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Preface 

 

 

This report focuses on the UN Sustainable Development Goals (SDGs) as a means to evaluate aspects of 
environmental, social, and economic sustainability of approaches to manage municipal solid waste 
(MSW). The report considers the important impacts relating to MSW as identified in the IEA Bioenergy 
Task 36 regional workshop series. The purpose of this report, as all the work carried out by Task 36, is to 
inform countries on the environmental and social issues around MSW, including quantification of impacts 
and potential solutions in the waste/resource management sector that would facilitate their transition 
towards sustainability. Each SDG is considered for its relation to MSW, the problems posed by MSW 
related to the SDG and potential solutions in MSW management for each SDG. 

 

IEA Bioenergy Task 36, working on the topic ‘Material and Energy Valorisation of Waste in a Circular 
Economy’, seeks to raise public awareness of sustainable energy generation from biomass residues and 
waste fractions including MSW as well as to increase technical information dissemination. As outlined in 
the 3-year work programme, Task 36 seeks to understand what role waste-to-energy and material 
recycling can have in a circular economy and identify technical and non-technical barriers and 
opportunities needed to achieve this vision. 

 

See Task 36 | Material and Energy valorisation of waste in a Circular Economy for links to the work 
performed by IEA Bioenergy Task 36. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://task36.ieabioenergy.com/publications/energy-from-waste-regional-sustainability-workshop-series/
https://task36.ieabioenergy.com/publications/energy-from-waste-regional-sustainability-workshop-series/
https://task36.ieabioenergy.com/
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Summary 

Globally, significant volumes of municipal solid waste (MSW) are being generated, and are continuing 

to grow, while being disposed of in sub-optimal ways resulting in environmental, social and economic 

impacts. It is estimated that MSW generation by households will reach 3.8 billion tons by 2050 if urgent 

action is not taken, this is a 56% increase compared to 2020 (UNEP, 2024c). Development of sustainable 

MSW management strategies must be prioritised by all actors in the value chains, including 

municipalities and industries, to mitigate environmental impacts, leading to healthier ecosystems and 

reduced contributions to climate change. Developing scientifically based sustainability metrics is 

required to give a sound basis for decisions regarding future treatment of MSW. A proper decision 

framework integrating all the main aspects of sustainability (economy, environment and social) is an 

enabler to ensure that the developed MSW management strategies are not sub-optimised in favour of 

short-term solutions. 

 

The Sustainable Development Goals (SDGs), adopted by the UN member states in 2015, are now widely 

used as a means of tracking progress towards the more sustainable use of natural and human resources 

for the betterment of global society, and have been applied widely to MSW (Elsheekh et al., 2021, 

Abubakar et al., 2022, Ram and Bracci, 2024). Consideration of the SDGs is essential for building 

sustainable and equitable societies, as they provide a framework for addressing key challenges, 

including waste management and its impact on environmental and social sustainability. This report 

focuses on the SDGs which address aspects of environmental, social, and economic sustainability, 

related to the important impacts relating to MSW as identified in the IEA Bioenergy Task 36 regional 

workshop series. This report does not consider the full 17 SDGs, rather it considers MSW from the 

perspective of the environmental, social and economic impacts indicated as very important by the 

stakeholders participating in the Task 36 regional workshop series (Murphy and Gusciute, 2024). The 

SDGs considered in this report are:  

• SDG2 – Zero Hunger 

• SDG6 - Clean water and sanitation 

• SDG7 - Affordable and clean energy 

• SDG9 - Industry, innovation and infrastructure 

• SDG10 – Reduced inequalities 

• SDG12 - Responsible production and consumption 

• SDG13 - Climate action 

• SDG14 – Life below water 

• SDG15 – Life on land 

 

Each SDG is considered for its relation to MSW, the problems posed by MSW related to the SDG and 

potential solutions in MSW management for each SDG. 

 

 

 

 

 

 

 

 



5 
 

Context and Background 

Globally, significant volumes of municipal solid waste (MSW) are being generated, and are continuing to 

grow, while being disposed of in sub-optimal ways resulting in environmental, social and economic 

impacts. It is estimated that municipal solid waste generation by households will reach 3.8 billion tons by 

2050 if urgent action is not taken, this is a 56% increase compared to 2020 (UNEP, 2024c). MSW consists of 

everyday waste from households and includes items such as food waste, product packaging, garden waste, 

bulky waste such as furniture, clothes, plastic, newspapers, etc. It includes waste from commerce and 

trade, office buildings, street sweepings but excludes waste from municipal sewage networks and 

treatment and waste from construction and demolition activities as well as industrial waste. 

 

Development of sustainable MSW management strategies must be prioritised by all actors in the value 

chain, including municipalities and industries, to mitigate environmental impacts, leading to healthier 

ecosystems and reduced contributions to climate change. Developing scientifically based sustainability 

metrics is required to give a sound basis for decisions regarding future treatment of MSW. A proper 

decision framework integrating all the main aspects of sustainability (economy, environment and social) is 

an enabler to ensure that the developed MSW management strategies are not sub-optimised in favour of 

short-term solutions. IEA Bioenergy Task 36 held a regional workshop series (South Africa, Ireland and 

North America) considering regionally relevant waste management systems with the participation of 

stakeholders in development of a life cycle sustainability framework to consider the most relevant 

sustainability indicators (Murphy and Gusciute, 2024). The workshop series identified sustainability 

indicators to be considered in this report on waste and sustainability. 

 

The three workshops showed that stakeholders consider a holistic approach which considers social, 

environmental and economic factors to be necessary in the decision-making process relating to new waste 

management infrastructure. Across all three workshops, stakeholders rated environmental and social 

impacts to be the most important factors when deciding on new waste management infrastructure, with 

economic impacts ranked third (Murphy and Gusciute, 2024). The environmental and social impacts which 

were deemed to be the most important across the three workshops are mapped onto relevant United 

Nations (UN) Sustainable Development Goals (SDGs) for the purpose of this report. Table 1 details relevant 

impacts and SDGs considered.  

 

Table 1: Impacts Identified in the IEA Bioenergy Task 36 Regional Workshop Series and Relevent SDGs 

Impacts  Relevant SDGs   

Environmental Impacts 

Global warming potential SDG7 - Affordable and clean energy; SDG12 - 
Responsible production and consumption; SDG13 - 
Climate action; SDG14 – Life below water; SDG15 – Life 
on land. 

Human toxicity SDG6 - Clean water and sanitation; SDG7 - Affordable 
and clean energy; SDG14 – Life below water; SDG 15 – 
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Impacts  Relevant SDGs   

Life on land.  

Resource consumption SDG2 – Zero Hunger; SDG7 - Affordable and clean 
energy; SDG9 - Industry, innovation and infrastructure; 
SDG10 – Reduced inequalities; SDG12 - Responsible 
production and consumption; SDG13 - Climate action; 
SDG14 – Life below water; SDG15 – Life on land.  

Heavy metals SDG6 - Clean water and sanitation; SDG7 - Affordable 
and clean energy; SDG14 – Life below water. 

Land use SDG14 – Life below water; SDG15 – Life on land.  

Energy recovery SDG7 - Affordable and clean energy; SDG14 – Life 
below water; SDG15 – Life on land.  

Nutrient and resource recovery SDG7 - Affordable and clean energy; SDG9 - Industry, 
innovation and infrastructure; SDG14 – Life below 
water; SDG15 – Life on land.  

 

 

 

 

Social Impacts 

Human Rights: Free from 
discrimination 

SDG10 – Reduced inequalities.  

Human Rights: Equal 
opportunities 

SDG2 – Zero Hunger; SDG10 Reduced inequalities.  
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Impacts  Relevant SDGs   

Human Rights: Free from child 
labour 

SDG10 – Reduced inequalities. 

Working Conditions: 
Occupational health and safety 

SDG10 – Reduced inequalities. 

Cultural Heritage: Community 
engagement 

SDG2 – Zero Hunger; SDG6 - Clean water and 
sanitation; SDG10 – Reduced inequalities; SDG12 - 
Responsible production and consumption; SDG13 - 
Climate action; SDG14 – Life below water; SDG15 – Life 
on land.  

Cultural Heritage: Safe and 
healthy living conditions 

SDG2 – Zero Hunger; SDG6 - Clean water and 
sanitation; SDG10 – Reduced inequalities; SDG14 – Life 
below water; SDG15 – Life on land. 

Cultural Heritage: 
Transparency on 
social/environmental issues 

SDG2 – Zero Hunger; SDG10 – Reduced inequalities; 
SDG12 - Responsible production and consumption; 
SDG13 - Climate action; SDG14 – Life below water; 
SDG15 – Life on land. 

Socio-economic Repercussions: 
Food security 

SDG2 – Zero Hunger; SDG12 - Responsible production 
and consumption; SDG14 – Life below water; SDG15 – 
Life on land.  

Socio-economic Repercussions: 
Transfer of technology and 
knowledge 

SDG2 – Zero Hunger; SDG6 - Clean water and 
sanitation; SDG7 - Affordable and clean energy; SDG9 - 
Industry, innovation and infrastructure; SDG14 – Life 
below water; SDG15 – Life on land. 

