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Foreword

As you will see in this report, the world is on a trajectory where waste 
generation will drastically outpace population growth by more than 

double by 2050. Although we are seeing improvements and innovations in 
solid waste management globally, it is a complex issue and one that we need 
to take urgent action on. 

Solid waste management affects everyone; however, those most affected 
by the negative impacts of poorly managed waste are largely society’s most 
vulnerable—losing their lives and homes from landslides of waste dumps, 
working in unsafe waste-picking conditions, and suffering profound health 
repercussions. 

Too often, the environment also pays a high price. In 2016, the world 
generated 242 million tonnes of plastic waste—12 percent of all municipal 
solid waste. Plastic waste is choking our oceans, yet our consumption of 
plastics is only increasing. Cities and countries are rapidly developing 
without adequate systems in place to manage the changing waste 
composition of citizens. 

Meanwhile, an estimated 1.6 billion tonnes of carbon dioxide–
equivalent (CO2-equivalent) greenhouse gas emissions were generated 
from solid waste management in 2016. This is about 5 percent of global 
emissions. Without improvements in the sector, solid waste–related 
emissions are anticipated to  increase to 2.6 billion tonnes of CO2-
equivalent by 2050. More than 80 countries committed to reduce emissions 
through the historic Paris Agreement—improving waste management is 
one way of contributing to this effort.

Solid waste management is a critical—yet often overlooked—piece for 
planning sustainable, healthy, and inclusive cities and communities for all. 
However, waste management can be the single highest budget item for 
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many local administrations. Municipalities in low-income countries are 
spending about 20 percent of their budgets on waste management, on 
average—yet over 90 percent of waste in low-income countries is still 
openly dumped or burned. As these cities and countries grow rapidly, they 
desperately need systems to manage their growing waste and mechanisms 
to pay for the essential services that keep their citizens healthy and their 
communities clean.

We need cities and countries to plan holistically and manage our precious 
resources better than we have in the past. This report shows what 
governments around the world have done to manage their solid waste and 
highlights the latest trends across income levels and geographies. Building 
on What a Waste: A Global Review of Solid Waste Management from 
2012, this report highlights the overwhelming cost of waste management 
and the need for solutions.

Using the rich findings and data from this report, I urge stakeholders to 
think ahead and to integrate waste management into their paradigm of 
economic growth and innovation. It is the responsibility of every citizen, 
government, business, city, and country to create the healthy, inclusive, and 
livable shared world that we strive for.

Ede Ijjasz-Vasquez
Senior Director
Social, Urban, Rural and Resilience Global Practice
The World Bank
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CHAPTER 1

Introduction 

Solid waste management is a universal issue affecting every single person 
in the world. Individuals and governments make decisions about con-

sumption and waste management that affect the daily health, productivity, 
and cleanliness of communities. Poorly managed waste is contaminating the 
world’s oceans, clogging drains and causing flooding, transmitting diseases 
via breeding of vectors, increasing respiratory problems through airborne 
particles from burning of waste, harming animals that consume waste 
unknowingly, and affecting economic development such as through dimin-
ished tourism. Unmanaged and improperly managed waste from decades of 
economic growth requires urgent action at all levels of society. 

As countries develop from low-income to middle- and high-income 
 levels, their waste management situations also evolve. Growth in prosperity 
and movement to urban areas are linked to increases in per capita genera-
tion of waste. Furthermore, rapid urbanization and population growth cre-
ate larger population centers, making the collection of all waste and the 
procuring of land for treatment and disposal more and more difficult. 

Urban waste management is expensive. Waste management can be the 
single highest budget item for many local administrations in low-income 
countries, where it comprises nearly 20 percent of municipal budgets, on 
average. In middle-income countries, solid waste management typically 
accounts for more than 10 percent of municipal budgets, and it accounts 
for about 4  percent in high-income countries. Budget resources devoted to 
waste management can be much higher in certain cases. 

Costly and complex waste operations must compete for funding with 
other priorities such as clean water and other utilities, education, and 
health care. Waste management is often administered by local authorities 
with limited resources and limited capacity for planning, contract 
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management, and operational monitoring. These factors make sustainable 
waste management a complicated proposition on the path of economic 
development, and most low- and middle-income countries and their cities 
struggle to address the challenges. The impacts of poor waste management 
are dire and fall disproportionally on the poor, who are often unserved or 
have little influence on the waste being disposed of formally or informally 
near their homes.

Waste management data are critical to creating policy and planning for 
the local context. Understanding how much waste is generated—especially 
with rapid urbanization and population growth—as well as the types of 
waste being generated, allows local governments to select appropriate man-
agement methods and plan for future demand. This knowledge allows gov-
ernments to design systems with a suitable number of vehicles, establish 
efficient routes, set targets for diversion of waste, track progress, and adapt 
as waste generation patterns change. With accurate data, governments can 
realistically allocate budget and land, assess relevant technologies, and con-
sider strategic partners, such as the private sector or nongovernmental orga-
nizations, for service provision. 

This report builds on previous World Bank publications from 2012 and 
1999 titled What a Waste: A Global Review of Solid Waste Management 
(Hoornweg and Bhada-Tata 2012) and What a Waste: Solid Waste 
Management in Asia (Hoornweg and Thomas 1999). This current edition 
of What a Waste expands on the type of data collected and includes 
217  countries and economies and 367 cities. The data are updated to 
recent years, and the waste generation data are scaled to a single year to 
allow for comparison across countries and economies. The projections 
for waste generation use the most comprehensive database available to 
date to determine how waste generation dynamically changes based on 
changes in economic development and population growth. The metrics 
included in this report expand from solid waste management generation, 
composition, collection, treatment, and disposal to include information 
on financing and costs, institutional arrangements and policies, adminis-
trative and operational models, citizen engagement, special wastes, and 
the informal sector. 

Although the data from the past and current publications are not fully 
comparable because of methodological differences, there are some clear 
trends to report since 2012. The change in the composition of waste in low-
income countries reflects changes in consumption patterns—the share of 
organic waste fell from 64 percent to 56 percent. The collection of waste in 
low-income countries significantly increased from about 22 percent to 
39 percent, reflecting the prioritization of adequate waste collection in cities 
and countries. This progress is complemented by an overall global trend of 
increased recycling and composting. Finally, waste-to-energy incineration 
in upper-middle-income countries markedly increased from 0.1 percent to 
10 percent, driven by China’s shift to incineration. 
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What a Waste 2.0: A Global Snapshot of Solid Waste Management to 
2050 targets decision makers, policy makers, and influencers globally, includ-
ing local governments, international organizations, academics, researchers, 
nongovernmental organizations, civil society, and financiers. The aim of this 
report is to share objective waste management data and trends, as well as 
good and unique international practices, with the hope of improving waste 
management globally and enabling the optimal use of limited resources. 

The world generates 2.01 billion tonnes of municipal solid waste1 annu-
ally, with at least 33 percent of that—extremely conservatively—not man-
aged in an environmentally safe manner. Worldwide, waste generated per 
person per day averages 0.74 kilogram but ranges widely, from 0.11 to 
4.54 kilograms. Though they only account for 16 percent of the world’s 
population, high-income countries generate about 34 percent, or 683  million 
tonnes, of the world’s waste. 

When looking forward, global waste is expected to grow to 3.40  billion 
tonnes by 2050. There is generally a positive correlation between waste 
generation and income level. Daily per capita waste generation in high-
income countries is projected to increase by 19 percent by 2050, compared 
to low- and middle-income countries where it is anticipated to increase by 
approximately 40 percent or more. Waste generation was generally found 
to increase at a faster rate for incremental income changes at lower income 
levels than at high income levels. The total quantity of waste generated in 
low-income countries is expected to increase by more than three times by 
2050. The East Asia and Pacific region is generating most of the world’s 

Photo 1.1 Plastic Waste at the Thilafushi Waste Disposal Site, 
Maldives
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waste, at 23 percent, and the Middle East and North Africa region is pro-
ducing the least in absolute terms, at 6 percent. However, the fastest grow-
ing regions are Sub-Saharan Africa, South Asia, and the Middle East and 
North Africa where, by 2050, total waste generation is expected to nearly 
triple, double, and double, respectively. In these regions, more than half of 
waste is currently openly dumped, and the trajectories of waste growth 
will have vast  implications for the environment, health, and prosperity, 
thus requiring urgent action. 

Waste collection is a critical step in managing waste, yet rates vary 
largely by income levels, with upper-middle- and high-income countries 
providing nearly universal waste collection. Low-income countries collect 
about 48 percent of waste in cities, but this proportion drops drastically to 
26 percent outside of urban areas. Across regions, Sub-Saharan Africa col-
lects about 44 percent of waste while Europe and Central Asia and North 
America collect at least 90 percent of waste. 

Waste composition differs across income levels, reflecting varied patterns 
of consumption. High-income countries generate relatively less food and 
green waste, at 32 percent of total waste, and generate more dry waste that 
could be recycled, including plastic, paper, cardboard, metal, and glass, which 
account for 51 percent of waste. Middle- and low-income countries generate 
53 percent and 56 percent food and green waste, respectively, with the frac-
tion of organic waste increasing as economic development levels decrease. In 
low-income countries, materials that could be recycled account for only 
16 percent of the waste stream. Across regions, there is not much variety 

Photo 1.2 A Recycler Transports Waste Using a Modified 
Motorcycle, Bangkok, Thailand
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within waste streams beyond those aligned with income. All regions generate 
about 50 percent or more organic waste, on average, except for Europe and 
Central Asia and North America, which generate higher portions of dry waste. 

It is a frequent misconception that technology is the solution to the prob-
lem of unmanaged and increasing waste. Technology is not a panacea and 
is usually only one factor to consider when managing solid waste. Countries 
that advance from open dumping and other rudimentary waste manage-
ment methods are more likely to succeed when they select locally appropri-
ate solutions. Globally, most waste is currently dumped or disposed of in 
some form of a landfill. Some 37 percent of waste is disposed of in some 
form of a landfill, 8 percent of which is disposed of in sanitary landfills with 
landfill gas collection systems. Open dumping accounts for about 33 percent 
of waste, 19 percent is recovered through recycling and composting, and 
11 percent is incinerated for final disposal. Adequate waste disposal or treat-
ment, such as controlled landfills or more stringently operated facilities, is 
almost exclusively the domain of high- and upper-middle-income countries. 
Lower-income countries generally rely on open dumping; 93 percent of 
waste is dumped in low-income countries and only 2 percent in high-income 
countries. Upper-middle-income countries have the highest percentage of 
waste in landfills, at 54  percent. This rate decreases in high-income countries 
to 39 percent, with diversion of 35 percent of waste to recycling and com-
posting and 22  percent to  incineration. Incineration is used primarily in 
high-capacity, high-income, and land-constrained countries. 

Based on the volume of waste generated, its composition, and how it is 
managed, it is estimated that 1.6 billion tonnes of carbon dioxide (CO2) 
equivalent greenhouse gas emissions were generated from solid waste treat-
ment and disposal in 2016, driven primarily by open dumping and disposal in 
landfills without landfill gas capture systems. This is about 5 percent of global 
emissions.2 Solid waste–related emissions are anticipated to increase to 
2.6  billion tonnes of CO2-equivalent per year by 2050 if no improvements 
are made in the sector. 

In most countries, solid waste management operations are typically a local 
responsibility, and nearly 70 percent of countries have established institutions 
with responsibility for policy development and regulatory oversight in the 
waste sector. About two-thirds of countries have created targeted legislation 
and regulations for solid waste management, though enforcement varies 
drastically. Direct central government involvement in waste service provision, 
other than regulatory oversight or fiscal transfers, is uncommon, with about 
70 percent of waste services being overseen directly by local public entities. At 
least half of services, from primary waste collection through treatment and 
disposal, are operated by public entities and about one-third involve a public-
private partnership. However, successful partnerships with the private sector 
for financing and operations tend to succeed only under certain conditions 
with appropriate incentive structures and enforcement mechanisms, and 
therefore they are not always the ideal solution. 
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Financing solid waste management systems is a significant challenge, 
even more so for ongoing operational costs than for capital investments, 
and operational costs need to be taken into account upfront. In high-income 
countries, operating costs for integrated waste management, including col-
lection, transport, treatment, and disposal, generally exceed $100 per 
tonne. Lower-income countries spend less on waste operations in absolute 
terms, with costs of about $35 per tonne and sometimes higher, but these 
countries experience much more difficulty in recovering costs. Waste man-
agement is labor intensive and costs of transportation alone are in the range 
of $20–$50 per tonne. Cost recovery for waste services differs drastically 
across income levels. User fees range from an average of $35 per year in 
low-income countries to $170 per year in high-income countries, with full 
or nearly full cost recovery being largely limited to high-income countries. 
User fee models may be fixed or variable based on the type of user being 
billed. Typically, local governments cover about 50 percent of investment 
costs for waste systems, and the remainder comes mainly from national 
government subsidies and the private sector. 

The solid waste data presented in this report tell the story of global, 
regional, and urban trends. The book presents analyses and case studies in 
the following chapters: 

• Chapter 2: At a Glance: A Global Picture of Solid Waste Management. 
Chapter 2 provides an overview of global solid waste management 
trends related to waste generation, composition, collection, and 
disposal. 

• Chapter 3: Regional Snapshots. Chapter 3 provides analyses of waste 
generation, composition, collection, and disposal across seven 
regions—East Asia and Pacific, Europe and Central Asia, Latin 
America and the Caribbean, the Middle East and North Africa, South 
Asia, Sub-Saharan Africa, and North America. 

• Chapter 4: Waste Administration and Operations. Chapter 4 provides 
planning, administrative, operational, and contractual models for 
solid waste management. 

• Chapter 5: Financing and Cost Recovery for Waste Management 
Systems. Chapter 5 highlights typical financing methods and cost 
recovery options that are being implemented globally. 

• Chapter 6: Waste and Society. Chapter 6 provides insights into how 
climate change, technology trends, citizens, and the informal sector all 
interact with and affect the solid waste management sector. 

• Chapter 7: Case Studies. Chapter 7 details good and unique practices 
of waste management around the world, from cost recovery to coordi-
nation between different levels of government. 

Please refer to maps 1.1 and 1.2 for the definitions of regions and income 
levels used in this report.
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Map 1.2 Definition of Regions
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A Note on Data

The What a Waste report compiles solid waste management data from 
various sources and publications and examines the data to provide mean-
ingful trends and analyses for policy makers and researchers. For the 
 purposes of this report, the definition of solid waste encompasses residen-
tial, commercial, and institutional waste. Industrial, medical, hazardous, 
electronic, and construction and demolition waste are reported separately 
from total national waste generation to the extent possible. Every effort 
has been undertaken to verify sources and find the most recent informa-
tion available. 

In general, solid waste data should be considered with a degree of cau-
tion because of inconsistencies in definitions, data collection methodolo-
gies, and availability. The reliability of solid waste data is influenced by 
several factors, including undefined words or phrases; incomplete or incon-
sistent definitions; lack of dates, methodologies, or original sources; incon-
sistent or omitted units; and estimates based on assumptions. Where 
possible, actual values are presented rather than estimations or projections, 
even if that requires using older data. In addition, when a source only pro-
vides a range for a data point, the average of the range is used for this study 
and is noted as such. Given the variety of methodologies used by sources, 
these data are not meant to be used for ordinal ranking of countries or cities 
but rather to provide trends. 

The data reported are predominantly from 2011–17 although overall 
data span about two decades. Within a single country or city, data avail-
ability may cut across several years. Similarly, the year of origin for a 
specific indicator may vary across countries or cities. The year cited in 
the tables refers to the year of the data points. However, when a specific 
year is not available in the original source, the year of the publication is 
provided instead. Furthermore, when a year range is reported in the 
original source, the final year of the range is provided in this report’s 
data set. 

At a national level, this What a Waste study focuses on total waste gen-
eration rather than aggregated urban or rural waste generation because of 
data availability. By providing total waste generation, this study enables 
comparison across countries, income levels, and regions. To enable cross-
comparability of data, all national waste generation statistics are adjusted 
to a common year using the methodology discussed in box 2.1., with origi-
nal figures provided in appendix A. However, because urban data are essen-
tial for decision making and benchmarking, this study also reports data and 
trends from 367 cities. 

To further maximize cross-comparability of data, statistics for waste 
composition, collection rates, and disposal methods are consistently 
reported as percentages in this report. Therefore, data reported by weight 
or population in the original sources have been converted to percentages 
wherever possible, and modifications are noted in the comments. 
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An overview of the methods used for several core indicators is as 
follows: 

Solid Waste Generation 

• Data on waste generation at the country level are available for 215 
countries and economies. 

• Sources reported solid waste data in multiple ways, including total 
waste generation for the country, daily waste generation rates for the 
country, and per capita waste generation rates for the whole country 
or urban areas only. 

• In rare cases in which national waste generation data were not available, 
total waste generation was estimated. Rural solid waste generation rates 
were estimated to be half that of an aggregate urban rate or that of one or 
more representative cities. The estimate of one-half as a rural-urban waste 
generation ratio is supported by several studies and is a conservative esti-
mate that falls below trends observed in available data across regions 
(Karak, Bhagat, and Bhattacharyya 2012; GIZ and SWEEP-Net, various 
years). Total waste generation for the whole country was calculated by 
multiplying waste generation rates by urban and rural populations, using 
World Bank population data. This methodology mainly applied to 
31 countries in the Sub-Saharan Africa region and 8 countries in other 
regions. The methodology followed for the Sub-Saharan Africa region is 
explained in box 1.1. Appendix A indicates whether a national waste 
generation figure was directly reported or was estimated. 

The Sub-Saharan Africa region generates a significant amount of solid waste, and this amount is 

expected to increase at a higher rate than for any other region given the high rate of urbanization and 

population growth in the coming decades (Hoornweg and Freire 2013). Although data availability is 

increasing significantly, statistics on waste generation, collection, treatment, and disposal in the 

region are currently relatively limited. The data that are available can follow varied definitions, meth-

odologies, and collection methods, and span 23 years from 1993 to 2016. 

Given the significance of Sub-Saharan Africa for solid waste generation in the future and the rec-

ognition of solid waste management as a priority by many national governments, this report provides 

estimates for waste generation for many African countries for which country-level data are not 

available. 

To develop data-driven estimates, city-level data were used to extrapolate waste generation to the 

country level. Out of 48 countries in the Sub-Saharan Africa region, data were available at the country 

level for 13, or slightly more than a quarter of the total. For 31 countries (about 65 percent), one or 

more city waste generation rates, typically including the capital city, were used to estimate waste 

generation for the whole country. The city waste generation rate was used as a proxy rate for the 

urban population in the country. Half of the urban waste generation rate was used as an estimate for 

rural waste generation. For the remaining four countries for which no city-level data were available, 

an average waste generation rate for Africa was used as a proxy for the total amount generated for 

the country using national population. 

Box 1.1 Data for the Sub-Saharan Africa Region
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• In this report, all figures shown use national waste generation statis-
tics  that are adjusted to a common base year of 2016, for cross- 
comparability. This analysis was conducted using the World Bank’s 
World Development Indicators’ gross domestic product (GDP) per 
capita, PPP data (constant 2011 international $) in conjunction with 
United Nations population statistics (UN 2017). National waste gen-
eration rates for 2016 are estimated using a projection model that is 
further detailed in box 2.1. All original numbers are provided in 
appendix A. 

• Solid waste generation can be estimated or measured at various places, 
including at the generation source, point of collection, or disposal site, 
which may affect the amount of waste reported by sources. This report 
cites the most reliable measurements available. 

Solid Waste Composition 

• Waste composition refers to the components of the waste stream as a 
percentage of the total mass generated. 

• In a few cases, composition values do not add up to 100 percent or 
sum to more than 100 percent when data are cited from multiple 
sources. Data values provided are as reported in the original source. 

• In summary statistics, food, yard, and green waste are combined into 
one category as food and green waste. 

Waste Collection Coverage 

• Waste collection coverage data are reported according to multiple 
definitions: amount of waste collected, number of households served, 
population served, or geographic area covered. This report analyzes 
the type of collection coverage reported for countries and cities. 
If multiple values were reported, the maximum collection rate was 
used to represent the national or urban collection rate in summary 
statistics. 

• Waste collection coverage is reported at the country level as well as for 
urban and rural areas, where data are available. 

Waste Treatment and Disposal 

• Waste treatment and disposal includes recycling, composting, anaero-
bic digestion, incineration, landfilling, open dumping, and dumping 
in marine areas or waterways. Given the variability of types of land-
fills used, data were collected for three types of landfills: sanitary 
landfills with landfill gas collection systems, controlled landfills that 
are engineered but for which landfill gas collection systems do not 
exist or are unknown, and uncategorized landfills. In summary statis-
tics, all landfills are reported together but detailed data are provided 
in appendix B. 
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• In cases where disposal and treatment percentages do not add up to 
100 percent or where a portion of waste is uncollected, the remaining 
amount is categorized as waste “unaccounted for.” The analyses, 
 figures, and tables in this report assume that waste not accounted for 
by formal disposal methods, such as landfills or recycling, is dumped. 
Waste that is disposed of in waterways and that is managed in low- 
and middle-income countries in “other” manners is also assumed to be 
dumped. Breakdowns are available in appendix B. 

Municipal Waste Management Financials 

• Financial data are collected over a range of years, and accounting 
practices may vary by location. 

• Financial data were collected in local currencies when possible, con-
verted to U.S. dollars based on the annual average exchange rate nor-
malized by purchasing power parity, and adjusted to 2011 using the 
consumer price index to account for potential differences in inflation 
and to ensure cross-comparability. 

• Financial information for solid waste systems was the most scarce 
among all data categories. When the number of observations was lim-
ited, data were aggregated at an income level rather than by regions, 
and only metrics with substantial geographic diversity were used for 
summary statistics.

This edition of What a Waste features the results of the most extensive 
combined national and urban solid waste management data collection 
effort to date. The current data collection and verification effort was 
designed to revise and enhance a previous effort in 2012 by expanding 
national and urban data collection, increasing the scope of metrics included, 
and providing support to decision makers by sharing good practices and 
trends globally. 

Data for this report were collected through a joint effort by regional 
experts who consulted local specialists and public agencies, sources in 
diverse languages, and active waste management facilities. Data were gath-
ered from documents published by local and national governments, inter-
national organizations, multilateral and bilateral agencies, journals, books, 
websites, and news agencies. Data collection primarily took place during 
2017. Additionally, regional World Bank solid waste experts provided 
insights beyond the data collected. These assertions are included in the 
regional snapshots to provide further context for each region but are not 
attributed to each expert. 

The report aggregates extensive solid waste statistics at the national, 
urban, and rural levels. The current edition estimates and projects waste 
generation to 2030 and 2050, taking both urban and rural areas into 
account. Beyond the core data metrics already detailed, the report pro-
vides information on waste management costs, revenues, and tariffs; 
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special wastes; regulations; public communication; administrative and 
operational models; and the informal sector. In addition to national-
level data for 217 countries and economies, a large amount of data were 
collected at the city level, for about one to two cities per country 
or economy. 

The most up-to-date data can be accessed through the What a Waste 
website at www.worldbank.org/what-a-waste. 

Notes

 1. This publication defines municipal solid waste as residential, commer-
cial, and institutional waste. Industrial, medical, hazardous, electronic, 
and construction and demolition waste are reported separately from 
total national waste generation to the extent possible.

 2. Excluding waste-related transportation.
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CHAPTER 2

At a Glance: A Global Picture of 
Solid Waste Management

Key Insights 

• The world generates  0.74 kilogram of waste per capita per day, yet national 

waste generation rates fluctuate widely from  0.11 to  4.54 kilograms per 

capita per  day. Waste generation volumes are generally correlated with 

income levels and urbanization  rates.

• An estimated  2.01 billion tonnes of municipal solid waste were generated 

in 2016, and this number is expected to grow to  3.40 billion tonnes by 

 2050 under a business-as-usual scenario.

• The total quantity of waste generated in low-income countries is expected 

to increase by more than three times by  2050. Currently, the East Asia and 

Pacific region is generating most of the world’s waste, at 23 percent, and 

the Middle East and North Africa region is producing the least in absolute 

terms, at 6  percent. However, waste is growing the fastest in Sub-Saharan 

Africa, South Asia, and the Middle East North Africa regions, where, by 

2050, total waste generated is expected to approximately triple, double, 

and double, respectively.

• Food and green waste comprise more than 50 percent of waste in low- and 

middle-income  countries. In high-income countries the amount of organic 

waste is comparable in absolute terms but, because of larger amounts of 

packaging waste and other nonorganic waste, the fraction of organics is 

about 32  percent.

• Recyclables make up a substantial fraction of waste streams, ranging from 

16 percent paper, cardboard, plastic, metal, and glass in low-income coun-

tries to about 50 percent in high-income  countries. As countries rise in 

income level, the quantity of recyclables in the waste stream increases, 

with paper increasing most  significantly.
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Waste Generation

Waste generation is a natural product of urbanization, economic devel-
opment, and population  growth. As nations and cities become more 

populated and prosperous, offer more products and services to citizens, and 
participate in global trade and exchange, they face corresponding amounts 
of waste to manage through treatment and disposal (map  2.1).

The 2012 edition of What a Waste: A Global Review of Solid Waste 
Management estimated global waste production to be  1.3 billion tonnes per 
year based on available data (Hoornweg and Bhada-Tata  2012). In recent 
years, waste production has grown at levels consistent with initial projec-
tions, and data tracking and reporting have improved  substantially. Based 
on the latest data available, global waste generation in 2016 was estimated 
to have reached  2.01 billion  tonnes.

Countries in the East Asia and Pacific and the Europe and Central Asia 
regions account for 43 percent of the world’s waste by magnitude ( figure  2.1, 
panel  a). The Middle East and North Africa and Sub-Saharan Africa regions 
produce the least amount of waste, together accounting for 15 percent of the 
world’s  waste. East Asia and Pacific generates the most in absolute terms, an 
estimated 468 million tonnes in 2016, and the Middle East and North Africa 
region generates the least, at 129 million tonnes (figure  2.1, panel  b).

• More than one-third of waste in high-income countries is recovered 

through recycling and  composting.

• Waste collection rates vary widely by income  levels. High- and upper-middle- 

income countries typically provide universal waste  collection. Low-income 

countries tend to collect about 48 percent of waste in cities, but outside 

of urban areas waste collection coverage is about 26  percent. In middle-

income countries, rural waste collection coverage varies from 33 percent to 

45  percent.

• Globally, about 37 percent of waste is disposed of in some type of landfill, 

33 percent is openly dumped, 19 percent undergoes materials recovery 

through recycling and composting, and 11 percent is treated through mod-

ern  incineration.

• Adequate waste disposal or treatment using controlled landfills or more 

stringently operated facilities is almost exclusively the domain of high- 

and upper-middle-income  countries. Lower-income countries generally 

rely on open dumping—93 percent of waste is dumped in low-income 

countries and only 2 percent in high-income  countries.

• Upper-middle-income countries practice the highest percentage of land-

filling, at 54  percent. This rate decreases in high-income countries to 

39 percent, where 35 percent of waste is diverted to recycling and com-

posting and 22 percent to  incineration.
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Figure  2.1 Waste Generation by Region

a. Share of waste generated, by region
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(Figure continues on next page)

Map  2.1 Waste Generation Per Capita
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Although they only account for 16 percent of the world’s population, 
high-income countries generate 34 percent, or 683 million tonnes, of the 
world’s waste (figure  2.2). Low-income countries account for 9 percent of 
the world’s population but generate only about 5 percent of global waste, 
or 93 million  tonnes.

The three countries in the North America region—Bermuda, Canada, and 
the United States—produce the highest average amount of waste per capita, 
at  2.21 kilograms per  day. All three countries are high-income  nations. The 
three regions with a high proportion of low- and middle-income nations gen-
erate the lowest amount of waste per capita: Sub-Saharan Africa  averages 
 0.46 kilogram per day, South Asia 0.52 kilogram per day, and East Asia and 
Pacific  0.56 kilogram per  day. Overall, the estimated global average for 2016 
is  0.74 kilogram of waste per capita per day and total generation of solid 
waste is about  2.01 billion  tonnes.

Average waste generation across countries varies substantially, from  0.11 
kilogram per capita per day to  4.54 kilograms per capita per day (table  2.1).

Waste generation has an overall positive relationship with economic 
development (figure  2.3). For incremental income changes, waste genera-
tion is generally shown to increase at a faster rate at lower income levels 

Note: Data adjusted to 2016.
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Figure  2.2 Waste Generation by Income Level

b. Amount of waste generated, by income level
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Note: Data adjusted to 2016.

than at higher income  levels. However, at the lowest income levels, waste 
generation per capita declines initially with income growth. The slower 
growth of waste generation at higher income levels could be due to reduced 
marginal demand for consumption, and therefore reduced  waste.

Waste generation also increases with urbanization (figure  2.4). High-
income countries and economies are more urbanized and they generate 
more waste per capita and in  total. At a regional level, North America, with 
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Table  2.1 Ranges of Average National Waste Generation 
by Region 

kg/capita/day

2016 
Average Min

25th 
Percentile

75th 
Percentile Max

Sub-Saharan 
Africa 

0.46 0.11 0.35 0.55 1.57

East Asia and 
Pacific

0.56 0.14 0.45 1.36 3.72

South Asia 0.52 0.17 0.32 0.54 1.44

Middle East 
and North 
Africa

0.81 0.44 0.66 1.40 1.83

Latin America 
and Caribbean 

0.99 0.41 0.76 1.39 4.46

Europe and 
Central Asia

1.18 0.27 0.94 1.53 4.45

North America 2.21 1.94 2.09 3.39 4.54

Note: kg = kilogram.

(Figure continues on next page)

Figure  2.3 Waste Generation and Gross Domestic Product
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Figure  2.4 Waste Generation and Urbanization Rate
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GDP = gross domestic product; kg = kilogram. 

Low-income, 93

Lower-middle

income,

586
Upper-middle

income, 655

High-income, 683

0

0.5

1.0

1.5

2.0

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000

W
a
s
te

 g
e
n

e
ra

ti
o

n
 p

e
r 

c
a
p

it
a
 (

k
g

/c
a
p

it
a
/d

a
y
)

GDP per capita, PPP (constant 2011 international $)

b. Waste generation versus GDP, by income group

Figure  2.3 Waste Generation and Gross Domestic Product (continued)



24   What a Waste 2.0

Note: Data in panel a are from originally reported  year. Data in panels b and c are adjusted to  2016. Size of bubble 

in panels b and c denotes total waste generation in millions of  tonnes annually; kg = kilogram.
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Figure  2.4 Waste Generation and Urbanization Rate (continued)

the highest urbanization rate at 82 percent, generates  2.21 kilograms per 
capita per day, while Sub-Saharan Africa generates  0.46 kilogram per 
capita per day at a 38 percent urbanization  rate.

Projected Waste Generation 

By 2030, the world is expected to generate  2.59 billion tonnes of waste 
annually (figure  2.5). By 2050, waste generation across the world is 
expected to reach  3.40 billion tonnes (see methodology in box  2.1).
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Figure  2.5 Projected Global Waste Generation
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Box  2.1 Waste Generation Projection Methodology

To ensure cross-comparability of waste generation data and to develop projections for global waste 

generation, available waste generation data were adjusted from a variety of origin years to 2016, 

2030, and  2050.

Key Assumptions

This analysis assumes that waste generation grows primarily based on two factors:

• Gross domestic product (GDP) growth: As a country advances economically, its per capita waste 

generation rates  increase. Economic growth is reflected using GDP per capita, with a purchasing 

power parity adjustment to 2011 to allow for comparison across  countries.

• Population growth: As a country’s population grows, amounts of total waste generated rise 

 accordingly.

Methodology Overview

The model uses the World Bank’s World Development Indicator’s GDP per capita, PPP (constant 

2011 international $) for the waste per capita regression model, the Organisation for Economic 

Co-operation and Development (OECD) GDP per capita projections, PPP (constant 2005 international 

$) for the waste per capita projection estimates, and the United Nations (UN) population growth rates 

to calculate future waste production:

• Relationship between GDP growth and waste generation rates: The observed relationship between 

GDP growth and waste generation is reflected in figure  B2.1.1. A regression model was used to 

capture the relationship between GDP per capita and waste generation per  capita. The model was 

developed using country-level baseline waste generation data from the data collected and GDP per 

capita data from the associated  year. In the model of best fit, the natural logarithm of GDP per capita 

is the independent variable and tonnes of waste generation per capita is the dependent  variable. 

• Proxy waste generation rates: The regression model was used to estimate the expected growth 

in each country’s waste generation rate based on the growth in that country’s GDP per  capita. 

Using the regression model coefficient and intercept, as well as GDP per capita data for the 

(Box continues on next page)
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base year and for the projection years, proxy waste generation rates per year were modeled 

for each country for the base and target  years, per equation B2.1.1.

Proxy waste generation per capita 

= 1647.41 – 419.73 ln(GDP per capita) + 29.43 In(GDP per capita)2 (B2.1.1)

• Projected waste generation: The change in proxy waste generation rates developed through the 

model was used as the growth rate for waste generation for that  country. This growth rate was 

applied to the actual baseline waste generation per capita rate from the data collected to adjust 

actual waste generation rates from the base year to 2016, 2030, and 2035, per equation  B2.1.2. 

If a growth rate could not be calculated for an economy or territory because of a lack of GDP data, 

a regional average was  used.

Projected Waste Generation Rate Target Year =  (Proxy Waste Generation Rate Target Year /  

Proxy Waste Generation Rate Base Year ) í  
Actual Waste Generation Rate Base  Year (B2.1.2)

• 2016 waste generation: The adjusted per capita waste generation rate for 2016 was multiplied by 

the historical population level for  2016. If waste generation data were already reported for 2016, 

the original data were  used.

• 2030 and 2050 waste generation: The adjusted per capita waste generation rates for 2030 and 

2050 were multiplied by the respective projected population levels for the target  year.

In adjusting and projecting waste generation, urbanization rates and changes in country income 

classification are not  considered.

Data Sources

• Waste Generation: Best available national waste generation data from current study 

• Base Year and 2016 Population: World Bank Open Data 

• 2030 and 2050 Population: UN Population Projections, Medium Variant, 2017 Revision 

• GDP per Capita, PPP (constant 2011 international $): World Bank’s World Development Indicators

• GDP per Capita, PPP (constant 2005 international $): OECD

Box  2.1 Waste Generation Projection Methodology (continued)

Note: GDP = gross domestic product.
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Figure  2.6 Projected Waste Generation by Income Group
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High-income countries are expected to experience the least amount 
of waste generation growth by 2030, given that they have reached a 
point of economic development at which materials consumption is less 
linked to gross domestic product growth (figure  2.6, panel  a).1 Low-
income countries are positioned for the greatest amount of growth in 
economic activity as well as population, and waste levels are expected 
to more than triple by  2050. At a per capita level, trends are similar in 
that the largest growth in waste generation is expected in low and 
middle-income countries ( figure  2.6, panel  b).
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Since waste generation is generally expected to increase with economic 
development and population growth, regions with high proportions of 
 growing low-income and lower-middle-income countries are anticipated 
to  experience the greatest increase in waste  production. In particular, the 
Sub-Saharan Africa and South Asia regions are expected to see waste 
 levels approximately triple and double, respectively, in the next three 
decades with economic growth and urbanization (figure  2.7). Regions 
with higher-income countries, such as North America and Europe and 
Central Asia, are expected to see waste levels rise more  gradually.

Figure  2.7 Projected Waste Generation by Region
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Figure  2.8 Global Waste Composition
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Waste Composition

Waste composition is the categorization of types of materials in munic-
ipal solid  waste. Waste composition is generally determined through a 
standard waste audit, in which samples of garbage are taken from gen-
erators or final disposal sites, sorted into predefined categories, and 
 weighed.

At an international level, the largest waste category is food and green 
waste, making up 44 percent of global waste (figure  2.8). Dry recyclables 
(plastic, paper and cardboard, metal, and glass) amount to another 
38  percent of  waste.

Waste composition varies considerably by income level (figure  2.9). The 
percentage of organic matter in waste decreases as income levels  rise. 
Consumed goods in higher-income countries include more materials such 
as paper and plastic than they do in lower-income  countries. The granular-
ity of data for waste composition, such as detailed accounts of rubber and 
wood waste, also increases by income  level.

Global food loss and waste accounts for a significant proportion of food 
and green waste and is discussed further in box  2.2.
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Figure  2.9 Waste Composition by Income Level
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Across global food systems, food loss and waste (FLW) is a widespread issue, posing a chal-

lenge to food security, food safety, the economy, and environmental  sustainability. No accurate 

estimates of the extent of FLW are available, but studies indicate that FLW is roughly 30 percent 

of all food globally (FAO  2015). This amounts to  1.3 billion tonnes per  year. FLW represents wast-

age of resources, including the land, water, labor, and energy used to produce  food. It strongly 

contributes to climate change because greenhouse gases are emitted during food production 

and distribution activities, and methane is released during the decay of wasted  food. FLW also 

affects food supply chains by lowering income for food producers, increasing costs for food 

Box  2.2 Global Food Loss and Waste

(Box continues on next page)
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consumers, and reducing access to  food. Minimizing FLW could lead to substantial food secu-

rity and environmental  gains.

The causes of FLW vary across the world and depend on specific local  conditions. Typically, 

FLW in low-income countries occurs at the production, postharvest handling, storage, and pro-

cessing stages and is caused predominantly by managerial and technical  limitations. FLW 

mostly occurs in the  distribution and consumption stages in middle- and high-income coun-

tries, although it can happen in earlier stages such as when agricultural subsidies lead to over-

production of farm  crops. These  challenges relate to consumer behavior and government 

policies and  regulation.

Improving coordination among actors along the different stages of the supply chain could 

address some of the FLW issues  globally. Measures to reduce FLW in low-income countries 

could involve investment in infrastructure and transportation, including in technology for storage 

and  cooling. Small-scale farmers could also be supported by provision of improved financing and 

credit to allow them to diversify or scale their  production. In high-income countries, consumer 

education for behavior change is key to decreasing  FLW. In addition to decreasing FLW along the 

supply chain, discarded food could also be managed productively for composting and energy 

 recovery.

Regional and international stakeholders are taking action to address  FLW. The African Union is 

working with 14 governments to translate the “Malabo Declaration on Accelerated Agricultural 

Growth and Transformation for Shared Prosperity and Improved Livelihoods,” including food loss 

reduction, into proper national policy and strategies in Africa (African Union Commission  2014). The 

Deputy-Secretary General of the United Nations called on all partners to adopt a more holistic 

approach to food security, one that prioritizes FLW, builds new coalitions, scales up current work, 

and innovates (Helvetas  2018). The Food and Agriculture Organization has been working on devel-

oping new metrics and methodologies to measure FLW, and the organization’s SAVE FOOD Initiative 

works with civil society to address the issue (FAO  2018). The World Food Programme is including 

food loss as part of some five-year country plans in Africa and launched the Farm to Market Alliance 

to structure local markets and promote loss reduction technologies among smallholder farmers 

(World Food Program  2017). The World Bank is tackling the issue through loans, such as in Argentina, 

and by coordinated food waste management and the establishment of a cross-sectoral strategy 

(World Bank  2015).

Several national and local governments have also taken  action. In 2016, the government of Italy 

approved a law to enhance collaboration among key stakeholders, educate the public, encourage 

food donations from business through financial incentives, and promote reusable and recyclable 

packaging (Azzuro, Gaiani, and Vittuari  2016). In 2016, France became the first country in the world 

to ban supermarkets from throwing away or destroying unsold food, forcing them instead to donate 

it to charities and food banks (Chrisafis  2016). In 2009, the city of San Francisco in the United States 

passed an ordinance requiring all residents and tourists to compost food waste (McClellan  2017). 

The city of Ningbo in China diverts food waste from apartment buildings to an anaerobic digestion 

facility (Lee et  al.  2014). In several cities in Sweden, biogas is produced from food waste to power 

vehicles and generate heat (Swedish Gas Centre, Swedish Gas Association, and Swedish Biogas 

Association  2008). In cities like Linköping, Sweden, the majority of public buses have been con-

verted to use  recovered  biogas. The optimal strategy to reduce loss and recover food waste depends 

greatly on the local context, but the increasing global action reveals the many policy, technology, 

and educational avenues  available.

