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Introduction
Developed countries are moving from linear “take-make-
dispose” waste models to circular economy systems. Countries 
like Germany, Japan, Sweden, and the Netherlands offer strong 
case studies for municipal solid waste management (MSWM). 
Legislative tools (like the EU Waste Framework Directive or 
bans on single-use plastics) are critical in SWM. According to 
the United Nations (UN), by 2050, two-thirds of the world’s 
population will live in urban spaces, which necessitates the 
improvement of infrastructure, energy, health, and waste 
management services for the upcoming urban level of 
population (Baltac, 2019; Espinoza-Arias et al., 2018; Jagtap 
& Rahimifard, 2019; Macke et al., 2019).

With the increasing city population, waste management is a 
serious concern in urban spaces and requires a sustainable 
ecosystem for an urban population for efficient city life (Baltac, 
2019; Jagtap & Rahimifard, 2019; Jatinkumar & Jørgensen 
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2018; Valenzuela-Levi, 2019). Waste generation in cities will 
double every decade, with an increasing population of 3–5 
% every year. It imposes severe pressure on waste collection 
and waste processing activities (Chatterjee & Kar, 2018). 
Municipal solid waste (MSW), is a major environmental 
and policy challenge in developed countries due to high 
consumption rates, dense urban populations, and increasing 
pressure on natural resources. Developed nations are adopting 
innovative strategies to manage waste more sustainably, 
focusing on reduction, recycling, energy recovery, and circular 
economy principles. Most of the developed and developing 
nations focus on the transformation of city livelihood through 
the development of smart cities. Levels of collection coverage 
and controlled disposal of 95% in middle-income, and 50% 
in low-income, cities are already commonplace; whereas 
recycling rates of 20–30% are often achieved by the informal 
sector (Wilson et al., 2012; Wilson et al., 2013). Developed 
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countries the root causes of waste management cannot focus 
only on end-of pipe waste management, we do need to consider 
also upstream issues (Srivastava et al., 2014).

Current State of Municipal Solid Waste in Developed and 
Developing Countries
The current state of municipal solid waste management differs 
significantly between developed and developing countries due 
to variations in economic capacity, technological advancement, 
population growth, and governance (Khan et al., 2022). 
However, developed countries face challenges related to high 
waste generation and complex waste streams, developing 
countries struggle with inadequate collection systems, limited 
infrastructure, and rapid urbanization. Developed countries 
have sophisticated systems for collecting, treating, and 

disposing of municipal solid waste, at the same time they face 
persistent issues due to high amount of waste generated and 
the limits of recycling systems. The shift toward a circular 
economy, increased waste prevention, and technological 
innovation play a critical role to reduce environmental impacts 
and achieving long-term sustainability. Developing countries 
is a multidimensional challenge with environmental, health, 
economic, and social implications. While rapid urbanization 
increases pressure, there is significant potential for improvement 
through integrated waste-management strategies, community 
engagement, better governance, and support for the informal 
recycling sector. Transforming waste systems not only reduces 
pollution but can also create jobs, recover valuable resources, 
and build more resilient cities. Table 1 shows the current state 
of MSWM in developed and developing countries.

Table 1: Current State of MSWM in Developed and Developing Countries
Country Waste Generation 

(kg/cap/day)
Waste 
C o m p o s i t i o n 
(organic-%)

Collection and Treatment Key Challenges

Developed 
Countries

1.3-2.5 20–40 •	 Collection coverage~100%
•	 Sanitary landfills
•	 Waste-to-energy (WTE)  
•	 M e c h a n i c a l - b i o l o g i c a l    

treatment  (MBT)
•	 Anaerobic digestion 

•	 Excessive waste generation
•	 Stagnating recycling rates
•	 Growing plastic and e-waste 