Socio-economic Repercussions: 
Total costs of waste 
management for the 
community 

SDG2 – Zero Hunger; SDG6 - Clean water and 
sanitation; SDG7 - Affordable and clean energy; SDG10 
– Reduced inequalities; SDG14 – Life below water; 
SDG15 – Life on land. 

Governance: Free from 
corruption 

SDG10 – Reduced inequalities.  
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Impacts  Relevant SDGs   

Governance: Public 
commitments to sustainability 

SDG2 – Zero Hunger; SDG6 - Clean water and 
sanitation; SDG7 - Affordable and clean energy; SDG10 
– Reduced inequalities; SDG13 - Climate action; SDG14 
– Life below water; SDG15 – Life on land.  

 

 

Sustainability and SDGs 

Sustainable development is most commonly defined as: “development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs”  as proposed by the 

Brundtland Commission of the United Nations in 1987 (WCED, 1987: 37). It focusses on the interdependent 

relationship between social, economic and environmental dimensions (see Figure 1). Sustainability is at 

the core of the three pillars.  

 

Figure 1: The Three Pillars of Sustainability 

 

 

In 2015, the UN Member States approved the 2030 Agenda for Sustainable Development; centred on the 17 

SDG) which aim to provide ‘a shared blueprint for peace and prosperity for people and the planet, now 

and into the future’1. The SDGs are now widely used as a means of tracking progress towards the more 

sustainable use of natural and human resources for the betterment of global society, and have been 

applied widely to MSW (Elsheekh et al., 2021, Abubakar et al., 2022, Ram and Bracci, 2024). Figure 2 

illustrates the 17 SDGs which include: SDG1 - No Poverty, SDG2 - Zero Hunger, SDG3 Good Health and 

 

 

1 See https://sdgs.un.org/goals  
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Well-being, SDG4 - Quality Education, SDG5 - Gender Equality, SDG6 - Clean Water and Sanitation, SDG7 - 

Affordable and Clean Energy, SDG8 - Decent Work and Economic Growth, SDG9 - Industry, Innovation, and 

Infrastructure, SDG10 - Reduced Inequalities, SDG11 - Sustainable Cities and Communities, SDG12 - 

Responsible Consumption and Production, SDG13 Climate Action, SDG14 - Life Below Water, SDG15 - Life 

on Land, SDG16 - Peace, Justice and Strong Institutions, and SDG17 - Partnerships for the Goals.  

 

Figure 2: UN SDGs 

 

Source: UN (2025). Note: The content of this publication has not been approved by the United Nations 

and does not reflect the views of the United Nations or its officials or Member States. 

 

The SDGs address aspects of environmental, social, and economic sustainability, some of which are 

related to the impacts relating to MSW identified in the IEA Bioenergy Task 36 regional workshop series 

(Murphy and Gusciute, 2024). This report does not consider the full 17 SDGs, rather it considers MSW from 

the perspective of the environmental, social and economic impacts indicated as very important by the 

stakeholders participating in the workshop series (also see Table 1):  

• SDG2 – Zero Hunger 

• SDG6 - Clean water and sanitation 

• SDG7 - Affordable and clean energy 

• SDG9 - Industry, innovation and infrastructure 

• SDG10 – Reduced inequalities 

• SDG12 - Responsible production and consumption 

• SDG13 - Climate action 

• SDG14 – Life below water 

• SDG15 – Life on land 
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Since their inception in 2015, the world is not on track to achieve the goals by 20302 (Independent Group 

of Scientists appointed by the Secretary-General, 2023). In addition, the Covid-19 pandemic has further 

delayed progress in achieving the goals (Clemente-Suárez et al., 2022, Independent Group of Scientists 

appointed by the Secretary-General, 2023). Covid-19 has had a particularly significant impact on waste 

management and thus has impacted achievement of the relevant Goals (Martín-Blanco et al., 2022). 

Consideration of the SDGs is essential for building sustainable and equitable societies, as they provide a 

framework for addressing key challenges, including waste management and its impact on environmental 

and social sustainability.  

  

SDG2: Zero Hunger 

The overall objective of the Sustainable Development Goal 2 (SDG2) is to end hunger, achieve food 

security and improved nutrition, and promote sustainable agriculture3.  

 

The Impact of Food Waste on Hunger and Food Insecurity and nutrition  

Food security can be ‘… defined as a situation that exists when all people, at all times, have physical, 

social and economic access to sufficient, safe and nutritious food that meets their dietary needs and food 

preferences for an active and healthy life’ (Peng and Berry, 2019:1). Food waste is a significant 

contributor to global hunger and food insecurity. In 2022, an estimated 1.05 billion tonnes of food in the 

retail, food service and household sectors were wasted globally (UNEP, 2024a). Food waste not only 

exacerbates environmental issues (Crippa et al., 2021) but directly impacts on potential opportunities to 

address hunger and food insecurity.   

Figure 3 illustrates the prevalence of moderate or severe food insecurity in the total population in 2023. 

On average, just under 30 per cent of people experience moderate or severe food insecurity globally 

(FAO, 2024). However this rate varies across regions; in Northern America and Europe just under 9 per 

cent of people experience moderate or severe food insecurity while this rate increases to 58 per cent in 

Africa (FAO, 2024). Gender differences can also be observed. Globally, women tend to experience higher 

rates of food insecurity on average. However, in Northern America, Europe, and Oceania, food insecurity 

is more prevalent among men (FAO, 2024).  

Beyond food insecurity, access to nutritious diets remains a global challenge. The percentage of 

undernourished population has increased globally with 9 per cent of the global population experiencing 

undernourishment in 2023. The largest proportion of undernourishment is in Africa where over 20 per cent 

of the population experienced undernourishment in 2023. This is in stark contrast to North America and 

Europe where just under 2.5 per cent of the population was undernourished in the same period (see Figure 

4). On the other end of the scale, global obesity is also on the rise (see Figure 5). In 2022 the global 

obesity rate was just under 16 per cent, an increase from just under 12 percent in 2010. All regions are 

experiencing an increase in obesity; with Latin America and the Caribbean having the highest rate of just 

under 30 per cent (FAO, 2024). 

 

 

 

2 See the UN report ‘Global Sustainable Development Report 2023: Times of crisis, times of change: Science for 

accelerating transformations to sustainable development’ for further information on the current progress of the different 

Goals (Independent Group of Scientists appointed by the Secretary-General, 2023).  
3 See https://sdgs.un.org/goals/goal2 
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Figure 3: Prevalence of moderate or severe food insecurity in the total population (percent) in 2023 
(annual value) 

 

 

Source: FAO (2024) 

 

Figure 4: Prevalence of undernourishment (percent) 2010-2023 (annual value)  

 

Source: FAO (2024) 
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Figure 5: Prevalence of obesity in the adult population (18 years and older) (percent) 2010-2023 (annual 
value) 

 

Source: FAO (2024) 

In 2019, 17 per cent of the total food available to consumers was wasted (Murphy, 2024). In the United 

States, for example, food waste is one of the largest contributors to municipal solid waste which ends up 

in landfill (EPA, 2023a). This represents both a loss of vital resources and an opportunity cost to address 

food insecurity. Despite sufficient global food production to feed the population an estimated 30 per cent 

of all food produced globally is wasted (EPA, 2023a), leading to inefficient resource use and exacerbating 

food scarcity in many regions. The impact of food waste on hunger and food insecurity is multifaceted, 

and addressing it requires concerted efforts across all stages of the food supply chain. A reduction in food 

losses, particularly in developed regions would decrease the number of undernourished people in 

developing regions (Munesue et al., 2015). Greater interconnection among research, policy, governance 

and societal actions would also lead to solutions addressing food security (Onyeaka et al., 2024). A 

systematic global analysis of the link between suboptimal diets and non-communicable diseases (NCD) 

revealed their significant impact on NCD-related mortality and morbidity, emphasising the need for 

dietary improvements worldwide (Afshin et al., 2019). The intensification of production and consumption 

patterns, particularly regarding high calories and low nutrient foods, not only add to food waste but also 

have an impact on nutritious diets (Onyeaka et al., 2024). Overall greater integration of food security into 

sustainability agenda would ensure a more sustainable and nutritious food security for all (Peng and Berry, 

2019).  

Food Waste Reduction for Sustainable Food Systems 

In order to address food waste and associated environmental, economic and social issues a transition to 

sustainable food systems is necessary; in particular sustainable agriculture (Velazquez et al., 2023). The 

minimisation of food waste along the different parts of the supply chain would reduce pressure on 

agricultural resources, reduced the environmental impact while ensuring that food distribution is more 

equitable and just (Cattaneo et al., 2021). Reducing food waste in the pursuit of SDG 2 has been 

associated with the interconnectedness between composting and sustainable agriculture (Velazquez et al., 

2023). While pursuit of SDGs is generally linked to national agendas, encouraging stakeholders at all levels 

(individual, household, community, etc.) to engage in more sustainable food waste disposal such as 

composting is likely to achieve greater progress (Velazquez et al., 2023). The transition to a circular 

economy and sustainable agriculture would promote more efficient and responsible resource management 

and contribute to the broader achievement of the three pillars of sustainability (Allahyari and Poursaeed, 
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2019).  Figure 6 illustrates the interconnected nature of the food systems. All four elements are key in 

ensuring fully functioning and sustainable global food production, distribution, consumption and waste 

management (Onyeaka et al., 2024).  