Box  2.2 Global Food Loss and Waste (continued)
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Waste Collection 

Waste collection is one of the most common services provided at a munic-
ipal  level. Several waste collection service models are used across the 
 globe. The most common form of waste collection is door-to-door 
 collection. In this model, trucks or small vehicles—or, where environ-
ments are more constrained, handcarts or donkeys—are used to pick up 
garbage outside of households at a predetermined  frequency. In certain 
localities, communities may dispose of waste in a central container or col-
lection point where it is picked up by the municipality and transported to 
final disposal  sites. In other areas with less regular collection, communi-
ties may be notified through a bell or other signal that a collection vehicle 
has arrived in the neighborhood, such as in Taiwan, China (see case study 
15 in chapter  7). 

Waste collection rates in high-income countries and in North America 
are near 100 percent (figure  2.10).2 In lower-middle-income countries, col-
lection rates are about 51 percent, and in low-income countries, about 
39  percent. In low-income countries, uncollected waste is often managed 
independently by households and may be openly dumped, burned, or, 
less  commonly,  composted. Improvement of waste collection services is 
a critical step to reduce pollution and thereby to improve human health 
and, potentially, traffic congestion.

Waste collection rates tend to be substantially higher for urban areas 
than for rural areas, since waste management is typically an urban  service. 
In lower-middle-income countries, waste collection rates are more than 
twice as high in cities as in rural areas (figure  2.11).

Figure  2.10 Waste Collection Rates
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Figure  2.10 Waste Collection Rates (continued)

Percent

44%

44%

71%

82%

84%

90%

100%

0 10 20 30 40 50 60 70 80 90 100

Sub-Saharan Africa

South Asia

East Asia and Pacific

Middle East and
North Africa

Latin America and
the Caribbean

Europe and Central
Asia

North America

b. Collection rates by region

Figure  2.11 Urban and Rural Collection Rates by Income Level
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Figure  2.12 Global Waste Treatment and Disposal
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Around the world, almost 40 percent of waste is disposed of in landfills 
(figure  2.12).3 About 19 percent undergoes materials recovery through 
recycling and composting,4 and 11 percent is treated through modern 
 incineration. Although globally 33 percent of waste is still  openly 
dumped,5 governments are increasingly recognizing the risks and costs 
of dumpsites and pursuing sustainable waste disposal  methods.

Waste disposal practices vary significantly by income level and region 
(figure  2.13). Open dumping is prevalent in lower-income countries, 
where landfills are not yet  available. About 93 percent of waste is burned 
or dumped in roads, open land, or waterways in low-income countries, 
whereas only 2 percent of waste is dumped in high-income  countries. 
More  than two-thirds of waste is dumped in the South Asia and Sub-
Saharan Africa regions, which will significantly impact future waste 
growth. 

As nations prosper economically, waste is managed using more sustain-
able  methods. Construction and use of landfills is commonly the first step 
toward sustainable waste  management. Whereas only 3 percent of waste is 
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deposited in landfills in low-income countries, about 54 percent of waste is 
sent to landfills in upper-middle-income  countries. Furthermore, wealthier 
countries tend to put greater focus on materials recovery through recycling 
and  composting. In high-income countries, 29 percent of waste is recycled 
and 6 percent  composted. Incineration is also more  common. In high-
income countries, 22 percent of waste is incinerated, largely within high-
capacity and land-constrained countries and territories such as Japan and 
the British Virgin  Islands.

Figure  2.13 Disposal Methods by Income
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Special Wastes 

Municipal solid waste is one of several waste streams that countries and 
cities  manage. Other common waste streams include industrial waste, 
agricultural waste, construction and demolition waste, hazardous waste, 
medical waste, and electronic waste, or e-waste (figure  2.14). 

Some waste streams, such as industrial waste, are generated in much higher 
quantities than municipal solid waste (table  2.2). For the countries with 

Table  2.2 Industrial and Electronic Waste Generation Rates
kg/capita/day

Industrial waste 
generation 

E-waste  
generation 

High income  42.62  0.05 

Upper-middle income  5.72  0.02 

Lower-middle income  0.36  0.01 

Low income No data  <0.01 

Note: kg = kilogram.

Figure  2.14 Global Average Special Waste Generation
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available industrial waste generation data, the trend shows that globally, indus-
trial waste generation is almost 18 times greater than municipal solid  waste. 
Generation of industrial waste rises significantly as income level  increases. 

Global agricultural waste production is more than four and a half times 
that of municipal solid  waste. Agricultural waste is most significant in coun-
tries with large farming  industries. Agricultural waste is often managed 
separately from other waste streams since it is largely organic and may serve 
as a useful input for future agricultural  activities. 

Construction and demolition waste may compete with municipal solid 
waste for disposal space in  landfills. In some countries, such as India, it is 
common to dispose of both in the same disposal  facilities. 

Hazardous, medical, and e-waste are typically only a fraction of 
municipal solid  waste. If disposed of properly, these wastes are typically 
treated in specialized facilities, including chemical processing plants, 
incinerators, and disassembly centers,  respectively. The generation of 
e-waste is associated with economic development, with high-income 
countries generating five times the volume of e-waste generated by lower-
middle-income  countries. The increasing amount of e-waste and its 
potential for environmental pollution and recycling may be an area of 
consideration for rapidly developing  countries.

Notes

 1. Income levels for countries are held constant to classifications at the 
time of publication; that is, potential changes in income level category 
are not considered for total projected waste generation  levels.

 2. The collection rate for North America is rounded from  99.7  percent.  
 3. Landfills may be controlled, sanitary, or  unspecified.  
 4. Some countries report waste that is composted under the category 

 “Recycling.” These two disposal methods may be viewed together as 
materials  recovery.  

 5. Waste that is uncollected, classified as treated by “Other” methods, 
thrown in waterways, and not accounted for by any disposal method is 
considered  dumped. “Other” typically refers to the open burning of  waste. 
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CHAPTER 3

Regional Snapshots

East Asia and Pacific

Background and Trends 

The East Asia and Pacific region consists of 37 countries and economies 
on the main Asian continent, Australia, and surrounding island states 

in the Pacific  Ocean. The region was home to a population of  2.27 billion 
in  2016. Disposal practices vary in East Asia and  Pacific. Although open 
dumping remains a common disposal practice, higher-income countries 
such as China and the Republic of Korea have achieved high landfilling and 
recycling  rates. Because of increasingly rigorous environmental laws, dis-
posal practices are making the transition to sanitary  landfills. Island states 

Key Insights

• The East Asia and Pacific region  generated the most waste globally at 

468  million tonnes in 2016, an average of  0.56 kilogram per capita per  day.

• Some 53 percent of waste in East Asia and Pacific is composed of food and 

green waste, and dry recyclables comprise about one-third of the  waste.

• Waste collection coverage in East Asia and Pacific is about 77 percent at an 

urban level, 45 percent at a rural level, and 71 percent  overall.

• About 46 percent of garbage is disposed of in some form of landfill; 24  percent 

of waste is incinerated, mainly in high-income countries; and about 9  percent 

of waste is  recycled.

• Cities are increasingly developing source-separation and recycling  programs 

for both dry materials and  organics.



40   What a Waste 2.0

in the Pacific are especially focused on materials recovery through recycling 
and  composting. 

From an administrative perspective, waste systems are increasingly 
becoming privatized in municipalities, and cities are developing structures 
for accountability and  quality. Governing agencies are exploring ways to 
reduce overlaps in  responsibility. Financially, waste systems are heavily 
subsidized by the government, and countries with unplanned settlements, 
such as Mongolia, still experience difficulty recovering  costs. However, 
fee-recovery systems are  maturing. For example, several countries charge 
waste management user fees through combined utility bills, and the use of 
behavior-changing variable fees is famously practiced in Korea, as well as 
in several other countries, including the Philippines and  Thailand. 

Waste Generation and Composition 

The East Asia and Pacific region generated 468 million tonnes of waste 
in 2016, at an average rate of  0.56 kilogram per person per day 
  (figure 3.1). The largest waste generators are typically high-income coun-
tries or island  states. About 47 percent of waste in the region is generated 
by the economic hub of China, which is home to 61 percent of the 
region’s  population. However, at  0.43 kilogram, China’s daily per capita 
waste generation rate is below the regional average, reflecting the lower 
amounts of waste generated by the country’s significant rural  population. 

Figure  3.1 Waste Generation Rates: East Asia and Pacific Region
kg/capita/day

Note: Data adjusted to 2016 as described in box  2.1; kg = kilogram.
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Average waste generation in East Asia and Pacific’s urban areas is 
 substantially higher than national averages, at  0.96 kilogram per capita 
per  day. 

The majority of waste in the East Asia and Pacific region is organic 
 (figure  3.2). Dry recyclables comprise one-third of  waste. Many initiatives 
have emerged to recover usable materials from waste in the East Asia and 
Pacific  region. 

Waste Collection 

At a national level, waste collection coverage in East Asia and Pacific aver-
ages about 71 percent (figure  3.3). Rates are highest in urban areas, at about 
77 percent, and lower in rural communities at 45  percent. High-income 
countries and economies, such as Singapore; Hong Kong SAR, China; 
Japan; and Korea collect almost 100 percent of waste (figure  3.4). Where 
services exist in East Asia and Pacific, the majority of waste is collected on 
a door-to-door basis (in 18 out of 25 countries  studied). 

The informal sector is active in the region, with up to an estimated 
200,000 active waste pickers in Beijing, China, and 16,000 in Ho Chi Minh 
City, Vietnam (Li 2015; CCAC, n.d.). Waste picker services are formalized 
in certain  cities. For example, as part of the rehabilitation of the Baruni 

Figure  3.2 Waste Composition in East Asia and Pacific
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Disposal Facility in the capital of Papua New Guinea, waste-picking activi-
ties have been  regulated. In Port Vila, the capital of Vanuatu, waste pickers 
must register at the disposal facility to collect  waste. 

Within the East Asia and Pacific cities studied, source separation is com-
monly practiced (figure  3.5). The most commonly source-separated materi-
als are paper and cardboard, cans and metals, plastics and packaging, and 
 glass. 

Waste Transportation 

The distance traveled between city centers and final disposal sites ranges 
from 6 kilometers in Honiara, Solomon Islands, to 64 kilometers in Seoul, 
 Korea. Waste transportation distances can be higher for cities with dense 
suburban populations and limited access to land outside urban  centers. 

Waste Disposal 

In East Asia and Pacific, 46 percent of waste is disposed of in landfills 
 (figure  3.6). Notably, slightly more than one-fifth of waste is incinerated in 
modern  facilities. Incineration is typically practiced by high-income 
 countries and economies with limited land availability, such as Japan 
(80  percent); Taiwan, China (64 percent); Singapore (37 percent); and 
Korea (25  percent), but  has also become common practice in China 
(30  percent). Open dumping is relatively uncommon compared with other 

Figure  3.3 Waste Collection Coverage in East Asia and Pacific
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Photo 3.1 Landfill in China

Photo 3.2 A Waste and Street Cleaning Worker in Hoi An, Vietnam
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regions, potentially because of the advanced waste practices of highly 
 populous, high-income economies within the  region. 

Many cities practice recycling to some  extent. In East Asia and Pacific, 
23 out of 28 cities with reported data recycle some amount of  waste. 
Composting is developing as a practice in high-income or densely popu-
lated cities such as Wellington, New Zealand; Bangkok, Thailand; and 
Seoul,  Korea. 

Figure  3.4 Waste Collection Rates for Select Cities in East Asia and Pacific
percent coverage 

Note: Maximum chosen as reported for households, geographic area, or waste.
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Figure  3.6 Waste Disposal and Treatment in East Asia and Pacific 
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Europe and Central Asia 

Background and Trends 

The Europe and Central Asia region includes 57 countries spanning 
Greenland in the west to the Russian Federation in the east. The region 
housed 912 million people in  2016. Waste prevention and recycling are 
increasing in the  region. In European Union member states in 
Western Europe, targets for waste disposal and recycling are guided by 
 legislation. To fulfill their membership requirements, new European 
Union member states are focused on increasing rates of waste diversion 
from landfills and are  taking measures to achieve a 100 percent rate of 
sanitary waste disposal, if not achieved  already. Much of the fastest 
growth in modernization of waste management systems is occurring in 
Eastern Europe and Central Asia, where governments are largely 
focused on closing old dumpsites and building centralized facilities for 
treatment and  disposal. 

Waste Generation and Composition 

The Europe and Central Asia region generated 392 million tonnes of waste 
in 2016, or  1.18 kilograms per person each day (figure  3.7). The highest 
per capita waste generators are found in a few island states with high lev-
els of tourism and in the economic hubs in Western  Europe. The countries 

Key Insights 

• Europe and Central Asia generated 392 million tonnes of waste in 2016, or 

 1.18 kilograms per capita per  day. 

• Waste collection rates in the region average 90  percent. The average urban 

collection rate is 96 percent, and the average rural rate is 55  percent. 

• About three-quarters of waste in Europe and Central Asia has the potential 

to be recovered through recycling or organics  management. Currently, 

31   percent of  waste materials are recovered through recycling and 

 composting. 

• Incineration is used to process 18 percent of waste across Europe and Central 

Asia, though the practice has mainly been adopted in Western European 

 countries. 

• Because of greater economic development and stringent European Union 

legislation, many of the higher recycling and collection rates in Europe and 

Central Asia occur in Western  Europe. 

• The focus in Europe and Central Asia is typically on improvement of waste 

collection systems, construction of central disposal sites, and closure of 

 dumpsites.
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Figure  3.7 Waste Generation Rates: Europe and Central Asia
kg/capita/day

Note: Data adjusted to 2016 as described in box  2.1; kg = kilogram.
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Figure  3.8 Waste Composition in Europe and Central Asia
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Figure  3.9 Waste Collection Coverage in Europe and Central Asia 
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 generating the least waste are largely in Eastern Europe or Central Asia 
and typically have a lower gross domestic product per  capita. Urban areas 
generated  1.28  kilograms of waste per capita per  day. However, in many 
countries in the region, per capita waste generation levels hardly differ 
between urban and rural  areas. 

Waste in the Europe and Central Asia region is mostly organic, as is 
consistent with global trends (figure  3.8). The region is only exceeded in its 
generation of solid recyclables, such as paper and plastic, by North  America. 
In urban areas, waste composition is similar to national waste composition, 
with a slightly lower proportion of organic  waste. 

Waste Collection 

Nationally, waste collection coverage is relatively high, at 90 percent 
 (figure  3.9). The urban waste collection coverage rate of 96 percent 
exceeds the rural waste collection rate of 55  percent. In many European 
cities waste collection has been modernized with comprehensive truck 
fleets and planned systems (figure  3.10); in rural areas, however, waste 
collection systems are still in  development. 

In urban areas in Europe and Central Asia, waste collection typically 
takes place through a mix of door-to-door curbside collection and drop-
offs at centralized  bins. 
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Note: Maximum chosen as reported for households, geographic area, or  waste.

Figure  3.10 Waste Collection Rates for Select Cities in Europe and Central Asia
percent coverage
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Figure  3.11 Number of Cities in Europe and Central Asia Source Separating 
Recoverable Waste Streams
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Out of the 45 cities in the study that reported some type of source 
separation, the streams of waste that are most commonly source sepa-
rated are paper and cardboard, plastics and packaging, and glass 
(figure  3.11). 

Waste Transportation 

In cities in Europe and Central Asia, the distance that waste is trans-
ported between main city centers and landfills ranges considerably, from 
2 to 51  kilometers. Of 22 cities with reported data, 10 aggregate waste 
at a central transfer station or collection point before final disposal in 
 landfills. 

Waste Disposal 

In Europe and Central Asia, one-quarter of waste is disposed of in some 
type of landfill (figure  3.12). Incineration, which accounts for 18 percent 
of waste disposal, is largely practiced in Western European countries with 
high technological capacity, advanced environmental regulations, and 
enforcement  authority. Several countries have achieved high rates of recy-
cling and composting (table  3.1). 
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Figure  3.12 Waste Disposal and Treatment in Europe and Central Asia 
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Table  3.1 Countries with High Recycling and Composting Rates in 
Europe and Central Asia

Recycling rate 
(percent)

Composting rate
(percent)

Faroe Islands 67 Austria 31 

Liechtenstein 64 Netherlands 27 

Iceland 56 Liechtenstein 23 

Isle of Man 50 Switzerland 21 

Germany 48 Luxembourg 20 

Slovenia 46 Belgium 19 

San Marino 45 Denmark 19 

Belgium 34 Germany 18 

Ireland 33 Italy 18 

Sweden 32 France 17 

Note: Rates represent percentage of total  waste.
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Latin America and the Caribbean

Background and Trends

The Latin America and the Caribbean region consists of 42 countries that 
include South America and the Caribbean  Islands. The region had a popu-
lation of 638 million in  2016. Solid waste systems in the region are in the 
process of modernization, though practices vary based on income  level. 
At an urban level, many cities have initiated source-separation  programs, 
and recycling rates are highest for materials such as aluminum, paper, and 
 plastic. Recycling is common in the region except in the Caribbean islands, 
where recycling markets are  nascent. 

An increasing amount of waste is being disposed of in sanitary landfills, 
with or without environmental and social controls, but a significant amount 
of waste is still dumped, burned, or used as animal  feed. The stability of 
dumpsites is an issue, especially given the frequency of natural disasters in the 
 Caribbean. The Caribbean is also more prone to plastic marine litter washing 
up onshore and needs to address that challenge as well. Some advanced cities 
are beginning to convert landfill gas to  energy. Other cities are exploring new 
technologies such as waste-to-energy incineration and anaerobic digestion, 
with anaerobic digestion receiving particular  attention. From a policy perspec-
tive, most countries and cities have at least one regulatory mechanism in place 
to guide waste management  activities. 

Cost recovery varies across the region and includes government subsi-
dies, taxes, user fees, and cross-subsidization across income  levels. 
Environmental levies for littering are common, but it is not always clear 
that the funds are used for solid waste management  activities. 

Waste Generation and Composition 

The Latin America and the Caribbean region generated 231 million tonnes 
of waste in 2016, at an average of  0.99 kilogram per person each day 
(figure  3.13). Many of the highest waste generators are island states with 
active tourist  economies. 

Key Insights 

• The Latin American and the Caribbean region generated 231 million tonnes of 

waste in 2016, with an average of  0.99 kilogram per capita per  day.

• Some 52 percent of municipal solid waste is classified as food and green  waste.

• Waste collection coverage for the region is relatively comprehensive at 

84  percent, on average, although average coverage for rural areas is 30  percent.

• About 69 percent of waste is disposed of in some form of landfill, and more 

than 50 percent of waste is disposed of in sanitary landfills with environmen-

tal  controls.

• The region recycles 4.5 percent of  waste.

• Some countries are pursuing opportunities to recover energy from waste 

through methods such as landfill gas collection and anaerobic  digestion.
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Figure  3.13 Waste Generation Rates: Latin America and the Caribbean Region
kg/capita/day

Note: Data adjusted to 2016 as described in box  2.1; kg = kilogram.
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Figure  3.14 Waste Composition in Latin America and the Caribbean 
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About half of the waste in the Latin America and the Caribbean 
region is food and green waste (figure  3.14). About one-third of waste is 
composed of dry  recyclables. It is likely that the almost 15 percent of 
waste that has not been characterized through formal systems is largely 
organic, given that areas outside the purview of municipal waste systems 
tend to be rural or  lower in income, and these areas tend to generate 
more wet or organic  waste. 

Waste Collection 

Waste collection coverage is quite high for the Latin America and the 
Caribbean region compared with global  trends. At an urban level, about 
85 percent of waste is collected (figure  3.15), and most waste collection 
systems in Latin America and the Caribbean are on a door-to-door 
 basis. In rural communities, waste collection coverage is about 
30   percent. Collection coverage varies significantly, with coverage of 
greater than 95  percent in cities in countries such as Uruguay and 
Colombia, and as low as 12 percent in Port au Prince, Haiti (figure 
 3.16). The informal sector is highly active within the  region. Cities stud-
ied reported varying numbers of active  waste pickers, ranging from 
175 in Cusco, Peru, to 20,000 in São Paolo, Brazil (Lizana 2012; CCAC, 
n.d.). Some large Latin  American cities average almost 4,000 active 
waste pickers collecting recyclable  materials. 

Figure  3.15 Waste Collection Coverage in Latin America and the Caribbean
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Waste Transportation 

The main transportation mode for waste in Latin America and the 
Caribbean is  trucks. Of the 21 cities reporting waste transportation prac-
tices, 16 aggregate waste at a transfer station or other site before final 
disposal, and most cities have transfer stations in operation, ranging from 

Figure  3.16 Waste Collection Rates for Select Cities in Latin America and the Caribbean
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1 in Cusco, Peru, to 12 in Mexico City,  Mexico. Aggregation stations may 
be intended either to transfer waste to larger trucks or to increase effi-
ciency of materials  recovery. These stations may be formal or informal 
recycling centers where waste pickers sort materials for  recycling. After 
waste is collected, the distance traveled between city centers and final dis-
posal sites ranges from 4 to 62  kilometers. 

Waste Disposal 

More than two-thirds of waste in the Latin America and the Caribbean 
region is disposed of in some type of landfill (figure  3.17), although some of 
these may be well-run  dumps. More than half of waste is disposed of in 
sanitary landfills with some environmental controls, reflecting a general 
regional focus on sustainable disposal  methods. Open dumping accounts 
for about 27 percent of waste disposal and  treatment. Recycling and com-
posting systems are emerging across the region, although the extent of 
implementation varies by  country. Many cities are focused on recovering 
waste; for example, cities such as Montevideo, Uruguay, and Bogotá and 
Medellín, Colombia, recycle more than 15 percent of  waste. In addition, 
cities such as Mexico City, Mexico, and Rosario, Argentina, compost more 
than 10 percent of  waste. Landfill gas collection has emerged as the main 
mechanism of recovering energy from waste in Latin America and the 
 Caribbean. 

Photo 3.4 Plastic Bottle Collection in Jamaica
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Middle East and North Africa 

Background and Trends 

The Middle East and North Africa region consists of 21 countries  spanning 
Morocco in the west to the Islamic Republic of Iran in the  east. The region 
was home to a population of 437 million people in  2016. Waste genera-
tion and management practices in the region vary  widely. Countries such 
as Bahrain, the United Arab Emirates, and Kuwait generate more than 
 1.5  kilograms of waste per person per day, while countries such 
as  Morocco, Djibouti, and the Republic of Yemen generate less than 
 0.6  kilogram per person per  day. 

Although political fragility has affected the delivery of services and 
progress of the solid waste sector in several areas, many governments 
are making efforts to address waste challenges through legal, technical, 
and institutional  reforms. Strong citizen engagement initiatives and 
financial investments are underway, such as in Morocco (box  3.1), and 
several countries are working to integrate the private sector into ser-
vice delivery and to increase fee  recovery. Many high-income countries 
in the GCC are finding sustainable ways to dispose of waste, including 
through waste-to-energy projects, and several waste infrastructure 
projects are being tendered or are under construction in the  region. 
Most GCC countries are also developing new regulations and institu-
tional  structures. 

Key Insights 

• The Middle East and North Africa region generated 129 million tonnes of 

waste in 2016, the lowest total of any region, primarily because of its lower 

population, at an average of  0.81 kilogram per capita  daily. However, the 

region will double waste generation by 2050.

• Some 53 percent of all waste is disposed of in open dumps although coun-

tries are seeking alternative methods to dispose of waste, especially in the 

Gulf Cooperation Council (GCC). Recycling and composting are widespread 

at a pilot  scale. 

• In GCC countries, waste collection rates are nearly 100 percent, and these 

countries are exploring ways to recover value from waste through waste-to-

energy  projects. 

• Political instability in certain countries has hindered the development of for-

mal waste systems in many  areas. However, citizen engagement initiatives 

are strong and governments are increasingly pursuing reforms, integration 

of the private sector, and improved fee  recovery. 

• Legal and institutional reform has become a common focus for many nations, 

such as Jordan, Morocco, and the GCC  countries. 
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Waste Generation and Composition 

Waste generation in the Middle East and North Africa region is relatively 
modest compared with global trends, primarily due to a lower  population. 
The region generated 129 million tonnes of waste in 2016, at an average 
of  0.81 kilogram per person per day (figure  3.18). However, the waste 
generation rate in cities is significantly higher, at an average of 
 1.38  kilograms per person per  day. Many of the largest waste generators 
are high-income countries, mainly those in the  GCC. 

Box  3.1 Morocco: Investing in Environmental Sustainability 
Pays Off

A marginal endeavor only a decade ago, environmental sustainability is now 

a national priority in Morocco, as evidenced by the recently adopted National 

Strategy for Sustainable  Development. Government efforts over the past 

decades toward greener growth are yielding tangible  results. Between 

2008  and 2014, the government invested about  2.8 billion dirhams, or 

 US$0.3   billion, to improve municipal waste management through the 

Program National de Déchets Ménagers, cutting corresponding environ-

mental costs by an estimated  4.2 billion dirhams or  US$0.4 billion over the 

same  period. 

Source: Calculation by  M. Sarraf based on Croitoru and Sarraf  (2017).

Note: Exchange rate of  9.5 dirhams per US$1 as of June  2018. 

Figure  3.18 Waste Generation Rates: Middle East and North Africa Region
kg/capita/day

Note: Data adjusted to 2016 as described in box  2.1; kg = kilogram.

0
.7

4

0
.8

1

1
.8

3

1
.7

8

1
.7

3

1
.6

0

1
.5

5

1
.4

0

1
.2

7

1
.1

9

0
.6

7

0
.6

6

0
.5

5

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

G
lo

bal
 A

ve
ra

ge

R
eg

io
nal

 A
ve

ra
ge

B
ah

ra
in

Is
ra

el

M
al

ta

U
nite

d A
ra

b E
m

ir
at

es

K
uw

ai
t

S
au

di A
ra

bia

Q
at

ar

O
m

an

1
.0

3

Ir
aq

0
.9

8

Le
ban

on

0
.9

3

Pal
es

tin
e

0
.8

4

A
lg

er
ia

0
.8

1

Jo
rd

an

1
.0

5

Li
bya

Egyp
t, 

A
ra

b R
ep

.

Tunis
ia

0
.5

7

S
yr

ia
n A

ra
b R

ep
ublic

0
.6

0

Ir
an

, I
sl
am

ic
 R

ep
.

M
oro

cc
o

0
.4

4

D
jib

outi

0
.4

8

Y
em

en
, R

ep
.



 Regional Snapshots   61

Figure  3.19 Waste Composition in the Middle East and North Africa 
percent
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Food and green waste, at 58 percent, is the predominant type of waste in 
the Middle East and North Africa (figure  3.19). About one-third of waste is 
composed of dry recyclables, and the rising recycling activity in the region 
reflects an increasing willingness to capture the value of these  materials. A 
major focus in the region is on reducing food waste and addressing organic 
waste  management. 

Waste Collection 

Waste collection coverage is relatively comprehensive for the Middle East 
and North Africa  region. Coverage is highest in urban areas, with an aver-
age of 90 percent of waste being collected (figure  3.20). Many cities 
reported 100 percent collection coverage (figure  3.21). Rural coverage is 
relatively high for most countries, with an average of 74 percent of waste 
being collected, though there is significant variation between  countries. In 
Qatar, 100 percent of rural waste is  collected. However, in Tunisia and the 
Arab Republic of Egypt, 5 percent and 15 percent of rural waste is col-
lected,  respectively. The informal sector is active across the Middle East 
and North Africa  region. For example, an estimated 96,000 informal 
waste pickers are active in Cairo and account for 10 percent of the waste 
collected in the city (IFC  2014). 
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Figure  3.20 Waste Collection Coverage in the Middle East and North Africa
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Photo 3.5 One Form of Waste Collection in West Bank
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Where waste collection exists in urban areas, the predominant method is 
door-to-door pickup by  trucks. Source separation is not common within 
the  region. 

Waste Transportation 

The distance traveled between city centers and final disposal sites ranges 
significantly, from 3 to 40 kilometers (table  3.2). It is common to aggre-
gate waste at a transfer station or another site before final disposal, and 
many cities have transfer stations in  operation. However, many cities stud-
ied stated that the number of transfer stations in operation fell short of the 
optimal number for the urban waste management  system. 

Waste Disposal 

Waste disposal practices vary widely in the Middle East and North Africa 
 region. Open dumping is prevalent, at 53 percent of total waste manage-
ment (figure  3.22). For example, about 940 dumps exist in Lebanon 
for  municipal waste, as well as construction and demolition waste 
(Republic of Lebanon Ministry of Environment and UNDP  2017). 
Furthermore, in high-income countries, most landfills are not engineered 
landfills and effectively operate as  dumps. 

Figure  3.21 Waste Collection Rates for Select Cities in the Middle East and North Africa
percent coverage 

Note: Maximum chosen as reported for households, geographic area, or  waste.
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However, landfill usage is rapidly  increasing. For example, the percent-
age of municipal solid waste collected and disposed of in sanitary landfills 
in Morocco has increased from 10 percent in 2008 to 32 percent in 2012 
and to 53 percent in 2016, and once five new sanitary landfills that are 
 currently under construction are complete, the rate is expected to reach 
80 percent (Sarraf  2018, personal communication, May 30, 2018). Many 
countries in the GCC, such as Qatar, have integrated higher recycling and 
waste-to-energy rates into national plans and have begun construction 
(Qatar General Secretariat for Development and  Planning 2011). Several 
high-income GCC countries are pursuing waste-to-energy solutions and are 
planning properly designed waste management facilities, including inciner-
ators and sanitary  landfills. 

Recycling and composting systems are increasing in  prevalence. Of the 
21 countries studied, 16 have reported some amount of recycling  activities. 
The share of waste recovered is typically low, about 1–8 percent, but ranges 
up to 25  percent. Out of 21 countries, 9 have reported some level of com-
posting  activity. 

Table  3.2 Examples of Transfer Station Availability and Transportation Distance in 
the Middle East and North Africa

City 

Number of 
transfer stations 

in operation 

Number of 
transfer stations 

needed 

Distance from city 
center to final 

disposal site (km) 
Population 

(1000s)

Tangier, Morocco 0 2 20 1,100

Sanaá, Yemen,  Rep. 1 5 17 2,331

Rabat, Morocco 1 No data 20 650

Beirut, Lebanon 2 2 9 650

Sfax, Tunisia 2 4 40 300

Amman, Jordan 3 No data 24 2,400

Abu Dhabi, United 

Arab Emirates
6 No data No data 1,145

Tunis, Tunisia 8 10 15 700

Baghdad, Iraq 9 No data No data 7,000

Tehran, Iran, Islamic 

 Rep.
11 11 39 8,432

Ramallah, West Bank 

and Gaza
No data 2 No data  

Damascus, Syrian Arab 

Republic
No data 11 No data 2,566

Saida, Lebanon No data No data 3 150

Beni Mellal, Morocco No data No data  4.5 192

Jeddah, Saudi Arabia No data No data 40 4,076
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Figure  3.22 Waste Disposal and Treatment in the Middle East and 
North Africa 
percent
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North America 

Background and Trends 

North America is the smallest region, consisting of three countries: 
Bermuda, Canada, and the United  States. The region was home to a popu-
lation of 359 million in  2016. The United States is the largest of the three, 
with a population of 322 million, and Bermuda is the smallest with 62,000 
 people. All three countries in North America are high-income nations, and 
as such, waste management and disposal practices tend to be advanced 
relative to global  trends. Waste management systems generally operate in 
an environmentally sound manner, have high capacity, serve nearly all citi-
zens, and enjoy more consistent financial stability and fee collection than 
systems in lower-income  countries. 

Given more advanced information management systems, data availabil-
ity and accuracy are relatively strong in North  America. 

Waste Generation and Composition 

Though home to less than 5 percent of the global population in 2016, 
North America generated 14 percent of the world’s waste, at 289 million 
tonnes with a daily rate of  2. 21 kilograms per capita (figure  3.23). The 
high waste generation rate reflects the high-income status of these coun-
tries and related economic  activity. Waste generation rates in North 
American cities vary, with cities such as Seattle in the United States gener-
ating up to  3.13 kilograms per capita per day and others such as Ottawa, 
Canada, generating only  0.95 kilogram per capita per day (Seattle Public 
Utilities 2016; City of Ottawa  2018). 

As an island state with high tourist activity, Bermuda is the highest waste 
generator per capita in North  America. Canada generates the least amount 
of waste, though it is not far behind the United States on a per capita  basis. 

The composition of waste in North America is  diverse. Unlike other 
regions, food and green waste accounts for less than 30 percent of the 
total waste stream (figure  3.24). More than 55 percent of waste is dry 
 recyclables. Paper and cardboard comprise 28 percent of total waste, and 
plastic 12  percent. 

Key Insights 

• The North American region generates the highest average amount of waste, at 

 2.21  kilograms per capita per day; total waste generated was 289 million tonnes 

 annually in 2016. 

• Waste collection coverage in North America is nearly universal, at  99.7 

 percent, with the gap in collection coverage occurring in Bermuda. 

• More than 55 percent of waste is composed of recyclables including paper, 

cardboard, plastic, metal, and  glass. 

• At 54 percent, more than half of waste in North America is disposed of at sani-

tary landfills and one-third of waste is  recycled. 
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Figure  3.23 Waste Generation Rates: North American Region
kg/capita/day

Note: Data adjusted to 2016 as described in box  2.1; kg = kilogram.
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Figure  3.24 Waste Composition in North America 
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Waste Collection 

Some  99.7 percent of waste in North America is collected, with a gap only 
in  Bermuda. Waste is typically collected at the curb beside residential or 
commercial  establishments. Rural areas have access to formal collection 
systems, which are typically either door-to-door services or central drop-off 
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points managed by municipalities or private  entities. Local laws in many 
cities mandate that waste collection be provided to households, or that 
larger residential buildings or commercial institutions contract with private 
operators for waste  collection. Collection is typically done with trucks and, 
depending on the location of the treatment or disposal facility, waste is 
often shifted to larger trucks at transfer stations or sorting facilities to more 
effectively transport the large quantities of waste over long  distances. 

Waste Disposal 

Over half of waste in North America is disposed of in sanitary landfills 
(figure  3.25). One-third of waste is recycled, about 12 percent is inciner-
ated in incinerators with energy recovery, and less than 1 percent is 
 composted. In North America, landfills are highly regulated and waste 
is disposed of in an environmentally sound  manner.  U.S. landfills are regu-
lated by the national Environmental Protection Agency, and municipal 
solid waste landfills must be designed with environmental controls and 
report on certain performance measures, such as methane generation, as 
well as the quality of the air, water, and soil. 

As an island nation, Bermuda faces unique land  constraints. In 1994, a 
central waste-to-energy incinerator was  constructed. The facility reduces 
waste volume by 90 percent and currently 67 percent of the country’s waste 
is incinerated (Government of Bermuda  n.d.). 

Figure  3.25 Waste Disposal and Treatment in North America 
percent
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South Asia 

Background and Trends 

The South Asia region has only eight countries but a large  population. The 
three population hubs of India, Pakistan, and Bangladesh together have a 
population of  1.68 billion people; Afghanistan, Nepal, and Sri Lanka are 
home to nearly 85 million people; and the smaller states of Bhutan and 
Maldives have about  1.2 million  people. The countries in South Asia are 
diverse not only in population, but also in economic development and 
 geography. 

Almost all cities in the South Asia region practice some open dumping, 
but cities are increasingly developing sanitary landfills and pursuing 
 recycling. Most cities hire private contractors or nongovernmental organi-
zations to collect waste from neighborhoods and institutions and pay col-
lectors based on the amount of waste transported to disposal  sites. Although 
rules and regulations have been developed at national and state levels, these 
criteria are still being translated into practice and accountability structures 
at the city  level. 

Implementation of policies is challenging because of a lack of enforce-
ment  mechanisms. In addition to improving legal enforcement, strengthen-
ing the technical and institutional capacity of administrators at all levels of 
solid waste management systems, from municipal staff to the regulators 
and operators, is a common  priority. 

Waste Generation and Composition 

The South Asia region generated 334 million tonnes of waste in 2016, at 
an average of  0.52 kilogram per person each day (figure  3.26). Rural 
waste generation is significantly lower than urban waste generation and 
reduces the average amount generated in the  region. The islands of 

Key Insights 

• The South Asia region generated 334 million tonnes of waste in 2016, at an 

average of  0.52  kilogram per capita daily, including both urban and rural 

 waste. Total waste generation is expected to double in the region by  2050.

• About 57 percent of waste in South Asia is characterized as food and green 

 waste.

• About 44 percent of waste is collected in South Asia, mainly through door-to-

door  systems.

• About three-fourths of waste is currently openly dumped in South Asia, 

although improvements to collection systems and construction of sanitary 

final disposal sites are  underway. 
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Maldives generate the most amount of waste per capita. In cities in South 
Asia, waste generation rates vary widely, with cities such as Kabul, 
Afghanistan, generating about  1.5 kilograms per capita per day, and cities 
such as Butwal, Nepal, generating only about  0.2 kilogram per capita per 
day (Asian Development Bank 2013; World Bank  2016). 

Most waste in the South Asia region is organic (figure  3.27). A large 
proportion of waste is not classified, though it is assumed that most of this 
waste is  inert. Waste cleaned from drains and silt is often mixed into the 
solid waste disposed of by  municipalities. Construction and demolition 
waste is also often included in the data reported for South Asia though it 
will gradually be managed separately as a result of new rules in India 
 established in 2016 (Ministry of Environment, Forest and Climate 
Change  2016). 

Waste Collection 

Excluding Maldives, Sri Lanka, and Afghanistan, where data were not 
available, urban waste collection coverage in South Asia is about 77 percent 
(figure  3.28), although coverage varies considerably by country and city 
(figure  3.29). Rural areas have lower collection coverage rates of about 
40  percent. 

Figure  3.26 Waste Generation Rates: South Asia Region
kg/capita/day

Note: Data adjusted to 2016 as described in box  2.1; kg = kilogram.

0.74

0.52

1.44

0.57
0.52

0.44 0.43

0.34
0.28

0.17

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

G
lo

bal
 A

ve
ra

ge

R
eg

io
nal

 A
ve

ra
ge

M
al

div
es

In
dia

B
huta

n

A
fg

han
is
ta

n

Pak
is
ta

n

S
ri
 L

an
ka

B
an

gla
des

h

N
ep

al



 Regional Snapshots   71

Figure  3.27 Waste Composition in South Asia 
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Waste collection services, where they exist in cities, typically occur 
door-to-door (figure  3.30). In certain cities, such as Butwal, Nepal, and 
Kota, India, residents dispose of waste at a primary collection point, 
from which aggregated waste is transported to the final disposal  site. 
This practice is extremely common, and designated primary collection 
sites or open plots of land often eventually become unofficial sites for 
 dumping. In Navi Mumbai, India, a waste collector notifies residents to 
bring waste to the collection vehicle (India, Ministry of Urban 
Development  2016). 

Informal waste collection and materials recovery activities are pro-
lific in South  Asia. Most cities studied reported between 150 and 
1,100 active waste  pickers. The large cities of Dhaka, Bangladesh, and 
Delhi, India, reported 120,000 and 90,000 active waste pickers, 
 respectively. Unorganized waste pickers are commonly seen working 
at either informal or formal transfer  stations. At landfills, waste pick-
ers are typically organized or are part of a cooperative (Enayetullah 
and Hashmi 2006). 

Waste Transportation 

On average, waste is transported about  15.5 kilometers between city cen-
ters and final disposal sites in the South Asia  region. Primary collection 
occurs in various ways, and the main forms of transportation are three-
wheeled push carts, tractors, and bicycle  rickshaws. Out of 53 cities, 
38 reported aggregating waste at transfer stations or secondary collection 

Figure  3.30 Waste Collection Methods in South Asia
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points before transporting it to final  sites. Transfer stations may be desig-
nated sites with minimal infrastructure or constructed with technologies 
for automated  sorting. Many aggregation centers are simply temporary 
storage sites and mostly facilitate manual handling of  waste. 

