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Waste hierarchy Circular Economy

Waste Framework Directive 

The Directive 2008/98/EC on waste introduces the basic concepts and definitions relating to waste management 

Landfill Directive 

The 1999/31/EC Directive aims at significantly reducing landfilling. 
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Health effects of Waste Management 

Incineration and landfill are among the most diffused waste treatment plants on which
particular attention concerning effects on human health was focused by researchers.
As a consequence, existing literature on health effects related to waste management
provides evidence mainly for these plants (WHO Report, November 2015).
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LANDFILL  AND INCINERATION

• The World Health Organisation (WHO, 2000, 2007): evidence that linking waste landfills and
incinerators to health damage endpoints (especially cancer, reproductive outcomes and
mortality) is either inadequate or insufficient.

• Redfearn and Roberts (2002) and Wigle (2003): scientific evidence of adverse health effects
from landfills was described as poor or inadequate.

• DEFRA (2004): A review included a total of 102 publications and concluded that there is no
convincing evidence of a link between incineration and cancer or respiratory problems, and
between landfilling and cancer.
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COMPOSTING - SPREADING ON LAND

• Maritato et al. (1992); Bunger et al. (2000); Environment Agency (2001); Harrison (2007): main
concern related to composting process is for compost workers, as they are more likely to develop
respiratory and dermal illnesses than the general public.

• Servais et al. (2007): regarding the spreading on land risks to human health arise at the spreading
stage (as bioaerosols), but also as a result of bacterial and viral contamination of surface water
from runoff.

• DEFRA (2004): there are limited data available relating to the potential environmental effects
due to the accumulation of metals, hydrocarbons and other contaminants associated with the
spreading of MSW derived compost.



IntroductionIntroduction
• WHO (2015): health effects of waste management and disposal activities are only partly

understood, and updated evidence would be needed for better informing the policy
debate.

• Enviros Consulting et al. (2004): further research is recommended to investigate
whether an increase in composting of MSW could have a significant adverse effect on
health.
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Goal of the studyGoal of the study

IMPACT ON HUMAN 
HEALTH AND 
ECOSYSTEM 

QUALITY

INCREASING 
MATERIAL AND 

ENERGY RECOVERY 
FROM WASTE 
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WASTE
• residual=85% 
• organic=15%

WASTE 
• residual=60%
• organic=40%

Integrated waste
treatment plant

Integrated
waste treatment 

plant + AD

Base ScenarioBase Scenario

Modified ScenarioModified Scenario

impacts on human 
health and 

ecosystem quality

impacts on human 
health and 

ecosystem quality



Base Scenario
(Current State)
Base Scenario

(Current State)
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5

Legend: 1) Mechanical sorting plant - 2) Bio-stabilization plant - 3) Incineration with energy recovery – 4)
Composting plant – 5) Organic fertilizer, trimming and wood chips deposit – 6) Anaerobic Digestion plant for bio-
methane production

Modified ScenarioModified Scenario

5

6

Integrated waste treatment plant Integrated waste treatment plant (implemented)
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Life Cycle AssessmentLife Cycle Assessment

The LCA was realized following the : 
• ISO 14040 (2006), ISO 14044 (2006)

• ILCD (2012)
Calculations using: SimaPro software 8.5.2

GoalGoal
Examine the impacts of increased material and energy 

recovery from waste on human health and ecosystem quality 
in the scenario analyzed
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ScopeScope

Functional unit (FU): treatment of 1 tonne of waste
Reference flow: 1 tonne of waste 

 Mechanical-Biological treatment: Mechanical sorting & Biostabilization
 Incineration plant (grate) 
 Composting plant 

 Solid Anaerobic Digestion Batch plant (SADB)
 Sanitary Landfill for non-hazardous organic waste 
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LCI FrameworkLCI Framework

• System expansion

• Consequential

• DATABASE: Ecoinvent 3.4 (Wernet et al., 2017)

• MARGINAL ENERGY: Natural Gas 

• USE-ON-LAND: model Daisy (Hansen S. et al., 2012)