 

Figure 6: Interconnected structure of global food systems   

 

Source: Adapted from Onyeaka et al. (2024) 

Potential solutions for MSW reduction and management to support SDG2 

• Decreasing food waste would reduce food insecurity. This would require an interconnected 

approach across the entire food system to minimise food waste along the supply chain ensuring 

surplus food is redirected to vulnerable populations at risk of food insecurity and/or access to 

nutritious and fresh food (Onyeaka et al., 2024).  

• Improving access to nutritious diets through sustainable food systems. For example, by promoting 

responsible food production and consumption and reducing reliance on ultra-processed foods 

access to nutritious food would be increased (García et al., 2023).  

• Sustainable agriculture and resource efficiency to support circular economy practices in 

agriculture could be enhanced by composting food waste to improve soil fertility, using byproducts 

for animal feed, and reducing dependency on chemical fertilizers and unsustainable farming 

methods (Wang et al., 2021).  

• Integration of food security and waste reduction into policy and governance could facilitate 

comprehensive national and international policies that align food security with waste reduction 

strategies, ensuring a more equitable, resilient, and sustainable food system (Onyeaka et al., 

2024).  
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SDG6: Clean Water and Sanitation 

Sustainable Development Goal 6 (SDG6) aims to ensure availability and sustainable management of water 

and sanitation for all 4. 

 

Access to clean water and adequate sanitation 

Access to clean water and adequate sanitation is fundamental for human health, environmental 

sustainability and economic prosperity. Despite significant progress, approximately 2 billion people 

worldwide still lack safely managed drinking water services, and 3.5 billion lack safely managed sanitation 

facilities (UN, 2023a). This global challenge highlights the urgent need for integrated approaches to address 

water, sanitation and waste management issues holistically. MSW management plays a crucial role in 

achieving SDG6, as improper handling of waste directly impacts water quality and sanitation infrastructure 

(Roy et al., 2023).  

 

Improper handling and disposal of MSW can lead to contamination of water resources and hinder sanitation 

efforts, posing severe environmental and social challenges. When waste is improperly disposed of, it can 

generate leachate, a toxic liquid formed when rainwater percolates through waste materials, dissolving 

harmful substances. This leachate can contaminate surface water and groundwater, adversely affecting 

water quality (Eggen et al., 2010). Additionally, the accumulation of solid waste (especially plastic) can 

block waterways and drainage systems, leading to flooding and unsanitary conditions that promote the 

spread of diseases (Donuma et al., 2024). MSW often contains hazardous substances like heavy metals and 

persistent organic pollutants, which can leach into water bodies, posing risks to ecosystems and human 

health (Ochs et al., 2024).  

 

Environmental and social impacts of MSW  

The environmental impacts of MSW in relation to SDG6 are significant. Leachate from landfills contains high 

concentrations of harmful pollutants such as ammonia, nitrogen, iron and manganese that contaminate 

water bodies and harm aquatic ecosystems. For instance, a study in India revealed that landfill leachate 

had heavy metal concentrations exceeding safe limits, posing significant threats to nearby water sources 

(Ravikumar et al., 2020). Quantitative analyses of a case study in Ethiopia have shown that waste disposal 

sites emitted approximately 46 gigagrams of greenhouse gases annually in 2020, while the eutrophication 

potential of organic waste reached 59.4 grams of N-equivalent. Additionally, daily average leachate 

production amounted to 1,112 millimetres  annually, indicating severe risks to human health and 

environmental integrity (Misganaw, 2023). The African Development Bank (2018) reported that over 100,000 

aquatic species perish each year due to plastic-related issues, and an alarming 83% of subterranean potable 

water sources are contaminated by plastic remnants. Research on microplastic contamination in the 

environment around MSW treatment and disposal systems has found microplastics in different environmental 

media (soil, sediment, surface water, and groundwater) adjacent to MSW treatment and disposal systems, 

most of which were landfills/dumpsites (Sun et al., 2019)Further, improper disposal and burning of plastic 

waste release hazardous chemicals like ammonium, polyvinyl chloride, polychlorinated biphenyls, dioxins 

and furans into the environment (Donuma et al., 2024). These toxins contribute to excessive environmental 

contamination, aggravate respiratory ailments, cause eye irritation, and pose significant health risks to 

humans (see Figure 7). 

 

 

 

 

 

4 See https://sdgs.un.org/goals/goal6 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/surface-water
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Figure 7: Common ailments reported by respondents in Borno State, Nigeria, due to the burning of plastic 
and resulting air pollution 

 

Source: Adapted from Donuma et al. (2024). 

The social impacts of improper MSW management are severe. Contaminated water sources increase the risk 

of waterborne diseases such as cholera, typhoid and dysentery, contributing to approximately 505,000 

diarrheal deaths each year (WHO, 2023a).  Polluted water adversely affects communities dependent on 

fishing and agriculture, leading to economic losses and food insecurity as fish populations decline, while 

poor waste management disproportionately impacts low-income and marginalised communities by 

intensifying existing inequalities and increasing their exposure to harmful waste pollution due to inadequate 

waste disposal services (Ochs et al., 2024, UN, 2024a).  

In conclusion, proper management of MSW is essential for achieving SDG6. The environmental and social 

impacts of improper MSW disposal on water quality and sanitation are substantial and far-reaching. 

Addressing these challenges requires an intricate approach involving technological solutions, policy 

interventions, and community participation. By improving waste management practices, investing in 

innovative technologies, and fostering collaboration among stakeholders, we can mitigate the negative 

impacts of MSW on water resources and sanitation, contributing to the broader goals of sustainable 

development. 

 

Potential Solutions for effective management of MSW to support SDG6 

• Addressing these challenges requires implementing solutions for MSW to achieve SDG6 through 

improved waste management practices and technological innovations. Constructing engineered 

sanitary landfills with liners and leachate collection systems prevents groundwater contamination 

by isolating waste from the environment (EPA, 2013). Technological innovations like advanced 

leachate treatment methods such as membrane filtration, granular sludge processes, and advanced 

oxidation processes effectively remove contaminants before discharge, protecting water quality 

(EEA, 2024). Utilising MSW as a resource through waste-to-energy facilities reduces landfill volumes 

and environmental impacts by converting waste into electricity or heat, contributing to renewable 

energy goals (Roy et al., 2023) 

• Policy and regulatory frameworks are crucial for promoting sustainable MSW management and are 

related to achieving many of the SDGs considered in this report. Enforcing strict waste disposal 

regulations and penalties for non-compliance encourages proper practices, while financial 

incentives for recycling and waste reduction motivate environmentally friendly behaviours. 

Community engagement and education are crucial; educating the public on proper waste disposal 

and its impact on water and sanitation promotes responsible behaviour (Dri et al., 2018). Involving 

communities, non-governmental organisations (NGOs) and the private sector in waste management 

planning and implementation enhances shared responsibility and sustainable solutions. 
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SDG7: Affordable and Clean Energy 

Sustainable Development Goal 7 (SDG7) centres on the global ambition to achieve universal access to 

affordable, reliable, sustainable, and modern energy by the year 20305.  

Energy is a fundamental driver of economic growth, social development and environmental sustainability. 

Globally, 675 million people remain without access to electricity, while 2.3 billion still depend on 

traditional fuels like biomass, coal, and kerosene for cooking and heating, leading to significant health and 

environmental impacts (IEA, 2023). Progress in renewable energy adoption has been slow, with its share in 

total final energy consumption inching up from 16% in 2010 to just 19.2% by 2021 (WHO, 2023b). At this 

rate, the world is set to miss its 2030 target for sustainable energy, underscoring an urgent need for 

accelerated action and innovation. MSW, comprising everyday items discarded by households and 

commercial establishments, presents a unique opportunity to contribute to SDG7. As urbanisation and 

population growth increase, MSW generation is expected to rise from 2.1 billion tonnes in 2023 to 3.8 

billion tonnes by 2050 (UNEP, 2024c, Kaza et al., 2018). Properly managed, MSW can become a valuable 

resource for clean energy generation, addressing both waste management and sustainability goals. 

 

MSW and Waste-to-Energy technologies  

MSW can be converted into energy using Waste-to-Energy (WtE) technologies, which align with SDG7’s 

objectives by increasing renewable energy use and improving energy efficiency (Khan and Kabir, 2020). The 

potential WtE technologies, along with their respective energy products, are illustrated in Figure 8. WtE 

reduces dependence on fossil fuels, lower greenhouse gas emissions, and promote a circular economy by 

recovering energy and valuable resources (Alao et al., 2022).  