Waste Disposal 

Open dumping is common in South Asia (figure  3.31), and most existing 
landfills lack leachate collection and treatment, landfill gas collection, and 
sometimes even  liners. However, the remediation of dumpsites and con-
struction of formal landfills are actively taking place, and official and 
well-functioning facilities tend to be privately  operated. For example, 
Maldives is mitigating dumping of waste by improving waste collection 
systems and constructing sustainable disposal sites that can serve multiple 
islands (World Bank  2017a). Four out of the eight countries recycle 
between 1 and 13 percent of waste, and seven out of the eight countries 
have begun composting programs to manage organic  waste. Waste-to-
energy incineration potential has gained interest, but substantial results 
have not yet been  proven. 

Initiatives to improve waste disposal began in India in 2014, and interest 
in other South Asian countries is  growing. Many cities are establishing 
central authorities to increase capacity to plan and operate the waste man-
agement  sector. The focus is on developing waste disposal strategies that 
include locally tailored and cohesive  approaches. Depending on the locality, 
cities are navigating varied constraints related to land, capacity, availability 
of local operators, financing, and alignment of waste technology and waste 
composition, and more than one solution is  needed. Waste management is 

Photo 3.6 Dumpsite in Sri Lanka
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Box  3.2 Swachh Bharat Mission (Clean India Mission) 

The Swachh Bharat Mission is a national initiative in India to clean up cities, 

towns, and rural  areas. Interventions range from cleaning roads and infrastruc-

ture to improving solid waste management and household sanitation  practices. 

The government of India and involved stakeholders have supported actions in 

more than 4,000 cities, towns, and rural areas to  date. Swachh Bharat is antici-

pated to fund more than  $9.5 billion in investments and is providing incentives 

for jurisdictions to compete by publicly monitoring performance across  cities. 

Source: Swachh Bharat website  (http://www.swachhbharaturban.in). 

Figure  3.31 Waste Disposal and Treatment in South Asia 
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increasingly recognized as not only a social, health, and environmental 
issue, but an economic one, in which waste recovered and land used wisely 
can generate financial  savings. Indian cities can access funds, mainly from 
the Swachh Bharat Mission (box  3.2), to improve waste management 
 programs. 

http://www.swachhbharaturban.in
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Sub-Saharan Africa 

Background and Trends 

The Sub-Saharan Africa region consists of 48 countries and was home to 
 1.03 billion people in  2016. It is one of the fastest growing regions of the 
world; more than half of the world’s population growth is anticipated to 
occur in Sub-Saharan Africa by 2050 (United Nations  2017). With waste 
generation expected to more than quadruple by 2050, it is alarming that 
waste is predominantly openly  dumped. Waste management systems are 
slowly improving as cities are more frequently prioritizing the construc-
tion of landfills, closure of dumps, and formalization of collection 
systems to improve the environmental and health impacts of  waste. 

Key Insights 

• The Sub-Saharan Africa region generated 174 million tonnes of waste in 2016, 

at a rate of  0.46 kilogram per capita per  day. It is the fastest growing region, 

with waste expected to nearly triple by  2050. 

• Waste in Sub-Saharan Africa is primarily organic, with 40 percent of it being 

food and green  waste. 

• Overall waste collection rates are about 44  percent, although the rate is much 

higher in urban areas than in rural areas, where waste collection services are 

 minimal. 

• About 69 percent of waste is openly dumped, although use of landfills and 

recycling systems is becoming more  prevalent. 

• The region is experiencing substantial growth and modernization, with a 

large focus on building sustainable final disposal sites, improving collection 

coverage, closing dumpsites, and providing environmental education for the 

 public. 

• Institutional setups for operations and maintenance and the regulatory 

framework are generally not clearly  defined. National governments are 

increasingly delivering traditional municipal waste management 

 services.
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Countries and cities are also increasingly focusing on solid waste man-
agement and environmental education to reduce waste generation and 
improve sorting and collection  systems. Efforts are also being made to 
improve recycling systems to divert waste from dumps and final disposal 
sites and to increase employment for informal waste collection  workers. 

Population growth in Sub-Saharan Africa, amid high poverty rates, 
makes waste service fee collection and financing of the overall system key 
challenges for the  region. Because governments have limited resources, 
waste often becomes a lower priority  sector. However, governments are 
taking action to improve the financing of solid waste systems and are 
increasingly trying to find innovative tools and resources to address this 
 issue. For example, in Senegal fiscal reform is aiming to designate funds for 
solid waste  services. 

Experience has shown that a lack of clarity institutionally or politically 
can impede the role of local governments in delivering solid waste man-
agement services and hinder partnerships with the private  sector. National 
governments are now more commonly undertaking traditional municipal 
roles in delivery of solid waste management  services. This pattern goes 
against the general global trend of decentralization and has led to mixed 
 results. 

Data collection systems for solid waste management are nascent in Sub-
Saharan Africa and face significant  gaps. However, data are increasingly 
being collected by municipal agencies, nonprofits, private operators, con-
sulting firms, and other local organizations and  cooperatives. Though not 
all data are published online, public data availability is anticipated to 
improve substantially in the near  future. 

Waste Generation and Composition 

The Sub-Saharan Africa region generated 174 million tonnes of 
waste  in 2016, or  0.46 kilogram per person each day (figure  3.32). 
The region’s per capita generation rate is the lowest  globally. The larg-
est waste generators are typically middle-income countries or those 
with significant tourist  populations. Waste generation in urban areas, 
at  0.74 kilogram per person each day, is higher than the regional aver-
age, a situation that could be linked to higher income and tourism 
 activity. 

More than 40 percent of the waste in the Sub-Saharan Africa region 
is organic (figure  3.33) and 30 percent of waste is typically inert waste 
such as sand and fine  particles. Typical consumption patterns in the 
region are changing and moving toward more packaged products and 
 electronics. An increase in imports is also leading to larger amounts of 
 packaging. 
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Figure  3.32 Waste Generation Rates: Sub-Saharan Africa Region
kg/capita/day

Note: Data adjusted to 2016 as described in box  2.1; kg = kilogram.
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Figure  3.33 Waste Composition in Sub-Saharan Africa
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Figure  3.34 Waste Collection Coverage in Sub-Saharan Africa
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Waste Collection 

Less than half of the waste generated in Africa is collected formally 
 (figure  3.34). Collection coverage is much more comprehensive in urban 
areas than in rural areas, where collection is often  nonexistent. Because of 
moderate formal collection rates, open dumping and burning are com-
monly pursued to eliminate remaining household  waste. Often, waste that 
is formally collected is still disposed of at central  dumpsites. The informal 
sector is active in many African cities and is largely responsible for 
 recycling. 

Waste collection systems are typically more developed in cities, and 
many cities in Sub-Saharan Africa have collection rates of more than 
50  percent (figure  3.35).

Many cities use a dual system in which waste is first collected door to 
door and later from a centralized point at which collected waste is 
 aggregated. Among cities with available data, 88 percent reported that 
waste collection typically occurs on a door-to-door  basis. Other neighbor-
hoods, including unplanned neighborhoods, have designated areas or 
dumpsters in which residents can deposit their  waste. However, littering is 
a major issue in most  cities. Despite having bins or dumpsters, it is common 
to see waste disposed of  haphazardly. Almost every country in the region is 
at a very early stage in source  separation. Efforts are often led by the private 
sector and nongovernmental organizations in the main capital cities at both 
household and commercial levels to improve the purity of waste streams 
and cost  recovery. 

It is typical to see higher waste collection rates in formal settlements and 
high-income areas, where it is easier to collect waste as a result of road 
development and greater density of  housing. Most waste collection systems 
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Figure  3.35 Waste Collection Rates for Select Cities in Sub-Saharan 
Africa
percent coverage 

Note: Maximum chosen as reported for households, geographic area, or  waste.
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Photo 3.7 Waste Collectors in Uganda

are organized around high-income  communities. Informal settlements and 
low-income areas often receive poor or no collection services because of 
social stigma, potential inaccessibility, violence and crime, and difficulties 
in fee  collection. 

Waste Transportation 

Waste collection in the Sub-Saharan Africa region often occurs in two 
steps, with handcarts, tricycles, and donkeys commonly used to collect 
waste from households and for transportation to an aggregation  site. 
From the aggregation site, small vehicles and trucks are used to bring 
waste to the final disposal  site. However, some areas do not have a dual 
system and the waste is either dumped on empty land or in a canal, 
taken to a transfer station, or transported directly to the final disposal 
 site. For formal urban waste disposal systems, the distance traveled 
from  city center to final disposal sites can range from about 10 to 
40  kilometers. 

Waste Disposal 

Currently, 69 percent of waste in the Sub-Saharan Africa region is openly 
dumped, and often burned (figure  3.36). Some 24 percent of waste is 
disposed of in some form of a landfill and about 7 percent of waste is 
recycled or  recovered. As waste systems modernize, the amount of land-
filling and recycling is anticipated to  rise. More sanitary landfills are 
being built in the region; however, the number of new disposal facilities 
is not  meeting the need given the growing quantities of  waste. Because of 
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an increase in dumpsite failures affecting surrounding communities, the 
manner in which dumpsites are being operated is being improved and 
many are being closed  completely. Cities are aware of recycling potential 
but recycling initiatives are most common in touristic  cities. 

Key challenges in the Sub-Saharan Africa region include overuse of facili-
ties and continued disposal even after design capacity has been exceeded, 
citizen resistance to placement of waste facilities near their homes, land 
scarcity, and high urbanization and  sprawl. Often, sufficient land is not 
available to service basic city functions, and governments are facing diffi-
culty in coordinating services and investment at the intermunicipal level to 
save  resources. 

Waste Financing 

Capital financing for necessary infrastructure investments alone is not a 
sufficient solution for Sub-Saharan Africa’s solid waste  sector. Many cities 
struggle with planning for long-term sustainability and with the financing 
of operational  costs. In certain cases, cities have used donor funding to 
construct well-designed sanitary landfills that ultimately function as dump-
sites because of lack of operational funding (World Bank  2017b). 

In some cities, national and local governments are able to finance portions 
of the waste system, although general government funding and waste fee col-
lection are typically not sufficient for waste  operations. Partnerships with 

Figure  3.36 Waste Disposal and Treatment in Sub-Saharan Africa 
percent

<1%

11%

12%

69%

6.6%

1%

Composting

Controlled Landfill

Incineration

Anaerobic Digestion Landfill (Unspecified)

Open Dump

Recycling

Sanitary Landfill



 Regional Snapshots   83

the private sector have been challenging for the  region. Although interna-
tional companies are interested in larger public-private partnership opportu-
nities, there have been few  successes. Financial, institutional, and political 
complications can make it difficult to attract international companies 
for  waste  activities. Municipalities are looking for ways to expand local 
 capacity. 
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CHAPTER 4

Waste Administration and Operations

Key Insights

• In most countries, solid waste management is a local responsibility, by 

default or through decentralization policies. Direct central  government 

involvement in waste services, other than regulatory oversight or subsi-

dies, is rare. 

• About 70 percent of waste services are overseen directly by local public 

entities, with the remainder administered through other  levels of govern-

ment, intermunicipal arrangements, mixed  public-  private entities, or pri-

vate companies. 

• About half of services are operated by public entities. About one-third of 

services, from collection to treatment and disposal of waste, are operated 

through mixed public-private partnerships. 

• The private sector is typically engaged through management or conces-

sion contracts for collection, treatment, and disposal, and contracts gener-

ally last fewer than 10 years. 

• Intermunicipal government cooperation is in place in a minority of cities, 

and typically occurs through the use of shared assets for waste transfer, 

disposal, and city cleaning. 

• About two-thirds of countries have created targeted legislation and 

 regulations for solid waste management, though enforcement may vary. 

• Almost 70 percent of countries have established institutions with respon-

sibilities for policy development and regulatory oversight in the waste 

sector. 

• Systematic public reporting on waste policies and waste data is  largely 

limited to high-income countries and some middle-income countries. 
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Waste management is an essential urban service that requires planning, 
management, and coordination across all levels of government and 

 stakeholders. Solid waste management services typically include waste col-
lection from households and commercial establishments and haulage to a 
collection point or transfer station, transportation from a collection point 
or transfer station to a final treatment or disposal site, treatment and dis-
posal of waste, and street cleaning and drainage management. Countries 
and cities around the world are pursuing a range of administrative and 
operational models to offer some or all of these services. 

In high-income countries, national governments develop laws and 
 regulations that establish guidelines, national performance targets, and 
operational and environmental standards. In rare cases national govern-
ments may operate solid waste services, but solid waste management is 
typically a local service. Local governments, such as cities, prefectures, and 
states, are often responsible for creating more specific local regulations, 
 collecting and disposing of waste, and deciding how physical and financial 
resources should be allocated and how costs can be recovered. Local agen-
cies are also responsible for identifying private sector partners that may 
build or operate services, siting new landfills or other waste facilities, and 
monitoring service coverage, citizen feedback, and pollution from facilities. 
It is at the local level that innovative waste programs are typically devel-
oped, such as the introduction of bins of different colors for household 
source separation or local composting programs. 

Adequate waste services are more difficult to achieve in low- and middle-
income countries, where challenges are as much a result of poor planning 
and service operation as a lack of funding for investments. Daily waste 
management is expensive; requires institutional skills for planning, opera-
tional management, and oversight; and, where funding is limited, waste 
management competes with other development priorities. Developing 
waste management capacity and mobilizing resources requires strong polit-
ical support. Typical challenges that have repeatedly been identified in 
World Bank studies include the following: 

• Shortage of financial resources, particularly to operate waste collec-
tion, transport, and disposal systems, caused by lack of revenues from 
households and other waste generators or lack of budget and funding 
in local governments. 

• Complexity of designing and managing decentralized, locally based 
waste collection, transport, and disposal systems while maximizing 
coverage and minimizing environmental impacts. 

• Lack of land and resistance from local populations to development of 
waste facilities. 

• Limited institutional capacity for planning, monitoring, and 
enforcement. 

• Ambiguity around organizational structure and responsibility, and 
coordination both within the same level of government and between 
national, regional, and local governments. 
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This chapter presents findings at both national and local government 
levels regarding regulations, institutions, and practical approaches to meet 
these operational challenges. 

Solid Waste Regulations 

A foundational aspect of sustainable waste management is proper plan-
ning and oversight from central authorities. While waste management is 
typically a locally operated service, both national and local governments 
play a role in defining the regulatory framework within which solid waste 
management services can be developed, and this can affect private sector 
engagement. National governments are typically responsible for establish-
ing environmental standards for waste management and for creating rules 
for fair and transparent procurement of services from the private sector. 
National laws encourage local governments to adhere to common social 
and environmental standards. Local governments also establish rules and 
regulations that guide households and institutions on the proper manage-
ment and disposal of waste. Typically, the entity that regulates waste man-
agement is separate from the entity that operates services to promote 
accountability. 

National Waste Regulation 

In this study, 86 percent of countries and economies reported the existence 
of an official national law or guidelines that govern solid waste manage-
ment. Table 4.1 summarizes the number of countries with established 
national laws or other guiding frameworks for solid waste management, 
which may be a specific piece of solid waste regulation or broader envi-
ronmental and urban laws that address solid waste management. 

Table 4.1 Existence of National Waste Management Regulation

Income  
group

Total  
number of 
countries 

Number of 
countries with 
defined solid 

waste 
management 

laws or 
guidelines 

Number of 
countries 
without 

defined solid 
waste 

regulations or 
guidelines 

Number of 
countries  
with no 

information 

Share of 
countries with 
defined solid 

waste 
management 

laws or 
guidelines 
(percent)

High income 78 75 2 1 96%

Upper-middle 

income 
56 47 4 5 84%

Lower-middle 

income 
53 47 1 5 89%

Low income 30 18 1 11 60%

All 217 187 8 22 86%
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Low-income countries are most likely to lack specific laws on waste 
management; in general, solid waste management systems are more nascent 
in these countries. Waste management in lower-income countries is also 
often primarily addressed by municipalities or even communities. 

The number of countries that have specific solid waste management 
laws increases significantly in middle-income countries. Some 88  percent of 
 middle-income countries have guiding solid waste management laws or 
frameworks. The vast majority of countries without data on waste legisla-
tion are in Sub-Saharan Africa, where laws are still being developed. 

Solid waste management laws range from broad environmental rules to 
targeted interventions. For example, Peru’s General Law on Solid Waste 
Management (Ley General de Residuos Sólidos, 27314) addresses all 
aspects of solid waste management, from generation to final disposal. Many 
countries have formed specific laws that address specific waste streams, and 
often, legislation for municipal waste is separate from that for hazardous or 
medical waste. 

Enforcement of laws is a common challenge. Enforcement requires 
 adequate staffing, implementation of fees or other penalties, and cultural 
alignment with  legislative goals. In Malaysia, the National Solid Waste 
Management Policy was created to standardize and improve waste manage-
ment across the country (Wee et al. 2017). However, deployment efforts 
were challenged by limited financing, low staff technical capacity, and 
ambiguity in the policy’s guidelines. In Rwanda, a national plastic bag ban 
was strictly enforced using border patrol guards to prevent illegal imports 
and multiple penalties for offenders, including fines, jail time, and public 
shaming (de Freytas-Tamura 2017). 

Photo 4.1 Plastic Bag Ban in Kenya



 Waste Administration and Operations   91

Local Waste Regulation 

Because responsibility for executing solid waste management systems 
typically falls on local governments, local rules and regulations are com-
monplace. Local regulations cover specific aspects of waste manage-
ment, including source separation, household and commercial fees, 
disposal sites, bans on plastic or other materials, and the institutions 
and agencies that are responsible for implementing waste operations 
and initiatives. 

This study reveals that most cities have some solid waste management 
rules and regulations (table 4.2). Out of the cities studied, 223 reported the 
presence of official solid waste management policies. Only 18 reported a 
lack of policies, and data were not available for 127 cities. 

Solid Waste Planning 

Solid waste strategies and plans at both the national and local levels allow 
agencies to comprehensively understand the current situation, identify 
future goals, and outline a detailed plan of action to advance the solid 
waste management sector. Planning allows all stakeholders—including 
different government agencies, citizens, associations, and the private 
 sector—to be coordinated and allows investments to be made in an 
 efficient and targeted manner. 

National Strategies 

In more advanced cases of waste governance, national governments may 
develop a five- to ten-year national strategy that details the current waste 
situation in the country and sets targets for the sector about recycling, 
financial sustainability, citizen awareness, promotion of a green economy, 

Table 4.2 Existence of Urban Waste Management Regulation

Region 

Number of cities with 
defined solid waste 
management rules  

and regulations 

Number of cities 
without defined solid 
waste management 
rules and regulations 

Number of cities 
without 
available  

information

East Asia and Pacific 32 0 8 

Europe and Central Asia 51 6 34 

Latin America and the 
Caribbean

20 5 14 

Middle East and  
North Africa 

19 0 10 

North America 6 0 0 

South Asia 74 6 3 

Sub-Saharan Africa 21 1 58

All 223 18 127 
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reduction of greenhouse gases, and rehabilitation of contaminated sites. 
Sometimes the national strategy contains legally binding legislation or 
other guidelines for individuals and institutions. National governments 
may provide financing or technical expertise, such as by sharing costs or 
evaluating plans for the construction of new disposal sites, to help locali-
ties achieve national goals. 

The Kenya National Environmental Management Authority published 
Kenya’s National Solid Waste Management Strategy in 2014 in response to 
citizen complaints of poor waste management, outlining collective action 
mechanisms to systematically improve waste management (NEMA 2014; 
Akinyi 2016). Another example, in Mozambique, is a national strategy for 
integrated waste management that details the current waste management 
situation and outlines a 12-year framework for action to address the most 
pressing solid waste management challenges. The strategy provides guid-
ance on topics from landfill construction to organization of waste pickers 
and outlines the roles of all stakeholders, including central governments, 
municipalities, businesses, waste pickers, residents, and nongovernmental 
organizations (Tas and Belon 2014). National strategies often define met-
rics, such as recycling rates, to track progress over time. 

Local Master Plans 

Because waste management is a local service, it is much more common for 
cities to develop a solid waste management–focused master plan than for 
countries to create a national strategy. Master plans formalize the locality’s 
goals for solid waste management and plans for implementation. Solid 
waste master plans are comprehensive, outlining planned investments in 
infrastructure, citizen engagement strategies, environmental criteria and 
safeguards, and all aspects of waste collection, transport, and disposal. 

Cities typically implement master plans at a more mature stage in the 
solid waste management sector. In this study, 130 cities reported the 
 existence of a master plan, but plans are being implemented in only 87 of 
them (table 4.3). 

Table 4.3 Existence and Implementation of Urban Master Plan

 

Number of cities with 
integrated solid waste 

management plan

Number of cities where 
a master plan is being 

implemented

Yes 130 87

No 58 30

Unknown 180 251



 Waste Administration and Operations   93

In South Africa, the National Environmental Management: Waste Act of 
2008 mandated all municipalities create an Integrated Waste Management 
Plan (City of Johannesburg 2011). The city of Johannesburg responded by 
creating a plan that details current waste generation and characteristics, 
disposal practices, key roles and responsibilities, and instruments for imple-
mentation, including funding sources. The plan also details goals and 
 targets for waste minimization and recovery, information systems, pollu-
tion control, governance, and budgets. 

Institutions and Coordination 

Both national and local governments may establish departments dedi-
cated to solid waste management, though formalized solid waste manage-
ment institutions are more common at the local level. Centralizing solid 
waste management under a single entity can help ensure that planning 
processes are coordinated, resources are used efficiently, redundancy in 
function is avoided across departments, and all gaps in service are mini-
mized and addressed comprehensively. Central agencies can also assume 
responsibility for enforcing solid waste policies and regulations. 

At a macro level, 148 out of 217 countries and economies have national 
agencies  dedicated to enforcing solid waste laws and regulations. Data were 
not  available in 53 countries, and 16 countries do not have such an agency. 
Furthermore, 19 countries reported the existence of a dedicated solid waste 
management agency, authority, or department. However, more commonly, 
solid waste management falls under the purview of an institution with 
broader responsibilities, such as a ministry of environment, planning, or local 
government. 

At a local level, departments dedicated to solid waste management are 
much more common (table 4.4). A department dedicated to solid waste 
management was reported by 216 cities; 21 cities lacked a dedicated depart-
ment; and data were not available for 131 cities. In addition, 107 cities 
reported having dedicated government units that combat common solid 
waste management issues, such as illegal dumping and littering. 

Coordination is required to ensure consistency between different levels 
of government. Many governments also struggle with overlaps in responsi-
bilities across agencies or gaps in responsibilities, since activities related to 
solid waste management often cut across multiple departments. As a solu-
tion in Pakistan, a new Sindh Solid Waste Management Board was estab-
lished to coordinate waste management decisions across agencies and 
municipalities (SSWMB 2017). Furthermore, a successful model of inter-
jurisdictional coordination is detailed in case study 4 in chapter 7, high-
lighting a Japanese experience. 
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Waste Management Operations 

Waste management services are delivered in a variety of ways across the 
world (table 4.5). Waste management is most commonly managed by 
municipalities in a decentralized manner. Solid waste management pro-
grams are typically designed in response to local conditions such as financ-
ing availability, local norms, spatial layout of communities, and the ability 
of citizens to pay for services. Where local conditions allow, solid waste 
services can be managed on an intermunicipal scale. Intermunicipal coop-
eration is common in European Union countries such as France, Italy, and 
the Netherlands (Kolsut 2016), where coordination has led to economies of 
scale, cost savings through fewer investments and a wider span of financ-
ing  sources, reduced staffing needs, and exchange of technical skills. 
Intermunicipal coordination is most effective when operational objectives 
and guidelines are similar across entities, such as in European Union states 
sharing stringent membership requirements and legislative frameworks. 
Tokyo, Japan, provides an example of intermunicipal coordination, where 
prefecture governments build final disposal sites shared by multiple munici-
palities. Coordination can be difficult between municipalities that have dif-
ferent environmental and waste management priorities, are geographically 
separated, or that manage waste across several disparate departments. 

It is less common for national governments to operate solid waste 
management services. Mixing regulatory and operational responsibilities 

Table 4.4 Oversight of Solid Waste Management in Cities

Region 

Number of cities with a  
department dedicated  

to solid waste  
management 

Number of cities with a unit  
enforcing solid waste 

management issues such  
as dumping and littering 

Yes No Unknown Yes No Unknown 

East Asia 38 0 2 21 0 19 

Europe and 
Central Asia 

51 9 31 23 7 61 

Latin America 
and the 
Caribbean

20 3 16 0 0 39 

Middle East 
and North 
Africa 

17 1 11 9 1 19 

North America 6 0 0 0 0 6 

South Asia 66 6 11 51 8 24 

Sub-Saharan 
Africa

18 2 60 3 2 75 

All 216 21 131 107 18 243 
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can lead to conflicts in accountability, and local governments are able to 
offer more efficient services and informed plans since they are directly 
connected to the demographic that they serve. However, national opera-
tion has taken place in limited cases. For example, in Azerbaijan, national 
administration of waste services has enabled streamlined reform, sys-
tem  modernization, and standardization of services across different 
regions. The country formed its national strategy in 2006, closed about 
80 percent of its informal dumpsites, and expanded collection services 
from covering 60 percent of the population to covering more than 
75   percent (Van  Woerden 2016). Similarly, waste services in smaller 
countries, such as Jamaica and Malaysia, are centrally managed, though 
efforts are being made to separate responsibilities across different depart-
ments and to engage the private sector in service delivery (JSIF, n.d. 
Manaf, Samah, and Zukki 2009). 

Slightly more than 30 percent of waste management services, from 
primary collection to treatment and disposal, are provided through pub-
lic-private partnerships, even though such partnerships can be complex 
to structure and implement. Private operators can bring efficiency and 
financial security to waste management systems under the right condi-
tions. Often, the private sector is engaged to help public entities improve 
operations and mitigate the common challenge of unequal collection 
access across economic cohorts. For example, in Lahore, Pakistan, a pri-
vate company not only increased waste collection coverage from 51 per-
cent to 88 percent but also enhanced waste monitoring through vehicle 

Table 4.5 Examples of Waste Management Operations and 
Administrative Models

Country Region Administrative model Operational model 

Indonesia 
East Asia 

and Pacific 

Highly decentralized, 

responsibility of 

the municipality 

Communities organize 

waste collectors with 

user fees, city 

organizes waste 

transport and disposal 

from local budget, 

private operators are 

typically not involved. 

Cambodia 
East Asia 

and Pacific 

Decentralized waste 

collection and 

disposal operated 

through long-term 

concession to 

private sector 

Private operator 

collects user fees and 

provides waste 

collection and 

disposal service. 

Azerbaijan 
Europe and 

Central Asia 

Highly centralized 

national planning 

and oversight 

Waste services are 

organized by regional 

administrations. 
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tracking, which improved the way that limited financial and physical 
resources were strategically used and allocated (Ashraf, Hameed, and 
Chaudhary 2016).

When private entities are involved, governments must consider the terri-
tory that the entity has control over. For example, cities have pursued var-
ied models for waste collection. In the city of San Francisco in the United 
States, a single operator has a designated monopoly to provide waste col-
lection services to the whole city, which encourages the company’s partici-
pation in and ability to test new models and promotes consistency of 
services (Stevens 2011). In Singapore, however, the city is zoned so that 
different operators serve unique geographic sections, thus promoting more 
widespread participation and competition (Singapore National Environment 
Agency n.d.). Governments must balance competition against crowding of 
streets and revenue opportunities for private operators. Finally, some cities 
have commercial entities that directly contract with the hauler of their 
choice; however, this method can lead to other concerns, such as vehicle 
congestion. 

In addition to general solid waste laws, 54 percent of countries studied 
have official laws guiding public entities in engagement with the private 
 sector. For 21 percent of countries, such regulation is absent, and data were 
not available for 25 percent of countries. Effective public-private partner-
ship laws provide institutional and financial security to private operators 
and increase the viability of engaging the private sector in solid waste man-
agement operations. 

Cities use a variety of administrative and contracting models across 
the waste management value chain (figure 4.1). Almost all services are 
administered and operated by public entities, with 50–70 percent of cit-
ies  reporting public administration at a municipal level and more than 
40 percent reporting public operation from collection to disposal to 
treatment. Intermunicipal cooperation typically occurs for services involv-
ing shared assets, such as transfer stations or disposal sites, as well as for 
city cleaning, which may achieve economies of scale across shared spaces. 
The majority of cities with data reported that most waste services are oper-
ated publicly, but a small fraction, about 15 percent, are operated “directly,” 
which means that a service is provided by independent small-scale organi-
zations directly to households. 

Where private entities are engaged, management, concession, and 
other public-private partnership contracts are most commonly used. 
Most contracts last less than 10 years, which provides flexibility to the 
public entity. For waste disposal, which typically entails the operation of 
a fixed asset such as a landfill, about 35 percent of contracts last 10 years 
or longer. 
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(Figure continues on next page)

Figure 4.1 Waste Management Administration, Operation, and Financing Models
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Figure 4.1 Waste Management Administration, Operation, and Financing Models 
(continued)

Note: Decentralized = local jurisdictions; intermunicipal = two or more municipalities in coordination; 

municipal = single municipality; mixed public-private = public and private entities; other = private, 

nongovernmental or other entity, or no formal administration system.

Direct = organization directly contracting with waste generator; decentralized = local jurisdictions; 

intermunicipal = two or more municipalities coordinate; municipal = single municipality; mixed public-
private = public and private entities; other = private, nongovernmental or other entity, or none.

Municipal service = municipality provides services; concession = government grants private firm assets or 
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 CHAPTER 5

Financing and Cost Recovery for Waste 
Management Systems 

Key Insights 

• Basic solid waste management systems covering collection, transport, and  sanitary disposal in 

low-income countries cost $35 per tonne at a minimum and often much  more. 

• Solid waste management is a large expenditure item for cities and typically comprises nearly 

20 percent of municipal budgets in low-income countries, more than 10 percent in middle-income 

countries, and 4 percent in high-income  countries. Budgets can be much higher in certain  cases. 

• Systems that include more advanced approaches for waste treatment and recycling cost more, 

from $50 to $100 per tonne or  more. The choice of waste management methodology and tech-

nology depends highly on the local context and capacity for investments and ongoing 

 management. 

• User fees range from an average of $35 per year in low-income countries to $170 per year in 

high-income  countries. Full cost recovery from user fees is largely limited to high-income 

 countries. Almost all low-income countries, and a limited number of high-income countries, 

such as the Republic of Korea and Japan,  subsidize domestic waste management from national 

or local  budgets. 

• Although public-private partnerships could potentially reduce the burden on local government 

budgets, they could result in compromises in service quality when not structured and managed 

 properly. 

• Local governments provide about 50 percent of investments for waste services, and the remain-

der is typically provided through national government subsidies and the private  sector. 

• When political support for increasing user fees for households to cost recovery levels is lim-

ited, cross-subsidizing from payments by waste generators (for   example, the commercial 

sector) can help reduce the burden on local government  budgets. Commercial fees range 

from about $150 per year in low-income countries to $300 in high-income  countries. 

• Volume-based waste fees have been successful in countries like Austria, Korea, and the 

Netherlands but are still uncommon because they require coordinated planning and strong 

 enforcement. Households and commercial institutions in low-income countries are typically 

charged a flat fee that is collected on a door-to-door  basis.
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Because solid waste management is commonly a locally managed ser-
vice, operations and financing often fall under the purview of local 

 governments. In low- and middle-income countries, waste management 
financing is often limited, and funding must be balanced with the pro-
vision of other essential services, such as health care, education, and 
 housing. Given the potential major impact of the financial sustainability 
of waste systems on the overall health of the city, designing an efficient 
system with clear paths for financing is  essential. Furthermore, a well-
functioning system can create a positive feedback loop in which citizens 
gain trust and satisfaction with services and are more willing to  pay. With 
a growing global economy and a global population that is anticipated 
to increase from  7.6 billion today to  9.8 billion in 2050, the importance 
of financial efficiency in solid waste management has never been greater 
(United Nations  2017). 

Waste Management Budgets 

Waste management is an expensive service and requires substantial 
investments in physical infrastructure and long-term  operations. Solid 
waste management services are also essential to the physical and eco-
nomic health of society and are often a priority budget item for  cities. For 
cities in low-income countries, solid waste management expenditures, 
on average, comprise 19 percent of municipal budgets (table  5.1). As 
countries grow economically, more funding is allocated to other public 
 services.

Despite the substantial share of solid waste management expenditures in 
municipal budgets, low- and middle-income countries often face budget 
shortfalls for waste services and thus reduction of costs and recovery of fees 
is often integral to the development of the  sector. 

Table  5.1 Solid Waste Management as a Percentage of 
Municipal Budget

Income group 
Average percentage of municipal 

expenditures on solid waste management 

High income 4%

Middle income 11%

Low income 19%

Note: The absolute average of municipal expenditures on solid waste management was 

used. Only one city per country is represented in this analysis to prevent skewing, for a 

total of 46  countries. The capital city was selected if data were available, otherwise the 

next largest city was  used. When data from multiple cities were available, budget ratios 

were found to be similar across cities within a single  country.
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Waste Management Costs 

Municipalities providing waste management services generally experience 
two broad categories of expenditures: (1) capital expenditures, which are 
typically associated with infrastructure investments; and (2) operational 
expenditures, often associated with service provision and equipment 
 maintenance. Planning around these two types of expenditures generally 
 differs. 

The largest one-off waste management expenditure for municipalities is 
typically for infrastructure  investment. Construction of sanitary disposal sites 
and purchase of collection and disposal equipment and bins is a prerequisite 
to offering consistent services to  residents. The cost of construction and main-
tenance of disposal facilities may influence the city’s choice of final disposal 
 strategies. For example, landfill construction can cost a municipality roughly 
US$10 million to serve a population of 1 million  people; the cost of a com-
posting facility can range from a few million  dollars for basic (windrow) com-
posting facilities to about US$10 million for highly mechanized outfits; an 
incinerator with heat and energy recovery cost about $600/annual tonne for 
capital costs (defined as the total capital cost for the lifetime of the plant 
divided by the total annual capacity) for recent plants in Mexico, Poland, 
Singapore, and the United States (Kaza and Bhada-Tata  2018). Transfer 
 stations can be very basic with a cost of about US$500,000, but when recy-
cling and sorting functions are included, investment increases by several 
 times. The technology that is most feasible depends not only on financial 
stability, but also on the technical capacity and local environment of the  city. 

Cities offering collection services must also purchase  vehicles. In middle- 
and high-income countries, large new trucks cost about US$250,000 each, 
while low-income countries often use more localized systems that  minimize 
investment costs, such as buggies, handcarts, and donkeys (Lee   2009). 
Cities must balance the fact that newer vehicles are more fuel efficient and 
require fewer parts and less maintenance, but have high initial investment 
 costs. Along with capital costs, cities must also factor in the cost of feasibil-
ity studies and environmental and social assessments that take place ahead 
of construction  projections. 

The largest financial challenge for cities is usually the coverage of opera-
tional expenditures for labor, fuel, and the servicing of  equipment. For 
example, for the city of Istanbul, Turkey, labor costs account for 58 percent 
of operational costs for the public collection system, and fuel accounts for 
another 31 percent (Dogan and Suleyman  2003). Tipping fees may be a 
source of revenue or expenditure depending on whether a local government 
is paying a private disposal facility or private haulers and residents are pay-
ing to use a municipally operated  site. Governments that operate waste 
management systems must also factor in costs of repairs, depreciation of 
vehicles and other assets, operational costs for landfill operation such as a 
daily cover, and utilities and overhead  costs. For example, in Bahir Dar, 
Ethiopia, equipment was assumed to depreciate at a rate of 20 percent a 
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year (Lohri, Camenzind, and Zurbrügg  2014). In Seattle in the United 
States, overhead costs comprised 22 percent of the total waste management 
operating budget (DSM Environmental Services  2012). 

Operating costs are almost always substantially higher than capital costs 
for investments and are often the most challenging to  sustain. Even when 
capital costs are accounted for (often funded separately, for example, with 
national government subsidies), operational expenditures can easily account 
for 70 percent or more of total required  budgets. Across collection and 
disposal operations, waste collection typically accounts for 60–70 percent 
of total  costs. However, disposal costs have risen with more advanced sort-
ing and materials recovery  choices. For many cities, the long-term environ-
mental benefit of operational expenditures, including the availability of raw 
materials and preservation of land value, outweighs the higher initial  costs. 
See table  5.2 for a summary of typical waste management expenditures 
across major  categories. 

Disposal costs vary  greatly. In some countries, waste disposal is informal 
and therefore not officially accounted  for. In high-income countries, disposal 
costs are better accounted for and are typically between US$50 and US$100 
per  tonne. Recycling costs for high-income countries are often comparable to 
the cost of  landfilling. Recycling is sometimes made cheaper when landfills 
are taxed or when limited capacity is available and market prices for landfill-
ing  increase. Construction and operation of anaerobic digestion and incinera-
tion systems require a large budget (table  5.3) and high management and 
technical capacity, and the technologies are rarely used for municipal waste 
in low- and middle-income countries. 

The cost of open dumping is difficult to quantify because of a lack of 
data on construction and tipping  fees. However, dumping incurs substan-
tial costs in lost land value and increases the risk of high disaster-related 

Table  5.2 Typical Waste Management Costs by Disposal Type

US$/tonne

Low-
income 

countries 

Lower-
middle-
income 

countries 

Upper-
middle-
income 

countries 

High-
income 

countries

Collection and 

transfer 
20–50 30–75 50–100 90–200

Controlled landfill 

to sanitary landfill 
10–20 15–40 20–65 40–100

Open dumping 2–8 3–10 — —

Recycling 0–25 5–30 5–50 30–80

Composting 5–30 10–40 20–75 35–90

Source: World Bank Solid Waste Community of Practice and Climate and Clean Air 

 Coalition. 

Note: — = not  available.
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costs depending on the proximity and density of the local  population to 
the  disposal site. Dumpsite closures can also result in significant  costs. 
In addition to the costs of land, disasters, and dump closures, poor waste 
management using dumping or uncontrolled burning results in environ-
mental costs from air and water pollution and damage to human  health. 
These economic costs can often be significant in the long  run.

Waste Management Financing 

Financing waste management systems is often one of the greatest concerns 
for  municipalities. Cost recovery is essential to avoid reliance on subsidies 
from own-source revenues or from national or external  sources. 

Waste management investment costs and operational costs are typically 
financed  differently. Given the high costs associated with infrastructure 
and  equipment investments, capital expenditures are typically supported 
by subsidies or donations from the national government or international 
donors, or through partnerships with private  companies. 

About half of investments in waste services globally are made by local 
governments, with 20 percent subsidized by national governments, and 
10–25 percent from the private sector, depending on the service  provided. 

Table  5.3 Capital and Operational Expenditures of Incineration and 
Anaerobic Digestion Systems

US$/tonne

Incineration Anaerobic Digestion

Capital 
Expendituresa 
(US$/annual 

tonne)

Operational 
Expenditures 
(US$/tonne)b,c

Capital 
Expenditures 
(US$/annual 

tonne)

Operational 
Expenditures 
(US$/tonne)

Europe $600–1,000 $25–30 $345–600 $31–57

United 

States
$600–830 $44–55 $220–660 $22–55

China $190–400 $12–22 $325 $25

Source: Kaza and Bhada-Tata  2018.

Note: MWh = megawatt hour of energy.

a. In Europe and the United States, predominantly mass-burn/moving grate technology 

is used for waste incinerators with energy recovery (waste-to-energy incineration). In 

China, many incinerators use circulating fluidized bed (CFB) technology, which reflects the 

lower end of investment cost, although moving grate incinerators are also becoming 

more common.

b. Operating costs without accounting for revenues range between $100-200/tonne. The 

figures presented in the table are typical operating costs (net gate fees) taking into 

account revenues for electricity and heat sales and other revenues. In Europe, also 

including subsidies to energy from waste in some countries, these revenues are 

typically about $100/tonne, hence the resulting operating costs. In the United States, 

feed-in tariffs for electricity are typically lower, below $50/MWh.

c. Mixed waste in the United States and Europe is relatively low in organics and water 

content and hence high in calorific value. As a consequence, operating costs for waste 

with high organics often seen in lower-income countries could substantially increase 

operating costs due to lower revenues.
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In a public-private partnership in Siam Reap, Cambodia, most waste collec-
tion and some waste disposal is contracted to private operators without 
public budget support (Denney  2016). The private operators directly collect 
user fees for their services to cover  expenses. 

