). Municipal Solid Waste in Greece (in 

Greek), Athens, 2012. [http://www.herrco.gr/default.asp?siteID=1&pageID=3&langID=1] . 

22. Ministry of Environment, Energy and Climate Change (YPEKA), 2012, ‗Waste Legislation‘ (in 

Greek)  [http://www.ypeka.gr/Default.aspx?tabid=437&language=el-GR].  

23. Bakas I, Milios L. Municipal Waste Management in Greece. Copenhagen Resource Institute. 

European Environment Agency publication, ETC/SCP, February, Copenhagen, 2013. 

24. European Investment Bank (EIB) , 2010, ‗EIB Study: JESSICA instruments for SWM in Greece: 
Final Report - Part 1: Analysis of Solid Waste Management in Greece, 2010.‘ 
[http://www.eib.org/attachments/documents/jessica-instruments-for-solid-waste-management- 
ingreece-en.pdf ]. 

25. Karak T, Bhaghat RM, Bhattacharyya  P.
. 
Municipal Solid Waste Generation, Composition, and 

Management: The World Scenario. Critical Reviews in Environ Sci Technol. 42(15):1509-1630, 
2012. 

26. Minghua Z, Xiumin F, Rovetta A, Qichang H, Vicentini F, et al. Municipal solid waste 
management in Pudong New Area, China. J Waste Manage  29: 1227–1233, 2009. 

27. Sujauddin M. Huda MS, Rafiqul Hoque, ATM.  Household solid waste characteristics and 
management in Chittagong, Bangladesh. J Waste Manage  28: 1688–1695, 2008. 

28. Burntley SJ. A review of municipal solid waste composition in the United Kingdom. J Waste 
Manage 27 (10): 1274–1285, 2007. 

29. Eriksson O, Varlsson R, Frostell B, Bjorklund A, et al. Municipal solid waste management  from a 
systems perspective. J Cleaner Prod 13(3):241-152, 2005.  

30. Pires A, Martinho G,  Chang N-B. Solid waste management in European countries: A review of 
systems analysis techniques. J Environ Manage  92(4):1033-1050, 2011. 

31. Prakash SP. Trends in Solid Waste Management. Issues, challenge and opportunities. 
International Consultative Meeting on Expanding Waste Management Services in Developing 
Countries, 18-19/3/20910, Tokyo, Japan  under United National Environment Programme, 
Division of Technology, Industry and Economics International Environmental Technology Centre 
[http://81.47.175.201/flagship/attachments/ UNEP_Waste.pdf ]. 

32. Bartone CB, Bewrnstein JD  Improving municipal solid waste management in third world 
countries. Resourc Conserv Recycl  6(1-2):43-54, 1993. 

33. Dong, Jong-In. Recent activities to enhance waste resources recycling in Korea. In: Proceedings 
of the Second Expert Meeting on Solid Waste Management in Asia and Pacific Islands in 
Kitakyushu, Japan, November 23–24, 2006. 

34. Ziyang  L, Youncai Z, Xiaoli C, Dongjie N. Sustainable landfill of municipal solid waste. Chinese J 
Environ Engin 01-2007. 

35. Xiaoli C, Shimaoka T, Xianyan C, Qiang G, Youcai Z. Characteristics and mobility of heavy 
metals in an MSW landfill : implications in risk assessment and reclamation. J Hazard Mater 
1244:485-491, 2007. 

36. Assamoi B,  Lawryshyn Y. 
 
The environmental comparison of landfilling vs. incineration of MSW 

accounting for waste diversion. Waste Manage 32(5):1019-1030, 2012. 

37.  Brunner CR, Hazardous Waste Incineration, 2nd Edition, McGraw-Hill, New York, 1994. 

38. Chamdler AJ, Elghmy TT, Hartlen J, et al. (Eds). Municipal Solid Waste Incinerator Residues. 
Studies in Environmental Science 67, Elsevier, Amsterdam, 1997. 

39. Brereton C. Municipal solid waste-incineration, air pollution control and ash management. 
Resourc Conserv Recycl 16(1-4):227-264, 1996. 