volumes

Developing 
Countries

0.5-1.0 40–70 •	 Collection coverage~ 30–
70%

•	 Uncollected
•	 Open dumping and 

uncontrolled landfill
•	 Recycling-informal sector

•	 Inadequate collection systems
•	 Health risks
•	 Limited investment and 

technology

Municipal Solid Waste Generation by Region and Global
In the countries or regions with the highest total MSW 
generation, there is sometimes a relatively low rate of MSW 
generation per capita. Figure 1 shows that comparable quantities 
are generated by North America and Central and South 
Asia, although there is a marked difference in the quantities 
generated per capita. In addition, the number of fast-growing 
middle-income countries, where waste management issues are 
especially prominent, is increasing. Global municipal solid 
waste generation was projected to increase from approximately 
2.01 billion tonnes in 2016 to 2.59 billion tonnes in 2023 and 
is projected to 3.8 billion tonnes by 2050, which accounted 
for a 30-40% increase (Blazso, 2010; Kaza et al., 2018). It is 
alarming to urgently take action to improve waste management 

strategies globally, particularly in regions of rapid urbanization. 
Of this waste, almost one-third is projected to originate from 
Asia alone (Chen et al., 2021). Furthermore, Plastic pollution 
is also a main part of MSW which can afflict land, waterways 
and oceans. It is estimated that 1.1 to 8.8 million tonnes of 
plastic waste enters the ocean from coastal communities each 
year (Jambeck et al., 2015). The results of several researches 
indicated by 2050 there could be more plastic than fish in the 
oceans by weight (Sutter, 2016). Globally, predictions indicate 
that plastic production could exceed 650 million tons by 
2050, representing a staggering more than 22000 % increase 
compared to 1950 (World Bank, 2023c). However plastic 
pollution is out of the scope of this.
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Figure 1: MSW Generation by region: million tonnes and kg/person/day
			   Source: (World Bank 2023c).

Global municipal solid waste generation varies by region, income level, and urbanization. The average amount of MSW generated 
per capita per day (kg/cap/day) can differ greatly between high-income countries and low-income countries (Fig 2). It means that 
high income countries have more purchasing power than low-income countries. The global average is estimated to be around 
0.74 kg/cap/day based on data from organizations like the World Bank, but this is rising as developing countries continue to 
urbanize and consumption levels increase. Waste generation is expected to keep growing worldwide, with projections suggesting 
that global MSW could increase by up to 70% by 2050 due to urban population growth and higher income levels (Kaza et al., 
2018).

Figure 2: Global municipal solid waste generation (kg/cap/day)
			           Source: (Kaza et al., 2018)

Projection of global municipal solid waste in 2030, 2040 and 2050 if urgent action is not taken
In 2020, global MSW generation is estimated to have been 2.1 billion tonnes per year. Owing to a combination of economic and 
population growth, it is projected to increase by 56 per cent to 3.8 billion tonnes by 2050 if urgent action is not taken (Fig 3).
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Figure 3: Global Municipal solid waste projection for 2030, 2040 and 2050
Source: The Global Waste Management Outlook 2024 adopted from World Bank (2018). “What a Waste 2.0” (Kaza et al., 2018).
Municipal Solid Waste Management Approach and 
Challenges for Developed and Developing Countries 
Municipal Solid Waste management (MSWM) approaches 
differ significantly between developed and developing 
countries due to differences in income level, technology, 
infrastructure, governance, and public awareness.

Municipal Solid Waste Management Approach in 
Developed Countries
The Circular Approach
The circular approach is a sustainable waste management 
strategy that aims to keep materials and resources in use for 
as long as possible, minimize waste generation, and reduce 
environmental impacts. It shifts away from the traditional 
linear model (take → make → use → dispose) to a circular 
model (design → use → recover → regenerate) or closed 
loop system. Core Principles of the Circular Approach include 
reduce, reuse, recycle, recover and regenerate which play a 
crucial role in minimizing waste.