Operational expenditures typically require a solid cost-recovery system 
for long-term  sustainability. The starting point for many municipalities is a 
standard user fee, which is charged to users for services  delivered. User fees 
may be fixed or variable to encourage reduced waste generation or to pro-
vide affordability for lower-income  residents. The most effective user fees 
match the ability and willingness of users to  pay. For example, in a single 
city, poor neighborhoods may be charged no fees while more wealthy 
neighborhoods or those serviced by the private sector or a nongovernmen-
tal organization pay regular  fees. In Yunnan, China, for instance, house-
holds in urban areas pay  US$1.5 per month for waste services, whereas 
services are offered to rural areas at no cost (Zhao and Ren  2017). User fees 
may be billed through an independent waste service bill or in combination 
with other utility and property taxes to increase fee  recovery. In addition to 
user fees, cities may recover costs by selling recycled materials and compost, 
generating energy from waste, establishing a financial deposit system on 
recyclables such as water bottles, taxing consumer goods such as plastic 
bags and batteries, and levying licensing fees from operators of transfer 
stations and final disposal  sites. 

Table  5.4 presents averages across regions, showing that household fees 
vary  greatly. User fees in the Europe and Central Asia region were found to 
be the highest and those in Sub-Saharan Africa were the  lowest. 

Fees also vary greatly by income level, with residents in high-income 
countries paying substantially higher fees for services than paid by residents 
in lower-income  countries. For low-income countries, fees are usually a flat 
amount per  household. Volume-based fees are common in higher-income 
 countries. Joint billing with property or utility taxes is practiced for middle- 
and high-income  countries. Joint billing requires significant coordination 
and therefore maturity of waste management systems, but leads to higher 

Table  5.4 Waste Management User Fees by Region

Region 
Average user fee in selected cities

(US$/year, as reported in data)

East Asia and Pacific 46

Europe and Central Asia 83

Latin America and the Caribbean 80

Middle East and North Africa 55 

South Asia 34 

Sub-Saharan Africa 
10–40 (based on World Bank 

estimates) 
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cost recovery  amounts. In lower-middle-income countries and low-income 
countries, fees are more often collected door to  door. 

Fees charged to commercial institutions often vary by tonnage produced; 
fees are highest in high-income countries, where annual commercial fees 
average US$314 (table  5.5). For some high- and middle-income countries, 
fees are flat for each business, which is simpler to administer and  collect. 
Low-income countries tend to charge fees for waste services less often, and 
data availability is  scarce.

Figure  5.1 shows distributions of fee types and billing methods across 
countries by income  categories. 

In most countries, the cost of integral waste services (collection, trans-
port, treatment, and disposal) cannot be fully recovered from user fees 
and requires subsidies through government transfers or external budget 
 support. According to the What a Waste  2.0 study, local governments 
that receive transfers or subsidies for solid waste programs typically 
receive between US$4 and US$10 per capita per  year. The average of sub-
sidies or transfers from central governments is US$8 per capita per  year. 
The agency providing funding may be the national government or a 
regional  government. For example, in Sarajevo, Bosnia and Herzegovina, 
the cantonal government provided almost  US$4.5 million for intermunici-
pal communal services such as street cleaning (KJKP  2016). In Yangon, 
Myanmar, the regional government funds city waste services, including 
salaries, uniforms, and the purchase and maintenance of equipment, 
which amounted to  US$8.2  million in 2014 (CCAC,  n.d.). In Majuro, 
Marshall Islands, the city government receives an annual operating 
subsidy of $325,000 from the national government (ADB  2014). 

A partnership with the private sector is commonly pursued as a mecha-
nism for achieving efficiency, technical expertise, and financial investment 
in waste management  systems. In Istanbul, Turkey, waste collection was 
found to be 38 percent more cost efficient when operated by a private oper-
ator rather than a public operator (Dogan and Suleyman  2003). Private 
corporations may participate at all steps in a waste management value 
chain, including construction and operation of disposal sites and transfer 

Table  5.5 Waste Management User Fees by Income Level

Income group 

Average fees, US$ per year

Household Commercial 

High income $168 $314 

Upper-middle income $52 $235 

Lower-middle income $47 $173 

Low income $37 $155 

Note: All currency amounts are in US$.
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Figure  5.1 Waste Management Fee Type and Billing Method
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stations, waste collection from homes and businesses, street cleaning, and 
citizen education on waste reduction and source  separation. Private part-
ners recover costs through their service  provision. Therefore, successful 
municipalities ensure that private corporations are either paid directly by 
the locality or are provided with stable opportunities to earn revenues from 
tipping fees, user fees, or the sale of recycled  materials. Environments that 
are typically conducive to private sector partnerships include simple and 
transparent procurement processes, minimal political and currency risk, 
and strong legal systems that enforce payments and encourage user compli-
ance with waste management rules and regulations, such as those about 
littering and source  separation. The lower the risks, the more likely it is for 
a private corporation to participate in the waste management  system. 

A unique form of private sector participation is the extended producer 
responsibility (EPR)  system. In an EPR system, the cost for the final recy-
cling or disposal of materials is borne by the producer of the  good. Producers 
may pay the municipality directly for the cost of collection and disposal or 
develop a system for citizens to return the  product. In either case, producers 
will often price the cost of disposal into the product so that consumers ulti-
mately bear the disposal  cost. Therefore, both producers and consumers are 
financially and logistically responsible for their resource  usage. EPR systems 
ultimately reduce government costs, divert waste from disposal facilities to 
save space, and encourage environmentally friendly consumption (Product 
Stewardship Institute  2014).

Figure  5.1 Waste Management Fee Type and Billing Method 
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Box  5.1 Results-Based Financing in Waste Management 

An increasingly common strategy for promoting the efficient use of limited funds 

and for creating sustained behavior change is results-based financing  (RBF). In 

this financing structure, payment for solid waste services depends on the deliv-

ery of predetermined results (Lee et  al.  2014). By tying financing to outcomes, 

RBF encourages stakeholders to operate efficiently and change their  behavior. 

RBF from governments or external institutions can be tailored to achieve several 

objectives and help waste management stakeholders do the following: 

• Increase fee collection, such as by matching a portion of the fees collected 

by the managing institution 

• Promote source separation, waste reduction, and recycling, such as by 

providing a stipend to neighborhoods that sort and separate an adequate 

quantity of clean recyclables 

• Strengthen waste collection and transportation, such as by paying waste 

collectors upon successful and timely delivery of waste to the final dis-

posal site 

• Design efficient infrastructure projects, such as by making loans or grants 

for a new landfill project contingent on successful construction of various 

phases 

• Defray risk for investors and increase investments, such as by delaying 

payments until proof of service success or completion of infrastructure 

In Nepal, the World Bank supported a project to help bridge the gap between 

the costs of delivering improved waste management services and the revenues 

gained from user  fees. For this project, payments were made based on the 

achievement of benchmarks such as the number of households receiving daily 

waste collection services, the cleanliness of public areas, and the feedback of 

 households. These interventions greatly improved service  quality. Furthermore, 

the RBF approach helped municipalities to gain financial stability by sustainably 

increasing user fees and improving the recovery of user fees by providing subsi-

dies in proportion to the amount of fees collected by cities. 

Another example is a World Bank-supported project in the West Bank, where 

results-based financing was used to combine the financing of the service to the 

poor while leveraging private sector engagement in managing and operating 

the sanitary landfill, transfer stations, and transportation of waste.

Solid waste management systems in low- and middle-income countries 
that are in early development or undergoing expansion often pursue 
external financing, especially for capital  expenditures. Where waste man-
agement initiatives are aligned with national objectives, local governments 
may obtain financing from national  transfers. Local waste management 
projects may also be financed through loans and grants from develop-
ment  agencies or regional banks that also commonly provide technical 
project  support. Some financiers are testing a model in which payments 
are tied to proven  outcomes. This model of results-based financing is 
detailed in box  5.1.
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Finally, carbon financing is a strategy that has been used in limited cases 
by waste management projects that reduce greenhouse gas emissions, such 
as the installation of landfill gas capture infrastructure or composting of 
organic waste (box  5.2).

The appropriate sources of financing depend heavily on the local con-
text, and a mix of strategies is often used to sustainably implement a solid 
waste management  project.

Box 5.2 Carbon Finance

Carbon finance provides payments to projects that reduce greenhouse gas 

emissions by allowing entities that can reduce emissions at a low cost to receive 

payments from entities whose costs of reducing emissions are high. The entity 

that buys emissions reduction credits can claim credit for reducing greenhouse 

gas emissions, although it did not implement the project itself. Purchasing 

emissions credits can help countries achieve national climate goals, such as a 

Nationally Determined Contribution created as part of the international Paris 

Climate Agreement, and allow private entities to adhere to national climate laws 

or offset emissions from business activities (Müller 2017; World Bank 2015).

Solid waste projects that avoid greenhouse gas emissions include the cap-

ture of methane gas at a landfill or the composting of organic waste, as com-

pared to the higher release of methane from decomposing waste at a dump or 

landfill. Waste projects that reduce emissions can sell certified emissions reduc-

tions on a public or private emissions trading system. The European Union, 

countries such as New Zealand and Switzerland, and states and provinces such 

as California, United States, and Ontario, Canada, have established emissions 

trading systems (UNDP 2017). For example, several landfill gas capture projects 

in Brazil were partially financed by selling emissions reductions through the 

World Bank’s Carbon Partnership Facility (World Bank 2014, 2018).

A historical framework that motivated carbon trading was the Kyoto 

Protocol, established at the United Nations Framework Convention on Climate 

Change (UNFCCC) in 2005, through which industrial countries committed to 

emissions reduction targets (UNEP n.d.). Through the UNFCCC’s Clean 

Development Mechanism (CDM), wealthy countries could invest in carbon-

reducing projects in low- and middle-income countries to meet their Kyoto 

commitments (Appasamy and Nelliyat 2007). Through the CDM, several waste 

projects, such as composting plants in Bangladesh and Uganda, were imple-

mented (Waste Concern 2014; AENOR 2009). However, since the commitments 

to the Kyoto Protocol expired in 2012, carbon trading for waste projects has 

greatly waned. Today, carbon financing for solid waste management faces 

mixed results and depends heavily on regulatory frameworks regarding emis-

sions and air quality to establish an active marketplace with high prices.

A more recent form of carbon finance is the Pilot Auction Facility for 

Methane and Climate Change Mitigation, which is an innovative mechanism 

that encourages private sector investments in projects that reduce emissions.
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CHAPTER 6

Waste and Society 

Key Insights

• Uncollected waste and poorly disposed of waste significantly affect public 

health and the environment, with the long-term economic impact of envi-

ronmental recovery often resulting in multiple times the costs of develop-

ing and operating simple, adequate waste management  systems. 

• Waste management contributes nearly 5 percent of global greenhouse 

gas emissions, mainly driven by food waste and improper management of 

 waste. Even basic system improvements can reduce these emissions by 

25 percent and  more. 

• Of the cities with available data, 29 reported having completed an environ-

mental assessment in the past five years while 73 cities reported no recent 

formal environmental  assessment. 

• Waste management systems should take into account potential extreme 

weather such as heavy storms that may cause the collapse of formal or 

informal waste facilities or damage urban infrastructure. 

• High-income countries are attempting to divert waste from landfills and 

incinerators and increase adoption of recycling and waste  reduction. 

• More than 15 million people globally earn a living informally in the waste 

sector (Medina  2010). Waste pickers—often women, children, the elderly, 

the unemployed, and/or migrants—are a vulnerable  demographic. 

• The number of female waste pickers can often exceed the number of male 

waste  pickers. In Vientiane, Lao PDR, and Cusco, Peru, 50 percent and 

80  percent of waste pickers are female,  respectively (Arenas Lizana 2012; 

Keohanam 2017). 

• Of the cities with available data, 24 reported having completed a social 

assessment in the past five years while 73 cities reported no recent formal 

social  assessment. 
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Waste management has broad societal  impacts. The way that waste is 
managed affects the health of the environment, the livelihood and 

well-being of vulnerable populations, and the relationships between gov-
ernments and  citizens. Solid waste management influences how a society 
lives on a daily basis, and its strengths and failures can have a magnified 
impact during crisis  situations. Although limited data were collected for this 
report regarding environment and climate change, citizen engagement, and 
the informal sector, the report discusses these key topics, in addition to tech-
nology trends, to highlight several critical aspects that a well-functioning 
waste management system should  consider. 

Environment and Climate Change 

Solid waste management is inextricably linked to environmental outcomes 
and their subsequent economic  consequences. At the local and regional 
levels, inadequate waste collection, improper disposal, and inappropriate 
siting of facilities can have negative impacts on environmental and public 
 health. At a global scale, solid waste contributes to climate change and is 
one of the largest sources of pollution in  oceans. 

In low- and many middle-income countries, inadequate waste collec-
tion and uncontrolled dumping or burning of solid waste are still an 
unfortunate reality, polluting the air, water, and  soil. When waste is 
burned, the resulting toxins and particulate matter in the air can cause 
respiratory and neurological diseases, among others (Thompson  2014). 
Piles of waste produce toxic liquid runoff called leachate, which can 
drain into rivers, groundwater, and  soil. Organic waste entering water-
ways reduces the amount of oxygen available and promotes the growth 
of harmful organisms (Bhada-Tata and Hoornweg  2016). Marine pollu-
tion is also increasing as a result of mismanaged solid waste on land, 
poor disposal practices by sea vessels, and runoff from sewage and 
 polluted  streams. Universal plastic usage is also leading to increasing 
nonbiodegradable waste litter in natural  environments. (Please refer to 
case study 16 in chapter 7 for more information on marine litter and 
box  6.1 for information on plastic  waste.)

A study focused on Southeast Asia estimated the economic cost of 
uncollected household waste that is burned, dumped, or discharged to 
waterways to be US$375/tonne (McKinsey  2016). For the same region, 
the World Bank estimated the integrated waste management costs for 
basic systems meeting good international hygienic standards to be 
 US$50–US$100/tonne. 

An environmental assessment can help governments understand the 
costs of solid waste management and its impacts on the environment as well 
as potential downstream  issues. Of the cities studied with available data, 
29 reported having completed an environmental assessment in the past five 
years, while 73 cities reported that no formal environmental assessment 
had been conducted in the past five  years. 
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Box  6.1 Plastic Waste Management 

In 2016, the world generated 242 million tonnes of plastic waste—12 percent of all municipal 

solid  waste. This waste primarily originated from three regions—57 million tonnes from East 

Asia and the Pacific, 45 million tonnes from Europe and Central Asia, and 35 million tonnes from 

North America. 

The visibility of plastic waste is increasing because of its accumulation in recent decades and its 

negative impact on the surrounding environment and human  health. Unlike organic waste, plastic can 

take hundreds to thousands of years to decompose in nature (New Hampshire Department of 

Environmental Services  n.d.). Plastic waste is causing floods by clogging drains, causing respiratory 

issues when burned, shortening animal lifespans when consumed, and contaminating water bodies 

when dumped into canals and oceans (Baconguis 2018). In oceans, plastic is accumulating in swirling 

gyres that are miles wide (National Geographic n.d.). Under ultraviolet light from the sun, plastic is 

degrading into “microplastics” that are almost impossible to recover and that are disrupting food 

chains and degrading natural habitats (United States NOAA n.d.). The Ellen MacArthur Foundation 

(2016) anticipates that, by weight, there will be more plastic in the oceans than fish by 2050 if nothing is 

 done.

Plastic waste mainly enters the environment when it is poorly managed, such as through open 

dumping, open burning, and disposal in  waterways. Unfortunately, with more than one-fourth of 

waste dumped openly and many formal disposal sites managed improperly, plastic litter is  increasing. 

Even when plastic waste is collected, many countries lack capacity to process the  waste. In 2017, 

Europe exported one-sixth of its plastic waste, largely to Asia (The Economist  2018). 

There are many ways to curb plastic waste—by producing less, consuming less, and better man-

aging the waste that already exists to prevent contamination or  leakage. Taking these actions requires 

engagement from numerous stakeholders in society, including citizens, governments, community 

organizations, businesses, and  manufacturers. Policy solutions, increased awareness, and improved 

design and disposal processes, among others, can minimize the impact of plastic waste on  society.

Policy : Before pursuing dedicated plastics management solutions, governments must first 

focus on holistic management of  waste. Cities need consistent collection services, safe and envi-

ronmentally sound disposal, and consistent enforcement of policy before targeted interventions 

for plastic can be fully  effective. Without strong basic waste management systems, plastic is likely 

to continue to be dumped when uncollected, citizens and businesses are less likely to comply with 

restrictions on materials for consumption or manufacturing, and cost recovery for waste systems 

will continue to be a  struggle. With adequate primary waste management services in place, many 

cities have succeeded in focused  interventions. For example, San Francisco, United States, imple-

mented a plastic bag ban that led to a 72 percent decrease in plastic litter on local beaches from 

2010 to 2017 (Mercury News 2018). In Rwanda and Kenya, plastic bag bans have been implemented 

effectively with financial and other legal penalties (de Freytas-Tamura  2017). In 2018, the European 

Union launched a strategy called Plastic Waste that aims to make all plastic packaging recyclable by 

2030 and to ensure that waste generated on ships is returned to land (EU  2018b). However, innova-

tive policies concerning plastic will not solve the issue of plastic mismanagement without proper 

institutions, systems, and  incentives.

Society : Management of plastic waste often starts at the household and individual levels, and 

strategies to educate and motivate citizens can dramatically change  behavior. In Jamaica, community 

members that serve as Environmental Wardens sensitize their neighbors about local cleanliness and 

safe and environmentally friendly disposal of  waste. Environmental Wardens are community 

(Box continues on next page)
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Climate Change Mitigation 

One of the major ways that solid waste contributes to climate change is 
its generation of greenhouse gas (GHG)  emissions. The  1.6 billion 
tonnes  of carbon dioxide–equivalent (CO2-equivalent) emissions esti-
mated for 2016 are anticipated to increase to  2.6 billion tonnes by  2050. 
Emissions from solid waste treatment and disposal, primarily driven by 
disposal in open dumps and landfills without landfill gas collection sys-
tems, were calculated using the CURB tool,1 and they account for about 
5 percent2 of total global GHG emissions (World Bank 2018a; Hausfather 
 2017). GHG emissions result from inadequate waste collection, uncon-
trolled dumping, and burning of  waste. Waste releases methane gas 
when disposed of in an oxygen-limited environment such as a dump or 
a landfill and releases pollutants and particulate matter during ineffi-
cient transportation and  burning. Methane, generated from decompos-
ing organic waste, is the solid waste sector’s largest contributor to GHG 
 emissions. It is many times more potent than  CO2.3 Efforts to formalize 
the management of waste can significantly reduce  GHG emissions. For 
example, a study by Zero Waste Europe concluded that the European 
Union could eliminate as much as 200 million tonnes of GHG emissions 
per year by 2030 with improved waste management practices (Ballinger 
and Hogg  2015). 

Progress has been made in recent  years. According to a United Nations 
Framework Convention on Climate Change report, from 1990 to 2015 the 
waste sector experienced the largest relative decrease in GHG emissions, at 
20 percent, compared with other sectors (UNFCCC  2017). The emissions 
decrease is in part attributed to the growing effort of many cities to under-
take mitigation activities in solid waste  management. The Carbon Disclosure 

members employed by the Jamaican National Solid Waste Management Authority through a World 

Bank–supported project (Monteiro and Kaza  2016). Their role is to spread awareness about waste 

management and to keep communities clean and  healthy. The communities and schools that are part 

of the project collect plastic bottles in large volumes, through competitions, and remove plastic litter 

from shared spaces and  drains. They sell the collected plastic bottles to  recyclers. 

Industries : Plastic waste can be reduced or put to productive use at both a local and a global 

 scale. Industries can alter manufacturing processes to reduce the amount of material needed, use 

recycled materials as inputs, or design new materials that can be degraded or more easily  recycled. 

At a local level, recovered plastic can be used as inputs to make cement blocks, roads, and house-

hold goods such as baskets and mats (Growth Revolution Magazine  2009). These outlets for pro-

ductive use can, in turn, drive increased collection and recovery of plastic  waste. With about half 

of the plastic ever manufactured having been produced in the past 15 years, the collaboration of 

industry in reducing production and improving recycling is increasing in importance (National 

Geographic  2018).

Box  6.1 Plastic Waste Management (continued)
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Project shows that nearly 50 cities across the world have adopted mitigation 
measures in their climate plans (Carbon Disclosure Project 2013; IPCC 
 2007a). Looking ahead, more than 80 countries have identified solid waste 
management as an intervention area in their Nationally Determined 
Contributions, which are global commitments made by each country to 
mitigate and adapt to climate change under the historic United Nations 
Framework Convention on Climate Change agreement (Kampala Waste 
Management  2017). 

Emissions can be mitigated through improved waste collection, waste 
reduction, reuse of products, recycling, organics waste management, and 
capture of GHGs for flaring or energy  recovery. Reducing collection fleet 
lag times, improving routing efficiency such as through the use of geo-
graphic information systems, selecting cleaner fuels, and using fuel-efficient 
vehicles are potential approaches to reducing transportation emissions 
(Seto et  al.  2014). Composting and anaerobic digestion are organic waste 
treatment options that prevent the generation of methane or its release into 
the  atmosphere. Where landfills are used, the associated methane gas can be 
captured and flared, converted to power, used to heat buildings, or utilized 
to serve as fuel for  vehicles. Waste-to-energy incinerators, which are rela-
tively more complex and expensive, can reduce GHG emissions while gen-
erating electricity or thermal energy when operated effectively and to 
environmentally sound  standards. A World Bank study in Indonesia shows 
that even basic improvements, such as increasing waste collection rates to 
85 percent from 65 percent and introducing controlled landfilling for waste 
disposal, reduces GHG emissions by 21 percent (World Bank  2018b). 
These GHG reductions from the waste sector are an important element of 
Indonesia’s committed Nationally Determined Contributions to the Paris 
Climate Agreement (Government of Indonesia  2016). 

Climate Change Resilience 

In the long term, the global community should consider solid waste resil-
ience in addition to  mitigation. As climate patterns change, waste man-
agement systems must prepare for extreme weather patterns that may 
cause waste to clog drainage systems during floods, landfills and dumps 
to collapse under heavy rains, or damage to urban infrastructure that 
may dramatically increase waste  volumes. Cities should aim to ensure 
that their collection, transportation, and disposal systems can function 
regardless of the shock they face and should site the facilities to be 
 resilient. 

Climate change resilience at the local level may include the following 
planning and policy actions: 

• Careful site selection for waste disposal based on topography and 
geology, natural resources, sociocultural factors, natural disaster 
 patterns, and economy and safety (Al-Jarrah and Abu-Qdais  2006). 
For instance, a risk assessment can be done in flood-prone cities to 
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determine the location, design, construction, operation, and decom-
missioning of waste facilities (Winne et  al.  2012). 

• Sufficient waste management capacity to meet projections of the city’s 
current and anticipated  growth. 

• Emergency disposal sites and stakeholders for disposal of excessive 
amounts of waste to ensure systems function in times of  disaster. 

• Identification of vulnerabilities in existing infrastructure to prevent 
failure of facilities, and necessary investments in maintenance and 
upgrades. 

• Formal education, community awareness efforts, and government 
incentives to promote responsible waste disposal and reduction to pre-
vent litter that may clog drains or affect surrounding  areas. 

Circular Economy 

Efforts to move toward a circular economy are gaining momentum, 
particularly in  Europe. The circular economy model aims to use waste 
streams as a source of secondary resources and to recover waste for 
reuse and  recycling. This approach is expected to achieve efficient eco-
nomic growth while minimizing environmental impacts (Halkos and 
Petrou  2016). 

In a circular economy, products are designed and optimized for a cycle 
of disassembly and  reuse. The intention is to extend the lifespan of consum-
ables and to minimize the environmental impact of final  disposal. For chal-
lenging products, such as computers that are subject to rapid technological 
advancement and other durables containing metals and plastics that do not 
easily degrade, better disposal solutions and reuse could be part of the 
design process from the  start. 

In December 2015, the European Commission adopted a European 
Union Action Plan for a circular economy (EU  2015). In 2018 the European 
Union adopted a set of measures that support the implementation of the 
Action Plan and the European Union’s vision of a circular economy 
(EU  2018a). These measures do the following:

• Set a goal to make all plastic packaging recyclable by 2030 and 
describe a holistic strategy to improve the economics and quality of 
plastics recycling 

• Present ways to integrate legislation on waste, consumer products, and 
chemicals

• Outline 10 key indicators for monitoring progress in moving toward a 
circular economy across production, consumption, waste manage-
ment, and investments

• Describe actions for more circular consumption of 27 of the most 
common materials used in the economy 

Outside of Europe, the concept of a circular economy is slowly being 
embraced by national and local governments, and sometimes drives the 
development of goals and  investments.
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Technology Trends 

As technology changes the way people live, communicate, and transact, it 
also affects the way waste is managed around the  world. Governments 
and companies that manage waste integrate technologies at all steps of the 
value chain to reduce costs, increase materials for energy recovery, and 
connect with  citizens. 

Despite the ability of technological solutions to improve the way 
resources are used and recycled, technology selection differs by  context. 
Communities vary by geography, technical capacity, waste composition, 
and income level and often the best solution is neither the newest nor the 
most advanced  technologically. Whereas a mobile app may be the simplest 
way to inform citizens on service changes in an affluent city, technologies 
such as radio advertisements may be optimal in neighborhoods with high 
illiteracy  rates. The following section reviews several of the simple and 
advanced technologies that have emerged to improve waste management 
around the  world. 

Data Management 

Data are increasingly serving as the basis for decision making in waste 
 management. From information on the layout and characteristics of local 
neighborhoods and the activity of collection trucks to data on recovery of 
waste fees, accurate information allows governments and operators to 
design and run more efficient operations and save  money. 

Formal information systems are increasing in cities but are not  universal. 
From the data collected for this report, 29 percent of countries reported the 
existence of an information  system. At an urban level, 49 cities reported an 
established information system, 89 did not have one, and 231 countries 
lacked data on information  systems. 

As their capacity has increased, many agencies have developed or 
improved central information systems to improve planning and to transpar-
ently monitor  performance. For example, in Quito, Ecuador, La Empresa 
Metropolitana de Aseo (the Metropolitan Cleaning Company) has devel-
oped a central data management system that tracks collection routes, gener-
ates reports on service performance metrics, and allows citizens to report 
infractions of waste regulations (Sagasti Rhor  2016). In Japan, a central 
data system connects waste facilities around the country to a central 
national waste information system (Kajihara  2017). Measurements of tox-
ins and emissions are reported in real time to the central  database. Any 
problems in equipment operations trigger automatic reports to the plant 
operator so that emergencies can be addressed  immediately. Other typical 
uses of information systems are detailed in box  6.2.

When it comes to data, solutions need not be  complex. Simple data tools 
such as the Excel-based Data Collection Tool for Urban Solid Waste 
Management, developed by the World Bank and the Climate and Clean Air 
Coalition, can guide cities and planners in understanding the local waste 
situation quantitatively and comprehensively (World Bank  2013). 
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Waste Reduction and Manufacturing 

Technology has been commonly used to support reduction of the amount 
of waste generated globally and to change manufacturing processes to 
reduce waste or to increase  recyclability. In the Republic of Korea, radio-
frequency identification (RFID) chips are often used to motivate citizens to 
reduce the waste that they  generate. These small radio chips are embedded 
in personal cards that citizens use to open dumpsters and log the weight of 
the waste that they dispose  of. Citizens are billed by the weight registered 
on the chip and are motivated to reduce the waste that they produce as 
a   result. Korea’s RFID-focused approach and overarching information 
management system are detailed in case study 17 in chapter  7. 

Technologies used in manufacturing aim to enable the reuse of materials 
or decrease the use of virgin  materials. Packaging innovations such as bio-
degradable forks and bags reduce plastic waste and sometimes allow users 
to compost these  materials. However, new materials require appropriate 
management, and poorly managed biodegradable packaging can lead to 
increased GHG emissions when landfilled or dumped and can fail to 
degrade fully in the wrong conditions (Vaughan  2016). Software is avail-
able that allows manufacturers to take waste into consideration in the 
 product design process and to choose materials that have the least impact 
on the environment (Building Ecology n.d.). Some companies have devel-
oped processes that use waste materials as inputs for other products, such 
as using plastic and textiles to create new  garments. Finally, new platforms 
are emerging that create a marketplace for used goods, thus reducing 
the need to manufacture new products (Sustainable Brands  2017). 

Waste Collection 

Waste collection and associated transportation is often the costliest step in 
waste management, and technology is extensively available to increase effi-
ciency. Starting with the use of a geographic information  system, a city can 
optimize routing and minimize improper use of trucks (Longhi et  al.  2012). 

Box  6.2 Examples of Information That Can Be Aggregated Using a 
Waste Management Data System 

• Real-time locations and routes of collection vehicles 

• Weight of waste disposed of at different locations 

• Emissions of landfills or waste-to-energy facilities 

• Records of user payments 

• History of waste collection at households 

• Video streams of activities of waste equipment 

• Radio and email communications with staff 

• Registration of waste pickers 

• Feedback from citizens 

• Inventory of facilities and equipment
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Sensors can optimize routes and reduce unnecessary  pickups. Dumpster 
sensors can signal how full a dumpster is so that pickups can be made 
 accordingly. Solar-powered compactor bins use solar power to compact 
waste to one-sixth of its original  volume and can alert the municipality or 
waste collector when a sensor detects that the bin is reaching  capacity. 

In locations with sufficient infrastructure, relevant geographical condi-
tions, and ample financing, alternative approaches are being used for 
waste  collection. Automation for waste collection vehicles ranges from 
the lifting of bins placed in the back of the truck to mechanical side arms 
that automatically pick up standardized bins directly from  households. 
Even more automated collection solutions are being  tested. In a limited 
number of areas with restricted transportation access or that are extremely 
dense, a more unusual approach could be pneumatic waste  collection. In 
Roosevelt Island, New York City, United States, in an attempt to establish 
a car-free island, pneumatic waste collection was set up underground so 
that residents in high-rise buildings could place waste in a chute in their 
buildings that would be sucked into a tube, via a vacuum, to a central 
point for treatment and disposal (Chaban  2015). Although a pneumonic 
system could be a healthier and less congested alternative to truck-based 
collection systems, hurdles to adopting pneumonic systems could include 
cost and the inability to install needed infrastructure given a city’s existing 
layout and  substructure. 

Mobile applications are also being implemented to assist in urban waste 
collection  systems. Mobile applications are being used to inform citizens of 
collection schedules, source-separation guidelines, and  fees. I Got Garbage 
is an example of a mobile application in India that is used by households to 
request waste collection services (box  6.3).

Photo 6.1 Solar-Powered Waste Compaction Bins in the Czech Republic
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Waste Treatment and Disposal 

Technology is being used in a variety of ways to improve waste treatment 
and  disposal. However, the range of optimal technologies varies greatly by 
income level and local  characteristics. More detailed information and 
guidance regarding solid waste management treatment and disposal tech-
nologies can be found in the World Bank’s Decision Maker’s Guides for 
Solid Waste Management Technologies (Kaza and Bhada-Tata  2018). 

Low-Income Countries 
Although open dumping and burning are common in low-income coun-
tries, there is a growing trend toward improving recycling and disposing 
of waste in controlled or sanitary  landfills. Recycling is typically done by 
the informal sector in an unorganized  fashion. Small-scale or even house-
hold biogas systems are also increasing in  prevalence. 

Box  6.3 I Got Garbage 

I Got Garbage is an organization operating in Indian cities that uses an 

online platform to match waste pickers with households and businesses 

seeking waste  services. The organization has successfully created and 

equipped waste social enterprises with the necessary skills for impact at 

 scale. I Got Garbage supports more than 10,000 waste pickers and offers 

waste services from waste collection to local organics management and 

value-added  recycling.

Figure  B6.3.1 Features of I Got Garbage Application
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Waste collector app
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Middle-Income Countries 
Landfills are the most common final disposal method in middle-income 
countries and are generally anticipated to continue being  so. Improvements 
in recycling and in organics management are  increasing. For recycling, 
sorting plants that involve manual or some form of automated sorting are 
becoming more  common. 

Primarily because of problems with the availability of land, large metro-
politan cities in middle-income countries are looking at ways to avoid the 
development of large sanitary landfill sites, often far away from the city center, 
and to develop waste-to-energy incineration schemes  instead. High land prices 
and often-elevated levels of electricity feed-in tariffs can be an important push 
for these  investments. However, high costs, usually significantly above current 
cost levels, and the high organic composition of the waste, meaning that it is 
low in calorific value, also could present challenges to  implementation. 
However, it is expected that modern waste incinerators could be built in some 
middle-income countries in the coming  years. In China, quick development of 
incineration capabilities has already occurred, and the practice has become 
increasingly common in larger cities in Eastern China (Li et  al.  2016). 

High-Income Countries 
Sanitary landfills and incinerators are prominent in high-income  countries. 
High-income countries experience greater recovery and reintegration of 
materials from recycling and organics and use of byproducts such as 
refuse-derived fuel or other energy from waste than lower-income 
 countries. Waste-derived energy is used for a range of purposes, such as in 
industry or to power waste facilities or  buses. Automated landfill monitor-
ing has increased, with some sites even using drones to assess the capacity 
of cells (Lucero et  al.  2015). 

High-income countries are making a substantial effort to recover materials 
from the source, with an emphasis on recycling and productive use of organic 
 waste. Automation in recycling centers ranges from a conveyor belt to use of 
optical lasers and magnetic forces to separate waste (Peak  2013). Citizen par-
ticipation for source separation of waste is common for smaller communities 
of less than 50,000 inhabitants, and mechanical sorting is commonly used for 
large  cities. Greater attention is also being placed on management of food 
and green waste, sometimes through windrow composting, in-vessel com-
posting, anaerobic digestion, and waste-to-liquid  technologies. These tech-
nologies allow organic waste to be used effectively through capture of biogas 
and creation of a soil amendment or liquid  fertilizer. These advances are 
complemented by improvements to distributed waste management, which 
emphasizes household interventions such as source  separation. 

Some solutions are less well-known or are still being piloted. A bioreac-
tor landfill is a type of sanitary landfill that involves recirculation of leach-
ate to more quickly degrade organic waste than in natural situations, 
increase landfill gas generation in a concentrated period, and reduce final 
leachate treatment, under certain conditions (Di Addario and Ruggeri 
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2016). Nonlandfill solutions that have been available for some time but 
have not been applied at large scale with municipal solid waste include 
advanced thermal technologies such as pyrolysis, gasification, and plasma 
arc technologies (Rajasekhar et  al.  2015). These thermal  processes break 
down waste with high temperatures in a zero- or low-oxygen environ-
ment with one of the main outputs being a synthetic  gas. When these 
processes are applied to municipal solid waste, commercial and technical 
viability has shown mixed results, with multiple failed  attempts.

A number of countries, particularly Japan, Korea, and some countries 
in Western Europe, have almost completely moved away from landfill-
ing, and aim to reduce incineration and maximize waste reduction and 
 recycling. With recycling reaching 50 percent and more in a few Western 
European countries, trading of household waste across countries for 
incineration is  increasing. 

Citizen Engagement 

The success of sustained solid waste management is critically linked with 
public engagement and  trust. Waste managers rely on citizens to con-
sciously reduce the amount of waste they generate, separate or manage 
specific waste types at home, dispose of waste properly, pay for waste 
management services, and approve new disposal  sites. To motivate this 
support, governments must gain the trust of  citizens. Cities and countries 
are engaging the public by providing high-quality services that earn 
approval and trust and that, in turn, motivate citizens to pay for services, 
be environmentally aware, and comply with guidelines and  regulations. 
Although changing citizen behavior can take time, the benefits of a strong 
relationship with the public are invaluable to a waste management  system. 

Education 

Educational programs are a key aspect of raising awareness for solid  waste. 
Many countries reach citizens using  media. Effective programs distribute 
content in a variety of languages and through both basic and advanced 
technology, such as radio, television, and mobile phone  applications. Other 
governments focus on schools to educate young citizens who will eventually 
become environmentally conscious  adults. For example, in Kingston, 
Jamaica, school programs incorporate environmental and waste manage-
ment issues into the formal curriculum and participate in hands-on activi-
ties such as onsite recycling, composting, and  gardening. Vegetables grown 
in school gardens are used at the schools or given to students (Clarke, per-
sonal communication 2017). Some schools also encourage students and 
citizens to visit waste facilities such as recycling centers or  landfills. 

Of the countries and cities studied, several make waste management 
information available to the  public. The most common types of informa-
tion made available include collection schedules and waste drop-off 
 locations, budgets and fees, local statistics on waste generation and 
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 composition, and community programs and recycling  campaigns. For 
example, Bangkok, Thailand, publishes the Bangkok State of the 
Environment Report periodically, providing a comprehensive review of 
solid waste management in the city (Bangkok Metropolitan Administration 
 2012). Yokohama, Japan, reports on GHG emissions resulting from 
waste; Bern, Switzerland, provides recycling information specifically for 
visitors and migrants; and Montevideo, Uruguay, provides guidance to 
households on how to request a waste bin (City of Yokohama  n.d.; Hello 
Switzerland  n.d.; City of Montevideo  n.d.). 

Countries typically share information on national waste management sta-
tistics, legislation and policies, fees, and infrastructure such as landfills and 
transfer  stations. Common platforms for information distribution  include 
face-to-face interactions, signage, media, websites, periodic reports, mobile 
applications, physical booklets, and  fliers. The city of Baltimore, United 
States, has even installed a trash collection machine with a humorous appear-
ance in the city’s harbor to catch the attention of citizens (box  6.4).

Box  6.4  Mr. Trash  Wheel

Mr. Trash Wheel is a trash interceptor in Baltimore, Maryland, United States, 

that picks up litter floating in the Inner Harbor of Baltimore (Waterfront 

Partnership of Baltimore n.d.). Its remarkable visual appearance builds public 

awareness of proper waste  management. The instrument’s rotor is powered by 

water and solar energy, and it deposits floating waste into a dumpster behind 

the vessel using a moving conveyer  belt. 

Source: Photo courtesy of Waterfront Partnership of Baltimore; additional permission 

required for reuse.
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Citizen Feedback 

Governments benefit when citizens provide feedback on waste manage-
ment  services. Citizen feedback allows waste management agencies to 
measure satisfaction and trust, understand gaps in services, and make 
critical changes that benefit the population, the environment, and the 
 economy. 

For example, in Morocco, five cities launched a Citizen Report Card 
program, covering 25 percent of Morocco’s urban population, to under-
stand citizen satisfaction with waste  operations. The results of the survey 
are used to evaluate whether private operators are performing well and to 
make decisions on renewing their  contracts. In Maputo, Mozambique, 
MOPA is a digital platform accessible via phone, smartphone, and com-
puter that allows citizens to report issues such as overflowing dumpsites 
(Vasdev and Barroca  2016). Citizens that provide feedback are notified 
once the issue is  resolved. These forms of citizen engagement allow for a 
closed loop between public agencies and the community affected by  services. 

The cities studied use a variety of channels to collect citizen feedback, 
including phone, website, email, social media, surveys, and physical 
 handouts. Toronto’s online platform is detailed in case study 11 in 
chapter  7. 

Financial Incentives 

Financial incentives are a powerful tool for motivating sustained behavior 
 change. Governments and organizations have used various mechanisms to 
tie financial incentives to participation in the waste management  system. 
Financial incentives can be linked to source separation, waste collection, 
reduction in the volume of waste disposed of, and disposal according to 
designated locations and  schedules. 

For example, in Ningbo, China, results-based financing is being used 
to encourage households in high-rise apartment complexes to separate 
organics and recyclables (Lee et  al.  2014). The government saves money 
since less waste is landfilled and returns a portion of the savings as a 
financial incentive for citizens who separate their  waste. In addition, 
some cities only charge citizens for the disposal of residual waste or set 
fees for mixed waste disposal that are higher than fees for recycling 
 services. In Kitakyushu, Japan, the government provides compost bins 
to households and holds public composting seminars that thousands of 
citizens have  attended. Managing organic waste at the household level 
is  cheaper for Kitakyushu citizens than paying by volume for formal 
disposal services (Matsuo n.d.). 