40. The World Bank. Decision Maker’s Guide to Municipal Solid Waste Incineration. WB publication, 
Washington DC, 1999. 

41. Themelis, NJ. An overview of the global waste-to-energy industry. Waste Manage World: 40–47, 
2003. 

http://www.eedsa.gr/default.aspx?lang=en
http://www.epperaa.gr/elibrary/YPEKA-DIHMERIDA-2-3_4-eng.pdf
http://www.athens2014.biowaste.gr/pdf/tsompanidis_pr.pdf
http://www.herrco.gr/default.asp?siteID=1&pageID=3&langID=1
http://www.ypeka.gr/Default.aspx?tabid=437&language=el-GR
http://www.eib.org/attachments/documents/jessica-instruments-for-solid-waste-management-%20ingreece-en.pdf
http://www.eib.org/attachments/documents/jessica-instruments-for-solid-waste-management-%20ingreece-en.pdf
http://www.sciencedirect.com/science/article/pii/S0956053X07002255
http://www.sciencedirect.com/science/article/pii/S0956053X07002255
http://www.sciencedirect.com/science/article/pii/S0301479710004275
http://www.sciencedirect.com/science/article/pii/S0301479710004275
http://www.sciencedirect.com/science/article/pii/S0301479710004275
http://www.sciencedirect.com/science/article/pii/S0301479710004275
http://www.sciencedirect.com/science/article/pii/S0301479710004275
http://81.47.175.201/flagship/attachments/%20UNEP_Waste.pdf
http://www.sciencedirect.com/science/article/pii/S0956053X1100482X
http://www.sciencedirect.com/science/article/pii/S0956053X1100482X
http://www.seas.columbia.edu/earth/papers/global_waste_to_energy.html


 

34 

 

42. Department of Environment, Food and Rural Affairs (DEFRA). Incineration of Municipal Solid 
Waste, Defra publications, York, UK, February 2013. 

43. McKay G. Dioxin characterisation, formation and minimisation during municipal solid waste 
(MSW) incineration: review. Chem Engin J 86(3):343-368, 2002. 

44. Hitres RA. Dioxins : an overview and history. Environ Sci Technol  45:16-20, 2011. 

45. Environmental Protection Agency (EPA) EPA's Reanalysis of Key Issues Related to Dioxin 
Toxicity. US EPA, Washington DC, February 2012. 

46. Federal Ministry for Environment (Germany). Waste incineration – A potential danger? Bidding 
farewell to dioxin spouting". Federal Ministry for Environment, Nature Conservation and Nuclear 
Safety. Berlin, Sept., 2005. 

47. Tilman DA, Rossi AJ, Vick KM. Incineration of Municipal and Hazardous Solid Wastes. Academic 
Press, London, 1989. 

48. Ludwig C, Hellweg S, Stucki S (Eds). Municipal Solid Waste Management. Strategies and 
Technologies for Sustainable Solutions. Springer-Verlag, Berlin, Heidelberg, 2003. 

49. Nouwen J,  Cornelis C,  De Fré R,  Wevers M, et al. Health risk assessment of dioxin emissions 
from municipal waste incinerators: the Neerland quarter (Wilrijk, Belgium). Chemosphere  43(4-
7):909-923, 2001.  

50. Vilarest L, Nadal M, Schuhmacher M, Domingo JL. Long term monitoring of dioxins and furans 
near a municipal solid waste incinerator: human health risks. Waste Manage Res 22.6.2012 :1-9, 
on line. 

51. Committee on Health Effects of Waste Incineration, Board on Environmental Studies, Toxicology 
National Research Council. Waste Incineration and Public Health. Washington: National 
Academies Press, Washington DC, 2000. [http://www4.nationalacademies.org/ 
news.nsf/isbn/030906371X?OpenDocument]. 

52. Health Protection Agency (HPA). ―Position statement on incinerators". Health Protection Agency. 
Didcot, Oxfordshire, UK, September 2009. 

53. Health Protection Agency (HPA). Impact on Health of Emissions to Air from Municipal Waste 
Incinerators. Advice from HPA. REC-13., Documents of the HPA: Radiation, Chemicals and 
Environmental Hazards, Chilton, Didcot, Oxfordshire, Febr. 2010. 

54. Department of Environment Food and Rural Affairs (DEFRA). Review of Environmental and 
Health Effects of Waste Management: Municipal Solid Waste and Similar Wastes. Enviros 
Consulting Ltd., University of Birmingham, Risk and Policy Analysts Ltd., Open University and 
Maggie Thurgood, DEFRA publications, HMSO, London, UK, 2004. 

55. Giusti L. A review of waste management practices and their impact on human health. Waste 

Manage 29(8):2227-2239, 2009. 

56. Ashworth DC, Elliott P, Toledano MB. Waste incineration and adverse birth and neonatal 

outcome: a systematic review. Environ Intern 69:120-132, 2014. 

57. Ollson CA, Knopper LD, Whitfield Aslund ML, Jayasinghe R. Site specific risk assessment of an 
energy-from-waste thermal treatment facility in Durham Region, Ontario, Canada. Part A: Human 
health risk assessment, Sci Total Environ 345-356, 2014. 