Innovations 
Innovations in municipal waste management have grown 
rapidly in response to the challenges posed by growing urban 
populations, climate change, and resource scarcity. The shift 
towards sustainable, efficient, and tech-driven solutions has 
led to some exciting advancements. Here are some of the 
most important innovations currently shaping municipal waste 
management:

Smart Technologies
Most of the developed and developing nations focus on the 
transformation of city livelihood through the development of 
smart cities. Internet of things (IoT)-enabled waste bins, AI 
sorting systems, real-time tracking of waste. Example: Smart 
waste collection in cities like Amsterdam or San Francisco.  
IoT & AI Innovations for Smart bins with fill-level sensors, 
dynamic routing, and real-time analytics are optimizing 
collection (e.g., Singapore achieved a 70% reduction in 
collection frequency). Waste-sorting robots and AI-enabled 

reuse are improving efficiency in recycling facilities across 
Europe and South Korea. Automated Vacuum Collection 
Systems using underground tubes to transport waste efficiently 
are operational in many cities like Helsinki, Copenhagen, and 
New York (Roosevelt Island), reducing collection costs and 
environmental impact. For developing countries, smart city 
development is also a potential solution for problems arising 
from the growing urbanisation process. Future prospects of 
smart cities and their potential to attract investments support 
the city’s and nation’s financial requirements (Sharma et al., 
2020).

Advanced Waste-to-Energy and Circular Solutions
Converting municipal waste into electricity or heat. Pros and 
cons exist as it is efficient but controversial due to emissions. 
Waste-to-Energy (WtE), Sweden extensively uses incineration 
to power district heating and electricity, minimizing landfill 
use. Singapore’s integrated Tuas Nexus facility combines 
waste and wastewater treatment for optimal resource recovery. 
Emerging technologies such as plasma gasification and 
anaerobic digestion offer cleaner energy recovery. Meanwhile, 
bioplastics and compostable alternatives are gaining traction, 
dependent on infrastructure and regulation as well as Plasma 
gasification, anaerobic digestion, and pyrolysis. Recycling of 
previously non-recyclable materials (e.g., multi-layer plastics) 
and Closed-loop recycling, biodegradable packaging and 
advanced material recovery are examples. 

Regulatory Frameworks & Policies
Plastic bans and landfill restrictions. Circular economy 
roadmaps (e.g., EU Green Deal, Japan’s Sound Material-
Cycle Society), Extended Producer Responsibility (EPR) is 
expanding globally, most recently in the UK, this shifts waste 
disposal costs to producers, driving eco-friendly packaging 
and operational innovation. Circular Economy Legislation. 
France’s ground-breaking law bans incineration of unsold 
goods, imposes mandatory repairability labels, and promotes 
repurposing, encouraging systemic waste reduction. Pay-
As-You-Throw (PAYT) and usage-based pricing models are 
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effective in reducing waste generation. Examples include 
Taipei, 35% reduction in waste and Hong Kong implementing 
similar systems.

Global Coordination and Sustainability Goals
UN Sustainable Development Goals (SDG 11 & 12)  and 
Negotiations for a Global Plastics Treaty is also keys for waste 
management. International cooperation on e-waste, marine 
litter, and climate-friendly waste practices.

Municipal Solid Waste Management Challenges in 
Developed Countries
Despite having advanced technologies, strong institutions, 
and well-established waste management systems, developed 
countries continue to face several significant challenges in 
managing MSWM. These challenges are largely driven by 
high consumption patterns, changing waste composition, and 
sustainability goals. Below are main challenges:
Complexity & diversity of waste streams: As urban 
populations grow, and consumer lifestyles diversify, waste 
composition becomes more heterogeneous (organic waste, 
plastics, e-waste, construction debris, etc.), making sorting, 
treatment and recycling more difficult. 
Technological and institutional inertia: Transitioning 
to circular systems often requires advanced technologies 
(sorting, recycling, waste-to-resource, e-waste processing) and 
institutional coordination, both of which may be lacking or 
inefficient even in developed contexts. 
Behavioral and cultural barriers: Even where infrastructure 
exists, public participation (e.g. source segregation, reuse, 
recycling) may be low. Without widespread behavioural 
change, circular systems struggle to realize their potential. 

Municipal Solid Waste Management Approach in 
Developing Countries 
Below is an overview of the approach in managing MSW in 
developing countries, along with emerging solutions.