Several organizations and companies have adopted the concept of per-
sonal rewards to encourage environmental engagement and change public 
 behavior. There are websites where citizens can earn points for taking envi-
ronmentally friendly actions, such as recycling or participating in a learning 
program, and then can use their points to earn discounts at stores or make 
donations to community organizations (Recyclebank,  n.d.). 
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Social Impacts of Waste Management and 
the Informal Sector 

The quality of solid waste management affects the urban poor in critical 
ways, with impacts on their health, housing quality, service access, and 
 livelihoods. In urban low-income neighborhoods, up to two-thirds of 
solid waste is not collected (Baker  2012). In areas with poor service cov-
erage, the incidence of diarrhea is twice as high and acute respiratory 
infections are six times higher than in areas with frequent waste collec-
tion (UN-Habitat  2010). Waste is often dumped or burned, releasing 
toxic airborne chemicals and liquid runoff that contaminates water 
sources (Akinbile and Yusoff  2011). The dumped waste can also be a 
source of food and shelter for rats, mosquitoes, and scavenging animals, 
which could carry diseases such as dengue  fever. The homes closest to 
dumpsites are often those of vulnerable populations who make a living 
by scavenging for recyclables with a monetary  value. Just as gaps in solid 
waste services disproportionately affect the poor, improvements in ser-
vice delivery can dramatically improve the lives of vulnerable  populations. 

Informal Sector in Solid Waste Management 

Informal waste recycling is a common livelihood for the urban poor in 
low- and middle-income  countries. About 1 percent of the urban popula-
tion, or more than 15 million people, earn their living informally in the 
waste sector (Medina  2010). In urban centers in China alone, about 
 3.3  million to  5.6 million people are involved in informal recycling 
(Linzner and Salhofer  2014). 

Photo 6.2 Informal Recyclers in the Middle East and North Africa 
Region
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Waste pickers are often a vulnerable demographic and are typically 
women, children, the elderly, the unemployed, or  migrants. They generally 
work in unhealthy conditions, lack social security or health insurance, are 
subject to fluctuations in the price of recyclable materials, lack educational 
and training opportunities, and face strong social  stigma. 

The data collected for this report revealed that in many places, the 
number of female waste pickers outnumbered the number of male waste 
 pickers. For example, in Vientiane, Lao PDR, and Cusco, Peru, 50 percent 
and 80 percent of waste pickers are female, respectively (Keohanam 2017; 
Arenas Lizana 2012). Furthermore, many waste pickers are children who 
face greater risks to physical development and loss of education than 
 adults. In Gjilan, Kosovo, about 40 percent of waste pickers at the local 
dumpsite are children (Kienast-Duyar, Korf, and Larsen 2017). 

When properly supported and organized, informal recycling can create 
employment, improve local industrial competitiveness, reduce poverty, and 
reduce municipal spending on solid waste management and social services 
(Medina  2007). UN-Habitat found that waste pickers commonly collect 
50–100 percent of waste in cities in low-income countries, at no cost to 
municipalities (UN-Habitat  2010). For example, waste pickers in Mumbai, 
India; Jakarta, Indonesia; and Buenos Aires, Argentina, are estimated to 
have an economic impact of more than US$880 million annually (Medina 
 2007). In Jakarta, waste pickers are estimated to divert 25 percent of the 
city’s waste to productive use (Medina  2008). Some of the more successful 
interventions to improve waste pickers’ livelihoods are formalization and 
integration of waste pickers, strengthening of the recycling value chain, and 
consideration of alternative employment opportunities (box  6.5). 

Formalization and Integration of Waste Pickers 

Formalizing informal waste pickers could lead to improved waste col-
lection and  recycling. Because of the social stigma often associated with 
waste picking, political buy-in could allow for social inclusion in the 
solid waste  sector. National regulations or guidelines can lead to sys-
tematic consideration of waste pickers at all levels of government such 
as in Brazil (box  6.6). However, local municipalities are most directly 
empowered to provide recognition and social benefits to waste pickers, 
such as through legal identification, housing, health, and  education. 

Box  6.5 Waste Picker Cooperative Model: Recuperar

Members of Recuperar, a cooperative in Medellin, Colombia, earn  1.5 times the 

minimum  wage. They can receive loans from the cooperative, are affiliated with 

the Colombian system of socialized medicine, have opportunities to earn schol-

arships to continue their studies, and are provided with life and accident 

 insurance. The members mainly collect mixed waste and recyclables and, in 

1998 alone, recovered 5,000 tonnes of recyclables (Medina  2005).
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For  instance, in Quezon City, the Philippines, approximately 3,000 
waste pickers work at the Payatas landfill (Gupta  2014). They are pro-
vided with formal identification and work in shifts to allow each worker 
to earn income from the recovery of  recyclables. Child labor is also 
 banned. In Morocco, as part of a World Bank project, the government 
requires private sector solid waste management operations to employ 
any waste pickers that previously worked on the  site. A clause is 
included in contracts to hold operators accountable (World Bank  2016). 

One method governments can use to gain an understanding of the 
impact of the waste management system on multiple stakeholders is a 
social assessment (Bernstein  n.d.). A social assessment analyzes several 
dimensions of the waste management system, from service quality to will-
ingness to  pay. Social assessments also address risks around informal 
labor, working conditions, and gender that are related to solid waste 
 management. Insights from a social assessment can be used to improve the 
waste management  system. In the study conducted for this book, 24 cities 
reported completion of a formal social assessment within the past five 
years, while 73 cities lacked a social assessment in the past five  years. 
There is significant room for growth in cities’ awareness and analytical 
assessment of the informal sector given existing challenges (box  6.7). 

Box 6.7 Challenges for Waste Pickers

• In a study on waste pickers across five cities in Africa, Asia, and Latin 

America, 73 percent stated that lack of access to quality waste streams was 

a major or moderate problem (WIEGO 2014).

• About 87 percent stated that unstable prices were a major or moderate 

problem, and 61 percent found it difficult to negotiate better prices from 

buyers.

• In Bogota, Colombia, and Durban, South Africa, 80 percent of waste pick-

ers said that harassment was a problem, 84 percent said they were treated 

poorly by local authorities, and 89 percent said that regulations and by-

laws regarding waste are an issue. Some 97 percent identified social 

exclusion as a problem in their work.

Box  6.6 Formalization of Waste Pickers in Brazil

Brazil passed a comprehensive Solid Waste National Policy in 2010, which both 

recognized waste picking cooperatives as service providers and created mecha-

nisms to integrate informal waste workers into the country’s formal  system. 

The legislation’s focus was on establishing safe disposal systems, decreasing 

waste generation, and increasing reuse and recycling, all through the combined 

efforts of the government, private, and informal waste  sectors. 

An overview of the legal framework in Brazil can be found at http://www 

.inclusivecities.org/wp-content/uploads/2012/07/Dias_WIEGO_PB6.pdf.

http://www.inclusivecities.org/wp-content/uploads/2012/07/Dias_WIEGO_PB6.pdf
http://www.inclusivecities.org/wp-content/uploads/2012/07/Dias_WIEGO_PB6.pdf
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Strengthening of the Recycling Value Chain 

Waste pickers engage with the recycling value chain by collecting mate-
rials and selling them to middlemen who then clean and aggregate 
materials to distribute to  industry. Governments and corporations can 
improve waste pickers’ income prospects by creating sanctions to 
ensure fair prices from middlemen, directly offering waste pickers a 
fair and consistent wage at deposit centers, or helping waste picker 
cooperatives establish direct contracts with large buyers of recyclables, 
such as bottle  manufacturers.  An innovative partnership model 
between the private  sector and waste pickers in Mexico is detailed in 
box  6.8.

Governments and nonprofits can also support waste pickers in 
forming organized cooperatives that provide a strong bargaining posi-
tion with stakeholders (box  6.8). Micro and small enterprises and 
cooperatives help waste pickers increase the purchase price of their 
collected waste by negotiating with intermediaries and allow waste 
pickers to gain social  recognition. There may also be opportunities to 
access infrastructure to provide additional value to the recyclables, 
such as baling or cleaning the  materials. 

Formal recognition also allows informal workers to gain job stabil-
ity and acknowledgement of their  work. Cooperative members consis-
tently report a higher standard of living as well as improvements in 
self-esteem and self-reliance than when they work  independently. In 
addition, organized workers are more productive and are healthier 
when provided with guaranteed collection routes and safe working 
conditions outside of  dumpsites. 

Box  6.8 Socially Responsible Plastics Recycling in Mexico 

In 2006, the World Bank Group’s International Finance Corporation (IFC) part-

nered with a Mexican company, PetStar, to finance a recycling plant that pro-

cesses polyethylene terephthalate (PET), a common material in plastic bottles 

and food  packaging. Because of low recycling rates in Mexico, sourcing a 

steady supply of raw PET from municipal recycling programs was not  feasible. 

As a result, the project identified waste pickers as natural partners in collecting 

used PET products across the  country. PetStar and the IFC worked together to 

generate socially responsible partnerships with waste picking communities that 

not only provided employment, but addressed issues with working conditions, 

organization and advocacy, and child  labor. By partnering with the major bever-

age manufacturer Coca-Cola, PetStar found a guaranteed buyer for recycled 

 plastic. This consistent revenue stream enabled PetStar to contract with infor-

mal workers at a fair, consistent  wage. PetStar and the IFC’s unique, vertically 

integrated approach to recycling is not only profitable but socially responsible 

for waste pickers and the  environment. 
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Consideration of Alternative Employment Opportunities beyond 
Solid Waste Management 

Integrating waste pickers into the solid waste management system might 
not always be efficient or even preferred by waste  pickers. If local recycling 
markets are weak or if the waste collection or sorting needs of the city do 
not require extensive labor, waste pickers might be more productively 
employed outside of the waste management  system. Since waste pickers 
often lack skills for alternative livelihoods, external employment requires 
social support and vocational training to ensure a smooth  transition. 

Job retraining or skill-building programs, in combination with social 
support programs such as in health care and child education, can support 
adult career transitions and minimize periods of  vulnerability. Although the 
personalized attention and resources needed to support alternative liveli-
hoods can be substantial, when provided properly, this support can help 
break the cycle of poverty for several future  generations. An example of 
education reducing waste picking is that of the conditional cash transfer 
program, Bolsa Familia, in Brazil (Dias 2008; Medina  2007). It entailed 
giving a financial incentive to vulnerable families for sending their children 
to school and resulted in more than 40,000 children leaving waste picking 
to attend  school. 

Notes

 1. CURB: Climate Action for Urban Sustainability is a low-carbon plan-
ning tool available at  worldbank.org/curb.  

 2. Emissions estimated exclude waste-related  transportation.  
 3. Methane has much higher short-term global warming potential (GWP) 

than  CO2. Over the typically used 100-year time horizon, methane has 
25 times higher GWP, but over the shorter time frame of 20 years, 
methane has 72 times higher GWP than CO2 (IPCC  2007b).  
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CHAPTER 7

Case Studies

1. A Path to Zero Waste in San Francisco, United States 

In 2002, San Francisco announced a vision to send zero waste to landfills 
by 2020. Through initiatives to promote recycling and composting, San 

Francisco is now one of the greenest cities in North America and a global 
leader in waste management (Economist Intelligence Unit 2011). 

San Francisco’s success has been achieved largely by robust public policy 
implemented by determined political leadership, strong public-private part-
nerships, resident education, and financial incentives for waste reduction. 

San Francisco was the first city in the United States to implement strict 
legislation about the use of or management of specific materials. The city 
prohibited the use of styrofoam and polystyrene foam in food service 
(2006), required mandatory recycling for construction debris (2007), 
banned plastic bags in drugstores and supermarkets (2009), and imple-
mented mandatory recycling and composting for both residents and 
 businesses (2009). San Francisco most recently also banned the sale of 
plastic water bottles in 2014 (EPA 2017). 

State-of-the-art outreach programs covering residences, businesses, 
schools, and events are widespread, and financial incentives encourage 
waste reduction and recycling. To help residents more clearly understand 
their waste disposal practices and financial impact, each house or building 
receives a detailed bill for waste management fees. Payments are reduced 
if residents shift their waste from mixed waste bins to ones designated for 
recycling or composting. Furthermore, the size of the provided mixed waste 
bins was halved and the size of recycling containers was doubled. Waste 
bins are regularly inspected, and households that fail to comply with  policies 
first receive warnings, followed by a financial penalty. 
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San Francisco also introduced the first and largest urban food waste 
composting collection program in the United States, covering both the 
commercial and residential sectors. San Francisco has collected more than 
a million tons of food waste, yard trimmings, and other compostable 
materials and turned these materials into compost for local farmers and 
wineries. 

As a result of its efforts, San Francisco achieved nearly 80 percent waste 
diversion in 2012—the highest rate of any major city in the United States 
(EPA 2017). 
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2. Achieving Financial Sustainability in Argentina 
and Colombia

A key challenge often faced by municipal solid waste management  systems 
is a shortage of financial resources. This shortage is often caused by a lack 
of dedicated government funding, low fees that fail to fully cover costs, 
tariffs that are not enforced, and a shortage of data on the real cost of 
services. Argentina and Colombia are effectively achieving financial sus-
tainability with the approaches discussed below: 

Financial Sustainability in Argentinean Municipalities 

As in many other Latin American countries, municipal governments in 
Argentina were not aware of real solid waste management costs because 
they did not have a standard methodology or accounting system for esti-
mating them. Municipalities also generally did not charge fees for waste 
services and very little in the way of municipal funds was earmarked for 
solid waste management. 

Argentina quantified the total cost of its waste system to improve long-
term sustainability. Under the World Bank–financed Integrated Solid Waste 
Management Project, the Secretariat of Environment and Sustainable 
Development (SAyDS)1 developed a tool known as the Integrated Urban 
Solid Waste Management Economic and Financial Matrix. This tool helps 
municipalities understand the real costs of services and value of investments. 
The tool analyzes each stage of the solid waste management value chain, 
identifies the proportion of costs recovered by fees, and identifies ways to 
reallocate budget resources to improve financial sustainability. 

The tool was made available to all municipalities in Argentina. Based on 
its deployment, SAyDS and the Ministry of Environment set the following 
goals for municipalities: 

• Calculation of all integrated solid waste management costs 
 (figures  7.2.1–7.2.3) and identification of all associated revenues 
toward the goal of equilibrating waste management accounts 

• Development of potential new cost-recovery schemes and calculation 
of the associated fees using data 

• Implementation of the polluter-pays principle so that larger generators 
of waste pay more 

Through in-person and online trainings, 535 municipal and provincial 
staff were trained and municipalities covering 26 percent of the population 
collected financial data using the tool.2 

The municipalities of Mar del Plata, Rosario, Viedma, Concordia, and 
Posadas have implemented cost recovery systems using the financial matrix. 
Mar del Plata, a large coastal municipality, implemented a differentiated fee 
system across wealthy and poor neighborhoods after a broad communica-
tions campaign and outreach effort. Both the variable costs of the waste 
system and the operational costs of the landfill are covered. Rosario, on 
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Figure 7.2.1 Cost Recovery by Generator in Argentina 
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the other hand, applied a specific fee to large waste generators. Municipal 
networks have also been developed to share information and experiences, 
such as suppliers that provide superior goods and services or that offer 
more competitive costs, peer-to-peer advice on strategy and operations, and 
opportunities for technicians from municipalities to participate in personnel 
exchanges with other towns and facilities within their province. 

A key factor for implementation of the financial tool was having the 
necessary human and financial resources. SAyDS was fully staffed with 
qualified teams that could carry out outreach and capacity-building cam-
paigns to provincial and municipal governments, tailor the training to spe-
cific needs of the local governments, and scale up the training nationwide. 
Through this success, municipalities built trust with the federal government 
and had the political support needed to improve cost recovery. 

The tool was complemented by support for an institutional frame-
work developed by the Integrated Solid Waste Management Project that 

Figure 7.2.3 Urban Solid Waste Management by Spending 
Category in Argentina
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allowed for agile coordination between the municipal, provincial, and 
federal governments. 

Colombia’s Strategies for Cost Recovery 

In Colombia, the Regulatory Commission for Drinking Water and Basic 
Sanitation regulates public utilities involved in the distribution and 
processing of water and wastewater and also influences cost recovery 
for municipal solid waste systems. The commission established a 
national methodology for determining the maximum service fee that 
local service providers can charge to users. In 2016, the commission 
developed a formula that accounts for all costs in every step of the solid 
waste management system, including urban cleaning and sweeping, col-
lection and transfer, final disposal, leachate management, and recycling 
(Correal 2016). This national framework enables municipalities to sys-
tematically recover their expenses and finance the services that they 
provide. In 2014, 84.5 percent of the sector’s revenues originated from 
the collection of fees (Correal 2015). 

An important success factor for this system is the involvement and 
authority of the central government. Through Article 370, the Colombian 
constitution assigns responsibility to the president for ensuring good 
administration and efficiency of public utilities through control, inspec-
tion, and surveillance. Law 142 allows municipal governments to recover 
the costs of local urban services. This legal infrastructure is comple-
mented by the participation and involvement of stakeholders such as pri-
vate contractors and recyclers. 

According to the Ministry of Housing, City and Territory, by imple-
menting tariff systems, 891 out of 1,122 Colombian municipalities, or 
nearly 80 percent, managed to recover costs from user fees by 2013 (Correal 
2014). Colombia´s success in cost recovery through accounting, legal infra-
structure, and institutional commitment can be replicated and adapted to 
other Latin American countries and regions around the world. 
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3. Automated Waste Collection in Israel

In 2012, a green neighborhood, Neot Rabin, was inaugurated in Israel’s 
historic city of Yavne (Cohen 2012). Neot Rabin houses the country’s 
first pneumatic waste collection system, which is also known as an auto-
mated vacuum collection (AVAC) system. Buildings with AVAC systems 
use a network of underground pipes to connect each residential unit with 
a centralized garbage storage unit. On each floor, residents dispose of 
waste in two garbage chutes: dry waste in one and wet waste in another. 
Garbage placed in these chutes is automatically directed to an under-
ground storage unit. 

Once a week, waste from residential buildings is pumped or vacuumed 
through a pipe at speeds of between 50 and 80 kilometers per hour to an 
aggregated storage center. The waste is stored in sealed containers in prepa-
ration for sorting and compaction. Finally, waste is transferred to contain-
ers that are removed by truck and transported to final disposal sites. 

Based on the success of the pilot AVAC system in Neot Rabin, Yavne 
began replacing the municipality’s public trash bins with pneumatic bins in 
2014. As of 2015, about 30 pneumatic waste collection points were used in 
public areas, including parks, schools, and streets, providing immediate 
removal of waste from these spaces, eliminating waste-associated odor 
issues, and reducing traffic congestion. The municipalities of Ra’anana and 
Bat Yam also began assembling automated waste collection systems for 
residential buildings (Revolvy n.d.). 

However, AVAC has certain limitations, such as the high initial invest-
ment required for establishing the system, operational difficulties when 
pipes are blocked, workforce training, public willingness to engage in sepa-
rate disposal, and challenges to collection of bulky and electronic waste 
(Nakou, Benardos, and Kaliampakos 2014). 
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4. Cooperation between National and Local Governments 
for Municipal Waste Management in Japan

Japan manages its waste through comprehensive governance and advanced 
technologies. Of the nearly 44 million tonnes of waste generated annually, 
only 1 percent is landfilled. The remainder is recycled or converted to 
energy in state-of-the-art waste-to-energy facilities. Japan’s efficient 
solid waste management practices can be largely attributed to effective 
 cooperation between its national and local governments. The central and 
urban public authorities coordinate along several dimensions, from data 
collection to financing. 

Data Collection and Database Management 

Each year, the national Ministry of the Environment conducts an annual 
waste management survey. Local governments’ responses are aggregated 
in a comprehensive database that both national and local governments 
use to develop plans, strategies, and policies. Information surveyed 
includes the quantity of waste that is generated and the amount of waste 
disposed of via recycling, composting, and incineration. The materials 
recovery rates reported through the survey are disclosed to the public, 
which provides incentives to local governments to increase sustainable 
disposal practices. 

The transparent data system allows local governments to compare their 
plans and outcomes with those of other local governments that have 
similar  economic and demographic profiles. Local governments use this 

Table 7.4.1 Cooperation of National and Local Governments in Japan on Municipal 
Solid Waste Management

Task Local governments Relationship National governments

1. Survey on the 

state of municipal 

solid waste 

management

Collection and 

submission of 

waste-related data

Waste Data

Database

Collect data from local 

governments and aggregate 

responses within a central 

database

2. Basic municipal 

waste management 

plan

Development of a 

solid waste 

management plan

Guidelines

Plan

Provision of guidelines for 

municipal solid waste 

management plans

3. Waste 

management plan 

implementation

Construction of  

waste treatment 

facilities

Construction

Subsidies

Provision of subsidies for 

construction of waste 

treatment facilities

4. Exchange of 

resources and 

information across 

government levels

Collect and submit 

feedback to national 

agencies

Information

Human 

Resources

Facilitate exchange of human 

resources between national 

and local governments

Source: Shiko Hayashi.
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information to evaluate and continually improve their processes. Members 
of the public and academic organizations may also use the data to evaluate 
the effectiveness of the waste management system. 

In 2016, 1,741 municipalities and 578 special district authorities3 
 completed the national survey. 

Municipal Solid Waste Management Planning 

All local governments in Japan are required to develop a local solid waste 
management plan that looks ahead about 10 years. To ensure consistency 
and thoroughness of local plans, the national government publishes guide-
lines for municipalities; these guidelines urge municipalities to detail their 
intended initiatives to sustainably treat waste and promote waste reduc-
tion, reuse, and recycling. All local governments comply with national 
laws and regulations, including the Air Pollution Control Act, the Soil 
Contamination Countermeasures Act, the Water Pollution Prevention Act, 
and the Act on Promotion of Private Finance Initiatives. 

Financial Support for Municipal Solid Waste Infrastructure 

The Japanese national government provides subsidies to municipalities 
to develop and improve waste treatment facilities based on the waste 
management plans submitted by local governments. Subsidies cover up 
to one-third of the cost of basic infrastructure projects, and for advanced 
facilities, such as high-efficiency waste-to-energy facilities, subsidies 
often cover half of project costs. The types of projects that are subsidized 
include recycling facilities, waste-to-energy plants, organic waste pro-
cessing sites, septic tanks, landfills, refurbishing of waste treatment 
equipment, and extension of the lifespan of existing waste disposal 
facilities. 

The remaining capital costs are the responsibility of local governments. 
Generally, however, much of the remaining costs are financed by local 
bonds that are paid back through a local tax allocation transferred from the 
national government. Therefore, ultimately, about 60 percent of initial 
project costs are financially supported by the national government while the 
remaining 40 percent are managed by local governments. 

Operational costs for facilities are fully and directly covered by local 
governments. The two main revenue sources are the sale of designated plas-
tic bags (a form of user fees in Japan) and general tax revenue. 

Information and Human Resource Exchange

To promote connectivity and knowledge exchange between the national 
government and local governments, public officials and employees may 
take on roles in other levels of administration. There are also several mech-
anisms that allow local governments to report feedback to the national 
government, including the Japan Waste Management Association (JWMA), 
which includes 585 municipal governments, and the National Governors’ 
Association. For example, at the annual meeting of the JWMA, local 
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governments submit feedback that is aggregated by the JWMA and shared 
with national agencies, including the Ministry of the Environment.

Japan’s coordination in key dimensions of waste management ensures 
that best practices are disseminated across the country, planning is con-
ducted in a data-driven manner, and cities have sufficient financial and 
human resources to process waste in a most sustainable manner. 

Photo 7.1 Japanese Bins

Photo 7.2 Japanese Recycling Facility
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5. Central Reforms to Stabilize the Waste Sector and 
Engage the Private Sector in Senegal

Senegal produces more than 2.4 million tonnes of waste per year. However, 
about 1.08 million tonnes remains uncollected. Of the waste that is collected, 
most is disposed of at a central dump that is one of the 10 largest dumpsites in 
the world. The country, which faces a rapid urbanization rate of 2.5 percent 
each year, has strongly focused on modernizing its waste management sector 
and developing the urban services needed by its burgeoning city population. 

Although Senegal was interested in engaging the private sector to revital-
ize the waste management sector, it faced challenges typical of low- and 
middle-income countries related to transparency and difficulty in navigating 
the political system. Until 2015, waste management responsibilities were 
spread over several ministries, making coordination difficult. Furthermore, 
to invest in infrastructure and provide collection and disposal services, cor-
porations require opportunities to recover costs. In Senegal, the lack of an 
established citizen payment system created financial gaps and led to pay-
ment delays that discouraged private entities. 

Recognizing the pressing need to revitalize the waste sector, Senegal turned 
to internal reforms. The national government established a single public 
entity to streamline all waste management planning and services, called 
L’Unité de Coordination de la Gestion des Déchets Solides, or the Waste 
Coordination Unit, in 2015. This organizational structure was sustained even 
as regimes changed, and the government now has a mix of public and private 
service provision. The government structured a realistic relationship by 
devolving responsibilities to the private sector that are affordable to both the 
capital, Dakar, and the country at large. This structure is complemented by 
reliable and stable public entities that will follow through on contracts. 

The waste management sector recovers 15 percent of operational costs, 
with the remaining 85 percent coming from the central government budget. 
Small, local private entities provide services from street cleaning to waste col-
lection, and the government directly operates the remainder of the system. 
Waste is now collected daily in Dakar, streets are swept consistently, and 
most waste deposits have been cleaned up. The Waste Coordination Unit 
also began using media to communicate with citizens and optimized waste 
collection routes using web-based monitoring systems. They recruited young 
professionals to engage with modern technologies and implement progres-
sive policies to ensure the long-term development of the waste sector. 

The success of the new management structure has revived the interest of 
potential investors, including international donors. 

The rapid improvement in waste service delivery in Senegal was made pos-
sible through radical changes in governance and improvements in technical 
capacity centrally. While Senegal has so far improved waste services without 
a traditional public-private partnership, the structural transformation in gov-
ernance has created a more stable, attractive waste management sector for 
investors and waste management companies. 
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6. Decentralized Organic Waste Management by 
Households in Burkina Faso 

In Burkina Faso, households historically managed waste through a tradi-
tional practice called tampouré. Tampouré involves storing organic waste 
in front of homes during the dry season and spreading the waste in fields 
before the first rains. The waste serves as a layer of nutritious compost and 
moisture-retaining mulch that improves agricultural production in areas 
of low productivity. 

Currently, cities in Burkina Faso are growing rapidly along with waste 
and demand for agricultural products. To address these growing needs, the 
Ministry of Agriculture launched a Manure Pit Operation in 2001 that is 
in many ways inspired by the traditional practice of tampouré. Under this 
system, the government encourages households to establish pits and com-
post on their own land. 

The government allocates funds each year to support household 
waste management. For example, between 2005 and 2012, the national 
government partnered with several development agencies to finance 
the construction of 15,000 manure pits in Burkina Faso’s eastern 
region. 

Currently, about 2 million tonnes of organic fertilizer is produced 
annually and used by farmers each year. A 2016 World Bank study 
revealed that 40 percent of the total waste produced by households in 
secondary cities and peri-urban areas in Burkina Faso was directly pro-
cessed onsite (Banna 2017). This figure is remarkably high when com-
pared with other parts of the African continent. 

Burkina Faso’s decentralized waste management system has signifi-
cantly reduced the burden on the formal waste collection and disposal 
infrastructure. Its agricultural benefits have also led to increased food 
security and have created opportunities for citizens to generate income 
from waste. 
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7. Eco-Lef: A Successful Plastic Recycling System in 
Tunisia 

Tunisia provides an example of successful integration of the informal 
recycling  sector into waste management and of the application of the 
extended producer responsibility principle. In 1997, the Ministry of 
Environment launched a national program, Eco-Lef,4 to address the sig-
nificant issue of  postconsumer packaging waste. The Eco-Lef program 
developed a national system for the recovery and recycling of postcon-
sumer packaging primarily focused on plastic waste. 

The Eco-Lef program is governed by a decree that specifies the methods 
required for the collection and management of bags and packaging waste 
(Republic of Tunisia 1997). The program is partly financed by the private 
sector through an eco-tax of 5 percent on the net added value of certain 
locally manufactured or imported plastic polymers.5 The National Agency 
for Waste Management (ANGed) is responsible for administering the Eco-
Lef program. 

The Eco-Lef program has successfully improved postconsumer 
 packaging collection and recycling rates. The system encourages 
 individual and informal collectors to gather used plastic and metal 
 packaging and deliver the materials to Eco-Lef collection centers. In 
return, waste collectors receive remuneration based on the type and 
quantity of packaging collected. There is a financial advantage for par-
ticipating in the Eco-Lef system: prices for plastic packaging waste in a 
local market are about 500 dinars per tonne (US$208 per tonne) com-
pared to 700 dinars per tonne (US$290/tonne) at Eco-Lef collection 
centers. 

The system has an annual budget of US$5.8 million for 2018, and 
 currently operates through 221 Eco-Lef collection centers, 41 of which are 
managed by ANGed and the remainder managed by the private sector 
(ANGed and Ministry of Social Affairs and Environment 2018). The cen-
ters have collected more than 150,000 tonnes of plastic packaging waste 
since the program’s launch in 2001. Depending on the type of plastic, 
70–90 percent of collected waste is recycled through more than 70 active 
private recyclers who receive plastic collected through the Eco-Lef system. 
Eco-Lef has contributed to the creation of about 18,000 jobs and 2,000 
micro-enterprises for collection with the financial support of the National 
Employment Fund, a government fund that helps vulnerable populations 
find employment. 

The Eco-Lef experience provides several key lessons: 

• The extended producer responsibility principle can create a financially 
sustainable system for the collection, transportation, and recycling of 
materials. 

• Government support in connection to legal, institutional, and opera-
tional activities is critical to the development of a recycling value 
chain. 
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• Long-term ownership and management of the recycling system by the 
private sector can result in greater financial sustainability and opera-
tional efficiency. 

• Integration of informal waste pickers into formal waste management 
operations can contribute to the success of recycling initiatives. 

Photo 7.3 Eco-Lef Workers Collecting and Weighing Packaging 
Waste at the Montplaisir Collection Center in Tunis, Tunisia

Source: Anis Ismail. 
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8. Extended Producer Responsibility Schemes in Europe 

The European Union (EU) has integrated extended producer responsibility 
principles into its policies for more than 25 years (bio by Deloitte). The EPR 
landscape in the EU encompasses a large variety of schemes with different 
financial and technical configurations. Four EU directives set guidelines for 
specific waste streams, including packaging, end-of-life vehicles, batteries, and 
electronic equipment. Member states have the flexibility to develop specific 
regulations and operational mechanisms within EU guidelines (table 7.8.1).

Collective vs. Individual Compliance Schemes 

Under the EU’s EPR framework, producers may choose between a collective 
compliance scheme or an individual scheme. Under a collective scheme, 
individual legal obligations are outsourced to umbrella-type organizations, 
such as producer responsibility organizations (PROs). PROs are created to 
support producers in the handling of the technical, financial, and policy 
aspects of managing product life cycles. PROs receive financial contribu-
tions from industry and members and use these proceeds to recycle goods, 
manage data, conduct operations, facilitate contracting, and communicate 
with stakeholders. Under an individual scheme, producers that cater to a 
specific  geography or that generate most of their waste close to the produc-
tion site will manage waste directly, such as through a take-back program 
in which consumers can return used materials to the distributor. 

The EU experience reveals that the most expensive schemes are not nec-
essarily the best ones. Factors such as population density, citizen awareness, 
local laws, and legal frameworks also affect EPR performance. Furthermore, 
a country must consider recyclers in the informal market since formal EPR 
mechanisms reduce opportunities for them to collect materials. 

Designing and implementing an EPR scheme involves a range of technical, 
financial, institutional, and legal considerations. A 2014 analysis of EU EPR 

Table 7.8.1 Number of European Union Member States 
Implementing Extended Producer Responsibility Schemes in 2013 

Legal framework EPR scheme

Number of 
member 

states

Covered by 

specific European 

Union directives

Electrical and electronic equipment 28

Batteries 28

Packaging 26

End-of-life vehicles 24

Not covered by 

European Union 

directives

Tires 20

Graphic paper 11

Oils 10

Medical wastes, old and unused 

medicines
10

Agricultural film 8
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schemes identified four key pillars of success: (1) distribution of responsibili-
ties across stakeholders, (2) recovery of true costs, (3) fair competition between 
PROs and operators, and (4) transparency by EPR schemes in reporting and 
transparency by the government in monitoring (bio by Deloitte 2014). 

Distribution of responsibilities: Financial responsibility for a product’s life 
cycle will often be borne by producers while the recycling programs them-
selves are operated by municipalities. At other times, producers will take a 
direct role in managing waste and contracting with private recyclers. 

Recovery of true costs: EPR schemes must account for the costs of source 
segregation, collection, treatment, enforcement, and operation of the EPR 
program. In some cases, the amount that producers pay municipalities to 
recycle waste may depend on the final revenue generated in secondary mate-
rials markets, as is the case with the lubricant oil market in Germany. 
Governments may consider rewarding good product design with lower pro-
ducer fees. In France, for example, graphic paper fees are calculated based 
on recyclability and other technical criteria. Finally, EPR profitability is tied 
to the performance of the secondary materials market, and legislators should 
plan EPR systems to be resilient across varying  recycling markets. 

Fair competition: A strong EPR system allows for competition between 
PROs and waste management operators. Competition encourages improve-
ments in efficiency and reduces monopolies. Service operators should be 
procured using transparent procedures and competitive open tenders. PROs 
may be for-profit or nonprofit organizations, and are often owned by indus-
try investors, such as within the battery industry in Austria and Denmark. 
An EPR system with free competition between PROs requires an indepen-
dent body to verify compliance, centralize and aggregate performance 
reports, and ensure fair competition for all actors. 

Transparency and monitoring: Monitoring the performance of an EPR 
system requires clear performance metrics such as unit costs and impact of 
the design on recycling activities. Metrics allow governments to compare the 
performance of different EPR schemes and support the replicability of good 
practices. EPR systems must also be monitored to reduce corruption, prevent 
lack of action, ensure that all waste is fully reported, optimize collection and 
treatment operations, and stay attuned to PRO activities and compliance. For 
example, Austria uses a two-tiered audit system to ensure the effective man-
agement of end products. Governmental authorities audit PROs, and PROs 
audit collection and treatment operators. Collective schemes can also be 
audited by their members.

EPR systems should adapt as new products are designed to ensure high 
recycling rates, minimal costs, and a strong transition to a circular economy. 

Examples of producers’ responsibilities within EPR schemes in the EU 
are as follows: 

• Simple financial responsibility schemes in the United Kingdom, where 
producers are financing waste management operations 

• Financial responsibility and partial organizational responsibility 
in  Belgium, where producers provide financial compensation to 
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municipalities for collection while other activities, such as sorting, are 
fully managed within the private sector 

• Full organizational responsibility where producers are contracting 
with private operators (electronic waste in France) or directly operat-
ing through collection and treatment of products (packaging waste in 
Germany) 

In addition to operational, data management, and communication costs, 
fees might also cover the following:

• Contribution to a prevention fund (Austria, Belgium, and Czech Republic) 
• Additional costs registered by municipalities such as use of public 

space or cleaning of container areas (Germany) 
• Research and development programs or waste prevention activities 

(Austria, France, and Portugal) 
• Litter prevention programs (Netherlands, Belgium)

Varying EPR models for treatment of end products include the following:

• Packaging waste: Direct management of end-products by producer 
(Czech Republic, France) or outsourcing to several PROs (7 in Austria, 
10 in Germany, 39 in the United Kingdom) 

• End-of-life vehicles and oils: Direct management of end products by 
producer (Germany) but more commonly outsourced to a single PRO 
(Finland, Italy, Portugal) 

• Electrical and electronic equipment and batteries: Outsourced to a 
single PRO (the Netherlands, the Czech Republic) or several PROs 
(Austria, Denmark, the United Kingdom) 

Photo 7.4 An Automated Bottle Deposit Machine

Source: Flaviu Pop.
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9. Financially Resilient Deposit Refund System: The Case 
of the Bottle Recycling Program in Palau

Palau is a small country in the North Pacific with a population of 21,000 
in 2015 (UN DESA 2014). Palau’s economy relies on tourism visits to its 
famed Rock Islands and impressive diving sites. As of 2016, Palau received 
about 12,500 visitors per month. 

Waste collection is coordinated within each state and waste disposal is 
the responsibility of the national Solid Waste Management Office of the 
Bureau of Public Works, which manages the M-dock semi-aerobic landfill, 
the country’s largest landfill, situated in the capital city, Koror. Financially, 
solid waste management is funded entirely by the government. Although 
households and institutions are required to segregate waste streams, includ-
ing for various recyclables and food waste, user fees are not charged or 
imposed on residents and businesses for waste collection and disposal, with 
the exception of a beverage container recycling program. 

Solid waste generation is an increasing problem in Palau because of 
booming tourism and an increasing local population. Palau’s waste system 
is inundated with food waste and plastics, composing 26 percent and 
32 percent of waste, respectively. Tourism generates a large volume of bev-
erage containers, and as an island state, plastic waste would overwhelm 
Palau if it is not addressed properly. 

Palau’s Beverage Container Recycling Program

In response to increasing plastic waste, the national government passed the 
Beverage Container Recycling Regulation in October 2006 to establish a 
national recycling program. The program is overseen by three main agencies: 
the Ministry of Finance (MOF), the Ministry of Public Infrastructures, 
Industries and Commerce (MPIIC), and the Koror State Government. 
The MOF manages the recycling fund, the MPIIC implements the recycling 
program, ensures sustainability, and identifies opportunities to export redeemed 
containers, and the Koror State Government operates a redemption center.

Palau’s beverage recycling system addresses containers that are 32 ounces 
and smaller. The national government levies a US$0.10 deposit fee to con-
sumers for plastic, glass, and metal containers, which are typically imported. 
When a container is returned to a redemption center, US$0.05 are returned 
to the customer, US$0.025 are channeled to Koror State, and the remaining 
US$0.025 are given to the national government to cover administrative costs. 

The program began with a 6-month fundraising period to ensure 
 operational sustainability during which beverage containers were taxed but 
the refund program was not yet in operation. This initial effort led to more 
than US$659,000 in revenue and funded the initial phases of the refund pro-
gram. Through the program’s full operation from 2011 to 2016, the national 
government earned US$2.2 million and refunded US$3.9 to customers by 
recovering more than 88 million imported containers. Through this system, 



 Case Studies   159

about 8 percent of beverage containers were removed from the waste stream. 
In addition, about 98 percent of aluminum containers were recycled. 
Furthermore, about US$12,000 in operational costs were saved by diverting 
the containers from the M-dock semi-aerobic landfill. Collected beverage 
containers are shipped to Taiwan, China, for further processing. 

The program has provided a variety of benefits. The national government 
has used profits to purchase heavy equipment to fix the slope of the M-dock 
semi-aerobic landfill, preventing a potential landslide of the waste. Koror 
State has used proceeds to buy balers and other equipment to improve the 
efficacy of the redemption center. The program has also provided employ-
ment to individuals who collect containers from other states. 

Enabling Environment 

Palau’s beverage recycling program serves as a model for island countries 
that face limited space for waste management facilities and that possess 
sensitive natural environments. The program has operated sustainably 
because of the following factors: 

• Strong national government oversight: The Recycling Act of 2006 
effectively mandated a disposal fee for beverage containers. Because it 
is an island, the government maintains strong control over the entry of 

Source: Kevin Serrona.

Photo 7.5 Compacting Beverage Containers inside the Plant in Palau



160   What a Waste 2.0

goods across its borders, which makes the program easier to monitor 
and manage. 

• Effective financial incentives: The US$0.05 that residents are paid 
for each redeemed container makes the program sufficiently attrac-
tive to the public. The program has virtually removed used contain-
ers from the streets. 

• High public participation: The key to the sustained operation of 
Palau’s bottle recycling program is strong public support. Palauans 
realize the value of preserving their environment and the economic 
value of tourism. 