58. Ollson CA, Aslund W, Knopper LD, Dan T. Side specific risk assessment for energy from-
waste/thermal treatment facility in Durham Region, Ontarion, Canada. Part B. Ecological risk 
assessment. Sci Total Environ 466-467:245-252, 2014. 

59. Hielmar O. Disposal strategies for municipal solid waste incineration residues. J Hazard Mater 
47(1-3):345-368, 1996. 

60. Chandler AJ, Eighmy TT, Hartlen J, Hjelmar O, Kosson DS, Sawell S, Van der Sloot HA, Vehlow 
J. An international perspective on characterization and management of residues from municipal 
solid waste incineration. Summary Report of the IAWG c/o Compass Environmental Inc, 2253 
Belmont Court, Burlington, Ontario, Canada, 1994. 

61. Lam CHK,  Ip AWM, Barford JP, McKay G. Use of incineration MSW ash: a review. Sustainability 
2(7):1943-1968, 2010. 

62. Pruss A, Giroult E, Rushbrook P (Eds). Safe Management of Wastes from Health-Care Activities. 

WHO publications, Geneva, 1999. 

63. Valavanidis A, Iliopoulos N, Fiotakis K. Metal leachability, heavy metals, polycyclic aromatic 
hydrocarbons and polychlorinated biphenyls in fly and bottom ashes of a medical waste 
incineration facility. Waste Manage Res 26:247-255, 2008. 

64. Environment Agency (UK). Using Science to Create a Better Place. Perception, attitudes and 
communication: their role in delivering effective environmental regulation for municipal waste 
incineration. Science Report SC030184/SR1, Bristol, UK, April, 2009. 

65. Sora MJ, Vewntosa IP. Incineration Overcapacity and Waste Shipping in Europe: the end of the 
proximity principle? Global Alliance for Incineration Alternative, Jan., 2013. 

http://www.epa.gov/iris/supdocs/1024index.html
http://www.epa.gov/iris/supdocs/1024index.html
http://www.epa.gov/iris/supdocs/1024index.html
http://www.seas.columbia.edu/earth/wtert/sofos/Waste_Incineration_A_Potential_Danger.pdf
http://www.seas.columbia.edu/earth/wtert/sofos/Waste_Incineration_A_Potential_Danger.pdf
http://en.wikipedia.org/wiki/Federal_Ministry_for_Environment,_Nature_Conservation_and_Nuclear_Safety
http://en.wikipedia.org/wiki/Federal_Ministry_for_Environment,_Nature_Conservation_and_Nuclear_Safety
http://www.sciencedirect.com/science/article/pii/S004565350000504X
http://www.sciencedirect.com/science/article/pii/S004565350000504X
http://www.sciencedirect.com/science/article/pii/S004565350000504X
http://www.sciencedirect.com/science/article/pii/S004565350000504X
http://www4.nationalacademies.org/news.nsf/isbn/030906371X?OpenDocument
http://www4.nationalacademies.org/news.nsf/isbn/030906371X?OpenDocument
http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1251473372175
http://en.wikipedia.org/wiki/Health_Protection_Agency
http://www.sciencedirect.com/science/article/pii/S0048969713007870
http://www.sciencedirect.com/science/article/pii/S0048969713007870
http://www.sciencedirect.com/science/article/pii/S0048969713007870
http://www.sciencedirect.com/science/article/pii/S0048969713007870
http://www.mdpi.com/search?authors=Charles%20H.%20K.%20Lam
http://www.mdpi.com/search?authors=Alvin%20W.%20M.%20Ip
http://www.mdpi.com/search?authors=John%20Patrick%20Barford


 

35 

 

66. Saner D, Blumer YB, Lang DJ, Koehler A. Scenarios for the implementation of EU waste 
legislation at national level and their consequences for emissions from municipal waste 
incineration. Res Conserv Recycl 57:67-77, 2012. 

67. Diaz LF, Golueke CG, mSavage GM, Eggerth LL. Computing sand Recycling Municipal Solid 
Waste. CRC Press, Boca Raton, FL, 1993. 

68. Ludwig C, Hellweg S, Stucki S (Eds). Municipal Solid Waste Management. Strategies, 
Technologies for Sustainable Solutions. Springer-Verlag, Berlin, Heidelberg, 2003. 

69. Wolkowski RP. Nitrogen Management Considerations for Land spreading Municipal Solid Waste 
Compost. J Environ Qual 32(5):1844-1850, 2003. 

