
 
TeMA Journal of Land Use Mobility and Environment 2 (2016) 

TeMA. Journal of Land Use, Mobility and Environment offers researches, applications and contributions with a unified approach to planning and 

mobility and publishes original inter-disciplinary papers on the interaction of transport, land use and environment. Domains include: engineering, 

planning, modeling, behavior, economics, geography, regional science, sociology, architecture and design, network science and complex 

systems.  

The Italian National Agency for the Evaluation of Universities and Research Institutes (ANVUR) classified TeMA as scientific journal in the Area 

08. TeMA has also received the Sparc Europe Seal for Open Access Journals released by Scholarly Publishing and Academic Resources 

Coalition (SPARC Europe) and the Directory of Open Access Journals (DOAJ). TeMA is published under a Creative Commons Attribution 3.0 

License and is blind peer reviewed at least by two referees selected among high-profile scientists. TeMA has been published since 2007 and is 

indexed in the main bibliographical databases and it is present in the catalogues of hundreds of academic and research libraries worldwide.  

EDITOR IN-CHIEF 

Rocco Papa, University of Naples Federico II, Italy 
 

EDITORIAL ADVISORY BOARD 

Mir Ali, University of Illinois, USA 
Luca Bertolini, University of Amsterdam, Netherlands 
Luuk Boelens, Ghent University, Belgium 
Dino Borri, Polytechnic University of Bari, Italy 
Enrique Calderon, Polytechnic University of Madrid, Spain 
Roberto Camagni, Polytechnic University of Milan, Italy 
Derrick De Kerckhove, University of Toronto, Canada 
Mark Deakin, Edinburgh Napier University, Scotland 
Aharon Kellerman, University of Haifa, Israel 
Nicos Komninos, Aristotle University of Thessaloniki, Greece 
David Matthew Levinson, University of Minnesota, USA 
Paolo Malanima, Magna Græcia University of Catanzaro, Italy 
Agostino Nuzzolo, Tor Vergata University of Rome, Italy 
Rocco Papa, University of Naples Federico II, Italy 
Serge Salat, Urban Morphology and Complex Systems Institute, France 
Mattheos Santamouris, National Kapodistrian University of Athens, Greece 
Ali Soltani, Shiraz University, Iran 
 

ASSOCIATE EDITORS 

Rosaria Battarra, National Research Council Institute of Studies on Mediterranean Societies, Italy 
Luigi dell'Olio, University of Cantabria, Spain 
Romano Fistola, University of Sannio, Italy 
Adriana Galderisi, University of Naples Federico II, Italy 
Carmela Gargiulo, University of Naples Federico II, Italy 
Thomas Hartmann, Utrecht University, Netherlands 
Markus Hesse, University of Luxemburg, Luxemburg 
Seda Kundak, Technical University of Istanbul, Turkey 
Rosa Anna La Rocca, University of Naples Federico II, Italy 
Houshmand Ebrahimpour Masoumi, Technical University of Berlin, Germany 
Giuseppe Mazzeo, National Research Council Institute of Studies on Mediterranean Societies, Italy 
Nicola Morelli, Aalborg University, Denmark 
Enrica Papa, University of Westminster, United Kingdom 
Dorina Pojani, University of Queensland, Australia 
Floriana Zucaro, University of Naples Federico II, Italy 
 

EDITORIAL STAFF 

Gennaro Angiello, PhD student at University of Naples Federico II, Italy 
Gerardo Carpentieri, PhD student at University of Naples Federico II, Italy   
Stefano Franco, PhD student at Luiss University Rome, Italy 
Chiara Lombardi, Architect, University of Naples Federico II, Italy 
Marco Raimondo, Engineer, University of Naples Federico II, Italy 
Laura Russo, PhD student at University of Naples Federico II, Italy 
Maria Rosa Tremiterra, PhD student at University of Naples Federico II, Italy 
Andrea Tulisi, PhD at Second University of Naples, Italy 



TeMA 

 
 
 
Journal of 
Land Use, Mobility and Environment 
 

TeMA 2 (2016) 209-225 
print ISSN 1970-9889, e- ISSN 1970-9870 
DOI: http://10.6092/1970-9870/3918 
 
review paper received 06 May 2016, accepted 21 July 2016   
Licensed under the Creative Commons Attribution – Non Commercial License 3.0 
www.tema.unina.it 
 
How to cite item in APA format: 
Pirlone, F., Candia, S. (2016). MSW: from pollution/degradation source to resource. Tema. Journal of Land Use, Mobility and Environment, 9 (2), 209-225. 
doi: http://10.6092/1970-9870/3918  

 

MSW  
FROM POLLUTION/DEGRADATION  

SOURCE TO RESOURCE 

 
ABSTRACT 

 

Municipal Solid Waste is one of the biggest challenges 

that cities are facing: MSW is considered of the main 

sources of energy consumption, urban degradation 

and pollution. This paper defines the major negative 

effects of MSW on cities and proposes new solutions 

to guide waste policies. Most contemporary waste 

management efforts are focused at regional 

government level and based on high tech waste 

disposal by methods such as landfill and incineration. 