• Collaboration between Palau’s national government and Koror State: 
National and local collaboration in Palau was made possible by clear 
delineation of roles and responsibilities. 
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10. Improving Waste Collection by Partnering with the 
Informal Sector in Pune, India

The city of Pune has significantly advanced its solid waste management by 
entering into a public-private partnership with the organization SWaCH 
(Solid Waste Collection and Handling or, officially, SWaCH Seva Sahakari 
Sanstha Maryadit, Pune). SWaCH is India’s first self-owned cooperative of 
waste pickers and other urban poor. In 2008, Pune Municipal Corporation 
(PMC) signed a five-year memorandum of understanding that gave SWaCH 
responsibility for collecting source-separated waste from households and 
commercial establishments, depositing the waste at designated collection 
points, and charging a user fee. The agreement also authorized waste collec-
tors to retrieve and sell recyclables from aggregated waste. 

Pune generates about 1,500–1,600 tonnes of solid waste per day. SwaCH 
provides door-to-door waste collection services to more than 500,000 
households in the city and covers 60 percent of the geographical area. The 
remaining 40 percent not covered by SwaCH’s collection operations either 
receive waste collection services directly from the city or dispose of waste in 
the city’s community bins. The SwaCH door-to-door collection partnership 
has saved PMC about 510 million Indian rupees (about US$7.9  million) 
each year and has reduced carbon emissions significantly through reduced 
truck usage. In 2016, the agreement between PMC and SwaCH was 
renewed for another five years. 

Overview of the Public-Private Partnership 

Through the arrangement with PMC, 2,688 SwaCH members collect seg-
regated waste from households, institutions, and businesses. Waste collec-
tors sort dry waste in sheds provided by PMC and retrieve recyclables 
such as paper, glass, and plastic. Waste collectors retain all income from 
the sale of reclaimed materials, and in 2016 SwaCH diverted 50,000 
tonnes of waste to recycling. 

The door-to-door collection program was introduced first through a 
pilot in apartment complexes in wealthy areas, where citizens were highly 
aware, and had a willingness to pay, and were politically supportive of the 
initiative. The success of the pilot created demand in other areas of the 
city. Awareness initiatives, including rallies, one-on-one meetings, and 
political endorsement by local councilors, further generated support. 

SWaCH members collect monthly user fees ranging from INR 10 to INR 
40 (US$0.15–US$0.6) per household and INR 100 (US$1.5) per commer-
cial entity for waste collection services. PMC partially subsidizes collection 
costs in slums so that households pay about INR 5 (US$0.07) per month. 
The total estimated cost of collection to the city is one of the lowest in India, 
at about INR 4.38 per month (US$0.06) in 2015. 

SWaCH members also treat organic waste. Members are trained to oper-
ate biogas plants and to compost waste. To encourage citizens to treat 
waste at the source, PMC rebates 5 percent of property taxes to institutions 
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that compost their own organic waste. Many of these institutions hire 
SWaCH members to collectively compost about 10 tonnes of waste per 
day. SWaCH members also operate biomethanation plants through build-
operate-transfer contracts with the city. 

Because the SwaCH model is based on customer satisfaction, the ser-
vice provider is directly accountable to the user and has incentives to pro-
vide quality services. The service provider is entitled to collection of 
waste  dumped outside of homes, which encourages user compliance. 
PMC conducts individual consultations with households to gain user sup-
port and levies penalties on users who fail to provide payment for 
services. 

To provide financial resilience to the public-private partnership, PMC 
provides an ongoing annual grant to SWaCH that covers management and 
training costs, awareness-generation programs, and welfare benefits for 
members of SWaCH. The grant does not cover the salaries of collectors. 
Through the partnership with SWaCH, Pune has offered sustainable and 
efficient daily waste collection services to residents while improving the live-
lihoods of waste collectors within the city. 
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11. Improving Waste Management through Citizen 
Communication in Toronto, Canada

Toronto, Canada, uses citizen engagement to build a foundation for a more 
efficient solid waste management system. A multipronged communication 
strategy has been critical for reaching various residential audiences. Toronto 
has launched a detailed, interactive website that educates  residents on gar-
bage reduction, reuse, and recycling (City of Toronto 2018a). Waste man-
agement information that is relevant to citizens, such as source-separation 
guidelines, drop-off points, city regulations, and disposal rates and fees, are 
readily available on the site in a user-friendly, attractive manner. 

Within the online platform, residents can use the Waste Wizard tool to 
understand how and on what day any item should be disposed of and when 
 (figure  7.11.1). For instance, a search for items such as “pencil” and 
“clothes” yields advice on donating items in good condition wherever pos-
sible and disposing of the items in a garbage bin as a final option. A search 
for “plastic chair” results in guidance to place oversized items  two feet 
away from the garbage bin on the next scheduled collection day (City of 
Toronto 2018b). 

Toronto also actively uses social media to reach a wide audience. For 
instance, YouTube videos explain garbage to kids in a fun and simple way.6 
Videos are also available in foreign languages to reach growing populations 
living in multifamily homes, where recycling and composting rates (at 
27 percent) are relatively lower than in single-family homes (at 65 percent) 
(McKay 2016). 

Figure 7.11.1 Screenshot of Waste Wizard on the City of 
Toronto Website
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Other successful initiatives to engage residents include a waste collec-
tion schedule mobile application and the 3Rs Ambassador Program, in 
which volunteers are trained to educate fellow residents on sustainable 
practices in waste reduction, reuse, and recycling. In 2016, the Mayor’s 
Towering Challenge was organized to recognize notable reduce and reuse 
initiatives led by city residents. Toronto is currently focusing on applying 
these excellent communication strategies to implementation of its Long-
Term Waste Strategy to achieve zero waste in the next 30 to 50 years. 



 Case Studies   165

12. Managing Disaster Waste 

Depending on their nature and severity, disasters can create large volumes of 
debris ranging from 5 to 15 times the annual waste generation rates of 
the  affected community (Reinhart and McCreanor 1999; Basnayake, 
Chiemchaisri, and Visvanathan 2006). The financial cost of managing disaster 
waste following a major event is also spiraling and has crossed the billion dol-
lar mark in recent years (Thummarukudy 2012). For instance, after Hurricane 
Katrina, the cost of handling the disaster debris exceeded US$4 billion in a 
recovery effort that lasted more than three years (UNEP 2012). 

The nature and composition of disaster waste differs based on the type 
of disaster and the built environment that has been affected. In most cases, 
the bulk of disaster waste is construction and demolition material such as 
concrete, steel, and wood. Disaster waste may also include natural debris 
such as trees, mud and rocks, food waste, damaged vehicles and boats, 
hazardous waste, and municipal waste. 

With climate change modifying the frequency and intensity of many 
weather-related hazards (IPCC 2014), efficient, effective, and low-impact 
recovery is crucial (Brown 2015). If managed well, disaster waste can 
 provide valuable resources for the postdisaster recovery and rebuilding 
 process, generate income, and offset the use of virgin natural resources 
(Brown, Milke, and Seville 2011). Disaster waste can then be recycled, dis-
posed of, used to generate energy, or repurposed for land reclamation and 
engineering fill (Brown 2015). Managing disaster waste well can help pub-
lic agencies avoid future liabilities and costs, such as by recompacting 
unstable dumpsites or by cleaning up contaminated soil. Disaster waste is 
typically managed in three phases, detailed in table 7.12.1. 

Japan is considered one of the most disaster-prepared countries in  the 
world, and its plans and abilities were put to use in recent years (UNEP 2012). 

Table 7.12.1 Typical Phases of Disaster Waste Management 

Emergency
response

Recovery Rebuild

-  Removal of debris and 

other immediate 

threats to public 

health and safety

-  Lasts between a few 

days and two weeks

-  Little scope for waste 

recycling and 

diversion

-  Debris management as part 

of restoration efforts and 

building demolition

-  Majority of waste will be 

managed in this phase

-  Might be affected by factors 

beyond control of disaster 

waste managers such as 

returning residents

-  Can last for years (for 

example, Hurricane 

Katrina took five years) 

-  Debris 

management 

of wastes 

generated 

from, and 

used in, 

reconstruction

-  Longest phase; 

hard to define 

endpoint

Source: Brown, Milke, and Seville 2011.
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In March 2011, a massive earthquake off the Pacific coast triggered a tsunami 
and damaged the Fukushima Daiichi Nuclear Power Plant, leading to the 
release of radioactive materials and the evacuation of thousands of people. 
Damages were estimated at more than US$210 billion, marking one of the 
most economically devastating disasters in history. 

Japan’s Ministry of the Environment formed a task force consisting of 
more than 100 experts from government agencies, research institutions, 
academia, and industry. Two months after the event, the Ministry of the 
Environment developed clear guidance notes for municipalities on dealing 
with disaster debris. The guidelines emphasized the importance of maxi-
mizing recycling opportunities and using local employment in recovery. 
Recognizing that many municipalities would be unable to handle the vol-
ume of disaster debris without assistance, the guidelines promoted collabo-
ration between prefectures and jurisdictions. Additional funding was 
provided. These measures ensured consistency in the overall approach to 
the clean up, segregation, offsite transportation, and final disposal of debris. 

Most middle- and lower-income countries that struggle to manage nor-
mal waste streams on a routine basis experience deeper crises after natural 
disasters. For instance, following the massive earthquake of April 25, 2015, 
in Nepal, waste accumulated in streets for several weeks. During that time, 
the need for clear guidelines for handling hazardous constituents such as 
paints and heavy metals became clear (UNEP 2015). 

Over the past two decades, disaster waste management has been a grow-
ing focus of international policy-making and advisory efforts. Several guid-
ance frameworks for public authorities have been developed, including 
Disaster Waste Management Guidelines developed by the Swedish Civil 
Contingencies Agency and the United Nations in 2011 (Joint UNEP/OCHA 
Environment Unit 2011). 

Photo 7.6 Recovery Efforts after Meethotamulla Dumpsite Collapse 
from Heavy Rains in Colombo, Sri Lanka
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13. Minimizing Food Loss and Waste in Mexico

In Mexico, more than 50 percent of waste is organic, a large share of which 
originates from food loss and waste (FLW). Food loss occurs during the 
production, storage, and distribution of food products, and food waste 
occurs when consumable food is thrown away. Of the many environmental 
consequences associated with FLW, a major impact is its contribution to 
greenhouse gas emissions (FAO 2013). In Mexico, conservative  estimates 
from the Ministry of Environment and Natural Resources (2015) state that 
by 2020 the solid waste sector, including FLW, will be the fifth-largest source 
of greenhouse gas emissions in the country. 

In 2016, the quantity, magnitude, and composition, as well as the envi-
ronmental, social, and economic impacts of FLW in Mexico were compre-
hensively measured and assessed through a study supported by the World 
Bank (Aguilar Gutiérrez 2016). The study led to a legal reform that pro-
vided incentives for food donation and a call for the development of a 
national strategy. The following findings emerged from the study con-
ducted in Mexico, and likely reflect similar situations in other countries in 
the region: 

• More than 35 percent of total annual food production is lost or wasted 
at an annual economic cost of more than US$25 billion per year, or 
more than 2.5 percent of GDP. 

• Greenhouse gas emissions from FLW are at least equal to that pro-
duced by 14 million cars per year. 

• The estimated water loss associated with FLW is 39 billion liters per 
year. 

• Estimated FLW in Mexico amounts to more than 20.4 million 
tonnes per year. The largest share of food loss occurs at the produc-
tion stage, specifically during distribution and wholesale, while the 
largest share of food waste occurs at distribution centers and urban 
centers.

• More than 11 million people are living in extreme poverty in Mexico, 
often suffering from food insecurity, undernourishment, and malnour-
ishment. The quantity of FLW exceeds the food requirements of this 
population. 

Food Banks Are a Key Part of the FLW Solution 

The Mexican Food Banking Network (BAMX) is a key organization 
responsible for promoting the reduction of FLW in the public and private 
sector’s agenda and for motivating the recovery and channeling of food to 
combat hunger (BAMX 2015). BAMX began its operations as a nonprofit 
organization in 1995 to recover food to fight hunger and improve nutri-
tion for vulnerable populations in Mexico. 

One in four Mexicans suffers from food shortages and undernour-
ishment, and since its inception, BAMX has effectively helped this 
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vulnerable population while substantially reducing FLW. BAMX was 
one of the founding entities of the Global FoodBanking Network, an 
organization comprising 792 food banks in 32 countries. The Global 
FoodBanking Network is the second-largest network after that of the 
United States. BAMX is a key civil society organization in Mexico 
(World Bank 2016). 

BAMX leads food rescue efforts resulting in savings of more than 
120,000 tonnes annually and has benefited more than 1,137,000 people. It 
also purchases about 8,000 tonnes of food per year to achieve nutritional 
balance in the food donated to social causes. 

In addition to supporting Mexico’s efforts to fulfill the United Nations 
Sustainable Development Goals for 2030 (specifically, Goal 12.3 for 

Photo 7.7 Organic Waste Bin in Mexico City, Mexico
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Responsible Consumption and Production), BAMX has also been a key 
advocate for several policies and legal proposals: 

• In 2000, Mexico’s General Law of Health was modified to encourage 
food donation.

• An amendment to the Income Tax Law provides tributary benefits to 
companies that donate their products five days before the expiration 
date.7 

• As part of a presidential decree, companies that make food donations 
to food banks only receive an additional 5 percent fiscal incentive. 

FLW and hunger are improving in Mexico as effective food banks are 
complemented by support from the government, the private sector, and 
international agencies. 
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14. Sustainable Source Separation in Panaji, India 

Panaji is the capital of the state of Goa in southwest India, with a metro-
politan area population of 114,759 according to the Census of India in 
2011. Panaji is known for its strong cultural heritage and as a popular 
tourist destination, with colorful villas, hillside developments, and 
Portuguese influence. After the city’s only landfill was closed in 2005, and 
faced with a vulnerable natural ecosystem and strong tourism economy, 
the city turned to sustainable practices. Source separation was the first 
step toward the vision of a landfill-free city, and today Panaji serves as a 
role model in solid waste management. 

Source Separation Overview 

Panaji generated 50 tonnes of waste daily in 2017. Residential waste is 
source separated into five streams through a system of colored bins: 

• Green bins: Wet waste 
• Black or grey bins: Glass and metals 
• Pink bins: Paper and cartons 
• Orange bins: Plastics 
• White bins: Nonrecyclables 

The City Corporation of Panaji provides door-to-door collection of 
waste. Wet waste is collected from households every day, and dry waste is 
collected twice a week. Household wet waste is composted at one of 
96 decentralized compost units, whereas wet waste from commercial estab-
lishments is treated using windrow composting at two bulk processing 
units, and it is used for urban horticulture projects. In some cases, wet waste 
from hotels is digested onsite to produce biogas. In total, the city processes 
about 24 tonnes of wet waste daily.

After collection, the city’s dry waste is stored and aggregated at one of 
12  sorting units. From there, the dry waste is further segregated into 
20   different streams at one of two Material Recycling Facilities. Each 
day, about 4 tonnes of dry waste is sent to a cement processing plant in 
Wadi, Karnataka, and 3 tonnes of recyclables are auctioned to vendors. 
In 2016, about US$22,000 in revenue was generated from the sale of 
recyclables. 

Hazardous waste, such as batteries and tube lights, is also separated and 
processed at a specialized treatment facility. 

Success Factors 

The success of Panaji’s source separation program can be attributed to strong 
public engagement, financial management, and institutional commitment. 

• Public engagement: The city promoted sustainable waste practices 
through a public campaign called “Bin Free in 2003.” The city engaged 
local students, celebrities, business leaders, and neighborhood civic 
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Photo 7.8a and b Sorting Center at Residential Colony in Panaji, 
India 

Photo 7.8c Decentralized Composting Units in Panaji, India

Source: Ritu Thakur.



172   What a Waste 2.0

bodies to promote source segregation. As part of the campaign, the 
city spearheaded cultural programs ranging from music festivals to 
carnivals to encourage citizens to take responsibility for city cleanli-
ness. Finally, the city launched a program called “Waste Wise” in all 
schools to promote waste segregation and to provide incentives for 
environmentally friendly behavior. 

• Pilot design: The city’s source separation program was first launched 
at a pilot scale covering only 70 households and two waste streams, 
one for dry waste and one for wet waste. 

• Enforcement mechanisms: To encourage citizen engagement, the city 
removed all community waste bins, which required households to 
manage their waste privately. Simultaneously, the city introduced a 
door-to-door collection program through which households must per-
sonally hand their waste to collectors. Paid sanitation workers inspect 
waste, and a combination of the personal exchange with households 
and formal daily monitoring motivates compliance. 

• Financial management: The City Corporation of Panaji has achieved 
financial sustainability for the solid waste program through fees 
and  recycling revenues. The city established a new sanitation fee 
for   households as well as a higher commercial fee for institutions. 
Households are charged a flat fee of INR 500 (US$7.3) for door-to-
door collection in combination with the property tax, and commercial 
entities are charged between INR 600 (US$8.7) and INR 11,000 
(US$16). User fees are strongly enforced with penalties. Some remain-
ing costs are subsidized by city funds. 

• Institutional commitment and responsiveness: The city government 
formed a new Solid Waste Management department that is overseen 
by a Waste Management Officer. The program also created a central-
ized complaint redress system, which includes a 24- hour helpline for 
unattended garbage and a dedicated vehicle to quickly respond to 
urgent waste situations. Finally, the city ensured that workers were 
provided with healthy and safe working conditions.
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15. Musical Garbage Trucks in Taiwan, China 

Three decades ago, the waste disposal system in Taiwan, China, looked 
nothing like it does today. Garbage collection spots were overflowing, 
smelly, and infested with rats and insects. Most waste was disposed of in 
dumpsites. In the late 1980s, the Taiwanese government decided to revi-
talize its waste system by implementing strict guidelines and regulations 
and promoting recycling. A circular economy emerged as a new guiding 
principle. 

Today, Taiwan, China is a leader in recycling, with its Environmental 
Protection Administration reporting a 55 percent recycling rate in 
2015. A key component of its comprehensive strategy is motivating 
community involvement through popular “musical” garbage trucks 
(Shen n.d.). 

On this small, densely populated island, most families live in apart-
ments and do not have communal garbage bins close to their homes. 
Within their households, residents are required to separate their waste 
into three  categories—general (or nonrecyclable) waste recyclables, and 
food waste. Purchase of a blue City of Taipei garbage bag for general 
refuse is also compulsory in the capital. These bags are available at most 
corner stores and come in differently priced sizes, ranging from 3 to 
120 liters. Recycling, on the other hand, is free. This encourages citizens 
to recycle and produce less trash. 

At night, garbage trucks alert people to their arrival with high-pitched, 
familiar tunes, such as Beethoven’s “Für Elise.” Residents gather on the 
streets with their bags of general waste and throw them into the yellow 
musical trucks. Three times a week, recyclables are collected in a separate 
white pickup truck that follows the yellow garbage truck. Volunteers and 
officials stand on the back of the truck to help citizens sort their recyclables 
correctly (Bush 2017). This way, trash is delivered straight from home to 
truck without ever touching the ground. 

The trucks run on a regular schedule so residents are ready with their 
bags of waste when the curbside melodies begin. In the capital, Taipei, there 
are more than 4,000 pickup spots over five nights each week. Residents can 
receive alerts on nearby stops via mobile phone applications. 

Once collected, most general waste is incinerated, raw food waste is 
 converted to fertilizer for farmers, cooked food waste is used as livestock 
feed, and recyclables are sorted and recycled. Public authorities monitor com-
pliance using video cameras and financially reward citizens that report mis-
behavior. Violators are fined and may be publicly chastised for their offense.
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16. The Global Tragedy of Marine Litter

Across the world, beaches and waterways scattered with litter are an 
increasingly common sight and this marine litter has serious impacts on 
the environment, public health, and the economy. 

Marine litter comes in all shapes and sizes and, depending on the mate-
rial, could be damaging to human health. Some 90 percent of floating 
marine debris is plastic, of which nearly 62 percent is food and beverage 
packaging (Galgani, Hanke, and Maes 2015; Consultic 2013). Although 
plastics have been mass-produced for only about 60 years, they persist in 
open waters for decades and even centuries (Andrady 1994). Even plastics 
designed to be biodegradable may not fully decompose since they depend 
on factors such as exposure to light, oxygen, and temperature (Swift and 
Wiles 2004), which are scarce in ocean depths. Smaller particles of plastic 
from manufacturing processes could also be difficult to account for and 
nearly impossible to extract. 

Marine litter can be land- or sea-based and often results from poor solid 
waste management practices. An estimated 80 percent of marine litter origi-
nates from land-based sources such as mismanaged dumps and landfills, storm 
water discharge, sewage, industrial facilities, and coastal tourism (Arcadis 
2014; McIlgorm, Campbell, and Rule 2008). Waste may also be transported 
to the ocean from inland rivers. In 2010, an estimated 32  million tonnes of 
plastic waste were mismanaged in coastal areas, allowing between 4.8 and 
12.7 million tonnes of plastic waste to escape into oceans (UNEP and NOAA 
2012; Jambeck et al. 2015). When collection systems and  disposal sites are in 
proper operation, waste is less likely to be disposed of haphazardly. 

Photo 7.9 Spilled Garbage on the Beach
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Although research is in its infancy, sufficient evidence indicates that 
marine litter has a detrimental effect on society. One study estimates that 
costs associated with ocean-based plastic consumer waste leads to losses of 
US$8 billion annually, including revenue losses to fisheries, aquaculture, 
and marine tourism industries in addition to the cost of cleaning up litter on 
beaches (UNEP 2014). 

Marine debris affects marine life through debris entanglement, which 
injures marine life or makes escaping for air or consuming food impossible 
(Laist 1997). Marine litter can also be ingested by sea organisms, with nega-
tive effects on reproduction and development for both the organisms them-
selves and downstream consumers. A study revealed that marine litter was 
present in all marine turtles studied, 59 percent of whales, 36 percent of 
seals, and 40 percent of seabirds (Foekema et al. 2013). Plastic particles 
have even been found in many species of fish and shellfish sold for human 
consumption. 

Marine waste is expected to grow with increasing population and rising 
per capita consumption, especially in urban areas and quickly developing 
economies. Several policy initiatives related to marine environmental pro-
tection and pollution have been drafted along with action plans at the 
regional, national, and municipal levels to address the problem. The UN 
2030 Agenda for Sustainable Development, adopted in 2015, provides an 
overarching framework to guide international, regional, national, and local 
initiatives. Four out of the 17 Sustainable Development Goals have associ-
ated targets particularly relevant to marine plastic pollution. At the national 
level, Japan, the Republic of Korea, the Netherlands, and Singapore have 
developed legislation and policies to address marine litter, but such legisla-
tion remains uncommon globally. At a municipal level, many cities are 
improving waste management practices, and some are implementing plastic 
bans or penalties on bottles and bags, which can reduce plastic usage and 
waste if enforced.
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17. Using Information Management to Reduce 
Waste in Korea 

Korea is a high-income country with a population of almost 50 million 
people in 2015 (UN DESA 2014). The country generated 18.2 million 
tonnes of municipal waste in 2014 and recycled 58 percent of its waste, 
achieving one of the highest rates among Organisation for Economic 
Co-operation and Development countries (Kho and Lee 2016). Korea is 
also a global leader in progressive solid waste management legislation, 
under which residents are encouraged to recycle plastics through a deposit 
refund  system, reduce waste through volume-based fees, and separate dif-
ferent streams of waste at the household and business levels. The country 
has also established an extended producer responsibility system and 
recycles its construction waste. 

Korea established its solid waste management information system in 2001. 
The system digitally records statistics from waste generation to transporta-
tion and final disposal. The system was developed by the Ministry of 
Information and Communication and comprises three separate databases. 
The Allbaro System is an overarching platform that monitors all waste trans-
portation and disposal activities. The system tracks the amount of waste 
that  is collected and transported, analyzes truck routes using a geographic 
 information system, records licenses and authorization documents, and 
aggregates statistics to support evidence-based policy making. The second 
system uses radio-frequency identification (RFID) to obtain information 
about food waste management. Each household uses a personalized card con-
taining an RFID chip to open local food waste disposal bins. Through this 
process, the identity of the household and the weight of waste disposed of is 
instantly recorded, and households are charged a fee based on waste amount. 
In 2013, a 20 percent reduction in food waste was achieved in the capital city 
of Seoul through this digital volume-based system. Finally, the Recyclable 
Information System matches suppliers and buyers of recycled materials on a 
centralized platform. The platform provides information on recycling prices 
and technologies, matches businesses to recycling firms, and facilitates elec-
tronic bidding. As of September 2013, the platform had registered 69,000 
members. 

Korea’s waste information system has led to cost savings, promoted 
transparency, and eliminated illegal waste disposal. The phased implemen-
tation of the system allowed stakeholders to adjust to the system success-
fully. Other success factors include a public relations strategy that increased 
awareness and a strong feedback mechanism that enabled the system to be 
improved over time. Most importantly, the waste information system 
allowed a volume-based waste fee to be implemented, which has led to a 
valuable change in citizen behavior and reduced resource consumption. 
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Notes

 1. In 2015, it became the Ministry of Environment and Sustainable 
Development.

 2. https://cursos.ambiente.gob.ar/sigirsu/.
 3. Entities established by several municipalities and wards to jointly con-

duct administrative services. 
 4. “Eco” for ecology and “Lef” for packing in Arabic.
 5. Such as ethylene products, propylene, styrene, vinyl chloride, and vinyl 

acetate.
 6. Videos are available on the City of Toronto’s YouTube channel: https://

www.youtube.com/watch?v=aNrX4MZxszo&list=PLp11YxteHNp25
DJbbfEeuY59Z3gPPOtdg.

 7. Companies that produce or commercialize food are exempt from any 
liability for possible damage to the health of third parties caused by 
food donated through food banks, and food banks are responsible for 
the good management of donated products.
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APPENDIX A

Waste Generation (tonnes per year) and 
Projections by Country or Economy
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

Afghanistan SAR LIC 5,628,525 34,656,032 2016 World Bank 2016b, 18

Albania ECA UMIC 1,142,964 2,880,703 2015
Albania, INSTAT  

2016, 2 

Algeria MENA UMIC 12,378,740 40,606,052 2016 Ouamane 2017

American 

Samoa
EAP UMIC 18,989 55,599 2016 SPREP 2016, 21

Andorra ECA HIC 43,000 82,431 2012 UNSD 2016

Angola SSA LMIC 4,213,644 25,096,150 2012
Angola, Ministry of 

Environment 2012, 6

Antigua and 

Barbuda
LAC HIC 136,720 98,875 2009

Caribbean Community 

Secretariat 2013, 147; 

Francis et al. 2015

Argentina LAC UMIC 17,910,550 42,981,515 2014 World Bank 2015b, 35

Armenia ECA LMIC 492,800 2,906,220 2014
Armenia, National 

Statistical Service 2017

Aruba LAC HIC 88,132 103,187 2013
Pricewaterhouse 

Coopers Aruba 2014, 11

Australia EAP HIC 13,345,000 23,789,338 2015 OECD 2018

Austria ECA HIC 4,836,000 8,633,169 2015 Eurostat 2017

Azerbaijan ECA UMIC 2,930,349 9,649,341 2015

Azerbaijan, Ministry of 

Economy 2017, 80  

(table 4.5)
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

1 (Kabul, 0.7 kg/ 

person/day)
5,628,525 34,656 7,979,843 46,700 12,887,446 61,928

  1,178,111 2,926 1,320,644 2,933 1,392,409 2,664

2 12,378,740 40,606 16,319,973 48,822 21,171,891 57,437

1 (urban, 1 kg/person/day;  

rural regional average,  

0.5 kg/person/day)

18,989 56 21,468 57 25,433 57

3 43,594 77 45,675 78 49,509 77

4 (0.46 kg/person/day) 4,829,098 28,813 7,668,976 44,712 13,468,138 76,046

Municipal waste collected 

from HH and deposited in 

the landfill is 22,700 tonnes 

in 2009. HH generation 

is adjusted for the amount of 

uncollected household 

waste by dividing HH waste 

generation by the fraction of 

households with waste 

collection in 2011 (0.9861). 

Municipal waste collected 

from other origins is added 

(113,700 tonnes) from 2009.

33,239 101 64,920 115 79,530 125

4 (49.07 tonnes/day) 18,184,606 43,847 23,740,083 49,323 31,086,051 55,229

  501,528 2,925 590,607 2,907 661,744 2,700

4 (2.34 kg/person/day) 111,189 105 152,814 109 166,977 107

  13,601,628 24,126 16,972,554 28,235 21,377,002 33,187

  4,887,032 8,712 5,351,594 8,946 5,805,911 8,878

The National Solid Waste 

Management Strategy plan 

covers only 77.5 percent of 

Azerbaijan, excluding 

occupied territory (20 

percent) and the Greater 

Baku Area (2.5 percent). The 

total amount generated in 

these areas is 964,427 

tonnes/year; value is 

calculated from the amount 

generated in these areas 

(964,427 tonnes/year) and 

in the Baku area (1,965,922 

tonnes/year).

2,900,944 9,725 3,329,963 10,680 3,617,967 11,039

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

Bahamas, The LAC HIC 264,000 386,838 2015 SIDS DOCK 2015, 10

Bahrain MENA HIC 951,943 1,425,171 2016
Idrees and McDonnell 

2016

Bangladesh SAR LMIC 14,778,497 155,727,053 2012 BMDF 2012

Barbados LAC HIC 174,815 280,601 2011 Burnside 2014

Belarus ECA UMIC 4,280,000 9,489,616 2015

Belarus, National 

Statistical Committee 

2017

Belgium ECA HIC 4,708,000 11,274,196 2015 Eurostat 2017

Belize LAC UMIC 101,379 359,288 2015 IDB 2015, 3

Benin SSA LIC 685,936 5,521,763 1993 Achankeng 2003, 11

Bermuda NA HIC 82,000 64,798 2012 UNSD 2016

Bhutan SAR LMIC 111,314 686,958 2007 Phuntsho et al. 2007

Bolivia LAC LMIC 2,219,052 10,724,705 2015 Bolivia, DGGIRS 2016
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

5; Residential waste 

accounts for 70 percent of 

the waste collected and 

commercial waste accounts 

for 30 percent. About 77 

percent of this amount is 

generated in New 

Providence.

263,946 391 317,600 440 373,151 475

4 (1.83 kg/person/day) 951,943 1,425 1,423,838 2,013 1,785,605 2,327

4 (0.29 kg/person/day) 16,380,103 162,952 22,138,475 185,585 31,162,100 201,927

Includes only mixed MSW 

(collected curbside in bags 

or containers that can be 

picked up by hand) entering 

the landfill with estimated 

collection coverage of 90 

percent; includes cardboard, 

coconut husks, green waste, 

pellets and lumber, paper, 

plastic, shingles, and tires; 

excludes C&D waste.

178,767 285 200,673 290 223,677 280

2 4,227,784 9,480 4,935,505 9,163 5,451,248 8,571

  4,759,760 11,358 5,349,712 12,002 6,164,189 12,488

1 (urban, 1.07 kg/person/day) 102,440 367 144,792 473 223,778 592

1 (Porto Novo, 0.5 kg/person/

day)
1,401,386 10,872 2,166,407 15,628 4,202,189 23,930

3 102,261 62 104,677 59 100,274 53

1 (urban, 0.53 kg/person/

day)
152,647 798 249,472 914 367,260 994

Includes domestic waste and 

waste from public areas and 

markets; excludes 

slaughterhouse and hospital 

waste (together totaling 

144,155.6 tonnes/year); data 

estimated based on 

population from census 

projections and per capita 

generation estimates 

from in-country studies in 

sample cities and reference 

values in the region for cities 

of similar size and rural 

areas.

2,276,967 10,888 3,288,932 13,158 5,214,928 15,903

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

Bosnia and 

Herzegovina
ECA UMIC 1,248,718 3,535,961 2015

Bosnia and Herzegovina, 

BHAS 2016, 1

Botswana SSA UMIC 210,854 2,014,866 2010

Seanama Conservation 

2012; Botswana, Statistics 

Botswana 2011

Brazil LAC UMIC 79,889,010 205,962,108 2015 ABRELPE 2015, 19

British Virgin 

Islands
LAC HIC 21,099 20,645 2000 Treasure n.d., 3

Brunei 

Darussalam
EAP HIC 216,253 423,196 2016

Brunei, Department of 

Environment, Parks and 

Recreation 2015

Bulgaria ECA UMIC 3,011,000 7,177,991 2015 Eurostat 2017

Burkina Faso SSA LIC 2,575,251 18,110,624 2015 Cissé 2015

Burundi SSA LIC 1,872,016 6,741,569 2002
UNECA-UNEP-UNIDO-

ARSCP 2011

Cabo Verde SSA LMIC 132,555 513,979 2012 de Carvalho 2013, 15

Cambodia EAP LMIC 1,089,000 15,270,790 2014 Modak et al. 2017, 214

Cameroon SSA LMIC 3,270,617 21,655,715 2013
Mbue, Bitondo, and 

Balgah 2015

Canada NA HIC 25,103,034 35,544,564 2014
Canada, Statistics  

Canada 2016

Cayman 

Islands
LAC HIC 60,000 59,172 2014

Amec Foster Wheeler 

2016

Central 

African 

Republic

SSA LIC 1,105,983 4,515,392 2014
UN OCHA 2014;  

UN DESA 2014b

Chad SSA LIC 1,358,851 11,887,202 2010
Simos and de Leeuw 2017, 

94; UN DESA 2014b

Channel 

Islands
ECA HIC 178,933 164,541 2016

States of Guernsey 2017; 

States of Jersey 2018

Chile LAC HIC 7,530,879 17,910,000 2009 Chile, CONAMA 2010, 12

China EAP UMIC 220,402,706 1,403,500 2015 Ji et al. 2016, 2

Colombia LAC UMIC 13,475,241 48,653,000 2011 IDB 2012, 11 and 25

Comoros SSA LIC 93,134 796,000 2015 World Bank 2015a

Congo, Dem. 

Rep.
SSA LIC 14,385,226 78,736,153 2016

Tshitala Kalula 2016;  

UN DESA 2014b

Congo, Rep. SSA LMIC 894,237 5,126,000 1993 Achankeng 2003, 11

Costa Rica LAC UMIC 1,525,982 4,857,274 2014
Costa Rica, Ministry of 

Health 2016, 13
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

3; and percentage of 

population using municipal 

services across various 

municipalities.

1,261,143 3,517 1,457,111 3,405 1,588,584 3,058

1 (Gaborone, 85 tonnes/

month)
252,462 2,250 363,790 2,800 516,517 3,421

4 (218,874 tonnes/day) 79,081,401 207,653 96,693,974 225,472 114,304,745 232,688

4 (2.8 kg/person/day) 41,960 31 63,605 35 75,942 38

4 (1.4 kg/person/day) 216,253 423 262,788 490 307,979 537

  3,049,324 7,131 3,306,089 6,431 3,295,494 5,424

1 (big cities, 0.7 kg/person/

day; small cities, 0.5 kg/

person/day;  

average used); 2

2,659,191 18,646 4,265,523 27,382 8,807,490 43,207

1 (Bujumbura, 511  

kg/person/year)
2,950,090 10,524 4,228,365 15,799 8,367,259 25,762

  139,864 540 191,675 635 274,533 734

  1,159,859 15,762 1,702,523 18,798 2,641,058 22,019

1 (Douala,  

0.54 kg/person/day)
3,621,758 23,439 5,862,357 32,980 11,858,301 49,817

Value represents waste 

disposed of from residential 

and nonresidential sources.

25,666,127 36,290 30,384,216 40,618 36,171,524 44,949

5 76,141 61 117,277 71 150,789 81

1 (Bangui, 750 tonnes/day) 1,107,218 4,595 1,377,932 6,124 2,366,704 8,851

1 (N’Djamena,  

533 tonnes/day)
1,645,769 14,453 2,564,763 21,460 5,237,093 33,636

  178,933 165 207,125 174 235,743 181

  7,530,879 17,910 9,359,890 19,637 11,403,108 20,718

  220,402,706 1,403,500 295,035,224 1,441,182 335,791,732 1,364,457

4 (33,288 tonnes/day) Data 

represents 1,102 out of 1,120 

municipalities.

13,475,241 48,653 16,435,975 53,134 20,091,306 54,733

  93,134 796 131,021 1,062 234,683 1,463

1 (Kinshasa,  

7,000 tonnes/day)
14,385,226 78,736 21,491,194 120,443 44,389,132 197,404

1 (Brazzaville, 0.6 kg/person/

day)
894,237 5,126 1,533,286 7,319 3,193,587 11,510

4 (4,000 tonnes/day) 1,525,982 4,857 1,933,590 5,417 2,389,760 5,774

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

Côte d’Ivoire SSA LMIC 4,440,814 20,401,331 2010
Ludington 2015; 

UN DESA 2014b

Croatia ECA UMIC 1,654,000 4,203,604 2015 Eurostat 2017

Cuba LAC UMIC 2,692,692 11,303,687 2007 Rebelde 2007

Curaçao LAC HIC 24,704 153,822 2013
PricewaterhouseCoopers 

Aruba 2014, 11

Cyprus ECA HIC 541,000 1,160,985 2015 Eurostat 2017

Czech 

Republic
ECA HIC 3,337,000 10,546,059 2015 Eurostat 2017

Denmark ECA HIC 4,485,000 5,683,483 2015 Eurostat 2017

Djibouti MENA LMIC 114,997 746,221 2002 IMF 2004

Dominica LAC UMIC 13,176 72,400 2013 World Bank 2017a, 5

Dominican 

Republic
LAC UMIC 4,063,910 10,528,394 2015

Dominican Republic, 

Ministry of the 

Environment and Natural 

Resources 2017, 16

Ecuador LAC UMIC 5,297,211 16,144,368 2015
Ecuador, Ministry of 

Environment 2018

Egypt, Arab 

Rep.
MENA LMIC 21,000,000 87,813,257 2012

GIZ and SWEEP-Net 

2014a, 10

El Salvador LAC LMIC 1,648,996 6,164,626 2010 IDB-AIDIS-PAHO 2011, 104

Equatorial 

Guinea
SSA UMIC 198,443 1,221,490 2016 Calculated (See box 1.1)

Eritrea SSA LIC 726,957 4,474,690 2011 Calculated (See box 1.1) 

Estonia ECA HIC 473,000 1,315,407 2015 Eurostat 2017

Eswatini SSA LMIC 218,199 1,343,098 2016 Calculated (See box 2.1) 



 Waste Generation (tonnes per year) and Projections by Country or Economy   193

Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

1 (Abidjan, 290 kg/person/

year)
5,525,029 23,696 9,817,371 33,337 22,186,836 51,375

  1,684,219 4,213 1,703,139 3,896 1,670,840 3,461

1 (Havana, 0.7 kg/person/

day; rural, 0.5 kg/person/

day); excludes bulky, 

industrial, and medical 

waste; likely also excludes 

commercial waste, but this 

cannot be confirmed. 

2,818,053 11,476 3,253,115 11,496 3,647,101 10,823

4 (0.44 kg/person/day) 31,787 159 45,230 172 53,398 181

  551,614 1,170 624,277 1,282 715,657 1,383

  3,389,662 10,611 3,848,146 10,528 4,245,312 10,054

  4,527,726 5,712 4,982,841 6,025 5,640,297 6,314

1 (Djibouti City, 240 kg/day) 152,359 942 217,297 1,133 332,342 1,308

5; total waste (urban and 

rural) collected, including 

household (67 percent), 

commercial (17 percent), 

institutional (5 percent), 

industrial (6 percent), and 

other (6 percent), is 12,385 

tonnes per year; uncollected 

waste was included by using 

the collection coverage 

(94 percent).