 

Figure 8: Overview of Municipal Solid Waste (MSW) Conversion Processes and Products 

 

Source: Adapted from Alao et al. (2022) 

 

 

5 See https://sdgs.un.org/goals/goal7  

https://sdgs.un.org/goals/goal7
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For instance, each metric ton of waste used in WtE can substitute a quarter ton of coal or a barrel of oil, 

reducing U.S. greenhouse gas emissions by approximately 26 million tons of CO₂ annually (Psomopoulos et 

al., 2009). Thermal WtE plants can further avoid up to 1,010 kg of CO₂ per ton of waste diverted from 

landfills without methane capture. Among WtE technologies, anaerobic digestion (AD) has been identified 

as an environmentally friendly option (Alao et al., 2020), alongside gasification and pyrolysis (Khan and 

Kabir, 2020). AD not only produces biogas but also generates by-products like digestate, a high-value 

fertiliser rich in nitrogen and phosphorus, supporting sustainable agriculture. However, the digestate 

quality must be assessed regarding local regulations as it may contain heavy metals, pathogens, and 

microplastics (Sobhi et al., 2024) 

Beyond environmental benefits, WtE technologies contribute socially by improving energy access and 

reducing energy poverty, particularly in underserved regions. WtE plants can supply electricity and/or 

heat to urban and rural grids, enhancing energy availability and security by utilising locally available 

waste resources  (Khawaja et al., 2024). Economic benefits include job creation in the development, 

construction, and operation of WtE facilities, providing employment opportunities across various sectors 

(Khan and Kabir, 2020).  

In conclusion, MSW offers immense potential to advance SDG7 by generating renewable energy, reducing 

greenhouse gas emissions, and improving waste management. Waste-to-Energy technologies present a 

holistic solution, delivering environmental benefits such as reduced landfill reliance and fossil fuel use, 

while creating social and economic advantages like job creation and enhanced energy access. Achieving 

these outcomes requires ongoing investment in modern technologies, robust policy frameworks, and active 

community engagement. By transforming waste into energy, societies can address pressing waste 

challenges while contributing to a cleaner, more sustainable energy future.  

 

Potential Solutions for effective management of MSW to support SDG7 

• Investment in advanced WtE technologies is essential to maximise MSW's potential. Modern 

incineration plants equipped with emissions control systems, such as the Amager Bakke facility in 

Denmark, are able to handle large volumes of mixed waste and produce flue gas that can exceed 

stringent requirements for emissions of a range of potential pollutants. This facility combines 

waste incineration with energy production, supplying electricity and district heating to thousands 

of households, processing large volumes of waste efficiently while minimising environmental 

impacts (Amager Bakke Centre, 2024).  

Hybrid WtE systems offer even greater potential by combining technologies to optimise both 

economic and environmental outcomes. For instance, a financial analysis by Mabalane et al. 

(2021) found that integrating anaerobic digestion (AD) and gasification is more cost-effective than 

operating these technologies independently. Similarly, Alao et al. (2020) reported that combining 

AD, landfill gas recovery, and pyrolysis in Lagos, Nigeria, could achieve an impressive 91.16% 

reduction in greenhouse gas emissions, demonstrating the environmental advantages of hybrid 

approaches for management of MSW. These modern and hybrid WtE systems represent promising 

avenues for future investment.   

• Policy and regulatory frameworks play a critical role in supporting WtE adoption to treat non-

recyclable MSW. In Sweden, the landfill bans, on sorted combustible waste introduced in 2002 and 

on organic waste introduced in 2005, and the landfill ban introduced in Norway in 2009, were 

catalysts for the diversion of MSW from landfills to WtE (Kjær, 2013, Milios, 2013). Financial 

incentives such as feed-in tariffs, tax credits, and subsidies encourage renewable energy 

investments by guaranteeing favourable returns. Germany’s Renewable Energy Sources Act (EEG) 

provides feed-in tariffs for biogas electricity generation, with rates of €0.143 per kWh for plants 

up to 500 kW capacity and €0.1252 per kWh for plants up to 20 MW, with annual reductions of 

0.5% to reflect technological advancements6. Ireland’s landfill levy, introduced in 2002 and set at 

€85 per tonne as of 2023, has reduced landfill usage dramatically, decreasing municipal waste 

sent to landfills from over 80% in 2001 to just 16% in 2021 (EPA, 2023b). These measures promote 

 

 

6 See https://clean-energy-islands.ec.europa.eu/countries/germany/legal/res-electricity/feed-tariff#14697 

https://clean-energy-islands.ec.europa.eu/countries/germany/legal/res-electricity/feed-tariff#14697
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waste diversion to recycling and WtE facilities, fostering sustainable waste management and 

renewable energy development. 

SDG9: Industry, Innovation and Infrastructure 

Sustainable Development Goal 9 (SDG9) Industry, Innovation, and Infrastructure focuses on building 

resilient infrastructure, promoting industrialisation, which is sustainable and inclusive, as well as fostering 

innovation7.  

MSW management and SDG9 are related in serval ways including sustainable waste management 

infrastructure development, innovation in waste management technologies, and the promotion of resource 

efficiency. Current MSW management techniques are still heavily reliant on landfills and open, illegal, 

dumps globally and cause significant environmental impacts. This particularly arises from the release of 

greenhouse gas (GHG) emissions from landfills to the atmosphere and the discharge of concentrated 

leachate (rich in nitrogen (N), phosphorus (P), potassium (K), etc.), pollutants, and pathogens into soil and 

water bodies (Turrén-Cruz and López Zavala, 2021). The innovative management of waste and use of more 

sustainable management approaches can result in significant benefits for society; minimising the adverse 

effects of climate change, and can improve social and economic sustainability (Ram and Bracci, 2024). 

Efficient MSW management requires innovations in infrastructure for; Waste collection and transportation, 

Recycling and composting facilities, and Waste-to-energy plants and advanced landfill systems. An analysis 

of trends in industrial knowledge and innovation in MSW by Ye et al. (2023) found that the top 10 highly 

cited patents in the post-SDG declaration period emphasised the role of conversion, conservation, and 

recycling with a focus on fermentation, waste treatment, and energy generation through waste. The patent 

citation analysis showed that there was an overall trend from linear operations and management to a more 

circular approach. The major patent areas of interest to MSW are; firstly, P43 which addresses the 

mechanical attributes that can help clean or separate waste disposal, secondly Q73 which includes the 

combustion apparatus and processes for lighting and heating, third, Q35 which includes patents that address 

refuse collection, conveyors, and sorting facilitation, and finally D15 and P41 which address the biological 

treatment of industrial waste/sewage and sorting/separating solid waste mechanically, respectively (Ye et 

al., 2023).  

Waste collection-related issues have shifted towards tools and techniques that can help in the process of 
conversion, conservation, and energy generation from waste and refuse collection, thus showing that 
stakeholders are considering more sustainable approaches for MSW management including integrated 
approaches (Kundariya et al., 2021).  

The UN Clean Development Mechanism (CDM) has driven innovation in municipal waste management across 
the globe. The carbon credits mechanism has motivated municipalities to pursue energy recovery projects, 
the carbon credits for which make the projects more viable financially. CDM projects in waste management 
and energy have included; landfill gas recovery with electricity generation, anaerobic digestion, gasification, 
and mechanical/thermal treatment (Potdar et al., 2016). 

 

Innovative solutions in waste management technologies 

Waste collection and transportation 

Advanced sorting technologies have been applied in waste collection systems which can increase the type 

and number of materials that can be separated, improve quality, and optimise the process in terms of 

efficiency, time, and costs. Examples of such advanced sorting technologies is a smart sorting system in 

 

 

7 See See https://sdgs.un.org/goals/goal9 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/solid-waste
https://sdgs.un.org/goals/goal9
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Sweden (SiteZero plant owned by Svenk Plaståtervinning) for sorting post-consumer plastic packing into 12 

grades (Edo et al., 2024).  

The system consists of NIR/VIS, laser, GAIN (deep learning camera system) and electromagnetic sensors, in 

addition to screening drums, ballistic separators, exhaust air technology, compaction systems, an 

intelligent bunker management system, fully automatic baling presses and digital process monitoring. This 

integrated approach ensures both high recovery rates of targeted plastics and quality of the sorted 

fractions. 

 

Waste-to-energy 

Waste-to-energy (WtE) is a well-established waste management approach typically based on combustion. 

Incineration is the most commonly used WtE technology, with over 1,700 thermal WtE plants in operation 

worldwide (UNEP, 2019). In incineration, MSW is directly burnt in an excess supply of oxygen in a furnace 

with temperature in the range of 800°C–1000 °C and minimum residence time, after last addition of 

air/oxidiser, of 2 s leading to the production of a hot flue gas and (bottom and fly) ash (Alao et al., 2022). 

As the circular economy develops, WtE priorities will shift from the traditional areas of waste, heat, and 

power, and intersect more with the manufacturing, construction, and transport sectors, with the overall 

aim to keep molecules in use for longer (Johansson et al., 2023, Roberts et al., 2022). When modern 

incineration plants are equipped with advanced separation and resource recovery stages they can 

contribute to increased recycling (Roberts et al., 2022), , with high quality material such as metals being 

recovered and lower quality material being combusted. Further innovation is focusing on recovering as 

much value from waste as possible. An example is the use of ash generated in the process. Bottom ash can 

be used as an aggregate for backfilling in road construction application and in concrete making subject to 

compliance with environmental regulations (Blasenbauer et al., 2020, Alao et al., 2022). Further 

valorisation technology approaches are being developed to treat fly ashes using various combinations of 

washing, acid treatment, and salts and metals recovery (Becidan, 2018, Roberts et al., 2022).  