Waste Prevention & Reduction
Encouraging waste minimization: While often not a primary 
focus, some cities are adopting initiatives to reduce waste 
generation, such as reducing packaging or promoting product 
reuse.

Public awareness campaigns: Programs aimed at educating 
citizens about reducing waste, avoiding single-use plastics 
(SUP), and reusing products can be effective. For example, 
Kenya has banned plastic bags to reduce plastic waste.

Improving Collection Systems
Door-to-door collection: To combat illegal dumping and 
overflowing bins, cities are implementing door-to-door 
collection services. This helps improve waste management and 
ensures that waste is properly disposed.
Waste segregation at source: Some cities, like Mumbai and 
Kolkata, are promoting waste segregation at the household 
level, with separate bins for organic waste, recyclables and 
non-recyclables.

Public-private partnerships (PPP): Some local governments 
are entering into PPP agreements to build infrastructure for 
waste collection and treatment, improving service delivery. An 
example is Lahore, Pakistan, where private companies assist in 
waste collection and disposal.

Improved Recycling Systems
Integration of informal sector: Recognizing the contribution 
of informal waste pickers, several cities are formalizing waste 
picking. This can be done by providing training, safety gear, 
and legal protection, and by integrating them into formal waste 
collection and recycling systems.
Setting up local recycling centers: Communities can set 
up small-scale recycling units for plastic, paper, and glass 
recycling. Philippines and India are examples of countries 
where informal and formal systems are beginning to work 
together to promote recycling.

Waste-to-Energy (WtE) and Organic Waste Management
Biogas production: Organic waste from households and 
agriculture can be used to produce biogas through anaerobic 
digestion. This can provide clean energy and fertilizer for 
agriculture. Some communities in India and Bangladesh are 
using organic waste to generate biogas.

Composting: Encouraging community-based composting for 
organic waste helps reduce the volume of waste sent to landfills 
and provides compost for agriculture. Cape Town, South 
Africa, has implemented small-scale composting projects in 
local communities.
Waste-to-energy plants: A few developing countries, such as 
China and Brazil, are investing in WtE plants that burn waste 
to generate electricity. However, the technology can be costly 
and requires substantial investment.

Landfill and Open Dumping Control
Sanitary landfills: Some cities are improving their landfill 
management by implementing sanitary landfills, which 
are designed with proper lining to prevent leachate from 
contaminating groundwater. Mexico City and Santiago (Chile) 
have upgraded landfills to minimize environmental impacts.

Landfill gas recovery: Some countries are capturing methane 
from landfills and using it as a source of energy. Brazil has 
several projects where methane is recovered from landfills and 
used for electricity generation.

Innovative Solutions
Mobile waste management apps: Mobile apps and platforms 
that allow citizens to report uncollected waste or request waste 
collection services are becoming more common in developing 
countries. In Lagos (Nigeria), a mobile app helps residents 
track waste collection services.
Plastic recycling initiatives: Some developing countries 
are exploring innovative solutions to deal with plastic waste, 
such as plastic road construction (recycling plastic into road 
materials). India has been pioneering the use of plastic waste 
in road construction.
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Municipal Solid Waste Management Challenges in 
Developing Countries
In developing countries, managing municipal solid waste 
(MSW) presents unique challenges due to factors such as 
rapid urbanization, limited infrastructure, insufficient financial 
resources, and a lack of public awareness. However, these 
countries are increasingly adopting innovative solutions to 
improve waste management systems, often with the help of 
international aid, technological advancements, and public-
private partnerships.

Below is an overview of the key challenges in managing MSW 
in developing countries, along with emerging solutions.

