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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.

KEYWORDS:
Urban waste management; Waste governance; Urban
degradation.
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F. Pirlone, S. Candia - MSW: from pollution/degradation source to resource

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).
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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 management®. 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 CO,, incinerators generate other clime-change gases
and particulates such as PMjg, SO,. MO,. 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 CO, 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 CO,. 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 CO, 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 30-90° 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 (CO,), 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 (COz, 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 COx.

Incinerator

Incinerator are responsible for: - different emissions harmful to the atmosphere
like NOy, SOz , HCl, particulates, ...; - many dangerous greenhouse gases like CO2
(coming from plastic combustion) and NO: that contribute to clime-change.
Moreover, only a part of the energy produced is renewable, because generated
burning organic waste.

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

Recycle . . . ) -
4 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 (CO). 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 USA® have found how to monetize the social negative effects of CO,. 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 (CO;) 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).

Aerobic MBT
Anaerobic MBT |
Landfill 25% capture
Landfill 50% capture
Landfill 75% capture

Indneration, Heat only.

Indneration, Eledricity only.

Social Costs Associated with GHG Emission ($/tonne of waste treated)

Damage Costs Associated with GHG
| Emission ($/tonne of waste treated)

10 15 20 25 30

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.
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