Organic waste valorisation 

Organic waste can be transformed into biogas or compost for agriculture, creating industrial symbiosis 

where waste from one process becomes input for another. Anaerobic digestion (AD) is a process in which 

microorganisms cause the decomposition of the organic component of the waste in the absence of oxygen 

to produce methane-rich gas called biogas and a digestate co-product (Alao et al., 2022). AD is a 

commonly used approach to recover energy from single and mixed streams of organic waste which has 

been demonstrated for many decades as an industrially robust technology (Hoffman, 2022). 

Biomethanation is a biogas upgrading technology that can be co-located with any biogas source, such as 

AD. The biomethanation process uses a single-celled biocatalyst to convert CO2 and hydrogen into high-

purity methane which when properly conditioned, is compatible with existing transmission, distribution, 

and geologic storage infrastructure. A key benefit of this approach is that the process does not require any 

changes to existing organic waste handling processes.  

Efficient management of municipal solid waste directly supports the goals of SDG 9 by enabling 

sustainable industrial processes, fostering innovation in waste treatment technologies, and building 

sustainable infrastructure, all of which contribute to a circular economy and reduced environmental 

impact. 

 

 

 

 



20 
 

SDG10: Reduced Inequalities 

 

Sustainable Development Goal 10 (SDG10) 8 focusses on reducing inequality within and among countries. 

Municipal solid waste management is a key service that intersects with wider social, economic, and 

environmental inequalities.  

 

Unequal Access to Municipal Solid Waste Services 

The level of controlled9 municipal solid waste management varies greatly by region, with Sub-Saharan 

Africa and Central and South Asia having the lowest rates, while North America and Western Europe have 

the highest (UNEP, 2024c). However, even in North America and Europe differences can be observed in 

how municipal solid waste is managed. For example in North America, municipal solid waste is collected 

and then disposed of in a landfill while in Western Europe majority of municipal solid waste is either 

recycled or incinerated (Ackerman and Levin, 2023). It is also worthwhile to note that while waste 

recycling in the European Union (EU) has increased overall due to the EU binding recycling targets; the 

rate varies between countries. For example in 2022, Germany recycled 69 per cent of its municipal waste, 

whereas Romania recycled only 12 per cent (EPA, 2024b).  

In addition, access to waste collection services vary within and between regions. The global average of 

municipal solid waste collection is approximately 75 per cent; in higher income regions almost all of 

municipal solid waste is collected in higher income regions while less than 40 per cent is collected in 

lower income regions (UNEP, 2024c). In addition it is estimated that approximately 2 billion people in 

rural areas and 700 million people in urban areas do not have access to municipal solid waste collection 

(UNEP, 2024c). 

The level of uncontrolled10 municipal solid waste is estimated to be approximately 38 per cent in 2020, 

however as global waste is predicted to increase overall, the share of uncontrolled municipal solid waste 

will also increase (see Figure 9). The uncontrolled MSW is estimated to increase from 0.81 billion tonnes in 

2020 to 1.57 billion tones by 2050 (UNEP, 2024c).  

 

Fraudulent activities, the high cost of responsible waste management, and inconsistent regulations across 

nations creates significant opportunities for corruption in the global waste trade. An example is the Think 

Pink case in Sweden is an example11. It is estimated that environmental crime which includes waste 

trafficking is the fourth most lucrative illegal business in the world (UNEP, 2024c). Effective enforcement 

of waste management regulations is crucial, particularly in preventing corrupt practices which can lead to 

significant negative environmental and social impacts. 

 

 

 

 

 

8 See https://sdgs.un.org/goals/goal10  
9 ‘Controlled waste’ refers to waste which is collected, and then either recycled or disposed of in a controlled 

environment. See UNEP (2024). 
10 ‘Uncontrolled waste’ is either not collected and by necessity dumped or burned in the open, or collected and then 

dumped or burned. See UNEP (2024). 
11 https://www.ecowatch.com/sweden-environmental-crime-toxic-waste-think-pink.html, 

https://swedenherald.com/article/the-think-pink-scandal-in-five-points 

https://sdgs.un.org/goals/goal10
https://www.ecowatch.com/sweden-environmental-crime-toxic-waste-think-pink.html
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Figure 9: Projected Global Municipal Solid Waste (MSW), 2020-2050 

 

Source: UNEP (2024c). 

 

Economic Disparities in Municipal Solid Waste Generation and Management  

As countries grow wealthier, industrialisation and urbanisation increase and as a result consumption 

patterns evolve; all resulting in increased municipal solid waste generated per person (UNEP, 2024c). 

Generally, the higher the economic growth and consumption, the greater the amount of waste generated 

(Vieira and Matheus, 2018). Higher income countries make up 16 per cent of the world's population but 

generate 34 percent of global waste. In contrast, low-income countries, which represent 9 percent of the 

global population, contribute only about 5 percent of the world's waste (Kaza et al., 2018). Figure 10 

shows the daily per capita waste generation across countries with different income levels. Low income 

countries produce approximately 0.43 kilos of waste per capita per day in contrast to high income 

countries which generate 1.57 kilos of waste per capita per day (Kaza et al., 2018). 

 

Figure 10: Waste generation per capita per day by country income group 

 

Source: Kaza et al. (2018) 
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In the predicted estimations of waste generation by 2050; it is expected that low income countries will 

triple their waste generation as they undergo significant economic and population growth (Kaza et al., 

2018). As the largest share of MSW generation is expected to occur in rapidly growing economies, 

strategies aimed at decoupling economic growth from resource consumption and waste generation will be 

crucial (UNEP, 2024c).  

 

Environmental Inequality and Social Inclusion in Municipal Solid Waste Systems 

Environmental inequality focusses on the intersection between environmental quality and wider social 

hierarchies; emphasising the relationship between social inequality and distribution of environmental 

burdens (Pellow, 2000). Bullard (1990) carried out the first study on environmental injustice/racism on the 

disproportionate location of landfills in predominantly black communities in the United States. Since 

Bullard’s work, numerous studies have shown evidence of disproportionate siting of hazardous waste 

treatment, storage and disposal facilities in ethnic and racial minority communities, communities of 

colour and communities with lower socio-economic status (Martuzzi et al., 2010, Mohai and Saha, 2015, 

Cannon, 2020, Dunajeva and Kostka, 2022, Cannon, 2024). A recent study by Cannon (2024) showed that 

the siting of non-hazardous and hazardous waste landfills are linked to communities of colour, female-

headed households, and disaster-affected areas in the US. In Europe, members of the Roma community 

often face environmental racism due to marginalisation to highly polluted areas near landfills (Heidegger 

and Wiese, 2020), their living spaces are used as dumping sites and waste is often not removed (Dunajeva 

and Kostka, 2022). In addition to the disproportionate siting of landfills in marginalised communities, 

residents living near these facilities face significant health risks due to contaminated groundwater and 

harmful emissions (Siddiqua et al., 2022). Poor waste management leads to an increase in both 

communicable and non-communicable diseases, along with long-term health disparities (Vinti et al., 2021, 

Fuller et al., 2022).  

In the global North, the circular economy (CE) is often viewed as a novel approach to waste management. 

However, the concept of circular resource flows has been a fundamental aspect of waste pickers' work 

worldwide for generations. Operating individually or in cooperatives, waste pickers recover, sort, and 

return discarded materials into the economy, effectively reducing waste. Despite their significant role, 

their contributions to the circular economy often go unrecognised, and many of the essential services they 

provide remain unpaid (Gutberlet and Carenzo, 2020). In addition, waste pickers face barriers such as 

social stigma, economic instability, legal liminality and lack employment rights (Rosaldo, 2024). In 

informal economies, waste pickers experience heightened health risks, occupational hazards, and adverse 

health outcomes (Zolnikov et al., 2021). A study in Brazil found that women make up the majority of the 

waste picker population and experience higher rates of chronic and respiratory diseases (Marques et al., 

2021). Child labour can also be an issue in informal waste management systems. Sara et al. (2022) carried 

out a scoping review on child waste workers in South Asia, highlighting the numerous occupational hazards 

they face. Despite their significant involvement in waste management, child waste workers are often 

overlooked by mainstream child protection and support systems, leaving them more vulnerable to 

workplace harassment and injuries.  

 

Potential Solutions for effective management of MSW to support SDG10 

Global inequalities in MSW management and generation are evident across regions, with lower-income 
countries and marginalised communities facing limited waste collection services, disproportionate 
exposure to landfills, and higher health risks. Addressing these disparities requires targeted policies and 
inclusive waste management strategies, for example:  

• Increase waste collection in underserved areas by investing in infrastructure, funding, and 
equitable service distribution to ensure universal access. 
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• Implementing policies that prevent the disproportionate siting of landfills in marginalised 
communities and integrating informal waste pickers into formal systems.  

• Mitigate health risks from landfill pollution through stricter regulations, improved monitoring, and 
healthcare access for impacted populations, including waste pickers.  