• N, P, K of COMPOST: Substitution of mineral fertilizers 

• DISPOSAL: Sanitary landfill 



Venice Symposium 15-18/10/2018 12

System Boundaries
Base Scenario

System Boundaries
Base Scenario
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System Boundaries
Modified Scenario

System Boundaries
Modified Scenario
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Base 
Scenario

Modified 
Scenario

Parameters Process Amount Amount Unit
Residual Municipal Solid 

Waste (RMSW) Mechanical Sorting 0.85 0.60 tonne
Over-screening material Incineration 0.46 0.30 tonne

Under-screening material Bio-stabilization 0.17 0.13 tonne
Organic fraction form separate 

collection
Composting 0.15 0.16 tonne

A.D. - 0.24 tonne
Waste of different treatments Landfilling 0.43 0.37 tonne

Energy recovery Incineration 107 70 kWhe
Energy recovery Landfill 18.3 16 kWhe

Bio-methane Upgrading of biogas - 17.2 Nm3

Organic fertilizer Use-on-land 0.008 0.022 tonne

Treatment of 1 tonne of waste for Base and Modified Scenario
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Mineral
fertilizer Amount Unit

Urea 17.2*, a kg Urea/ tonne compost

P2O5 8.33*, b kg K2O/ tonne compost

K2O 10.9*, c Kg P2O5/ tonne compost

Mineral fertilizers substituted per tonne of waste processed

Legend: *=average content, k=2 confidential level 95%; 
a=standard deviation ±0.48; b=standard deviation= ±0.42; 

c=standard deviation= ±0.90; 



Methodology:
ILCD 2011 Midpoint+ 

Methodology:
ILCD 2011 Midpoint+ 
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Impact category Unit

Global Warming Potential kg CO2eq.

Human Toxicity non-cancer CTUh

Human Toxicity cancer CTUh

Particulate Matter kg PM2.5eq.

Photochemical Ozone Formation kg NMVOCeq.

Acidification molc H+eq.

Eutrophication Terrestrial molc Neq.

Fresh Water Eutrophication kg Peq.

Fresh Water Ecotoxicity CTUe

Resource Depletion kg Sbeq.

Impact categories
considered in the 

analysis
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Impact category Damage category Unit
Human Health DALY

Carcinogens 0.0000028 DALY / kg C2H3Cl eq
Non-carcinogens 0.0000028 DALY / kg C2H3Cl eq

Respiratory inorganics 0.0007 DALY / kg PM2.5 eq
Ionizing radiation 2.1E-10 DALY / Bq C-14 eq

Ozone layer depletion 0.00105 DALY / kg CFC-11 eq
Respiratory organics 0.00000213 DALY / kg C2H4 eq

Ecosystem Quality PDF*m2*yr
Aquatic ecotoxicity 0.0000502 PDF*m2*yr / kg TEG water

Terrestrial ecotoxicity 0.00791 PDF*m2*yr / kg TEG soil
Terrestrial acid/nutri 1.04 PDF*m2*yr / kg SO2 eq

Land occupation 1.09 PDF*m2*yr / m2org.arable

Methodology:
IMPACT 2002+ (Endpoint)

Methodology:
IMPACT 2002+ (Endpoint)

Relationships between Damage and Impact categories

Impact category Unit

Human Health DALY

Ecosystem Quality PDF*m2*yr
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Results:
Human Toxicity non-cancer (HTnc) and cancer (HTc)

Results:
Human Toxicity non-cancer (HTnc) and cancer (HTc)
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Results: Human Health (HH)Results: Human Health (HH)
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Results: Ecosystem Quality (EQ)Results: Ecosystem Quality (EQ)
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Results: EQ & mineral fertilizers replacementResults: EQ & mineral fertilizers replacement

Base Modified
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Results: Use-on-land (HTnc, HTc)Results: Use-on-land (HTnc, HTc)