However, these methods are becoming increasingly 

expensive, energy inefficient and pollutant: waste 

disposal is not sustainable and will have negative 

implications for future generations. In this paper are 

proposed all the principle solutions that could be 

undertaken. New policy instruments are presented 

updating and adapting policies and encouraging 

innovation for less wasteful systems. Waste 

management plans are fundamental to increase the 

ability of urban areas effectively to adapt to waste 

challenges. These plans have to give an outline of 

waste streams and treatment options and provide a 

scenario for the following years that significantly 

reduce landfills and incinerators in favor of prevention, 

reuse and recycling. The key aim of an urban waste 

management plan is to set out the work towards a zero 

waste economy as part of the transition to a 

sustainable economy. Other questions remain still 

opened: How to change people’s behavior? What is the 

role of environmental education and risk perception? 

It is sure that the involvement of the various 

stakeholders and the wider public in the planning 

process should aim at ensuring acceptance of the 

waste policy. 
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城市生活垃圾 
从污染源/退化源到资源 

 

 
摘要 

 

 

城市生活垃圾（MSW）是当今各个城市面临的最大挑战

之一：城市生活垃圾被认为是能源消耗、城市退化和污

染的主要来源。本文定义了城市生活垃圾的主要负面影

响，并提出了指导废弃物政策的全新解决方案。当今的

大多数垃圾管理工作都集中在地方政府层面，以高科技

废弃物处理方式为主，如垃圾填埋和焚烧等。然而，这

些方法的成本越来越高，能源效率低下和易污染：废弃

物处置不具可持续性，会为后世带来负面影响。本文提

出了能采取的所有原则性解决方案。提出了全新的政策

工具，更新和调整政策、鼓励减少系统产生废弃物的创

新。废弃物管理计划对于增强城市地区有效应对废弃物

问题的能力有着决定性的作用。这些计划中必须包括废

弃物流和处理方案的草案，提出接下来数年内能极大减

少堆填和焚化以利于预防、重复使用和回收的方案。城

市垃圾管理计划的主要目的，是启动以零废弃物经济为

目标的工作，将其作为向可持续经济体系过渡的一部分

。其他问题仍然亟待解决：如何改变人们的行为？环境

教育和风险感知的作用是什么？可以确定的是，各利益

相关方和广大公众在规划过程中的参与，应以保证对废

弃物政策的接受度为目的。 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

关键词: 

城市的废弃物管理：废弃物治理；城市退化 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

FRANCESCA PIRLONE
a
, SELENA CANDIA

b
 

 

 

a,b
DICCA - University of Genoa  

 
ae-mail: francesca.pirlone@unige.it 

be-mail: selenacandia@hotmail.it 
URL: www.dicca.unige.it 

 

http://www.tema.unina.it/


F. Pirlone, S. Candia - MSW: from pollution/degradation source to resource 

 
 
 
 

211 - TeMA Journal of Land Use Mobility and Environment 2 (2016) 

1 THE CITIES’ BIGGEST CHALLENGE: MANAGING WASTE GENERATION 

One of the biggest challenges that cities will face, in the next years, is connected to waste production. Municipal 

Solid Waste - MSW1 - generation levels are expected to double by 2025 according to the World Bank: 1.3 

billion tonnes per year are estimated to increase to approximately 2.2 billion tonnes per year2.  This might 

represent a significant change in people lifestyle and it will force local, regional and national authorities to find 

new solutions and policy instruments. Per capita waste generation rates will increase from 1.2 to 1.42 kg per 

person per day in the next fifteen years2. New life styles and best practices have to be promoted to stop solid 

waste generation rates. Waste management is more critical in urban areas. Urban residents produce about twice 

as much waste as people living in the countryside. Considering that all over the world there will be 1.4 more people 

living in cities it is clear that MSW will be one of the biggest problems that cities will have to deal with.  Waste 

management has already been the main source of expenditure for local authorities in the last 20 years. The 

increasing urban population made the environmentalists think about the scientific waste management with topmost 

priority in urban planning (Ahmed 2011). Another factor that influences urban waste production is the income level 

of a country: high-income countries generate the most waste per capita, while developing countries produce the 

least solid waste per capita. So it is reasonable to say that for many cities above all in Asia and Africa, but also in 

South America, the total quantities of waste will increase significantly in the next years. According to the World 

Bank’s report “What a Waste. A Global Review of Solid Waste Management”, the amount of urban waste being 

produced is growing faster than the rate of urbanization (Hoornweg, Bhada-Tata, 2012).  