70. European Commission. Success Stories on Composting and Separate Collection. Directorate--
General for the Environment. Brussels, 2000, Luxembourg Officfe for Official Publications, ISBN 
92-828-9295-6 [http://ec.europa.eu/environment/waste/publications/pdf/compost_en.pdf ]  

71.  Simmons P, Goldestein N, Kaufman SM, Themelis NJ, Thompson J. The state of garbage in 
America. Biocycle J Compost Organ Recycl 26-43, April, 2006. 

72. Arvanitoyannis IS, Kassaveti A. Current and potential uses of composted olive oil waste, Int J 
Food Sci Technol  42(3):281-285, 2007. 

73. Manios T. The composting potential of different organic solid wastes: experience from the island 
of Crete. Environ Intern 29(8):1079-1089, 2004. 

74. Gidarakos E, Havas G, Ntzamilis P. Municipal solid waste composition determination supporting 
the integrated solid waste management system in the island of Crete. Waste Manage, 26: 668–
679, 2006. 

75. Koufodimos G, Samaras Z. Waste management options in southern Europe using field and 
experimental data. Waste Manage 22 : 47–59, 2002. 

76. ―Bio-waste—Integrated management of bio-waste in Greece –The case study of Athens‖. LIFE10 
ENV/GR/000605. Project manager Prof. M. Loizidou (National Technical University, Dpt of 
Chemical Engineering), November 2012 (www.biowaste.gr ).  

77. ATHENS 2014 2nd International Conference on Sustainable Solid Waste Management, 12-14 
June 2014, Royal Olympic Hotel, Athens, Greece.  The Unit of Environmental Science & 
Technology (www.uest.gr) of the National Technical University of Athens in collaboration with the 
Association of Municipalities in the Attica Region – Solid Waste Management, the City of Athens, 
the Municipality of Kifissia, EPTA SA and the European Compost Network organized 
successfully the ATHENS 2014 2nd International Conference on Sustainable Solid Waste 
Management from 12th to 14th June 2014 within the framework of the LIFE+ ATHENS-
BIOWASTE project (www.biowaste.gr & www.facebook.com/athensbiowaste) dealing with the 
separate collection and composting of biowaste in Athens and Kifissia. The Conference was 
under the auspices of the Hellenic Presidency of the Council of the EU and the Greek Ministry. 

78. Eurostat News release STAT/14/48, 25.3.2014, [http://www.eswet.eu/tl_files/eswet/3.%20Facts/STAT-

14-48_proportion%20of%20recycled%20or%20 composted%20wasteEN.pdf ]. 

79. Körner I, Visvanathan C. Perspectives of composting and anaerobic digestion technologies for 
the treatment of organic fraction of municipal solid waste in Europe and Asia. Int J Environ Waste 
Manage 11(2):193-212, 2013. 

80. Rogoff MJ, Williams JI. Approaches to Implementing Solid Waste Recycling Facilities. Noyes 
Publications, Park Ridge, New Jersey, 1994. 

81. Manser AGR, Keeling AA. Practical Handbook of Processing and Recycling Municipal Waste. 
CRC Press Inc (Lewis publisher), Boca Raton, FL, 1996. 

82. Solid Waste in Australia: Australia‘s Environment: Issues and Trends, 2006. Australian municipal 
waste recycling. [http://www.abs.gov.au/ausstats/abs@.nsf/0/3B0DD93AB123A68BCA 
257234007B6A2F?OpenDocument]. 

83. Smith K, O‘Farrell K, Brindley F. Waste and Recycling, Australia 2011. Department of 
Sustainability, Environment, Waste, Population and Communities.  Report, 28/8/2012. 

84. Troschinetz AM, Mihelcic JR. Sustainable recycling of municipal solid waste in developing 
countries. Waste Manage 29(2):915-923, 2009. 

85. European Commission. Being Wise with Waste: The EU’s Approach to Waste Management. 
Luxembourg Publication Office, 2010, [http://ec.europa.eu/environment/waste/pdf 
/WASTE%20BROCHURE.pdf ]. 

86. Al-Salem SM, Lettieri P, Baeyens J. Recycling and recovery routes of plastic solid waste (PSW): 
A review. Waste Manage 29(10):2625-2643, 2009. 

87. Buekens AG, Huang H. Catalytic plastics cracking for recovery of gasoline-range hydrocarbons 
from municipal plastic wastes. Resour Conserv Recycl 23(3):163-181, 1998. 