• Policymakers should develop targeted programs to support child waste pickers by providing 
essential protective gear, healthcare, education, and adequate nutrition to reduce health risks 
and improve their well-being. Additionally, authorities should explore alternative income-
generating opportunities to help children transition away from hazardous waste work (Sara et al., 
2022). 

• Encourage waste prevention, recycling, and resource efficiency to decouple economic growth 
from waste generation, with targeted interventions in regions with low recycling rates. 

 

SDG12: Responsible Production and Consumption 

The issue of MSW is strongly linked to the Sustainable Development Goal 12 (SDG12) - responsible 

production and consumption as it focusses on ensuring sustainable consumption and production patterns12. 

MSW generation and disposal pose a significant burden on human health, land use and environmental 

sustainability.  

 

Figure 11 shows the quantity of MSW generated on a global scale in 2020 and relative projections for the 

following decades due to population increase and/or wealth increase leading to further consumption: 

unless appropriate measures are taken to mitigate waste generation, the current waste management crisis 

will not cease. Figure 12 highlights a clear divergence between collected and properly managed waste by 

group of regions, highlighting the differences in MSW infrastructure between regions. 

 

Figure 11: Generation of global municipal waste  

 

 Source: UNEP (2024b) Note: 2020 figure refers to actual amount of waste generated. 2030-2050 

figures refer to estimated amounts of waste which are expected to be generated globally.  

 

 

12 See https://sdgs.un.org/goals/goal12 
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Figure 12: MSW collection coverage and MSW managed in controlled facilities in 2021 

 

 Source: UN (2024b) Note: *Excluding Australia and New Zealand. MSW collection coverage: amount 

collected as a proportion of total MSW generated.  

 

A positive correlation exists between gross domestic product (GDP) and generation of waste (UNEP, 2024b):  

economic development drives a growing demand for natural and energy resources; which if not well 

managed, they may eventually end up as waste (OECD, 2020).  High levels of waste generation often stem 

from overconsumption, and inefficient production and consumption patterns. A significant share of MSW 

relates to food waste, which continue to grow despite the rising world-wide hunger. Most food waste stems 

from domestic activities (60%): values of 79 kg of household food waste per capita were registered globally 

in 2022, with only limited variation (7 kg per capita) between low- and high-income countries (UN, 2024b). 

The generation of MSW is a reflection of the overall efficiency of resource use within a community. Products 

are currently designed, used, and disposed of in a linear manner resulting in growing quantities of MSW. 

Another challenge to be addressed concerns the consequences of the digital transformation that is currently 

shaping our society, hence the increasing availability, ownership and subsequent disposal of electric 

appliances and electronic devices. Compared to 2010, the amount of e-waste generated globally in 2022 

almost doubled (from 34.16 to 61.91 million kg), while the collection rate diminished (from 23.3% to 22.3%) 

(Baldé et al., 2024).  

 

Potential Solutions for effective management of MSW to support SDG12 

• Area of interventions and policies must be further developed and implemented to face the above 

challenges. Society as a whole (governments, companies, citizens) is asked to take action with 

everyday choices and decisions that directly impact waste generation and management. Achieving 

SDG 12 requires actors across the whole value chain, including businesses, consumers, 

policymakers and municipalities, to work together to raise awareness about the importance of 

reducing MSW, and to implement policies that encourage sustainable consumption and production. 

Policies applied in this area often focus on increasing waste segregation, and introducing extended 

producer responsibility, or financial incentives for recycling. SDG 12 calls for a shift toward a 

circular economy, where materials are reused and recycled, reducing the need for virgin resources 

and minimizing waste generation.  
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• Proper data collection, standardisation and reporting are important in order to identify and 

quantify losses along the production chain. Countries should invest in digitalisation to strengthen 

the comprehension and transparency of the waste value chain, thereby delivering tailored 

campaigns to foster public awareness (UNEP, 2024b).  

• MSW can mainly undergo four paths: recovery of materials by category, recovery of energy by 

combustion, bioconversion, landfilling of the non-recoverable portion. The treatment of MSW 

plays a pivotal role for appropriate management: recycling, incineration, composting, pyrolysis 

and gasification are potential processes for waste conversion into energy or valorisation as 

renewed materials (Al-Jaf and Aziz, 2024).  

• Shifting from a linear to a circular economy model can prevent excessive waste generation and 

extend the life cycle of resources and materials, while reducing the need for virgin resources, thus 

achieving the crucial goal of waste reduction (UNEP, 2024b). In this context, waste-to-energy, and 

the 3Rs approach (reduce, reuse, recycle) are relevant pathways to pursue for better waste 

handling (Kumar et al., 2023),  focusing on policies and practices fundamentally aimed at revising 

the design of materials, as well as production and consumption patterns of businesses and citizens 

(Arenibafo, 2023).  E-waste must be properly managed to limit the release of hazardous 

substances and enhance the recovery of valuable materials. Furthermore, effective collection 

systems should be established to boost collection rates, especially in higher-income countries 

where access to and use/disposal of electrical and electronic equipment are prevalent (Baldé et 

al., 2024).  

 

Efficient and sustainable management of MSW which focuses on waste reduction, resource efficiency, and 

recycling can directly contribute to more sustainable production and consumption patterns.  

 

 

SDG13: Climate Action 

Climate change and relative endeavours to address its detrimental impacts are the focal point of the 

Sustainable Development Goal 13 (SDG13) – Climate action13. SDG13 is related to MSW as waste 

management practices, especially those involving the disposal and treatment of waste, have a direct 

impact on GHG emissions. The Intergovernmental Panel on Climate Change (IPCC) mandates all relevant 

sectors to quickly undertake concrete measures to mitigate GHG emissions (UN, 2023b). The amount of 

GHGs generated globally increased from 1990 to 2021 (see Figure 13). Flows of greenhouse gases such as 

methane (CH4) and carbon dioxide (CO2) stem from a number of sectors with the waste sector accounting 

for 3.3% of global GHG emissions in 2019 (Climate Watch, 2024).  Projections for 2050 predict that the 

MSW generation will rise to 3.5 billion tons (UNEP, 2024b). The proper management of MSW is therefore of 

utmost relevance to mitigate its contribution to the global threat of climate change14.  

The GHG emissions from MSW management can vary significantly depending on the methods employed, 

ranging from waste prevention to disposal, and the existing waste management strategy which is being 

replaced. Many regions are still reliant on landfilling of waste, including in open landfills, and on open 

burning of waste. Such improper waste management practices can contribute significantly to GHG 

emissions (e.g., methane from organic waste decomposition in landfills) with the resulting climate change 

directly affecting terrestrial ecosystems, accelerating biodiversity loss and desertification (Ali et al., 

2014).  

 

 

13 See https://sdgs.un.org/goals/goal13  
14 See https://www.epa.gov/system/files/documents/2021-11/swm-guide-flyer-general-2020-08-07.pdf  

https://sdgs.un.org/goals/goal13
https://www.epa.gov/system/files/documents/2021-11/swm-guide-flyer-general-2020-08-07.pdf
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Figure 13: Global GHG emissions by sector (1990-2020)  

 

 Source: Ritchie et al. (2020) 

 

 

Potential Solutions for effective management of MSW to support SDG13 

• Understanding the actual impact of current MSW management technologies is an important 

starting point to foster tailored actions to lower emissions from landfills and incineration plants. 

Different techniques can be implemented to investigate and estimate the generation of GHGs, 

e.g. time series procedures, Machine Learning approach (Magazzino et al., 2020), life cycle 

assessment methodologies (Ceraso and Cesaro, 2024). This would allow specific areas of 

intervention to be identified (including carbon capture, utilisation and storage and biomass co-

firing, carbon capture and sequestration) and potentially optimised.  

• Carbon from MSW disposed in the most common way, through landfill, can be sequestered on site, 

emitted as CO2 following waste decomposition or by collection and subsequent combustion of CH4, 

emitted as CO2 from oxidation of CH4, or escape as uncaptured CH4. The latter has been identified 

as the major contributor to climate change impact in the waste sector (Lee et al., 2017). Disposal 

of waste in sanitary landfills remains the prevalent method while allowing both biogenic carbon 

sequestration and the protection of soil and groundwater from unwanted contamination (Salvador 

and Doong, 2024).  However, emphasis should be given to the application of more sustainable 

practices that could lower the environmental impact of waste management. 

• Reducing waste along the production chain can result in minimised resource extraction, 

moderating the need for raw materials, and energy demand from manufacturing and transport can 

be reduced, thus resulting in decreased GHG emissions from production and waste processing. 

Taking the case of food waste, a minimisation strategy showed the best environmental 

performance, reducing GHG emissions, eutrophication and acidification potential impacts when 

compared to treatment of landfilling,  composting, anaerobic digestion and incineration (Bernstad 

Saraiva Schott and Andersson, 2015, Oldfield et al., 2016), compared to both incineration and 

anaerobic digestion (Bernstad Saraiva Schott and Andersson, 2015).  