This paper wants to analyze MSW issue from an innovative point of view. The authors3 show in the first three 

subsections how much municipal solid waste are affecting urban areas both as a source of pollution, 

degradation and in terms of energy consumption. MSW generates methane that is a greenhouse gas 

particularly dangerous in short-term. Solid waste, if not managed correctly, could be responsible for air 

pollution, flooding and public health impacts such as respiratory ailments. A city that reduces, reuses and 

recycles its waste is more livable, attractive and sustainable. 

In the second paragraph are analyzed the main measures for sustainable waste management. The paper 

proposes new policy instruments for urban waste management. Waste management plans, at a local level, 

are identified as the best policy instrument to reduce energy consumptions, urban pollution and degradation. 

A possible structure for these plans it is here proposed to guide urban technicians. Solid waste management 

is the one thing just about every city government provides for its residents. While service levels, environmental 

impacts and costs vary dramatically, solid waste management is arguably the most important municipal service 

and serves as a prerequisite for other municipal action (Kyte 2012).  The authors give also some instructions to 

choose the most suitable best practices depending on city’s characteristics (population, geography, morphology…). 

Different factors have been considered such as pilot area features, people/institution involvement, sustainability 

aspects… Waste management plans have to fix high objectives: zero waste policy it is the final goal. Some questions 

remain unsolved: How to change people’s behavior? What is the role of environmental education and risk 

perception? The final paragraph identifies all the aspects that need to be consider and more deeply analyzed in 

future researches to really define an efficient and sustainable waste management plan. Cities have been the hub of 

innovation for humanity; such human ingenuity will be needed to address the ongoing and emerging major 

challenges facing cities: waste management remains one of them (Wilson, Velis 2014). 

                                                                 
1     The World Bank defines municipal solid waste as ‘non-hazardous waste generated in households, commercial and 

business establishments, institutions, and non-hazardous industrial process wastes, agricultural wastes and sewage 
sludge. In practice, specific definitions vary across jurisdictions.’ 

2     Data reported in What a waste: A Global Review of Solid Waste Management, n°15 Urban Development & Local 
Government Unit World Bank, Washington.  

3      Selena Candia has done an analysis on MSW as a source of urban pollution, degradation and energy consumption 
(chapters 1,2,3 and 4). Francesca Pirlone has done an analysis on innovative measures for sustainable waste 
management (chapter 5,6 and 7).  

http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTURBANDEVELOPMENT/EXTUSWM/0,,contentMDK:20241717~menuPK:4153320~pagePK:210058~piPK:210062~theSitePK:463841,00.html#m


F. Pirlone, S. Candia - MSW: from pollution/degradation source to resource 

 
 
 
 

212 - TeMA Journal of Land Use Mobility and Environment 2 (2016) 

1.1 MSW AS A SOURCE OF URBAN POLLUTION 

MSW collection, treatment and digestion can significantly affect urban environment. In the following subsection 

are defined the principle types of pollution that are due to MSW management4. Human health and environment 

protection have to be at the heart of every waste policy. There needs to be determinate how and to what 

extent MSW are contaminating contemporary cities.  

Municipal waste could be one of the principle causes of water, air and soil contamination. Air pollution depends 

mostly on greenhouse gases produced during waste collection and digestion especially in landfills and 

incinerators. Landfills produce mainly CH4 (methane) and CO2, incinerators generate other clime-change gases 

and particulates such as PM10, SO2. MO2. Landfills produce a huge amount of planet-warming methane, a 

greenhouse gas with 25 times the climate impact of carbon dioxide over a 100-year period (EPA, 2010). 

Methane is produced from biodegradable waste decomposition. Municipal solid waste landfills are the third-

largest source of human-related methane emissions in the United States, accounting for approximately 18.2 

percent of these emissions in 2014 (EPA, 2014). On the contrary only the 0,5% of CO2 emissions are related 

to waste treatment. For this reason, CH4 reduction represents a big potential to reduce global warming. 

Moreover, methane lifetime is very short, it can remain in the atmosphere at least 12 years, but CH4 is more 

efficient at trapping radiation than CO2. To stabilize the actual situation, it is sufficient to reduce methane 

presence in the atmosphere of 8%. Since inappropriate management of MSW in landfills contributes from 4% 

to 11% of world greenhouse gases emissions, properly managed food waste by means of separate collection 

and recycling will have positive impacts on climate change; by transforming food waste into compost, the 

organic matter is stored in soils by means of a low-cost and immediately available technique and not lost into 

the atmosphere as CO2 or methane (ISWA –International Solid Waste Association, 2013).  