88. Adrados A, de Marco I, Caballero BM, Lopez A, et al. Pyrolysis of plastic packaging waste: A 
comparison of plastic residuals from material recovery facilities with simulated plastic waste. 
Waste Manage 32(5):826-832, 2012. 

http://www.sciencedirect.com/science/article/pii/S092134491100173X
http://www.sciencedirect.com/science/article/pii/S092134491100173X
http://www.sciencedirect.com/science/article/pii/S092134491100173X
http://www.sciencedirect.com/science/article/pii/S092134491100173X
http://ec.europa.eu/environment/waste/publications/pdf/compost_en.pdf
http://www.biowaste.gr/
http://www.eswet.eu/tl_files/eswet/3.%20Facts/STAT-14-48_proportion%20of%20recycled%20or%20%20composted%20wasteEN.pdf
http://www.eswet.eu/tl_files/eswet/3.%20Facts/STAT-14-48_proportion%20of%20recycled%20or%20%20composted%20wasteEN.pdf
http://inderscience.metapress.com/content/j7qg468400pt5803/
http://inderscience.metapress.com/content/j7qg468400pt5803/
http://inderscience.metapress.com/content/j7qg468400pt5803/
http://www.abs.gov.au/ausstats/abs@.nsf/0/3B0DD93AB123A68BCA%20257234007B6A2F?OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/0/3B0DD93AB123A68BCA%20257234007B6A2F?OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/0/3B0DD93AB123A68BCA%20257234007B6A2F?OpenDocument
http://www.sciencedirect.com/science/article/pii/S0956053X08001669
http://ec.europa.eu/environment/waste/pdf%20/WASTE%20BROCHURE.pdf
http://ec.europa.eu/environment/waste/pdf%20/WASTE%20BROCHURE.pdf
http://ec.europa.eu/environment/waste/pdf%20/WASTE%20BROCHURE.pdf


 

36 

 

89. Fortelný I, Michálková D, Kruliš Z. An efficient method of material recycling of municipal plastic 
waste. Polymer Degrad Stabil 85(3):975-979, 2004. 

90. Yang X, Sun L, Xiang J, Hu S, Su S. Pyrolysis and dehalogenation of plastics from waste 
electrical and electronic equipment (WEEE): A review. Waste Manage 33(2):462-473, 2013. 

91. 91.   Bing X, Bloemhof-Ruwaard J, Chaabane A, van der Vorst J. Global Reverse Supply Chain 
Redesign for Household Plastic Waste under the Emission Trading Scheme.  J Cleaner Prod 
19.2.2015 (in press) 

92.  Jackson S,  Bertényi T. Plastic recycling, 2006. URL  [http://www-g.eng.cam.ac.uk/impee/ 
topics/RecyclePlastics/files/ ]. Accessed Feb. 17, 2014. 

93. Sata SI, Yoshida H, Hiratsuka J, et al. An international comparative study of end-of-life vehicle 
(ELV) recycling systems. J Mater Cycles Waste Manage 16:1-20, 2014. 

94. Willard P, Smit ED. Waste tire recycling: environmental benefits and commercial challenges. Int J 
Environ Technol Manage 6(3-4): 363-364, 2006. 

95. Bakas I, Millios L. Municipal Waste Management in Greece. European Environment Agency, 
February 2013, Copenhagen Resources Institute, 2013 [file:///C:/Users/User/Documents/ 
Greece_MSW%20(1).pdf ].  

96. HERRCO–Hellenic Recovery Recycling Corporation, 2012 (Greek) 
[http://www.herrco.gr/default.asp?siteID=1&pageID= 3&langID=1]. and HSWMA–Hellenic Solid 
Waste Management Association, 2012, ‗Legislation National Framework‘ [http://www.eedsa.gr/ 
Contents.aspx?CatId=60].  

 

 

http://www.sciencedirect.com/science/article/pii/S014139100400165X
http://www.sciencedirect.com/science/article/pii/S014139100400165X
http://www.sciencedirect.com/science/article/pii/S014139100400165X
http://www-g.eng.cam.ac.uk/impee/%20topics/RecyclePlastics/files/
http://www-g.eng.cam.ac.uk/impee/%20topics/RecyclePlastics/files/
file:///C:\Users\User\Documents\%20Greece_MSW%20(1).pdf
file:///C:\Users\User\Documents\%20Greece_MSW%20(1).pdf
file:///C:\Users\User\Documents\%20Greece_MSW%20(1).pdf
http://www.herrco.gr/default.asp?siteID=1&pageID=%203&langID=1
http://www.eedsa.gr/%20Contents.aspx?CatId=60
http://www.eedsa.gr/%20Contents.aspx?CatId=60