Rapid Urbanization: Developing countries often experience 
high rates of urbanization, leading to growing waste generation. 
Cities like Lagos, Dhaka, and Nairobi face immense pressure 
to handle waste efficiently as populations rise.
Limited Infrastructure: Many cities lack modern waste 
collection systems, such as formal sorting or processing 
facilities. Waste is often collected manually or via rudimentary 
systems. Collection and transportation are inefficient, leading 
to overflowing waste bins, uncollected waste, and poor 
sanitation.
Financial constraints: Circular-economy infrastructure 
and technologies require significant upfront investment. 
Developing countries often prioritize essential services (health, 
education, basic infrastructure), leaving little budget for waste-
management modernization. Private sector investment may 
also be limited due to perceived risk and uncertain returns. 
Informal Sector Involvement: The informal sector, including 
waste pickers, plays a significant role in waste collection and 

recycling in many developing countries. This sector often lacks 
recognition, legal protection, and safety, yet they contribute 
substantially to recycling and resource recovery.
Low Recycling Rates: Recycling in developing countries 
is often done informally, with materials like plastics, metals, 
and paper being sold by waste pickers to informal recyclers. 
Formal recycling systems are usually underdeveloped.
Limited Public Awareness: There is often a lack of 
education and awareness about waste segregation, recycling, 
and composting. Many communities do not understand the 
importance of separating recyclables from organic waste, 
making waste management more difficult.
Waste Disposal Challenges: Open dumpsites and landfills 
are common in developing countries, and they often lack the 
necessary environmental controls (e.g., leachate treatment, gas 
recovery). This can lead to environmental and health hazards, 
such as groundwater contamination, air pollution, and diseases.
Weak regulatory frameworks and governance: Policies may 
be absent, outdated or poorly enforced. Coordination across 
agencies (waste management, environment, urban planning) 
may be fragmented, leading to inefficiencies or overlapping 
responsibilities. 

Based on Ogwueleka (2013) and Ayodele et al. (2017), 
corruption represents the most significant resistance to policy 
advancement for less developed countries. Represented here by 
Nigeria, the organic content of solid waste in Nigeria is 63.6%, 
which can be used not only to generate energy but also to 
provide numerous jobs locally. However, due to corruption and 
embezzlement, the policy in 1999 has not beenimplemented 
to date. Figure 4 shows the challenges of the inappropriate 
treatment of MSW.

Figure 4: The challenges derived from the inappropriate treatments of MSW.
		              Source: (Zhang et al., 2024).

Figure 5 shows the barriers and challenges for MSWM in developing countries, most Asian, in which contain socio-economic, 
waste sorting, awareness, income, government intervention, financial support, collection frequency and the like (Zhang et al., 
2024).
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Figure 5: MSWM management barriers, challenges and future directions in Developing countries
	          Source: (Zhang et al., 2024).
Case Studies of Successful Municipal Solid Waste 
Management
Municipal solid waste management is crucial for maintaining 
environmental sustainability, public health, and the overall 
quality of life in cities. Several developed countries, including 
Austria, Germany, New Zealand, the USA, the UK, Japan, 
Singapore, Switzerland, South Korea, and Canada, have 
already begun to adopt artificial intelligence technologies 
to maximize resource utilization, efficiency, and recycling 
opportunities throughout the solid waste management cycle 
(Soni et al., 2019). Here are some successful case studies of 
municipal waste management from various cities around the 
world that can provide insights into effective practices:

Sweden: Waste-to-Energy Pioneer
Nearly 99% of municipal waste is diverted through recycling, 
composting, or waste to energy processes. This success stems 
from strong incentives, public participation, and robust systems 
that discourage improper disposal. 99% of waste diverted from 
landfills and uses incineration with energy recovery for district 
heating including strong recycling infrastructure, producer 
responsibility, and public engagement.

Japan: Hyper-Sorted Recycling System
With extremely detailed waste sorting rules, Japan achieves up 
to an 80% recycling rate. Rigorous resident compliance and 
education are key to its approach. 80% recycling rate in some 
municipalities, residents follow detailed sorting rules and high 
civic discipline and education.

South Korea: Volume-Based Waste Fee System (VBWF)
Introduced a Volume-Based Waste Fee (VBWF) system in 
1995, charging households based on waste volume. Over time, 
this encouraged recycling, reduced waste generation, and 
prompted innovation like decomposable bags and refillable 
products. Citizens pay based on the volume of waste generated. 