Emissions to soil can occur from slag, from leaking liners under a landfill, and from the storage site of incinerator fly 

ash. Municipal solid waste that derives from natural products, rotten fruits or vegetables, normally only contribute 

to soil fertility. However, in a landfill are buried many other materials full of chemicals that lead to soil pollution. This 

phenomenon has different negative effects both on health of citizens and on growth of plants decreasing soil fertility 

and changing soil structure. Plants and crops absorb the pollution from the soil and then people eat harmful toxins. 

This could lead to the sudden surge of different form of illnesses. It is also difficult for many plants to adapt to a soil 

that changed radically its chemistry in a short period of time. Soil pollution decreases significantly the number of 

fungi and bacteria in the ground contributing to soil erosion. Emissions to water arise from certain types of flue gas 

treatment and from the extraction of leachates under a landfill (Spadaro, 2008). Waste settlement seems to be one 

of the major sources of water pollution which provide many negative impacts above all to urban communities. Many 

landfills were settled on unsuitable soils which are often too close to groundwater reserves. This is because landfills 

placed during the 60s and 70s, when there wasn’t a stringent European legislation, are still working. The result is 

that in many cities groundwater is a chemical cocktail reducing drinking water resources.  

Carbon dioxide is warming the planet and changing the climate. Disasters such as violent storms, polar melting, 

floods etc. are growing over time. A sustainable waste management could reduce significantly the level of 

many greenhouse gases. Recycle is a best practice in this sense, because one ton of material recycled reduces 

of 30-905 kg of greenhouse gases compared to landfills and incinerators (Morris J., 1996). Composting and 

anaerobic digestion are other smart solutions. Composting is optimal to digest organic waste because aerobic 

conditions eliminate methane production. Anaerobic digesters are modern systems which use organic waste 

to produce biogas through an anaerobic procedure. It is a biological process that produces a gas principally 

composed of methane (CH4) and carbon dioxide (CO2), this gas is not dispersed into the atmosphere but it is 

                                                                 
4       The data reported defines globally the main effects of MSW on the environment. Each city has to calculate its level of 

pollution aggregating the effects here reported (CO2, CH4, soil erosion). 
5        It depends on the material recycled.  
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used to produce energy. Local authorities have to consider environmental impacts related to each form of 

waste treatment to choose the most sustainable solutions (Tab.1).  

 

WASTE TREATMENT  EVIRONMENTAL IMPACTS 

Landfill 
50 percent methane (the primary component of natural gas), 50 percent carbon 

dioxide (CO2) and a small amount of non-methane organic compounds. Methane 

is a potent greenhouse gas with a global warming potential that is 25 times 

greater than CO2. 

Incinerator 
Incinerator are responsible for: - different emissions harmful to the atmosphere 

like NOx, SO2 , HCl, particulates, …; - many dangerous greenhouse gases like CO2 

(coming from plastic combustion) and NO2 that contribute to clime-change. 

Moreover, only a part of the energy produced is renewable, because generated 

burning organic waste.  

Recycle 
Recycle results in a reduction of 30-90 Kg of greenhouse gases for each ton of 

material. Producing new products using secondary materials can save significant 

energy (preventing new raw material extraction and manufacturing processes). 

Composting 
Composting is possible maintaining aerobic conditions eliminating methane 

production. 

Anaerobic digestion 
Biological process that produces a gas principally composed of methane (CH4) 

and carbon dioxide (CO2). This gas is not dispersed into the atmosphere but it is 

used to produce energy. 

Tab.1 Environmental impacts due to waste treatment 
 

Researchers in the UK and USA6 have found how to monetize the social negative effects of CO2. These studies are 

very important for local authorities because they give an economic value to support sustainable waste management 

solutions. The Social Cost of Carbon (SCC) is defined, according to Environment Protection Agency (EPA), as an 

estimate of the economic damages associated with a small increase in carbon dioxide (CO2) emissions, 

conventionally one metric ton, in a given year. In 2015, EPA recommended an illustrative estimate for the SCC of 

$68/tonne of carbon (tC), within a range of $46 to $138/tC (for year 2025 emissions, see Fig.1).  

 

 

Fig. 1 Social Costs of GHG Emissions from Residual Waste Treatments 

                                                                 
6      The Government Economic Service (GES) in the United Kingdom and the Environmental Protection Agency (EPA) in  

the United States of America. 