13,542 74 17,555 78 20,671 77

4 (11,134 tonnes/day) 4,202,756 10,649 5,412,538 12,098 6,905,740 13,265

2; 9 (12,829.41 tonnes/day 

collected and a collection 

rate of 88.5 percent)

5,307,241 16,385 7,157,795 19,555 10,225,146 22,968

  23,366,729 95,689 34,213,851 119,746 55,163,107 153,433

1 (urban, 0.89 kg/ 

person/day)
1,786,871 6,345 2,162,742 6,786 2,771,792 6,997

6 198,443 1,221 319,272 1,871 557,175 2,845

6 774,249 4,955 1,084,661 6,718 1,991,475 9,607

  475,808 1,312 523,237 1,254 553,719 1,145

6 218,199 1,343 276,577 1,666 407,836 2,081

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

Ethiopia SSA LIC 6,532,787 99,873,033 2015

GIZ 2015 (Awadai, Bale 

Robe, Burie Town, Dilla, 

Dire Dawa, Jijiga, Jimma, 

Waliso, Wolkite, Wuqro); 

Artelia Ville et Transport 

2014 (Addis Ababa); 

WaterAid 2015a (Adigrat, 

Axum, Bahir Dar, Bule 

Hora, Yirgachefe, Injibara, 

Finoteselam); WaterAid 

2015b (Ambo, Hosanna, 

Bishoftu, Fitche, Gerbe 

Guracha, Holeta, 

Yirgalem); Anon 2015 

(Adola Woyu, Weldiya, 

Tepi, Maichew, Halaba 

Kulito Town, Dembi Dolo, 

Debre Tabor, Bati)

Faroe Islands ECA HIC 61,000 48,842 2014
Nordic Competition 

Authorities 2016, 57

Fiji EAP UMIC 189,390 867,086 2011
Fiji, Department of 

Environment 2011, 13

Finland ECA HIC 2,738,000 5,479,531 2015 Eurostat 2017

France ECA HIC 33,399,000 66,624,068 2015 Eurostat 2017

French 

Polynesia
EAP HIC 147,000 273,528 2013

French Polynesia, DIREN 

2017, 223

Gabon SSA UMIC 238,102 1,086,137 1995
Mombo and Edou 2005, 

90

Gambia, The SSA LIC 193,441 1,311,349 2002
Sanneh et al. 2011, 3; UN 

DESA 2014b

Georgia ECA LMIC 800,000 3,717,100 2015 Particip 2015, 8

Germany ECA HIC 51,046,000 81,686,611 2015 Eurostat 2017

Ghana SSA LMIC 3,538,275 21,542,009 2005 Puopiel 2010, 21

Gibraltar ECA HIC 16,954 33,623 2012
Gibraltar, Ministry for the 

Environment 2017, 30

Greece ECA HIC 5,477,424 10,892,413 2014 Greece, ELSTAT 2017

Greenland ECA HIC 50,000 56,905 2010
Eisted and 

Christensen 2011, 1

Grenada LAC UMIC 29,536 105,481 2012
Caribbean Development 

Bank 2014
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

1 (various cities, 0.30 kg/

person/day)
6,727,941 102,403 10,040,763 139,620 18,102,122 190,870

  65,882 49 72,356 52 83,920 55

1 (urban, 0.78 kg/person/

day; rural, 0.4 kg/person/

day)

206,277 899 242,350 970 298,039 998

  2,769,576 5,503 3,079,571 5,739 3,449,266 5,866

  32,544,914 64,721 36,021,363 67,894 40,862,922 70,609

5 139,585 280 174,067 307 199,138 326

1 (Libreville, 0.685 kg/

person/day)
403,931 1,980 578,036 2,594 924,679 3,516

1 (Banjul, 0.54 kg/person/

day)
301,751 2,039 503,966 3,001 1,078,463 4,562

3 854,577 3,925 998,425 3,748 1,136,220 3,394

  51,410,863 81,915 54,399,513 82,187 57,050,957 79,238

4 (0.45 kg/person/day); 5 5,287,958 28,207 8,142,202 37,294 14,272,518 51,270

Value represents MSW, 

excluding mattresses and 

nonhazardous bulky waste.

18,761 34 20,279 36 22,973 37

  5,636,374 11,184 5,966,360 10,784 6,379,219 9,982

5 53,601 56 56,336 57 58,128 54

Value includes HH (20,818 

tonnes/year), institutional 

(1,017 tonnes/year), and 

commercial (5,560 tonnes/

year) waste disposed of in 

Perserverance Landfill and 

all the waste in Dumfries 

Landfill (1,639 tonnes/year) 

totaling 29,034 tonnes/year. 

This value is then adjusted 

by the collection rate of 98.3 

percent; C&D, shipping, 

industrial, and green waste 

excluded.

32,359 107 37,194 112 43,325 110

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

Guam EAP HIC 141,500 159,973 2012 Guam 2013, 10

Guatemala LAC LMIC 2,756,741 16,252,429 2015 IDB 2015, 3

Guinea SSA LIC 596,911 8,132,552 1996
Barry 2002; UN DESA 

2014b

Guinea-

Bissau
SSA LIC 289,514 1,770,526 2015 Ferrari et al. 2016, 2

Guyana LAC UMIC 179,252 746,556 2010

Guyana, Ministry of 

Communities n.d., 11 

(Table 2)

Haiti LAC LIC 2,309,852 10,847,334 2015

SWANA Haiti Response 

Team 2010, 4; Naquin 

2016, 12

Honduras LAC LMIC 2,162,028 9,112,867 2016 Honduras, DGA 2017

Hong Kong 

SAR, China
EAP HIC 5,679,816 7,305,700 2015

Hong Kong, 

Environmental Protection 

Department 2016

Hungary ECA HIC 3,712,000 9,843,028 2015 Eurostat 2017

Iceland ECA HIC 525,000 330,815 2015
Iceland, Statistics Iceland 

2015, 429
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

Reported as a range of 

129,000–154,000 tonnes/

year (average used).

134,551 163 170,308 181 195,298 193

1 (urban, 0.61 kg/ 

person/day)
2,824,598 16,582 3,990,278 21,203 6,307,100 26,968

1 (Conakry, 0.31 kg/ 

person/day)
941,169 12,396 1,757,060 17,631 4,102,204 26,852

1 (Bissau, 0.6 kg/ 

person/day)
297,640 1,816 441,963 2,493 894,814 3,603

4 (491.1 tonnes/day); 

includes HH and commercial 

waste; 491.1 tonnes/day is a 

weighted average of waste 

generation in 10 regions; per 

capita waste generation 

(0.73 kg/person/day) was 

measured for the most 

populous region, Region 4, 

while remainder used 

assumptions based on 

reference values.

202,463 773 244,517 825 293,510 822

1 (Port au Prince metro area, 

0.7 kg/person/day; rural, 0.41 

kg/person/day); rural rate is 

for Cap-Haïtien data, which 

is representative of the rest 

of the country and involves 

both rural and urban 

populations; Port au Prince 

data are from 2010 and 

Cap-Haïtien’s from 2016.

2,309,852 10,847 2,975,484 12,544 4,693,120 14,041

4 (0.65 kg/person/day); 7; 

based on 62 percent of the 

population in Honduras.

2,162,028 9,113 3,050,449 11,147 4,787,863 13,249

4 (2.13 kg/person/day); 

1.39 kg/person/day is the 

rate of 65 percent of MSW 

disposed of at landfill; when 

35 percent of recovered 

MSW is factored in, value 

increases to 2.13 kg/person/

day.

5,710,414 7,303 6,858,836 7,987 7,637,326 8,253

  3,715,742 9,753 3,885,730 9,235 3,989,253 8,279

5 539,686 332 637,438 366 755,434 390

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

India SAR LMIC 168,403,240 1,071,477,855 2001

UNICEF-India, Ministry of 

Rural Development 2008; 

India, Ministry of Home 

Affairs 2001; Kumar et al. 

2009

Indonesia EAP LMIC 65,200,000 261,115,456 2016

Indonesia, Ministry of 

Environment and Forestry 

and Ministry of Industry 

2016, 4

Iran, Islamic 

Rep.
MENA UMIC 17,885,000 80,277,428 2017 Abedini 2017

Iraq MENA UMIC 13,140,000 36,115,649 2015
Iraq, Ministry of 

Environment 2015

Ireland ECA HIC 2,692,537 4,586,897 2012 Ireland, EPA 2014, 1

Isle of Man ECA HIC 50,551 80,759 2011
Isle of Man, Department 

of Infrastructure n.d., 10

Israel MENA HIC 5,400,000 8,380,100 2015

Israel, Ministry of 

Environmental Protection 

2016

Italy ECA HIC 29,524,000 60,730,582 2015 Eurostat 2017

Jamaica LAC UMIC 1,051,695 2,881,355 2016 Jamaica, NSWMA n.d., 7
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

Calculated based on daily per 

capita waste generation rates 

published by the Central 

Public Health 

and Environmental 

Engineering Organizations, 

segmented by population 

groups. Population was taken 

from 2011 

census. Calculations as 

follows: Population 

> 5 million (85,188,627), 

0.5 kg/person/day; population 

between 2 million and 5 

million (28,850,634), 0.35 kg/

person/day; population 

between 1 million and 2 

million (46,686,245), 0.27 kg/

person/day; population 

between 500,000 and 1 

million (30,235,593), 0.25 kg/

person/day; population 

between 100,000 and 

500,000 (73,930,414), 0.21 kg/

person/day; for towns and 

villages > 100,000 population 

(833,748,852), assumed that 

the waste generation rate is 

half that of the lowest 

population group (0.11 kg/

person/day); value is likely a 

conservative estimate.

277,136,133 1,324,171 387,770,524 1,512,985 543,277,457 1,658,978

  65,200,000 261,115 87,958,248 295,595 118,551,290 321,551

2; estimated based on 

reports from some cities and 

some rural areas.

17,653,936 80,277 21,303,899 88,863 25,597,026 93,553

4 (1.2 kg/person/day) 13,967,851 37,203 21,053,906 53,298 34,328,393 81,490

  3,157,225 4,726 3,692,571 5,220 4,322,409 5,801

7 56,476 84 63,371 91 74,679 97

Value represents municipal 

and commercial waste.
5,322,248 8,192 7,108,848 9,984 10,038,606 12,577

  29,009,742 59,430 29,855,267 58,110 30,839,601 55,093

4 (1 kg/person/day); per 

capita generation calculated 

by a collection sampling 

exercise in six urban and 

rural communities.

1,051,695 2,881 1,156,300 2,933 1,271,212 2,704

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

Japan EAP HIC 43,981,000 127,141,000 2015
Japan, Ministry of the 

Environment 2015

Jordan MENA LMIC 2,529,997 8,413,464 2013 Al-Jayyousi 2015, 22

Kazakhstan ECA UMIC 4,659,740 16,791,425 2012 World Bank n.d., 42

Kenya SSA LMIC 5,595,099 41,350,152 2010 Okot-Okumu 2012, 4

Kiribati EAP LMIC 35,724 114,395 2016 SPREP 2016, 21

Korea, Rep. EAP HIC 18,218,975 50,746,659 2014 Kho and Lee 2016, 23

Kosovo ECA LMIC 319,000 1,801,800 2015 Eurostat 2017

Kuwait MENA HIC 1,750,000 2,998,083 2010
Kuwait, Partnerships 

Technical Bureau 2014, 4

Kyrgyz 

Republic
ECA LMIC 1,113,300 5,956,900 2015

Kyrgyzstan, NSC 2016, 62 

(Table 5.9)

Lao PDR EAP LMIC 351,900 6,663,967 2015 Keohanam 2017

Latvia ECA HIC 857,000 1,977,527 2015 Eurostat 2017

Lebanon MENA UMIC 2,040,000 5,603,279 2014
GIZ and SWEEP-Net 

2014b, 8; UNDP 2014

Lesotho SSA LMIC 73,457 1,965,662 2006

Lesotho, Bureau of 

Statistics 2013; Lesotho, 

Bureau of Statistics 2006

Liberia SSA LIC 564,467 3,512,932 2007
UNEP 2007; UN DESA 

2014b

Libya MENA UMIC 2,147,596 6,193,501 2011
Omran, Altawati, and 

Davis 2017, 5

Liechtenstein ECA HIC 32,382 36,545 2015
Liechtenstein, Office of 

Statistics 2018, 7

Lithuania ECA HIC 1,300,000 2,904,910 2015 Eurostat 2017

Luxembourg ECA HIC 356,000 569,604 2015 Eurostat 2017

Macao SAR, 

China
EAP HIC 377,942 612,167 2016

Macao SAR, China, DSEC 

2017

Macedonia, 

FYR
ECA UMIC 796,585 2,081,206 2016 Macedonia, MAKStat 2017

Madagascar SSA LIC 3,768,759 24,894,551 2016 World Bank 2016a, 5

Malawi SSA LIC 1,297,844 16,577,147 2013
Barré 2014; UN DESA 

2014a
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

Excludes disaster waste. 44,374,189 127,749 45,019,046 121,581 43,315,197 108,794

  2,793,380 9,456 3,825,435 11,122 6,351,694 14,188

9 (3,588,000 tonnes/year 

collected and a collection 

rate of 77 percent)

5,126,019 17,988 6,850,097 20,301 8,512,123 22,959

1 (Nairobi, 0.6 kg/ 

person/day)
6,844,079 48,462 10,513,071 66,960 19,033,007 95,467

8 35,724 114 70,876 142 115,089 178

4 (49,915 tonnes/day) 18,576,898 50,792 22,435,453 52,702 24,624,834 50,457

  323,281 1,802 484,974 1,802 645,955 1,802

  2,290,389 4,053 2,894,529 4,874 3,613,973 5,644

  1,120,523 5,956 1,566,360 6,997 2,475,253 8,113

2 364,463 6,758 522,053 8,049 748,378 9,163

  864,936 1,971 881,848 1,747 861,239 1,517

UNDP 2014 estimates that 

the incremental daily 

quantity of MSW attributed 

to refugees is expected to 

reach 324,568 tonnes/year 

by 2014; this value is 

significant and is equivalent 

to about 15.7 percent of the 

waste generated by 

Lebanese residents before 

the crisis.

2,148,803 6,007 2,302,862 5,369 2,862,432 5,412

1 (Maseru City, 60 kg/

person/year)
87,981 2,204 117,518 2,608 193,270 3,203

1 (Monrovia, 780 tonnes/

day)
722,949 4,614 988,354 6,495 1,910,290 9,804

4 (0.95 kg/person/day) 2,419,759 6,293 3,631,710 7,342 4,617,447 8,124

Value represents total urban 

waste only.
35,486 38 39,939 41 46,168 43

  1,320,616 2,908 1,382,158 2,718 1,363,525 2,407

  360,964 576 433,768 675 524,875 796

Value includes domestic 

waste and waste produced 

by businesses.

377,942 612 481,342 746 575,184 876

  796,585 2,081 933,411 2,076 1,056,395 1,931

1 (Antananarivo, 0.61 kg/

person/day); 5
3,768,759 24,895 5,587,354 35,592 10,522,518 53,803

1 (Lilongwe and Blantyre, 

0.37 kg/person/day)
1,415,204 18,092 2,117,841 26,578 4,081,844 41,705

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

Malaysia EAP UMIC 12,982,685 30,228,017 2014 UNCRD and IGES 2017, xii

Maldives SAR UMIC 211,506 409,163 2015
Maldives, WMPDC and 

MEE 2017

Mali SSA LIC 1,937,354 16,006,670 2012 World Bank 2014, 66

Malta MENA HIC 269,000 431,874 2015 Eurostat 2017

Marshall 

Islands
EAP UMIC 8,614 52,793 2013

Pattle Delamore Partners 

2015, 17

Mauritania SSA LMIC 454,000 3,506,288 2009 GIZ and SWEEP-Net 2010a

Mauritius SSA UMIC 438,000 1,263,473 2016

Mauritius, Ministry of 

Social Security, National 

Solidarity, and 

Environment and 

Sustainable Development 

2017

Mexico LAC UMIC 53,100,000 125,890,949 2015
Mexico, SEMARNAT 2016, 

434

Micronesia, 

Fed. Sts.
EAP LMIC 26,040 104,937 2016 SPREP 2016, 21

Moldova ECA LMIC 3,981,200 3,554,108 2015
Moldova, Statistica 

Moldovei 2016

Monaco ECA HIC 46,000 37,783 2012 UNSD 2016

Mongolia EAP LMIC 2,900,000 3,027,398 2016 Delgerbayar 2016, 4

Montenegro ECA UMIC 332,000 622,159 2015 Eurostat 2017

Morocco MENA LMIC 6,852,000 34,318,082 2014
GIZ and SWEEP-Net  

2014c, 7

Mozambique SSA LIC 2,500,000 27,212,382 2014 Tas and Belon 2014, 9

Myanmar EAP LMIC 4,677,307 46,095,462 2000 Thein 2010, 6

Namibia SSA UMIC 256,729 1,559,983 1993 Achankeng 2003, 11

Nauru EAP UMIC 6,192 13,049 2016 SPREP 2016, 21

Nepal SAR LIC 1,768,977 28,982,771 2016
Nepal, SWMTSC 2017; 

ADB 2013

Netherlands ECA HIC 8,855,000 16,939,923 2015 Eurostat 2017
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

  13,723,342 31,187 18,235,817 36,815 23,733,545 41,729

2; based on Maldives 

Ministry of Environment and 

Energy data for households 

in Male (1.7 kg/person/day), 

other islands (0.8 kg/person/

day), and resorts, hotels, 

and guest houses (3.5 kg/

bed/day).

224,663 428 300,525 512 393,328 576

1 (Sikasso, 46,770 tonnes/

year)
2,207,589 17,995 3,515,355 27,057 7,084,361 44,020

  270,442 429 303,995 440 324,623 419

4 (23.6 tonnes/day) 8666 53 14,195 56 20,046 66

  572,992 4,301 919,925 6,077 1,771,918 8,965

4 (1,200 tonnes/day) 437,535 1,262 518,359 1,287 571,593 1,221

  54,151,287 127,540 69,638,974 147,540 90,440,574 164,279

8 129,821 523 207,574 589 298,646 656

5; legislation does not clearly 

differentiate between 

industrial and municipal 

waste. Existing law defines 

waste from production and 

consumption; hence, waste 

statistics include both types 

of waste.

4,622,874 4,060 5,636,646 3,844 6,588,017 3,293

3 50,685 38 56,417 41 68,391 46

5 2,900,000 3,027 4,337,475 3,561 6,295,598 4,075

  339,542 629 368,880 625 399,240 588

  7,126,270 35,277 10,160,132 40,874 15,157,504 45,660

  2,644,873 28,829 4,124,044 42,439 8,750,664 67,775

4 (0.278 kg/person/day) 7,451,835 52,885 9,315,917 58,916 11,207,310 62,359

1 (Windhoek, 0.7 kg/person/

day)
501,797 2,480 738,810 3,246 1,205,787 4,339

8; Nauru is 100 percent 

urban according to source
5,384 11 5,200 11 6,139 11

60 additional municipalities 

were newly formed recently; 

the two sources provide 

waste generation for 58 

cities and the additional 60 

cities, respectively; average 

waste generated per day for 

118 cities is estimated to be 

1,854 tonnes/day.

1,768,977 28,983 2,205,525 33,168 2,968,223 36,107

  8,936,530 16,987 9,816,231 17,594 10,677,957 17,518

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

New 

Caledonia
EAP HIC 108,157 278,000 2016 SPREP 2016

New Zealand EAP HIC 3,405,000 4,692,700 2016 OECD 2018

Nicaragua LAC LMIC 1,528,816 5,737,723 2010 IDB-AIDIS-PAHO 2011

Niger SSA LIC 1,865,646 8,842,415 1993 Achankeng 2003, 11

Nigeria SSA LMIC 27,614,830 154,402,181 2009 Oguntoyinbo 2012, 1

Northern 

Mariana 

Islands

EAP HIC 32,761 54,036 2013 Mohee et al. 2015

Norway ECA HIC 2,187,000 5,188,607 2015 Eurostat 2017

Oman MENA HIC 1,734,885 3,960,925 2014 Be’ah 2016, 13

Pakistan SAR LMIC 30,760,000 193,203,476 2017
Korai, Mahar, and Uqaili 

2017

Palau EAP HIC 9,427 21,503 2016 SPREP 2016, 21

Panama LAC UMIC 1,472,262 3,969,249 2015 IDB 2015, 3

Papua New 

Guinea
EAP LMIC 1,000,000 7,755,785 2014 ADB 2014a, 1

Paraguay LAC UMIC 1,818,501 6,639,119 2015 IDB-AIDIS-PAHO 2011, 104

Peru LAC UMIC 8,356,711 30,973,354 2014

Peru, Ministry of 

Environment 2016, 20; 

Peru, Ministry of 

Environment 2014, 33

Philippines EAP LMIC 14,631,923 103,320,222 2016 Philippines, NSWMC 2017

Poland ECA HIC 10,863,000 37,986,412 2015 Eurostat 2017

Portugal ECA HIC 4,710,000 10,401,062 2014 Eurostat 2017

Puerto Rico LAC HIC 4,170,953 3,473,181 2015 Energy Answers 2012, 41

Qatar MENA HIC 1,000,990 2,109,568 2012 Qatar, MDPS 2014, 92

Romania ECA UMIC 4,895,000 19,815,481 2015 Eurostat 2017



 Waste Generation (tonnes per year) and Projections by Country or Economy   205

Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

8 106,086 273 132,841 321 168,274 378

  3,381,877 4,661 3,971,657 5,213 4,789,174 5,711

4 (0.73 kg/person/day); 7 1,787,370 6,150 2,363,847 7,046 3,502,392 7,876

1 (Niamey, 1 kg/person/day) 4,281,415 20,673 7,164,740 34,994 16,015,498 68,454

4 (0.49 kg/person/day) 34,572,968 185,990 54,806,190 264,068 107,077,289 410,638

1 (Saipan, 1.81 kg/person/

day; average regional rural, 

0.5 kg/person/day)

30,922 55 36,345 57 36,190 52

  2,216,799 5,255 2,593,368 5,959 3,070,182 6,802

4 (1.2 kg/person/day) 1,928,958 4,425 2,710,244 5,897 3,385,564 6,757

  30,352,981 193,203 42,427,624 244,248 66,377,808 306,940

8 9,427 22 19,117 25 22,944 28

1 (urban, 1.22 kg/person/day) 1,516,612 4,034 2,194,682 4,884 3,074,132 5,827

Reported as more than 

1 million tonnes/year.
1,052,408 8,085 1,595,910 10,487 2,844,877 13,871

1 (urban, 0.94 kg/person/

day)
1,862,514 6,725 2,484,878 7,845 3,595,736 8,897

Calculated from urban 

(7,497,482 tonnes/year) and 

rural (859,229.13 tonnes/year) 

waste generation; urban value 

reported in Plan Nacional 

as 64 percent (4,798,388 

tonnes/year) generated by HH 

and 26 percent (1,949,345 

tonnes/year) by non-HH 

sources; rural value is 

calculated by World Bank 

team using an estimate of 

0.35 kg/person/day based on 

reporting for all urban districts 

multiplied by the rural 

population in Peru in 2014.

8,737,853 31,774 12,466,705 36,807 17,441,927 41,620

4 (40,087.46 tonnes/day) 14,631,923 103,320 20,039,044 125,372 29,275,773 151,293

  11,059,953 38,224 12,000,866 36,616 11,941,493 32,390

  4,776,650 10,372 4,890,090 9,877 4,941,153 8,995

Value is a projection based 

on historical waste 

generation.

4,392,515 3,668 4,607,101 3,593 4,619,340 3,282

4 (1.30 kg/person/day); if 

bulky waste and tires are 

included, the per capita 

MSW generation rate 

increases to 3.79 kg/person/

day.

1,195,225 2,570 1,592,401 3,232 1,864,992 3,773

  4,993,965 19,778 5,301,420 18,464 5,308,936 16,397

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

Russian 

Federation
ECA UMIC 60,000,000 143,201,676 2012 Tekes 2013, 11

Rwanda SSA LIC 4,384,969 11,917,508 2016 Isugi and Niu 2016

Saint Martin 

(French part)
LAC HIC 15,480 30,959 2012 Sterviinou n.d.

Samoa EAP UMIC 27,399 187,665 2011 SPREP 2016, 21

San Marino ECA HIC 17,175 33,203 2016 San Marino, AASS 2016

São Tomé and 

Príncipe
SSA LMIC 25,587 191,266 2014

Dias, Vaz, and Carvalho 

2014

Saudi Arabia MENA HIC 16,125,701 31,557,144 2015 Nizami 2015

Senegal SSA LIC 2,454,059 15,411,614 2016 Senegal, UCG 2016, 23

Serbia ECA UMIC 1,840,000 7,095,383 2015 Eurostat 2017

Seychelles SSA HIC 48,000 88,303 2012 Talma and Martin 2013, 5

Sierra Leone SSA LIC 610,222 5,439,695 2004 Gogra et al. 2010, 2

Singapore EAP HIC 7,704,300 5,607,283 2017 Singapore, NEA 2017

Slovak 

Republic
ECA HIC 1,784,000 5,423,801 2015 Eurostat 2017

Slovenia ECA HIC 926,000 2,063,531 2015 Eurostat 2017

Solomon 

Islands
EAP LMIC 179,972 563,513 2013 ADB 2014b, 1

Somalia SSA LIC 2,326,099 14,317,996 2016 Calculated (See box 1.1) 

South Africa SSA UMIC 18,457,232 51,729,345 2011

South Africa, Department 

of Environmental Affairs 

2012

South Sudan SSA LIC 2,680,681 11,177,490 2013 UNEP 2013, 18

Spain ECA HIC 20,151,000 46,447,697 2015 Eurostat 2017

Sri Lanka SAR LMIC 2,631,650 21,203,000 2016

Sri Lanka, Ministry of 

Mahaweli Development 

and Environment 2016, v

St. Kitts and 

Nevis
LAC HIC 32,892 54,288 2015 SIDS DOCK 2015, 15
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

  59,585,899 143,965 67,001,631 140,543 71,574,530 132,731

1 (Kigali, reported as a range 

of 1.8–2.0 kg/person/day; 

average used)

4,384,969 11,918 6,555,912 16,024 11,586,425 21,886

4 (500 kg/person/year) 19,322 31 25,450 31 28,535 31

4 (0.4 kg/person/day); 7 28,964 195 35,111 212 49,216 243

  17,175 33 17,018 35 18,686 35

4 (70.1 tonnes/day) 26,999 200 35,319 268 64,173 380

4 (1.4 kg/person/day) 16,455,464 32,276 20,986,707 39,480 25,183,676 45,056

4 (6,723.45 tonnes/day) 2,454,059 15,412 3,957,017 22,123 8,059,355 34,031

A new methodology to 

collect MSW generation data 

was introduced in 2010, 

which requires public utility 

companies to report 

collected waste amounts 

and MSW composition. In 

2013, data were delivered by 

106 of 168 companies; data 

reported by some 

companies are still based on 

estimates.

2,319,171 8,820 2,408,682 8,355 2,392,222 7,447

5 53,921 94 58,271 98 72,626 97

1 (Freetown, 0.45 kg/person/

day)
829,206 7,396 1,157,579 9,720 1,998,055 12,972

5 7,629,509 5,622 9,284,685 6,342 9,989,340 6,575

  1,813,640 5,444 2,024,455 5,387 2,132,309 4,965

  943,902 2,078 1,029,557 2,059 1,090,649 1,942

4 (reported a range of 

0.75–1.0 kg/person/day, 

average used)

192,172 599 291,573 773 535,497 1,033

6 2,326,099 14,318 3,411,381 21,535 7,291,620 35,852

Includes municipal, 

commercial, and industrial 

waste; excludes C&D, 

hazardous, and inert waste.

20,102,994 56,015 27,094,596 64,466 36,766,292 72,755

1 (Juba, 1.11 kg/person/day) 2,854,926 12,231 3,989,661 17,254 7,530,449 25,366

  20,361,483 46,348 21,226,169 46,115 21,829,247 44,395

4 (7,210 tonnes/day). The 

data are for 22 out of 25 

districts in Sri Lanka and 

exclude approximately 

one-quarter of the 

population.

2,581,444 20,798 3,168,447 21,475 3,746,891 20,792

4 (St. Kitts: 2.08 kg/person/

day and Nevis: 1.52 kg/

person/day)

33,380 55 59,629 61 69,926 63

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

St. Lucia LAC UMIC 77,616 177,206 2015
St. Lucia, SLSWMA  

2015, 47

St. Vincent 

and the 

Grenadines

LAC UMIC 31,561 109,455 2015 SIDS DOCK 2015, 15

Sudan SSA LMIC 2,831,291 38,647,803 2015
Elbaroudi, Ahmed, and 

Adam 2015, 9

Suriname LAC UMIC 78,620 526,103 2010 IDB 2010; Zuilen 2006

Sweden ECA HIC 4,377,000 9,799,186 2015 Eurostat 2017

Switzerland ECA HIC 6,056,000 8,372,098 2016 OECD 2018

Syrian Arab 

Republic
MENA LMIC 4,500,000 20,824,893 2009

GIZ and SWEEP-Net 

2010b, 5

Taiwan, China EAP HIC 7,336,000 23,434,000 2015 Chen 2016

Tajikistan ECA LMIC 1,787,400 8,177,809 2013 Tajikistan, Tajstat 2017

Tanzania SSA LIC 9,276,995 49,082,997 2012
Tanzania, NBS and OCGS 

2014

Thailand EAP UMIC 26,853,366 68,657,600 2015 Thailand, PCD 2015, 74

Timor-Leste EAP LMIC 63,875 1,268,671 2016

Timor-Leste, Ministry of 

Commerce, Industry and 

the Environment 2016, 1

Togo SSA LIC 1,109,030 7,228,915 2014 CCAC n.d.

Tonga EAP UMIC 17,238 104,951 2012 ADB 2014c
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

4 (1.2 kg/person/day); Deglos 

Sanitary Landfill received 

51,661 tonnes and the Vieux 

Fort Solid Waste 

Management Facility 

received 20,228 tonnes.  The 

total generation was 

accounted for by dividing by 

the collection efficiency.

78,361 178 91,811 186 106,930 182

4 (0.79 kg/person/day) 31,761 110 39,210 112 45,567 109

1 (Khartoum, 0.2–0.4 kg/

person/day; average used)
2,922,225 39,579 4,492,595 54,842 8,214,056 80,386

1 (urban, 0.47 kg/person/day, 

based on Paramaribo data; 

rural, 0.29 kg/person/day, 

based on data from other 

districts); 7

82,609 558 104,605 617 133,249 648

  4,426,933 9,838 5,122,838 10,712 6,019,418 11,626

  6,077,441 8,402 6,945,435 9,204 8,039,954 9,880

  3,849,718 18,430 6,594,549 26,608 11,170,733 34,021

28 percent of total waste 

(26,200,000 tonnes/year) 

comprises MSW; remaining 

is IW.

6,884,963 23,557 8,040,360 24,151 8,168,078 22,771

  1,968,475 8,735 3,091,105 11,194 5,633,844 14,521

Calculated based on 

summing amount of waste 

collected by company or 

authority, burned, dumped 

on roadside, buried, and 

other (bush, open space).

10,860,140 55,572 18,545,453 83,702 39,824,577 138,082

  27,268,302 68,864 32,484,794 69,626 37,342,182 65,372

4 (175 tonnes/day) 63,875 1,269 91,347 1,704 161,765 2,421

1 (Lome, 220 kg/person/

year)
1,169,455 7,606 1,702,085 10,507 3,083,704 15,298

4 (0.5 kg/person/day); 7 17,849 107 27,763 121 38,277 140

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

Trinidad and 

Tobago
LAC HIC 727,874 1,328,100 2010

Trinidad and Tobago, 

EMA n.d., 54

Tunisia MENA LMIC 2,700,000 11,143,908 2014 Brahim 2017, 2

Turkey ECA UMIC 31,283,000 78,271,472 2015 Eurostat 2017

Turkmenistan ECA UMIC 500,000 5,366,277 2013
Zoï Environment Network 

2013, 25

Tuvalu EAP UMIC 3,989 11,097 2016 SPREP 2016, 21

Uganda SSA LIC 7,045,050 35,093,648 2011
Okot-Okumu and Nyenje 

2011

Ukraine ECA LMIC 15,242,025 45,004,645 2016 Ukraine, SSC 2017

United Arab 

Emirates
MENA HIC 5,413,453 9,269,612 2016

Idrees and McDonnell 

2016

United 

Kingdom
ECA HIC 31,567,000 65,128,861 2015 Eurostat 2017

United States NA HIC 258,000,000 318,563,456 2014 U.S. EPA 2014, 2

Uruguay LAC HIC 1,260,140 3,431,552 2015 IDB 2015, 3

Uzbekistan ECA LMIC 4,000,000 29,774,500 2012 ADB 2012, 1

Vanuatu EAP LMIC 70,225 270,402 2016 SPREP 2016, 21

Venezuela, RB LAC UMIC 9,779,093 29,893,080 2012 Venezuela, INE 2013, 5

Vietnam EAP LMIC 9,570,300 86,932,500 2010
Nguyen, Heaven, and 

Banks 2014, 366

Virgin Islands 

(U.S.)
LAC HIC 146,500 105,784 2011

Davis, Haase, and Warren 

2011, 9
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

Value is an extrapolated 

number from 2009 (650,000 

tonnes), which used 

estimates of waste going into 

major landfills and assumed 

an amount for the rest of the 

landfills. “Of this figure, about 

one third of the waste was 

generated from ICI sources 

whilst the majority of two 

thirds from household 

sources. Based on Trinidad’s 

population, it is further 

estimated that 0.54 tonnes of 

waste is generated per capita 

per year amounting to 

1.50 kilograms per person 

per day.”

731,213 1,365 805,080 1,374 848,091 1,295

Reported as about 

2.7 million tonnes/year.
2,762,239 11,403 3,881,898 12,842 5,399,358 13,884

  31,983,841 79,512 39,975,974 88,417 48,783,058 95,627

Reported as almost 500,000 

tonnes/year of municipal 

waste generated, including 

HW.

566,202 5,663 884,585 6,767 1,252,664 7,888

8 3,989 11 9,038 13 11,933 15

4 (0.55 kg/person/day) 8,375,073 41,488 14,103,192 63,842 30,856,601 105,698

9 (11,562,600 tonnes/year 

collected in 2016 and a 

collection rate of 75.86 

percent in 2012)

15,050,327 44,439 17,542,698 41,200 19,940,300 36,416

4 (1.6 kg/person/day) 5,413,453 9,270 6,802,059 11,055 8,571,552 13,164

  32,037,871 65,789 36,720,437 70,579 42,820,633 75,381

  263,726,732 322,180 311,039,297 354,712 359,887,136 389,592

1 (urban, 1.03 kg/person/day) 1,271,646 3,444 1,521,565 3,594 1,804,592 3,662

Reported as more than 

4 million tonnes/year of 

MSW generated.

4,622,615 31,447 6,594,881 36,712 9,407,851 40,950

8 70,225 270 109,807 354 210,239 475

3; country reports 

100 percent collection 

coverage.

10,093,925 31,568 11,693,608 36,750 15,756,898 41,585

4 (26,220 tonnes/day) 11,562,740 94,569 15,922,186 106,284 21,961,818 114,630

Calculated from waste 

generated in St. Thomas 

(65,000 tonnes/year) and in 

St. Croix (81,500 tonnes/

year).

170,720 105 218,451 102 213,661 89

(Table continues on next page)
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Country or 
economy Region Income

Original year reported

Source
MSW 

generation Population Year

West Bank 

and Gaza
MENA LMIC 1,387,000 4,046,901 2012

GIZ and SWEEP-Net 

2014d, 11

Yemen, Rep. MENA LMIC 4,836,820 27,584,213 2016 Al-Eryani 2017

Zambia SSA LMIC 2,608,268 14,264,756 2011

Edema, Sichamba, and 

Ntengwe 2012; Zambia, 

Central Statistical Office 

2013

Zimbabwe SSA LIC 1,449,752 12,500,525 2002
GIZ 2013a, 2013b, 2013c, 

2013d, 2014

Note: Year refers to year of data, unless otherwise specified.

Population for original year of data from the World Bank (2017b), except for Taiwan, China. Population for Taiwan, 

China, is from the Taiwan National Development Council (2015). Population for 2016 adjusted waste generation 

and 2030 and 2050 projected waste generation from UN DESA (2017). 

For projection methodology, see box 2.1. 

C&D = construction and demolition; EAP = East Asia and Pacific; ECA = Europe and Central Asia; HH = 

household; HIC = high-income country; HW = hazardous waste; ICI = institutional, commercial, and industrial; IW 

= industrial waste; kg = kilogram; LAC = Latin America and the Caribbean; LIC = low-income country; LMIC = 

lower-middle-income country; MENA = Middle East and North Africa; MSW = municipal solid waste; NA = North 

America; SAR = South Asia; SSA = Sub-Saharan Africa; UMIC = upper-middle-income country.

1.  Calculated using an urban or city-specific daily or monthly MSW generation rate as a proxy for national urban 

generation; rural MSW generation is assumed to be 50 percent of urban or city rate; urban or city and value denoted 

in parentheses.

2. Personal communication.

3. Value represents amount collected.

4. Calculated using an average national MSW generation rate; value denoted in parentheses.

5. Value represents total solid waste generated, not only MSW.

6.  One out of four countries in Sub-Saharan Africa for which no data were available at the country or city level. 

A regional estimate of waste generation per capita was calculated for the 44 other Sub-Saharan Africa countries; 

this regional per capita estimate was used to estimate total MSW generated for each of these four countries.

7. Value represents household waste only.

8.  Calculated based on an urban regional per capita average of 1.3 kg/person/day and rural regional per capita 

average of 0.5 kg/person/day.

9. Calculated based on the amount of MSW collected and percentage of collection.
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Comment

2016 adjusted 2030 projected 2050 projected

MSW 
generation 

Population 
(’000s)

MSW 
generation 

Population 
(’000s)

MSW 
generation

Population 
(’000s)

  1,628,920 4,791 2,768,338 6,739 5,618,921 9,704

1 (urban, 0.55–0.65 kg/

person/day; rural 0.3–0.4 kg/

person/day; averages used); 

2

4,836,820 27,584 6,903,335 36,815 12,057,526 48,304

1 (Lusaka and Ndola, 

0.72 kg/person/day)
3,114,269 16,591 5,239,016 24,859 11,185,099 41,001

1 (Chinhoyi, Gweru, Kariba, 

Kadoma, and Norton, 0.27 

kg/person/day)

1,799,140 16,150 2,484,974 21,527 4,189,544 29,659
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com-
posting

Anaerobic 
digestion

Incin-
eration

Algeria MENA UMIC 2.0 89.0 8.0 1.0 

Andorra ECA HIC 52.1 

Antigua and 

Barbuda
LAC HIC 98.7 0.1 

Argentina LAC UMIC 22.6 8.9 62.5 6.0 

Armenia ECA LMIC 100.0 

Aruba LAC HIC 11.0 

Australia EAP HIC 48.9 42.1 9.8 

Austria ECA HIC 3.0 25.7 31.2 37.9 

Azerbaijan ECA UMIC 100.0 

Bahrain MENA HIC 92.0 8.0 

Bangladesh SAR LMIC 5.3 
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

2016, 

2013

CLF, SLF: Ismail 2017

RE, CM: GIZ and 

SWEEP-Net 2014a

1

47.9 2012 UNSD 2016
UA: Does not include landfilling, recycling, 

or composting, as values for those are 0.

0.1 1.1 
2014, 

2011

CLF: Gore-Francis 

2013

CM, UA, WW:  
Antigua and 

Barbuda, Statistics 

Division 2014, 36

CLF: Cooks Sanitary Landfill and Civic 

Amenities Site is referred to as a “sanitary 

landfill”; however, based on the 

performance audit report by the National 

Solid Waste Management Authority, 2013, it 

is run as a CLF; CLF estimated by subtracting 

uncollected waste (composted or thrown in 

waterways) from 100 percent of the waste.

CM: Calculated by the population 

composting compared with total population 

disposing of garbage by various means from 

questionnaire on Population by Parish by 

Waste Disposal Method.

WW: Calculated by the population dumping 

waste in river, sea, or pond compared with 

total population disposing of garbage by 

various means from questionnaire on 

Population by Parish by Waste Disposal 

Method.

UA: Calculated by the population burning 

(0.23 percent), burying (0.04 percent), not 

stated (0.56 percent), and other 

(0.31 percent) compared with total 

population disposing of garbage by various 

means from questionnaire on Population by 

Parish by Waste Disposal Method.

2010
Argentina SIDSA 

2015, 80
 

2012 UNSD 2016
New sanitary landfills are being constructed 

as of 2018.