Recycling rates increased dramatically. Government support 
for biodegradable alternatives

San Francisco, USA: Zero Waste by 2030
Enforced recycling mandates and composting, achieving a 
waste diversion rate of about 80%. Mandatory recycling and 
composting. Waste diversion rate of ~80%. Public-private 
partnerships (Recology).

Parma, Italy: Data-Driven Waste Management
Launched a “zero waste” initiative featuring RFID enabled 
bins, CCTV monitoring, fines up to €10,000, and strong 
incentives. Recycling rates have surpassed 80%, with the 
system drawing global attention. Uses RFID bins and fines 
to enforce compliance. Achieved over 80% recycling rates. 
Transparent system with real-time data and education.

Singapore: Integrated Resource Management
As part of its broader “City in a Garden” vision, Singapore 
recycles nearly all construction waste and minimizes landfill 
through effective reuse strategies. Focus on land scarcity and 
waste minimization. Advanced WtE plants and waste-water 
integration (Tuas Nexus). High recycling of construction and 
demolition waste. However, there are some challenges exist 
such as: Economic, Behavioral, Technical, and Policy Gaps. 

Lessons Learnt 
Based on the evidence so far, some general insights/
recommendations for policymakers, city planners, NGOs and 
communities:

Adopt a multi-stakeholder, inclusive approach: Combine 
government, private sector, community groups, and importantly 
informal waste workers. Inclusion of informal recyclers helps 
avoid social exclusion and leverages existing local capacities.
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Develop comprehensive policies & regulatory frameworks: 
CE needs enabling regulations, e.g. for source segregation, 
extended producer responsibility (EPR), incentives for 
recycling/composting, bans or taxes on single-use plastics, and 
support for waste-to-resource technologies.
Invest in infrastructure and technology — but adapt to 
local context: While waste-to-energy plants or automated 
sorting might be feasible in advanced economies, in developing 
cities decentralized composting, community-based recycling 
or small-scale sorting may be more realistic and effective.
Promote public awareness and behavioural change: 
Education campaigns, community participation, and economic 
incentives (e.g. “exchange waste for value” schemes) help 
foster sustainable waste habits.
Support innovation and scalable business models: 
Encourage startups, social enterprises, and private sector actors 
to develop circular-economy business models from waste-to-
resource, recycling marketplaces, digital platforms for waste 
collection, to waste-based manufacturing.

Conclusion
Municipal solid waste management in developed countries is 
evolving rapidly. The shift toward smart technologies, strict 
policies, and circular economy models demonstrates how cities 
can manage waste more sustainably. As global environmental 
concerns intensify, the success of municipal waste strategies 
in developed countries may serve as a blueprint for emerging 
economies and future global agreements, but challenges remain 
around behavior, costs, and complexity. The circular economy 
offers a powerful alternative to traditional waste management, 
one that can transform municipal waste from a liability into an 
asset as it is preserving resources, reducing pollution, creating 
jobs, and supporting sustainable development. However, 
realizing this transformation is not easy.

In developing countries, structural gaps (infrastructure, 
regulation, finance, inclusion) make the transition harder, yet 
the potential payoff is perhaps greater as it is improved public 
health, livelihoods, environmental protection, and sustainable 
urban growth. Given accelerating urbanization worldwide, 
especially in developing Asia and Africa, integrating circular-
economy principles into municipal waste management is not 
just desirable, it’s increasingly imperative.

The success of circular-economy waste management depends 
heavily on local context.

In developed countries: strong institutions, regulatory 
frameworks, public funding, technical capacity, and consumer 
awareness often make it easier to implement advanced CE-
oriented systems (e.g. waste-to-resource plants, regulatory 
instruments, formal recycling infrastructure). However, 
challenges are still remaining. 
In developing countries: structural constraints, lack of 
infrastructure, limited funding, weak governance, informal 
waste sectors, low awareness, make CE adoption more 
difficult. But these contexts also offer certain opportunities 
because many systems are still nascent, there may be flexibility 

to leapfrog to circular models by integrating informal waste 
workers can provide social inclusion; and low-cost, context-
appropriate innovations (community composting, informal 
recycling, decentralized models) may succeed.
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