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The evolution of waste management

Source: Zaman & Lehman, Challenges and Opportunities in Transforing a City into a “Zero Waste City”, Challenges 2011, 2, 73-93; doi:10.3390/challe2040073  

SWM is becoming 3D
Digital
Decentralised
Data-driven



CLIMATE CHANGE 
& WASTE 
MANAGEMENT

Source: Mc Kinsey, Curbing methane emissions: 
How five industries can counter a major climate 
threat 9/2021, 
https://www.mckinsey.com/business-
functions/sustainability/our-insights/curbing-
methane-emissions-how-five-industries-can-
counter-a-major-climate-threat

https://www.mckinsey.com/business-functions/sustainability/our-insights/curbing-methane-emissions-how-five-industries-can-counter-a-major-climate-threat


THE WASTE SUPPLY CHAIN IS RE-INVENTED
It is allready happening, faster than we think
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Source: Mavropoulos & Nielsen, Industry 4.0 and Circular Economy, Towards a Wasteless Future or a Wastefull Planet? Wiley Publications, 2020
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Source: https://roboat.org/use-cases

https://roboat.org/use-cases


SAMSUNG Medical Center is the 
first hospital that is using the 
rolling out of robots that 
automatically dispose of medical 
waste from operating rooms

Source: https://www.kedglobal.com/newsView/ked202109160004

https://www.kedglobal.com/newsView/ked202109160004


Source: Wilts et al, Artificial Intelligence in the Sorting of Municipal Waste as an Enabler of the Circular Economy 
Resources 2021, 10, 28. https://doi.org/10.3390/resources10040028

https://doi.org/10.3390/resources10040028


The rise of recycling platforms



The operation of the system depends on the 
assumptions 
a. that textiles sent to recycling are free of 

environmental burden and that reused products and 
products made from recycled materials replace 
products made from virgin fibres. 

b. There is a smooth functioning of five closed loops 
(two reuse loops on the left side and three closed 
loops on the right side), two recycling open loops (on 
the right side) and an energy recovery linear end. 

c. In total, the system’s function depends on the smooth 
function of eight sub-systems, eight markets and 
prices, and eight technological linkages

CE will be either digital or dead



Usual misconceptions on recycling

Misconceptions about recycling
Recycling means displacement of 
primary materials

Market conditions will determine the fate of the recovered materials 
- recycling does not automatically bring the benefits of the 
displacement of primary materials, which are the main benefits.

Recycling materials multiple times is 
better than once

Cascading effects and chemical pollution undermine the recycling 
benefits and at a certain point the inclusion of virgin materials is 
definitely required, even for materials like aluminium and steel.

Closed loops are better than open 
ones

This is also a confusing argument because the logistics of the closed 
loop and the exact type of substituted materials finally determine the 
preference order.  

Recycling is a decentralized activity 
with small financial cost and huge 
financial benefits

This is completely misleading for municipal recycling in middle and 
high- income countries. The cost of source separation programs and 
the cost pf reprocessing materials in Material Recovery Facilities 
(MRFs) are usually 4-5 higher than the revenues from the sales of 
recyclables.  

Source: Mavropoulos & Nielsen, Industry 4.0 and Circular Economy, Towards a Wasteless Future or a Wastefull Planet? Wiley Publications, 2020



Huston we have a problem: cascading



Source: European 
Environmental Agency



Safe waste management 
and availability of final 
sinks become a key-
precondition to achieve 
Circularities  

Source: Mavropoulos & Nielsen, Industry 4.0 and Circular Economy, Towards a 
Wasteless Future or a Wastefull Planet? Wiley Publications, 2020



Source: Themelis, Diaz Barriga and Estevez and Velasco, “WtE Guidebook 2013 for the Application of WtE Technologies in Latin America and the Caribbean”



Circular Economy & 
Final Sinks

Sanitary Landfills Waste to Energy plants

Main role • Containment of contaminants for a certain 
period

• Final sink for non-recyclables, for low 
calorific value streams, for non-incinerated 
hazardous waste and ashes from 
incinerators

• The only way available for poor countries 
and emergencies

• Destruction of hazardous substances and 
chemical pollutants

• Homogenization of heterogeneous MSW that 
allows recovery of important metals

• Substantial reduction of volume

Secondary features • Biogas to energy production
• Storage of materials for future utilization 

based on technology and markets 
developments

• Contribution to energy production
• Analytical tool for the biogenic fraction of 

waste

Main problem • Integrity and long-term behavior of 
containment systems

• Leachate collection and treatment is 
necessary to avoid water and soil pollution

• Advanced air pollution systems required to 
ensure public health protection

• Ash treatment is an important element for 
resource recovery

Source: Mavropoulos & Nielsen, Industry 4.0 and Circular Economy, Towards a Wasteless Future or a Wastefull Planet? Wiley Publications, 2020



Source: https://www.ieabioenergy.com/wp-content/uploads/2013/10/40_IEAPositionPaperMSW.pdf

https://www.ieabioenergy.com/wp-content/uploads/2013/10/40_IEAPositionPaperMSW.pdf


Source: UN Economic and Social Council, Guidelines on Promoting People-first Public-Private Partnerships Waste-to-Energy Projects for 
Non-Recyclable Waste for the Circular Economy



WtE with Carbon Capture?

Source: Wienchol et al, Waste-to-energy technology integrated 
with carbon capture e Challenges and opportunities, Energy 198 
(2020) 117352 

Source: Pfadt-Trilling et al, Climate Change Impacts of Electricity Generated at a 
Waste-to- Energy Facility
Environ. Sci. Technol. 2021, 55, 1436−1445 



Instead of conclusions



CE is a condition 
to manage 
global warming

3 billion tons of metals and minerals will be needed by 2050 to scale up wind, 
solar and geothermal power and energy storage to reach a below 2°C future
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The importance of domino effects



SWM as a 
Catalyst

Source: Mavropoulos & Nielsen, Industry 4.0 and Circular Economy, Towards a Wasteless Future or a Wastefull Planet? Wiley Publications, 2020


