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Data source: United Nations, Department of Economic and Social Affairs, Population Division (2018a). World Urbanization Prospects 2018. 
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Data source: Ellen MacArthur Foundation. (2019). Circular economy in cities: project guide. 

Issues and Perspective

Courtesy od Lidia Lombardi



Refusal of Waste treatment Plants
(any)
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Suitability map for 
waste-to-energy 

plant location
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Issue: the diffusion of ZERO-waste 
(uncompromising) approach



Circular economy is a fundamental part of the solution in 

waste management but…..

SUSTAINABLE

Circular

ECONOMY



Really sustainable



Issue: innovation in new composite 
materials versus recycling rate
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Issue: how many cycles – some 
scientific and public (???) concern

Source: theantidotelife.com, 

Guardian, Forbes, The 
Independent



Non Recyclabe waste



Non Recyclabe waste



Non Recyclabe waste
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Issue: ‘Social behaviour’



‘Social behaviour’



Door to door collection
(consierge+internal space)



Door to door 
‘Social behaviour’



Door to door 
‘Social behaviour’



Door to door 
(consierge+internal space)



Issue: scraps from plastic waste 
selection

up to 50%



Scraps (hidden) from composting



Scraps from composting

up to 20%



Issues : we still have the unsorted
waste %? (‘social behaviour’)



RD 75-80%
(when???)

+

60-65% recycling

20-25% 
(unsorted)

12-13% 
(Scraps)

32-38%

Two simple calculations: % 

Separate collection VS Recycling



RD 65-70%
(soon???)

+

50-60% recycling

30-35% 
(unsorted)

10-13% 
(Scraps)

40-48%

Two simple calculations: % 

Separate collection VS Recycling





Management Alternatives

Unsorted

waste

35%

Separate 

collection

65%

Waste

100%

To selection

Landfill

47,9%

S
cr

a
p

s
1

3
%

52% new

materials

Leachate

Unsorted

waste

35%

Separate 

collection

65%

Waste

100%

To selection

WtE

47,9%

S
cr

a
p

s
1

3
%

52% new

materials

Energy

Recycling

14%

LANDFILL
3%

<10%



NO WtE

NO Landfill ….is there any other way?

Residual waste from 

65%separate collection

48Kg over 100 kg 

can go to…..



The third way… abroad

Economic losses… and RESILIENCE losses
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Context and open issues: climate change and 

drought



Context and open issues: zero wastewater 
reuse, High impacts from discharges



Context and open issues: 
sludge management



In summary, 
we have... so many issues



HOW to change the waste/wastewater 
management paradigm in SouthEurope regions?



Symbiosis….a lesson from the Nature….

The term 'symbiosis' builds on the

notion of mutualism in biological

communities where at least two

otherwise unrelated species exchange

materials, energy, or information in a

mutually beneficial manner



CASE STUDY

The “Symbiosis Approach” is evaluated on the Metropolitan Area
of Catania plus the provinces of Enna, Siracusa and Ragusa

It considers 2 million p.e. in terms of waste production and
545,000 p.e. in terms of the WWTP capacity
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Scenario A (current)
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Holistic approach



Mass Balance – Scenario A  
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To landfilling:

Unsorted + scraps:

530 364 t y-1 (52%)

Sludge: 49 996 t y-1 

To recovery from selection:

135 327 t y-1 (13%)

Compost:

30 227 t y-1 (3%)

Biogas: 10701 Nm3/giorno



Mass Balance– Scenario B 
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To landfil:

Unsorted + scraps:

451 119 t y-1 (44%)

Sludge 49 996 t y-1 

To recovery from 

selection:

324 525 t y-1 (32%)

Compost:

52 242 t y-1 (5%)

Biogas: 10701 Nm3/giorno



Mass Balance – scenario C 
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To landfill:

Scarps to WtE

10 200 t y-1 (2,2%)

Recovery from selection:

324 525 t y-1 (32%)

Compost:

28 593 t y-1 (2,8%)

Energy: 452,6 GWh y-1

Heat: 726,1 GWh y-1

Biogas: 82287 Nm3/giorno

Recovery Posphorous

Recovery slag

Wastewater reuse



A rough energy balance 
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Waster Organic 

fraction + sludge

Residual waste+scraps

Anaerobic 

Digestion

WtE Heat

production 

(year)

726,1 GWh

WtE Electricity production (year)

452,6 GWh

Heat requirement for sludge digestion

(year) 14,2 GWh

Heat requirement for OF digestion

(year) 19,4 GWh

Heat requirement for sludge

drying (year) 29 GWhWWTP

Heat requirement for 

digestate drying (year) 112 GWh
(

Wastewater

WtE

Energy required for the WWTP (year)  

9,9 GWh

Energy required for tertiay

treatment +pumping (year)

20,2 GWh

Other Companies 

(district heating and cooling)
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Contribution analysis: a) Climate Change; b) Ecotoxicity freshwater; c) Resource 
Use, mineral and metals; d) Resource Use, fossil. 
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Contribution analysis: a) Climate Change; b) Ecotoxicity freshwater; c) Resource 
Use, mineral and metals; d) Resource Use, fossil. 



Recycling versus WtE

Landfill



Recycling and WtE complementaty to divert

waste from landfill



55 Recycling, Recovery and (wastewater) Reuse