• The biogenic fraction of MSW (e.g., food waste, paper) can serve as a biomass feedstock for 

anaerobic digestion (AD) with the resulting biogas replacing fossil fuels for the generation of 
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energy. Further, by partially substituting common AD feedstocks, energy crops and agricultural 

residues, adverse effects concerning land use and deforestation would be lessened, and 

competition with crops destined for food production avoided. Figure 14 displays a snapshot of the 

GHGs emitted from waste management in Ireland for the period 1990-2023, broken down by 

subcategories.  As evidenced by the data, landfill disposal was the main hotspot. The year 2023 

experienced a 4% reduction overall, and a 6% decrease was registered for the subcategory landfills 

(EPA, 2024a). This positive trend is the result of successful actions and regulations such as waste 

planning at regional level, improved waste segregation and handling, recycling rates, and 

diversion from landfill disposal (Government of Ireland, 2024).  

 

Figure 14: GHG emissions from the waste sector in Ireland (1990-2023) 

 

 Source: EPA (2025) 

 

SDG14: Life Below Water 

Sustainable Development Goal 14 (SDG14) Life Below Water aims to conserve and sustainably use the 

oceans, seas and marine resources for sustainable development15. MSW management and SDG14 are 

related as inefficient MSW management practices can have detrimental effects on marine ecosystems and 

the sustainability of marine life. The use of landfills for disposal of MSW is still one of the most common 

approaches employed across the global, irrespective of the countries developmental status and 

uncontrolled “landfills” (known as open dumpsites) are widely used in many developing countries 

(Siddiqua et al., 2022). Landfilling of MSW is associated with underground water pollution due to the 

leaching of organic, inorganic, and other substances of concern contained in the pollution from landfill 

runoff (Siddiqua et al., 2022). Figure 15 shows how landfill operations can lead to contamination of 

underground water sources through the landfill leachate; one, through flaws in the liner of the landfill, 

 

 

15 See https://sdgs.un.org/goals/goal14  

https://sdgs.un.org/goals/goal14
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and second, from rainfall dissolving inorganic and organic elements of the landfilled waste. In turn, this 

releases toxic chemicals that leak to the underground water systems (Siddiqua et al., 2022).Landfill 

leachate and runoff can have high metal contents, can be toxic if consumed by humans, and if the 

leachate reaches a water body such as lake or river systems it may have adverse effects on aquatic life 

(Zhang et al., 2016). 

 

Figure 15: Route of underground water pollution from landfills due to leaching 

 

Source:  Siddiqua et al. (2022). 

Global solid waste is composed of persistent (plastics, glass, metal, other waste) and naturally degradable 

components (food, green, wood, paper and cardboard, rubber/leather, other waste). The persistent 

materials require specific collection and processing to prevent avoid such waste becoming long-term 

pollutants (Coe et al., 2019). The processing of plastic waste is particularly problematic as improper 

disposal of MSW contributes to the breakdown of plastic waste into microplastics, which are ingested by 

marine organisms, disrupting food chains, and potentially affecting human health (Kopatz et al., 2023, 

Iñiguez et al., 2017). An unintended consequence of plastic use driven by human activities, and improper 

municipal solid waste collection, is the accumulation of waste plastics in the marine environment 

(Murshed et al., 2022). Plastic waste in the ocean will either stay afloat or sink to the seabed, depending 

on the size and density of the particles. Plastics in the ocean environment will degrade over time into 

small pieces called microplastics which can move up through the food chain as humans consume sea life 

that have been eating these microplastics. It is estimated that there are currently approximately 150 

million tonnes of plastics in the oceans, and with the forecast increase it is estimated there will be 1 

tonne of plastic for every 3 tonnes of fish by 2025, and by 2050, there will more plastic in the oceans than 

fish (by weight) (Dąbrowska et al., 2021).  

Plastics constitute over 12% of all MSW globally and leakage occurs at all phases of the production-disposal 

life cycle due to inadequate management (Coe et al., 2019). The primary sources of macroplastic losses 

are from poorly managed MSW (i.e. open dumping and inadequate landfilling) (Ryberg et al., 2018). It is 

estimated 275 million tonnes of plastic waste are generated each year, with approximately 4.8–12.7 

million tonnes of mismanaged plastic waste entering the ocean. Further is it estimated that only 20 

countries are responsible for 83% of the plastic waste entering the world’s oceans (Jambeck et al., 2015). 

Indonesia is an example of a country with limited MSW management services which is contributing to 

plastic pollution in the marine; it is the second largest country after China, with about 

3.22 million tonnes tons of plastic waste mismanaged per year (Tibbetts, 2015). MSW management services 

only serve 47.35% of total population in Indonesia, with only 24.9% of the total MSW landfilled. Further, 

±99% of landfills in Indonesia are operated as open dumping sites (Lestari and Trihadiningrum, 2019). This 
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highlights the scale of the challenge to more efficiently manage plastic waste with appropriate MSW 

management approaches. 

If no action is taken, the global generation of plastics will continue to grow, and 12,000 Mt of plastic 

waste will be in discarded landfills or in the natural environment by 2050 (Geyer et al., 2017). Further, if 

current management practices persist, there will be a significant addition of waste plastic to the ocean. 

The indicators set out in the SDGs – such as municipal solid waste collections (SDG 11.6.1), food loss and 

waste indices (SDG 12.3.1), national recycling rate (SDG 12.5.1), or marine plastic density (SDG 14.1.1) – 

have the potential to show us if things are improving. However, data is limited, as demonstrated in Figure 

2 for SDG indicator 12.5.1.  

 

Potential Solutions for effective management of MSW to support SDG14 

Effective MSW management is crucial to achieve SDG 14, which has set and indicator of marine plastic 

density (SDG 14.1.1). MSW management can be improved in several ways; 

• Waste Generation: Minimising plastic and other waste. This can be assisted by better regulation, 

e.g. the Single-Use Plastics Directive16 which was introduced in the EU in 2021. The directive 

prohibits placing 10 types of single-use plastic products (i.e., cotton buds, cutlery, plates, straws, 

stirrers, balloon sticks, food containers, and polystyrene cups ); they will be replaced with 

alternative products (Dąbrowska et al., 2021). 

• Improving Waste Collection and Recycling: Ensuring waste is collected and processed properly 

prevents leakage into waterways. Alternatives to landfilling should be pursued. The integration of 

sorting plants with MSW management systems (such as WtE) which sort recyclable waste fractions 

like plastic packaging from non-recyclable streams leading to material recovery and reduction of 

fossil CO2 emissions (Edo et al., 2024)Waste plastic fractions have value and are suitable for 

recycling, mainly by chemical or energy recovery, which especially attractive for polyolefin waste 

(Iñiguez et al., 2017). An example of an alternative for is waste plastic treatment by pyrolysis to 

generate liquid, gaseous and solid products.  

• Strengthening Regulations: Implementing policies to prevent illegal dumping in oceans or near 

water bodies. Examples include extended producer responsibility (EPR) schemes which shift 

financial responsibility for end-of-life disposal to product manufacturers, thereby providing an 

incentive for improved product design, reuse, and recycling (Tibbetts, 2015). 

Effective MSW management is crucial for achieving SDG 14 by reducing the environmental pressures on 

marine ecosystems, ensuring sustainable use of ocean resources, and protecting aquatic biodiversity. 

 

SDG15: Life on Land 

Sustainable Development Goal 15 aims to “protect, restore and promote sustainable use of terrestrial 

ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation 

and halt biodiversity loss”17.  Municipal Solid Waste is related to SDG due to the shared focus on 

environmental health, ecosystem preservation, and sustainable resource use. Effective waste management 

strategies can support SDG15 by reducing pollution, improving environmental health and conserving 

 

 

16 Official Journal of the European Union. Directive (EU) 2019/904 of the European Parliament and of the Council of 5 

June 2019 on the Reduction of the Impact of Certain Plastic Products on the Environment; Publications Office of the 

European Union: Luxembourg, 2019; pp. 1–19.  
17 See https://sdgs.un.org/goals/goal15  

https://www.sciencedirect.com/topics/engineering/polyolefin
https://sdgs.un.org/goals/goal15
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resources (Ram and Bracci, 2024). 

MSW management in both developed and developing countries poses a threat to environmental integrity 

and human health (Lebelo and Mochane, 2021). As already mentioned in relation to SDG14, open dumping 

MSW management practices are widely used in many developing and emerging countries (Siddiqua et al., 

2022), with open dumping and burning occurring widely. Such improper waste management practices can 

cause serious health and environmental impacts due to the emission of GHGs, toxic leachates and volatile 

organic compounds, which contribute to pollution of air, soil and water (Choudhary et al., 2024). Poorly 

managed MSW contributes significantly to GHG emissions (e.g., methane from organic waste 

decomposition in landfills) with the resulting climate change directly affecting terrestrial ecosystems, 

accelerating biodiversity loss and desertification. Many landfills and dumping sites in developing countries 

lack leachate collection and treatment systems, which can result in significant emission of landfill 

leachate, the quantity and quality of which are influenced by factors such as the composition of the 

waste, the biochemical processes occurring in the degradation of the waste, the moisture content, and 

local parameters (Ali et al., 2014, Rezapour et al., 2018). The leachate generated by open burning and 

dumping of solid waste is hazardous to soil microbes and causes chemical and biological contamination in 

soil. The chemical interactions between the soil mineral particles and the leachate, which is comprised of 

high levels of dissolved organic, inorganic salt ions, microorganisms, and heavy metals may substantially 

impact on soil behaviour over time, resulting in deterioration of the soil environment, disruption of 

ecological balances and biodiversity loss (Mor and Ravindra, 2023). Further, landfills often encroach upon 

natural habitats, destroying ecosystems and endangering species.  