89.0 2013
Pricewaterhouse-

Coopers Aruba 2014
 

2015

Australia, 

Department of the 

Environment and 

Energy 2017, vii

LF: Calculated based on amount of MSW 

disposed of compared with amount 

generated.

RE: Calculated based on amount of MSW 

recycled compared with amount generated.

IN: Calculated based on amount of MSW 

recovered for energy compared with amount 

generated.

2.2 2015 Eurostat 2017 CM: 2

2015

Azerbaijan, Ministry 

of Economy  

2017, 105

Based on the statement “All of Azerbaijan’s 

disposal sites, other than the new systems 

within the Baku metropolitan area, is by 

open dumping.”

2012
Al Sabbagh et al.  

2012

RE: Value for recycling and material 

recovery rate.

94.8 2011

OD: Enayetullah, 

Sinha, and Khan  

2005

CM: ADB 2011

OD: Most common method of waste 

disposal in Bangladesh.

(Table continues on next page)
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

Barbados LAC HIC 90.0 9.0 

Belarus ECA UMIC 7.1 76.9 16.0 

Belgium ECA HIC 0.9 34.3 19.1 43.4 

Belize LAC UMIC 66.0 34.0 

Benin SSA LIC 25.0 

Bermuda NA HIC 12.2 2.0 18.3 67.6 

Bhutan SAR LMIC 98.0 0.9 1.4 

Bolivia LAC LMIC 55.5 0.0 31.9 12.1 0.4 

Bosnia and 

Herzegovina
ECA UMIC 41.8 8.6 24.1 

Botswana SSA UMIC 1.0 

Brazil LAC UMIC 15.6 21.9 53.3 1.4 0.2 
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

1.0 
2012, 

2015

Riquelme, Méndez, 

and Smith 2016

CLF: Estimated based on total generation 

minus the amount uncollected; the main 

landfill in use is the Mangrove facility, which 

is considered a CLF.

RE: Represents only a portion of waste that is 

recycled by the Sustainable Barbados 

Recycling Centre; the actual amount of HH 

waste that is finally recycled is not known.

CM: 3.

UA: Calculated based on difference between 

total waste generation and sum of waste 

landfilled and recycled.

2016

OD, CLF: Belarus, 

Ministry of Housing 

and Utility 2017b

RE: Belarus, Ministry 

of Housing and 

Utility 2017a

1

2.3 2015 Eurostat 2017 CM: 2

2012
OD, SLF: IDB 2015

CM: IDB 2013, 18

CM: 3
RE: 4
OD: Reported as “inadequate disposal of 

waste” in source, which includes open 

dumps, open burning, and other forms of 

final disposal (bodies of water, animal feed, 

and so on), of which most is assumed to be 

openly dumped.

75.0 2005 AFED 2008, 18  

2012 UNSD 2016
CLF: 5
IN: Value represents IN and ATT.

2016

Bhutan, National 

Environment 

Commission 2016

CLF: Majority of waste is dumped at a 

Memelakha controlled landfill in Thimphu; 

it has soil cover and compaction of waste on 

a regular basis.

2015
Bolivia, MMAyA/

VAPSB/DGGIRS 2016

OD: Includes remainder of waste not 

processed through formal collection or 

informal recycling.

CLF, SLF: SLF includes those constructed as 

such and in good operation; CLF are those 

constructed as SLF but not operating well; 

abandoned landfills excluded.

RE: Includes informal recycling based on 

estimates and formal recycling based on 

inventory of existing plants.

CM: Based on inventory of existing plants.

0.0 25.6 2015

Bosnia and 

Herzegovina, 

BHAS 2016, 1

CLF: Reported as controlled landfill because 

there is no landfill gas management.

Other: 6

99.0 2005 AFED 2008, 18  

7.6 
2015, 

2014

OD, CLF, SLF: 
ABRELPE 2015, 23

IN: ABRELPE 2015, 69

RE: UFPE 2014, 84

CM: Brazil SNIS 

2017, 145

CM: Data refer to percentage of waste sent to 

open dumps, sanitary landfills, compost, and 

sorting plants in participating municipalities.

(Table continues on next page)



236   What a Waste 2.0

Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

British Virgin 

Islands
LAC HIC 80.3 

Brunei 

Darussalam
EAP HIC 70.0 2.0 

Bulgaria ECA UMIC 66.2 19.0 10.3 2.8 

Burkina Faso SSA LIC 59.0 17.0 12.0 

Cambodia EAP LMIC

Cameroon SSA LMIC 80.3 19.3 0.4 

Canada NA HIC 72.3 20.6 4.1 3.0 

Cayman 

Islands
LAC HIC 21.0 

Channel 

Islands
ECA HIC 39.2 28.4 15.9 16.4 

Chile LAC HIC 8.4 85.3 0.4 0.4 0.1 

China EAP UMIC 8.2 60.2 3.0 29.8 

Colombia LAC UMIC 4.0 89.0 17.2 

Congo, 

Dem. Rep.
SSA LIC 4.9 
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

19.7 2005 UNSD 2016  

28.0 2014
Shams, Juani, and 

Guo 2014
 

1.7 2015 Eurostat 2017  

12.0 
2009, 

2005

OD, LF, UA: IMF 2012

CM, AD: Cissé 2015

RE: AFED 2008, 18

CM: 3
AD: 7 (There is a small-scale biogas facility in 

Ouagadougou).

UA: Includes some open burning.

17.5 82.5 2004
Patriamby and 

Tanaka 2014, 82

8

OD: 9
SLF: There is a sanitary landfill in Phnom 

Penh.

Other: Includes open burning (15 percent) 

and other unspecified methods in urban 

areas (2.5 percent); other methods 

(unspecified) in suburban areas is 15 percent 

(not included in figure).

2012

OD, SLF: UNFCCC 

2014

CM, Other: Armel 

2017

RE: UNSD 2016

CM: 3
OD: Proportion of waste that is not landfilled 

or recycled is dumped.

Other: 10

2008, 

2007

LF, RE, IN: Canada, 

Statistics Canada 

2012

CM: van der Werf and 

Cant 2007 

LF: In total, 25,871,310 tonnes are disposed 

of by landfill and incineration, amounting to 

75.3 percent of waste; 3 percent is 

incinerated, so total landfill amount is 

72.3 percent.

RE: In total, 8,473,257 tonnes were diverted 

to recycling and composting. According to a 

2007 article, 17 percent of organic waste is 

composted, which in total is about 

4.1 percent of waste; thus total recycled is 

approximately 20.6 percent.

CM: 17 percent of organic waste is 

composted, which in total is about 

4.1 percent of waste.

IN: Seven municipal incineration plants 

in Canada.

79.0 2013

LF: Amec Foster 

Wheeler 2016

RE: Pricewaterhouse-

Coopers Aruba 2014

LF: 11 (3 landfills).

2016
States of Guernsey 

2017
 

0.0 5.3 2009
Chile, CONAMA 

2010, 59

14

IN: Includes both with and without energy 

recovery.

2014, 

2011

OD, LF, IN: Modak 

et al. 2017, 215

CM: Takeda, Wang, 

and Takaoka 2014, 35

CM: Includes biological treatment and other 

treatment technologies. Informal recycling is 

estimated to be 15.8% nationally based on a 

World Bank 2011 study.

2011 
OD, SLF: IDB 2012, 28

RE: IDB 2015, 3
 

95.1 2005
RE: AFED 2008, 18

Other: Kalula 2016
SLF: 12

(Table continues on next page)
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

Congo, Rep. SSA LMIC 26.2 

Costa Rica LAC UMIC 9.1 23.5 67.5 1.3 

Côte d’Ivoire SSA LMIC 3.0 

Croatia ECA UMIC 79.8 16.3 1.7 

Cuba LAC UMIC 42.2 30.7 9.5 

Curaçao LAC HIC 2.0 

Cyprus ECA HIC 74.5 13.3 4.6 

Czech 

Republic
ECA HIC 52.6 25.5 4.2 17.7 

Denmark ECA HIC 1.1 27.3 19.0 52.6 

Dominica LAC UMIC 94.0 

Dominican 

Republic
LAC UMIC 72.6 0.1 8.2 



 Waste Treatment and Disposal by Country or Economy   239

Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

73.8 2005

OD, CM: Guillaume, 

Château, and 

Tsitsikalis 2015

RE: AFED 2008, 18 

CM: 3
OD: 9

2010, 

2014

OD, CLF, SLF: 
IDB-AIDIS-PAHO 

2011, 132

RE: Costa Rica, 

Division of 

Operational and 

Evaluative Inspection 

2016, 2, 22, 23, and 26

LF: 11

OD: 9 (Waste from 9.1 percent of covered 

population is dumped.)

CLF: Waste from 23.5 percent of covered 

population goes to CLF.

RE: 13

SLF: 12 (Waste from 67.5 percent of covered 

population goes to SLF.)

97.0 2005 AFED 2008, 18  

2.2 2015 Eurostat 2017
CM: 2
UA: 14

17.6 2015

OD, RE, UA: Cuba 

ONEI 2016

CLF: Cuba, ONEI 2017 

(population); Anon 

n.d. (waste disposed 

in landfills); Rebelde 

2007 (generation 

rates)

OD: Calculated based on remainder of waste 

that was collected but not recycled or put in 

CLF in Havana.

CLF: Calculated based on estimate of total 

waste received at unengineered landfills in 

Havana Province only divided by MSW 

generated nationwide; no information 

available on landfills outside of Havana; 

MSW generation estimates do not include 

bulky waste, industrial, or medical waste; 

also likely does not include commercial, but 

this cannot be confirmed.

RE: Calculated based on estimates of waste 

recycled or composted compared with total 

generation.

UA: Calculated based on waste produced by 

population without collection service, 

primarily in rural areas.

98.0 2013
Pricewaterhouse-

Coopers Aruba 2014
 

7.6 2015 Eurostat 2017  

0.0 2015 Eurostat 2017 CM: 2

0.0 2015 Eurostat 2017 CM: 2

6.0 2005 UNSD 2013

CLF: Estimated based on population with 

access to formal collection services; likely 

that actual value is higher; value is 

supported by World Bank site visits.

UA: 6 (Actual figure may be lower.)

19.1 
2017, 

2015

OD, RE: Dominican 

Republic, Ministry of 

Environment and 

Natural Resources 

2014

SLF: Dominican 

Republic, Ministry of 

Environment and 

Natural Resources 

and Ministry of 

Economy 2017

OD: Calculated based on the sum of other 

treatment and disposal options subtracted 

from total waste generated.

SLF: 1 (Estimated based on the amount of 

waste taken to one sanitary landfill in Las 

Placetas, San Jose de las Matas.)

RE: Includes all exported recyclables (metals, 

paper, carton, plastics, and glass); does not 

include items recycled in country.

Other: Calculated based on the amount of 

waste from HH without collection services 

compared with total waste generation.

(Table continues on next page)
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

Ecuador LAC UMIC 22.3 - 53.2 12.9 

Egypt, Arab 

Rep.
MENA LMIC 84.0 7.0 12.5 7.0 

El Salvador LAC LMIC 13.8 78.2 

Estonia ECA HIC 7.4 24.7 3.6 51.4 

Ethiopia SSA LIC 43.0 

Faeroe 

Islands
ECA HIC 67.0 

Fiji EAP UMIC 52.0 5.5 

Finland ECA HIC 11.5 28.1 12.5 47.9 

France ECA HIC 25.8 22.3 17.3 34.7 

French 

Polynesia
EAP HIC 39.0 

Germany ECA HIC 0.2 47.8 18.2 31.7 

Greece ECA HIC 80.0 19.0 

Greenland ECA HIC 60.0 40.0 
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

11.6 2015
Ecuador, Ministry of 

Environment 2018

1

OD: Calculated assuming that 29.5 percent of 

all collected waste (88.4 percent) that is not 

recycled is dumped.

SLF: Calculated based on percentage of 

people with collection service for this 

disposal method times the percent of total 

collection coverage.

RE: 14

UA: 6

2013
GIZ and SWEEP-Net 

2014b

OD: Reported as 80–88 percent in source 

(average used).

RE: Reported as 10–15 percent in source 

(average used).

7.9 0.1 2010
IDB-AIDIS-PAHO 

2011, 132

Other: Includes open burning (7.3 percent) 

and waste disposed as cattle feed, dumped 

in WW, and so on.

12.9 2015 Eurostat 2017 CM: 2

57.0 2011
Global Methane 

Initiative 2011
 

33.0 2012

RE: Nordic 

Competition 

Authorities 2016, 59

IN: Frane, Stenmarck, 

and Gislason 2014 

RE: Recovery includes incineration with 

recovery, CM, AD, RE, other recovery, and 

hazardous materials exported for treatment; 

mineral waste that is inert is usually 

landfilled or used for land reclamation.

IN: Some incineration occurs but exact 

percentage unknown.

42.6 
2011, 

2013

LF: Fiji, Department 

of Environment 2011

RE: Patriamby and 

Tanaka 2014, 274

LF: Calculated based on the amount of waste 

landfilled or dumped in 2010 compared with 

the amount of waste generated in 2011.

RE: Average recycling rate derived from the 

recycling rates of Lautoka City (8.1 percent) 

and Nadi Town (2.8 percent).

0.0 2015 Eurostat 2017 CM: 2

0.0 2015 Eurostat 2017  

61.0 2013 SPREP 2016

OD: 9
LF: 11

SLF: 12 (99 waste disposal sites, of which 

5 are SLF, 3 are controlled dumps, 8 are 

authorized open dumps, and 80 are 

temporary unregulated dumps.)

CM: 3 (1 large-scale compost program 

in Tahiti.)

2.0 2015 Eurostat 2017  

1.0 
2014, 

2011

Greece, Ministry of 

Environment and 

Energy 2015, 17

LF: Reported as disposed of.

RE: Reported as recovered (recycling and 

composting).

Other: Reported as unregistered 

management.

2010
Eisted and 

Christensen 2011

LF: Calculated based on the amount of waste 

landfilled compared with amount generated 

(average used).

IN: Calculated based on the amount of waste 

incinerated compared with amount 

generated.

(Table continues on next page)
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

Grenada LAC UMIC 98.3 0.2 

Guam EAP HIC 64.0 17.9 

Guatemala LAC LMIC 69.8 9.6 15.4 

Guinea SSA LIC 5.0 

Guyana LAC UMIC 61.4 0.5 

Haiti LAC LIC 9.9 

Honduras LAC LMIC 15.0 59.9 11.3 

Hong Kong 

SAR, China
EAP HIC 66.0 34.0 

Hungary ECA HIC 53.6 25.9 6.2 14.1 

Iceland ECA HIC 30.3 55.8 2.9 1.9 

India SAR LMIC 77.0 5.0 18.0 
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

1.5 2011

Grenada, Population 

and Housing Census 

2011, 35

CLF: The two landfills are controlled landfills; 

they are being upgraded as part of a 

Caribbean Development Bank project.

CM: Represents an approximate value of 

waste composted in HH.

Other: Includes open burning (0.7 percent), 

dumping (0.2 percent), dumping on land 

(0.4 percent), burying (0.1 percent), and other 

unspecified (0.1 percent).

18.2 
2012, 

2011

SLF, RE: Guam 2013

CM: SPREP 2016

SLF: Calculated based on amount disposed 

of in Layon Landfill and amount of waste 

generated.

5.2 2010
IDB-AIDIS-PAHO 

2011, 132
UA: 15

95.0 2005 AFED 2008, 18  

38.1 
2011, 

2010

Guyana, Ministry of 

Communities n.d.

UA: Refers to remainder of waste not 

disposed of in landfill or recycled, which is 

mainly disposed of in CLF and ODs; a small 

portion is recycled through glass and scrap 

metal recycling programs.

90.1 2012

IHSI, IRD, Dial, 

Nopoor, ANR 2014 

(coverage); IHSI 2015 

(population); SWANA 

Haiti Response Team 

2010 (generation - 

Port au Prince); 

Naquin 2016 

(generation per 

capita urban and 

rural areas – 

Cap-Haïtien)

CLF: Calculated assuming that total waste 

collected in the metropolitan area of Port au 

Prince is disposed of in the Trutier landfill as 

a percentage of the total waste generated 

countrywide.

UA: Includes all waste collected from other 

urban and rural areas.

13.8 2010
IDB-AIDIS-PAHO 

2011, 132
UA: 15 and all other disposal methods.

2016

Hong Kong, 

Environmental 

Protection 

Department, 

Statistics Unit 2017

 

0.1 2015 Eurostat 2017  

9.1 2013
Iceland, Statistics 

Iceland 2015, 429

Calculated based on actual values provided.

Other: Includes other recovery (8.38 percent), 

other disposal (0.38 percent), and hazardous 

waste exported for treatment (0.38 percent).

2016, 

2013

OD, CM: India 

CPCB 2017

RE: Mahapatra 2013

1

OD: Assuming 100 percent of rural waste is 

dumped; 77.96 percent of urban waste is 

dumped based on CPCB data, less amount 

recycled.

RE: Based on estimate that 15,342 tonnes of 

plastic is disposed of every day, 60 percent 

of which is recycled.

CM: Value refers to total amount of waste 

processed from composting, RDF, and 

biogas.

(Table continues on next page)
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

Indonesia EAP LMIC 10.0 69.0 7.0 

Iran, Islamic 

Rep. 
MENA UMIC 72.0 10.0 5.0 12.0 0.3 0.4 

Iraq MENA UMIC 100.0 

Ireland ECA HIC 41.0 33.0 6.0 17.0 

Isle of Man ECA HIC 25.0 50.0 25.0 

Israel MENA HIC 75.0 25.0 

Italy ECA HIC 26.5 25.9 17.6 19.0 

Jamaica LAC UMIC 64.0 

Japan EAP HIC 1.1 4.9 0.4 0.1 80.2 

Jordan MENA LMIC 45.0 48.0 7.0 

Kazakhstan ECA UMIC 60.1 2.9 

Kenya SSA LMIC 8.0 

Korea, Rep. EAP HIC 16.0 58.0 1.0 25.0 

Kosovo ECA LMIC 33.6 66.4 
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

14.0 2016 Damanhuri 2017, 3

RE: 13

OD: Referred to as “illegal dumping” 

in source.

Other: Includes disposal in rivers, on streets, 

gardens, and so on (9 percent) and open 

burning (5 percent).

0.3 2017 Abedini 2017

1

RE: Value for material segregated in sorting 

plants.

AD: There is only one facility in Tehran with 

capacity of 150 tonnes/day.

IN: There is only one facility in Tehran with 

capacity of 200 tonnes/day.

2015
Iraq, Ministry of 

Environment 2015
 

2.0 1.0 2012 Ireland, EPA 2014, 1

CM: 2
Other: 34 percent of MSW managed in 

Ireland was exported for energy recovery 

and recycling.

2011

Isle of Man, 

Department of 

Infrastructure n.d., 12

 

2017

Israel, Ministry of 

Environmental 

Protection 2017

LF, RE: Reported as, “Some 75 percent of the 

waste in the country is buried in landfills 

while only about 25 percent is recycled.”

11.0 2015 Eurostat 2017
CM: 2
UA: 14

29.0 7.0 
2016, 

2011

CLF: Jamaica 

NSWMA 2016

Other: Jamaica 2011

CLF: 14

Other: Calculated based on the amount 

treated or disposed of compared with the 

amount generated [burned (34.58 percent), 

buried (0.60 percent), and WW 

(0.82 percent)].

13.3 2015
Japan, Ministry of the 

Environment 2015

SLF: 12 (2 out of 1,718 facilities.)

IN: Includes ATT.

2014
GIZ and SWEEP-Net 

2014c, 7
 

37.0 2012 World Bank n.d., 42

OD: Calculated based on the amount of 

waste disposed of in dumpsites or landfills 

compared with the amount of MSW 

generated.

RE: Calculated based on the amount of waste 

recycled and processed compared with the 

amount of MSW generated.

92.0 2009 UNECA 2009, 24
8

RE: 13

2014 OECD 2017  

2010

Kosovo, Ministry of 

Environment and 

Spatial Planning 

2013, 27

 

(Table continues on next page)
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

Kuwait MENA HIC 100.0 

Kyrgyz 

Republic
ECA LMIC 100.0 

Lao PDR EAP LMIC 60.0 30.0 10.0 

Latvia ECA HIC 57.6 21.2 5.5 

Lebanon MENA UMIC 29.0 48.0 8.0 15.0 

Liechtenstein ECA HIC 64.6 

Lithuania ECA HIC 54.0 22.9 10.2 11.5 

Luxembourg ECA HIC 17.7 28.4 19.7 34.0 

Macao SAR, 

China
EAP HIC 20.0 

Macedonia, 

FYR
ECA UMIC 99.7 0.2 0.1 

Madagascar SSA LIC 96.7 3.5 

Malaysia EAP UMIC 71.5 10.0 17.5 1.0 

Maldives SAR UMIC 7.0 6.0 

Malta MENA HIC 89.6 6.7 0.4 

Marshall 

Islands
EAP UMIC 30.8 6.0 

Mauritania SSA LMIC 54.7 37.3 8.0 

Mauritius SSA UMIC 91.0 9.0 

Mexico LAC UMIC 21.0 74.5 5.0 

Moldova ECA LMIC 35.1 15.3 
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

2014 Alsulaili et al. 2014  

2010 Barieva 2012

Calculated based on amount of domestic 

waste disposed of compared with total 

amount of domestic waste generated.

2015
CLF: Keohanam 2017

RE: CCAC n.d.(b)
 

15.7 2015 Eurostat 2017 CM: 2

2014
GIZ and SWEEP-Net 

2014d, 8
 

35.4 2015

RE: Liechtenstein, 

Office of Statistics 

2018, 7

RE: Value is for urban waste.

1.4 2015 Eurostat 2017  

0.3 2015 Eurostat 2017 CM: 2

80.0 2014

RE: Macao SAR, 

China 2014

IN: Macao SAR 

China, DSEC 2017

RE: Includes plastics, rubber, paper, metal, 

and other recoverable waste; approximated 

from figure in source.

IN: Some incineration occurs at Macao 

Refuse Incineration Plant, which treats 

domestic and ICI waste, but exact percentage 

unknown.

2013

LF, RE, CM: 
Macedonia, FYR, 

Ministry of 

Environment and 

Physical Planning 

2014, 92

IN: Dimishkovska and 

Dimishkovski 2012, 

264

 

2007 UNSD 2016  

2017, 

2016
UNCRD 2017  

63.0 24.0 2016
Maldives, MEE 2017, 

173

All values are specifically for kitchen 

waste disposal.

Other: Includes bury (17 percent) and open 

burning (7 percent).

3.4 2015 Eurostat 2017

SLF: Uncontrolled landfills were replaced 

with two major engineered landfills in 2004 

and 2006.

63.2 2007 UNSD 2016  

2009
GIZ and SWEEP-Net 

2010a
 

2012 UNSD 2016  

2013
Mexico, SEMARNAT 

2016, 444–45

AD: 16

IN: Only for hazardous waste and health 

care waste.

49.6 2015
Moldova, Statistica 

Moldovei 2016, 58

OD: Calculated based on the amount 

deposited compared with the amount of 

waste generated.

RE: Calculated based on the amount recycled 

compared with the amount of waste 

generated.
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

Monaco ECA HIC 5.4 85.0 

Mongolia EAP LMIC 93.5 

Montenegro ECA UMIC 91.6 5.4 

Morocco MENA LMIC 52.0 37.0 8.0 1.0 

Mozambique SSA LIC 99.0 1.0 

Myanmar EAP LMIC

Namibia SSA UMIC 4.5 

Nepal SAR LIC 37.0 2.9 

Netherlands ECA HIC 1.4 24.6 27.1 47.4 

New 

Zealand
EAP HIC 100.0 

Nicaragua LAC LMIC 59.3 19.6 

Niger SSA LIC 64.0 - 4.0 - 

Nigeria SSA LMIC 40.0 

Northern 

Mariana 

Islands

EAP HIC 36.0 

Norway ECA HIC 3.4 26.2 16.7 52.4 

Oman MENA HIC 100.0 0.0 

Pakistan SAR LMIC 50.0 40.0 8.0 2.0 

Panama LAC UMIC 23.4 16.0 41.7 

Papua New 

Guinea
EAP LMIC 62.0 2.0 

Paraguay LAC UMIC 23.4 40.2 36.4 

Peru LAC UMIC 56.4 15.6 24.0 4.0 
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

9.6 
2012, 

2013

RE: UNSD 2016

IN: Monaco, 

Directorate of 

Environment 2013

IN: Calculated based on 39,000 tonnes from 

the principality (including sewage sludge) 

that is incinerated; actual incineration rate is 

higher as waste is imported.

6.5 2016 Delgerbayar 2016  

3.0 2016 

OD, RE, UA: Eurostat 

2017

SLF: ZWMNE 2016

SLF: 12 [2 SLF in Podgorica (Livade) and 

Mozura.]

2.0 2014
GIZ and SWEEP-Net 

2014e, 7
CM: Value is given as <1 percent in source.

2014 Tas and Belon 2014

RE: < 1 percent of waste recycled 

(estimated); waste that is not recycled is 

either dumped or buried.

8.0 92.0 2010 Thein 2010
OD: 9
Other: Value refers to open burning.

95.5 2005 AFED 2008, 18  

60.1 2013 ADB 2013

LF: Source says disposed of in sanitary 

landfills, but not in a sanitary manner.

CM: Value for all composting not known.

UA: Value represents uncollected waste.

2015 Eurostat 2017 CM: 2

2015 UNSD 2016  

21.1 2010
IDB-AIDIS-PAHO 

2011, 132
Other: Includes open burning (7.5 percent).

12.0 20.0 2005 UNSD 2016 Other: Refers to open burning.

60.0 1995

OD, RE: Ayuba et al. 

2013

LF, Other: IPCC 2006, 

17

RE: 4
OD: 9

64.0 2016 US EPA 2016  

1.4 2015 OECD 2017  

2017 Ouda 2017 1; 8

2017
Korai, Mahar, and 

Uqaili 2017, 348
 

18.9 2010
IDB-AIDIS-PAHO 

2011, 132
Other: 15 and open burning (4.7 percent).

37.0 2016
Papua New Guinea, 

NCDC 2016, 45

RE: Recycling is limited to cans, plastic, glass 

containers, and food for piggeries.

Other: Includes illegal dumping and open 

burning.

2010
IDB-AIDIS-PAHO 

2011, 132
 

2014, 

2012

OD, CLF, SLF: Peru, 

Ministry of 

Environment 2016, 21

RE: Peru, Ministry of 

Environment 2013, 3

OD: Waste not disposed of in SLF was 

disposed of inadequately.

SLF: 14

(Table continues on next page)
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

Philippines EAP LMIC 28.0 

Poland ECA HIC 44.3 26.4 16.1 13.2 

Portugal ECA HIC 49.0 16.2 14.1 20.7 

Puerto Rico LAC HIC 66.5 14.0 

Qatar MENA HIC 93.0 3.0 4.0 

Romania ECA UMIC 72.0 5.7 7.5 2.4 

Russian 

Federation
ECA UMIC 95.0 4.5 

Samoa EAP UMIC 31.0 36.0 

San Marino ECA HIC 45.1 

Saudi Arabia MENA HIC 85.0 15.0 

Senegal SSA LIC 43.8 5.1 

Serbia ECA UMIC 73.9 0.8 

Singapore EAP HIC 2.0 61.0 37.0 

Slovak 

Republic
ECA HIC 68.7 7.6 7.3 10.7 

Slovenia ECA HIC 22.7 46.4 7.7 17.1 

Solomon 

Islands
EAP LMIC

South  

Africa
SSA UMIC 72.0 28.0 
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

72.0 2014
Modak et al. 

2017, 235
 

2015 Eurostat 2017 CM: 2

2014 Eurostat 2017 CM: 2

19.5 
2007, 

2013

LF: Energy Answers 

2012, 2

RE: Pricewaterhouse-

Coopers Aruba 2014

LF: 14 (Assumed disposed of in landfill, as 

there are 29 operating landfills.)

2014
Ayoub, Musharavati, 

and Gabbar 2014, 96
 

12.5 2015 Eurostat 2017

LF: Refers to waste disposal in general as 

there is no information on the type of 

disposal; in Romania there is a combination 

of controlled and sanitary landfills with 

landfill gas recovery.

UA: 14

0.5 2012

OD: IFC 2012, 5

RE: Russia, Ministry 

of Natural Resources 

and Ecology 2012, 7

RE: Source provides a range of 4–5 percent 

(average used).

33.0 2013 SPREP 2016

CLF: 14 [Semi-aerobic landfill (Fukuoka 

method).]

RE: Refers to amount exported or recycled or 

reused locally.

55.0 2016
San Marino, AASS 

2016

RE: Value refers to amount of waste that is 

collected separately; all of this waste is 

recovered in some form.

2015 Saudi Arabia n.d.

CLF: Value based on personal knowledge 

and the difference between total disposal 

(100 percent) and amount recycled (15 

percent).

RE: Includes recycling and treatment.

4.7 46.4 2014

OD, CLF, Other: 
ANSD 2014

RE, CM: Gret-LVIA-

Pacte 2006

OD: Includes dumping (42.2 percent) and 

informal burial (1.6 percent).

RE: Most households engage in recycling 

activities; there are various societies devoted 

to the recycling of plastic (PROPLAST), paper 

(PRONAT), and aluminum (SELMEG). 

Other: Includes open burning (3.5 percent).

25.3 2015

OD: Anthouli et al. 

2013, 27

LF, RE: Eurostat 2017

OD: There are 3,582 identified landfills, of 

which 165 are municipality landfills, 5 are 

SLF, and the rest are dumps.

2015

Singapore, Ministry 

of the Environment 

and Water Resources 

2017

 

5.7 2015 Eurostat 2017  

6.2 2015 Eurostat 2017 CM: 2

81.0 19.0 2015
Solomon Islands, 

MECDM 2015
8

2011

South Africa, 

Department of 

Environmental 

Affairs 2012

CLF, RE: Include MSW and C&I waste; 

excludes C&D, hazardous, and inert waste.

(Table continues on next page)
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

Spain ECA HIC 55.1 16.8 16.5 11.6 

Sri Lanka SAR LMIC 85.0 12.8 5.0 

St. Kitts and 

Nevis
LAC HIC 100.0 

St. Lucia LAC UMIC 96.8 0.1 

St. Vincent 

and the 

Grenadines

LAC UMIC 99.9 0.1 

Sudan SSA LMIC 82.0 

Suriname LAC UMIC 63.0 

Sweden ECA HIC 0.8 32.4 15.6 51.2 

Switzerland ECA HIC 32.0 21.0 47.0 

Syrian Arab 

Republic
MENA LMIC 80.0 20.0 2.5 1.5 

Taiwan, 

China
EAP HIC 34.8 64.2 
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

2015 Eurostat 2017 CM: 2

2016

Sri Lanka, Ministry 

of Mahaweli 

Development and 

Environment 2016

OD: Reported as more than 85 percent of 

waste dumped unscientifically.

2017 SIDS DOCK 2015, 14  

2.6 0.5 2010

St. Lucia 

Government 

Statistics Department 

2011

Other: Includes open burning (1.5 percent); 

dumping on land (0.6 percent); dumping in 

river, sea, or pond (0.4 percent); and burying 

(0.1 percent).

UA: Includes other (0.2 percent) and not 

stated (0.3 percent).

3.6 2012

LF, CM: St. Vincent 

and the Grenadines, 

Statistical Office 

2012, 45

Other: St. Vincent 

and the Grenadines, 

Statistical Office n.d.

LF: Five landfills are operational; MSW either 

is sent to landfills or composted.

CM: Includes that which is composted after 

collection and at HH level (0.1 percent of 

households compost as their major form of 

disposal).

Other: Includes burning (2.6 percent); burial 

(0.2 percent); open dumping (0.4 percent); 

dumping in river, sea, or pond (0.2 percent); 

and other not specified (0.2 percent); values 

are for percentage of HH undertaking waste 

disposal.

18.0 2003 IPCC 2006, 17  

37.0 2013 Viren 2013

OD: Open dumping is the main waste 

disposal method for the country; the largest 

dump that is most similar to a formal landfill 

still has fires, leachate management 

deficiencies, and animals on site; formally 

collected waste is sent to a dump.

UA: 6, which is managed by households in a 

variety of ways, but is most likely dumped.

2015 Eurostat 2017 CM: 2

2015 OECD 2017

LF: There are no landfills for MSW, but they 

exist for inert materials, stabilized residues, 

and bioreactor landfills.

2010
GIZ and SWEEP-Net 

2010b

OD: Source provides a value of about 

80 percent.

LF: Source provides a value of about 

20 percent landfilled.

RE: Source provides a range of 2–3 percent 

(average used).

CM: Source provides a range of 1–2 percent 

(average used).

1.0 2002 Tsai and Chou 2006

IN: Primary method of disposal.

Other: Value includes composting and 

dumping.

(Table continues on next page)
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

Tajikistan ECA LMIC 100.0 

Tanzania SSA LIC 69.0 

Thailand EAP UMIC 53.5 27.0 19.1 0.4 

Togo SSA LIC 96.2 2.0 1.8 

Tonga EAP UMIC 40.0 

Trinidad and 

Tobago
LAC HIC 84.0 12.0 0.8 

Tunisia MENA LMIC 21.0 70.0 4.0 5.0 

Turkey ECA UMIC 44.0 54.0 1.0 

Turkmenistan ECA UMIC 100.0 

Tuvalu EAP UMIC 14.5 15.0 

Uganda SSA LIC 87.0 7.0 6.0 
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

2015
OD: Boboeva 2015, 2

RE: UNECE 2017

8

OD: MSW is neither sorted nor treated; 

uncontrolled dumping is widespread.

RE: The country generally lacks recycling 

infrastructure, except for scrap metals and 

paper; collection of waste paper, glass, and 

other recyclables is primarily done by the 

informal sector.

22.6 8.5 2012
Tanzania, NBS and 

OCGS 2014

OD: Includes informally disposed of in pits or 

buried (36.2 percent).

Other: Value refers to open burning.

UA: Amount is collected by company or 

authority but disposal mechanism is 

unspecified.

2012
Intharathirat and 

Salam 2015, 35

OD: Reported as “disposed improperly.”

LF: Reported as “disposed properly.”

- 
2014, 

2012

OD: CCAC n.d.(a)

RE, CM: UNSD 2016

OD: All waste is disposed of in an “open 

landfill” (dump) that is not sorted and 

precollected.

60.0 2012 ADB 2014

Calculated based on the amount collected 

compared with the amount generated; all 

collected waste is landfilled.

3.2 2011
Trinidad and Tobago, 

EMA n.d.

All values calculated based on National 

Census 2011.

CM: 1.17 percent of HH waste is composted 

by HH and HH waste makes up two-thirds of 

all waste generation.

UA: 4.5 percent of HH waste is not collected 

or composted; includes waterways. 

(0.1 percent) and burning (2.2 percent).

2014
GIZ and SWEEP-Net 

2014g
 

1.0 2015

OD, SLF, UA: Bakas 

and Milios 2013, 5

CM: OECD 2017

UA: Consists of biological treatment or 

disposal by other methods.

2013
Zoï Environment 

Network 2013, 25

LF: Reported as “almost all” going to 

landfills.

70.5 2013 SPREP 2016

CM: 3 

OD: Calculated based on the amount 

landfilled or dumped compared with the 

amount of waste generated; there are 9 

authorized dumps in Tuvalu.

2017

OD, RE, SLF: 
KCCA-IFC 2017

CM: Okot-Okumu 

2012, 7

RE: 4
OD, SLF, RE: Estimate based on total waste 

generated and report that Kampala has the 

only SLF receiving 1,300 tonnes/day; an 

estimated 6 percent of waste is removed 

from the waste stream for recycling; waste in 

other areas is dumped.

CM: 8 (Composting is being practiced in 

more than 11 urban councils of Uganda 

under the Clean Development Mechanism 

under the Kyoto Protocol pilot project 

promoted by the World Bank, but no actual 

values available.)

(Table continues on next page)
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Country or 
economy Region Income

Open 
dump

Landfill 
unspecified

Controlled 
landfill

Sanitary 
landfill Recycling

Com -
posting

Anaerobic 
digestion

Incin-
eration

Ukraine ECA LMIC 94.1 3.2 2.7 

United Arab 

Emirates
MENA HIC 62.0 9.0 20.0 9.0 

United 

Kingdom
ECA HIC 22.6 27.3 16.2 31.4 

United 

States
NA HIC 52.6 34.6 12.8 

Uruguay LAC HIC 17.5 61.7 10.5 8.0 

Uzbekistan ECA LMIC 60.0 

Vanuatu EAP LMIC 11.3 37.0 

Vietnam EAP LMIC 23.0 15.0 

West Bank 

and Gaza
MENA LMIC 67.0 33.0 0.5 0.5 

Yemen, Rep. MENA LMIC 25.0 12.0 8.0 

Zimbabwe SSA LIC 16.0 

Note: Year refers to year of data, unless otherwise specified. 

AD = anaerobic digestion; ATT = advanced thermal treatment; C&D = construction and demolition; C&I = 

commercial and institutional; CLF = controlled landfill; CM = composting; CPCB = Central Pollution Control Board 

(Government of India); EAP = East Asia and the Pacific; ECA = Europe and Central Asia; HH = household; HIC = 

high-income country; ICI = institutional, commercial, and industrial; IN = incineration; LAC = Latin America and the 

Caribbean; LF = landfill unspecified; LIC = low-income country; LMIC = lower-middle-income country; MENA = 

Middle East and North Africa; MSW = municipal solid waste; NA = North America; OD = open dumping; RDF = 

refuse-derived fuel; RE = recycling; SAR = South Asia; SLF = sanitary landfill; SSA = Sub-Saharan Africa; UA = 

unaccounted for; UMIC = upper-middle-income country; WW = waterways.

1. Personal communication.

2. Value includes composting and anaerobic digestion.

3. Composting occurs but exact percentage is unknown.

4. Recycling occurs but exact percentage is unknown.

5. Value for MSW only.

6. Value refers to uncollected waste.

7. Anaerobic digestion occurs but exact percentage is unknown.

8. Year refers to year of publication.

9. Open dumping occurs but exact percentage is unknown.

10. Open burning occurs but exact percentage is unknown.

11. Some landfilling occurs but exact percentage is unknown.

12. Some sanitary landfilling occurs but exact percentage is unknown.

13. Value includes recycling and composting.

14. Calculated based on the amount treated or disposed of compared with the amount generated, which is reported 

in appendix A.

15. Value includes dumping in waterways and usage as animal feed.

16. According to source, being established but exact status unknown.
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Advanced 
thermal 

treatment
Water-
ways Other

Un -
accounted  

for Year(s) Source Comment

2015

Business Sweden, 

The Swedish Trade 

and Invest Council 

2016, 5

LF: 6,000 landfills, of which 31 percent are 

not certified or licensed.

2015
Abu Dhabi SCAD 

2016

OD: 5; reported as dumpsite and other; 

all values for Abu Dhabi emirate only.

2.6 2015 Eurostat 2017 CM: 2

2014 US EPA 2014 RE: 13

2.3 
2013, 

2011

OD, CLF, SLF: CSI 

Ingenieros 2011; 

Anon n.d.(d); LKSur 

2013, 8

RE: Oriental Republic 

of Uruguay 2004, 9; 

CSI Ingenieros 2011

OD, CLF, SLF: Calculated based on amount 

disposed of at type of facility and coverage 

rate.

RE: Calculated based on values available 

from formal recycling programs; does not 

include informal recycling or other formal 

recycling activities.

40.0 2011 CER 2011, 28

OD: According to the State Committee for 

Nature Protection, there are 178 registered 

dumps and several hundred additional 

unregistered dumps.

51.7 2013 SPREP 2016

Calculated based on the amount landfilled or 

dumped compared with the amount of waste 

generated.

62.0 
2014, 

2013

RE: Patriamby and 

Tanaka 2014, 364

CM: Vietnam WENID 

2013

RE: Reported as a range of 18–28 percent 

(average used).

2013
GIZ and SWEEP-Net 

2014f

RE, CM: Value in source given as 

< 0.5 percent.

8.0 47.0 2016 Al-Eryani 2017 1

84.0 2005 AFED 2008, 18  
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