As already outlined in relation to SDG7, MSW can be converted into energy using Waste-to-Energy (WtE) 

technologies. This benefits SDG15 by providing renewable energy (from the biogenic portion of MSW), 

reducing the size of MSW provided renewable energy, avoiding the emission of GHGs and improving the 

urban environment (Cui et al., 2024, Istrate et al., 2020). Refuse derived fuel (RDF) is another commonly 

used method of using MSW as an energy source and is used in sectors such as the cement industry. The use 

of wastes as a fuel sources and in energy generation avoids secondary pollution which occurs in the case of 

uncontrolled disposal, including soil contamination by heavy metals and pathogens (Shehata et al., 2022). 

However there are negative environmental impacts associated with development of WtE infrastructure, 

due to the land requirement for the construction of the WtE plant with resulting impacts on the ecosystem 

and environment (Cui et al., 2024). Further, thermal processing of waste can have negative impacts due 

to the possible generation of emissions of contaminants in flue gas; the presence of hazardous substances 

in the ash, and pollution of water used in particular technological points of the incineration equipment 

(Tabasová et al., 2012). Human health impacts can arise due to the emission of dioxins, furans, heavy 

metals and polycyclic aromatic hydrocarbons (Istrate et al., 2020). However, such emissions can be 

controlled. For example, maximum emission limits are set in the EU by the Industrial Emissions Directive18 

which WtE plants must meet (Malinauskaite et al., 2017, Neuwahl et al., 2019). This can be enabled by 

using appropriate air pollution control systems for. 

 

Potential Solutions for effective management of MSW to support SDG15 

• Waste Reduction: Minimising waste generation aligns with reducing pressure on ecosystems by 

reducing the volumes of MSW to be treated. Public awareness campaigns, education and 

engagement are important in fostering behavioural changes and encouraging responsible waste 

practices that can reduce environmental harm and protect ecosystems (Choudhary et al., 2024). 

• Recycling and Circular Economy: Sustainable waste management practices such as reuse recovery 

and recycling can promote the reuse of resources, reducing the demand for raw materials and 

 

 

18 See European Council DIRECTIVE 2010/75/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL 

of 24 November 2010 on industrial emissions (integrated pollution prevention and control) (Recast) 

Eur Parliam Counc Eur Union (2010), p. L334 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/volatile-organic-compound
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/volatile-organic-compound
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/soil-contamination
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polycyclic-aromatic-hydrocarbons
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mitigating deforestation and ecosystem degradation. Recycling MSW as a resource reduces the 

amount of land needed to dispose of MSW in landfills and reduces demand for natural resources 

and avoids overexploitation and destruction of ecosystems (Cui et al., 2024). Circular economy 

practices such as composting can be employed to enhance soil health and reduce the need for 

chemical fertilisers, promoting sustainable land use (Choudhary et al., 2024).  

• Proper Waste Disposal and Treatment: Governments, municipalities, and businesses can contribute 

to implementation of sustainable MSW management strategies, and appropriate infrastructure to 

prevents land degradation and contamination of ecosystems by safely managing toxic and 

hazardous wastes. For example, municipalities should ensure that proper landfill design is 

followed. Further, policy interventions and technological innovations play crucial roles in 

enhancing waste management systems (see SDG9), ensuring effective resource recovery while and 

minimising environmental and health risks (Choudhary et al., 2024). 
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Concluding remarks  

Significant volumes of municipal solid waste are generated globally and are improperly handled, resulting 

in significant environmental, economic and social impacts. Efforts are being made to move to more 

sustainable use of natural and human resources for the betterment of global society, with the Sustainable 

Development Goals adopted to track progress. This report has highlighted the detrimental effect of sub-

optimal MSW management approaches on environmental and social sustainability through the lens of the 

SDGs.  

Food waste is a significant contributor to global hunger and food insecurity (SDG2). In 2022, an estimated 

1.05 billion tonnes of food in the retail, food service and household sectors were wasted globally (UNEP, 

2024a), directly impacting on potential opportunities to address hunger and food insecurity. Despite 

sufficient global food production to feed the population an estimated 30 per cent of all food produced 

globally is wasted (EPA, 2023a), leading to inefficient resource use and exacerbating food scarcity in many 

regions. This relates also to SDG12, high levels of MSW generation often stem from overconsumption, and 

inefficient production and consumption patterns. Products are currently designed, used, and disposed of 

in a linear manner resulting in growing quantities of MSW. The use of landfills for disposal of MSW is still 

one of the most common approaches employed across the global, irrespective of the countries 

developmental status and uncontrolled “landfills” (known as open dumpsites) are widely used in many 

developing countries (Siddiqua et al., 2022). Improper handling and disposal of MSW can lead to 

contamination of water resources and hinder sanitation efforts (SDG6), posing severe environmental and 

social challenges. When waste is improperly disposed of, it can generate leachate, a toxic liquid formed 

when rainwater percolates through waste materials, dissolving harmful substances. This leachate can 

contaminate surface water and groundwater, adversely affecting water quality (SDG14) and soil quality 

(SDG15) (Eggen et al., 2010). Further, waste management systems have a direct impact on GHG emissions 

(SDG13), accounting for approx. 3% of global GHG emissions. improper waste management practices can 

contribute significantly to GHG emissions (e.g., methane from organic waste decomposition in landfills) 

with the resulting climate change directly affecting terrestrial ecosystems, accelerating biodiversity loss 

and desertification (Ali et al., 2014).  

Municipal solid waste management is a key service that intersects with wider social, economic, and 

environmental inequalities (SDG10). The level of controlled municipal solid waste management varies 

greatly by region, with Sub-Saharan Africa and Central and South Asia having the lowest rates, while North 

America and Western Europe have the highest (UNEP, 2024c). There are further economic disparities in 

municipal solid waste generation and management; higher income countries make up 16 per cent of the 

world's population but generate 34 percent of global waste, while low-income countries, which represent 

9 percent of the global population, contribute only about 5 percent of the world's waste (Kaza et al., 

2018). In addition to the disproportionate siting of landfills in marginalised communities, residents living 

near these facilities face significant health risks due to contaminated groundwater and harmful emissions 

(Siddiqua et al., 2022). Poor waste management leads to an increase in both communicable and non-

communicable diseases, along with long-term health disparities (Vinti et al., 2021, Fuller et al., 2022). In 

informal economies, waste pickers experience heightened health risks and adverse health outcomes 

(Zolnikov et al., 2021). 

Despite the environmental and social impacts generated by MSW management systems, technical solutions 

exist. MSW can be converted into energy using WtE technologies, which align with SDG7’s objectives by 

increasing renewable energy use and improving energy efficiency (Khan and Kabir, 2020). WtE reduces 

dependence on fossil fuels, lower greenhouse gas emissions, and promote a circular economy by 

recovering energy and valuable resources (Alao et al., 2022). The innovative management of waste (SDG9) 

and use of more sustainable management approaches can result in significant benefits for society; 

minimising the adverse effects of climate change, and can improve social and economic sustainability 

(Ram and Bracci, 2024). Stakeholders are considering more sustainable approaches for MSW management 

including integrated approaches (Kundariya, Mohanty et al. 2021), with innovations occurring in waste 

collection and transportation, waste-to-energy technologies and organic waste valorisation. 
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Governments and municipalities have an important role in implementing sustainable MSW management to 

achieve the SDGs. Minimising waste generation aligns with reducing hunger (SDG2), GHG emissions (SDG13) 

and pressure on ecosystems (SDG14 and 15) by reducing the volumes of MSW to be treated (SDG6 and 

SDG7) and by retaining products in the economy for longer. Sustainable waste management practices such 

as reuse recovery and recycling can promote the reuse of resources, reducing the demand for raw 

materials (SDG12) and mitigating deforestation and ecosystem degradation (SDG15) (Cui et al., 2024). 

Circular economy practices such as composting can be employed to enhance soil health and reduce the 

need for chemical fertilisers, promoting sustainable land use (Choudhary et al., 2024). Public awareness 

campaigns, education and engagement are important in fostering behavioural changes and encouraging 

responsible waste practices that can reduce environmental harm and protect ecosystems (Choudhary et 

al., 2024). Governments, municipalities, and businesses can contribute to implementation of sustainable 

MSW management strategies, and appropriate infrastructure to prevents land degradation and 

contamination of ecosystems by safely managing toxic and hazardous wastes. For example, municipalities 

should ensure that proper landfill design is followed to minimise pollution and risks to workers and 

marginalised communities (SDG10). Further, policy interventions and technological innovations play 

crucial roles in enhancing waste management systems (SDG9), ensuring effective resource recovery while 

and minimising environmental and health risks. 

It is important that technical and governance solutions are implemented to mitigate the impact of MSW 

management on the SDGs. 
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