Percentage contributions of emissions of 1 tonne of compost spreaded

Note that a cut-off criteria=1% was adopted

Human Toxicity non cancer
Emissions Compartment Unit (%)

Lead Soil CTUh 16
Mercury Soil CTUh 11

Zinc Soil CTUh 72.5
Other substances CTUh 0.5

Human Toxicity cancer
Emissions Compartment Unit (%)
Chromium Soil CTUh 83.9

Lead Soil CTUh 4.67
Mercury Soil CTUh 9.5
Nickel Soil CTUh 1.71

Other substances CTUh 0.22
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Results: Use-on-land (EQ, HH)Results: Use-on-land (EQ, HH)

Ecosystem Quality 
Emission Compartment Unit (%)

Chromium Soil PDF*m2*yr 3.68
Copper Soil PDF*m2*yr 36.52
Lead Soil PDF*m2*yr 2.47

Nickel Soil PDF*m2*yr 2.73
Zinc Soil PDF*m2*yr 53.76

Other substances PDF*m2*yr 0.84
Human health

Emission Compartment Unit (%)
Ammonia Air DALY 1.76
Cadmium Soil DALY 1.50
Copper Soil DALY 1.08

Zinc Soil DALY 94.76
Other substances DALY 0.90

Percentage contributions of emissions of 1 tonne of compost spreaded

Note that a cut-off criteria=1% was adopted
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Results: Incineration (HTnc, HTc)Results: Incineration (HTnc, HTc)
Percentage contributions of emissions of 1 tonne of waste incinerated

Note that a cut-off criteria=1% was adopted

Human Toxicity non cancer
Emissions Compartment Unit (%)
Antimony Water CTUh 1.56
Arsenic Water CTUh 5.07
Barium Water CTUh 1.60
Lead Water CTUh 4.11

Mercury Air CTUh 1.97
Zinc Air CTUh 1.38
Zinc Water CTUh 83.55

Other substances CTUh 0.76
Human Toxicity cancer

Emissions Compartment Unit (%)
Arsenic Water CTUh 1.23

Chromium VI Water CTUh 93.13
Nickel Water CTUh 4.34

Other substances CTUh 1.30
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Results: Incineration (EQ, HH)Results: Incineration (EQ, HH)
Percentage contributions of emissions of 1 tonne of waste incinerated

Note that a cut-
off criteria=1% 

was adopted

Ecosystem Quality 
Emissions Compartment Unit (%)
Aluminium Air PDF*m2*yr 6.99
Aluminium Soil PDF*m2*yr 7.11
Ammonia Air PDF*m2*yr 4.49
Antimony Water PDF*m2*yr 5.00
Chromium Air PDF*m2*yr 1.28

Copper Air PDF*m2*yr 4.70
Mercury Air PDF*m2*yr 2.51
Nickel Air PDF*m2*yr 2.39

Nitrogen oxides Air PDF*m2*yr 26.01
Zinc Air PDF*m2*yr 24.66
Zinc Soil PDF*m2*yr 6.29

Other substances PDF*m2*yr 8.56
Human health

Emissions Compartment Unit (%)
Ammonia Air DALY 3.16
Antimony Water DALY 13.65
Arsenic Water DALY 13.17

Dioxin, 2,3,7,8 
Tetrachlorodibenzo-p-

Air DALY 1.48

Nitrogen oxides Air DALY 52.54
Particulates, < 2.5 um Air DALY 10.17

Sulfur dioxide Air DALY 3.77
Other substances DALY 2.06
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Results: Landfill (HTnc HTc)Results: Landfill (HTnc HTc)

Percentage contributions of emissions of 1 tonne of waste disposed

Note that a cut-off criteria=1% was adopted

Human Toxicity non cancer
Emissions Compartment Unit (%)

Arsenic Water CTUh 1.21
Lead Water CTUh 3.99

Mercury Water CTUh 1.36
Zinc Water CTUh 91.81

Other substances CTUh 1.63
Human Toxicity cancer

Emissions Compartment Unit (%)
Arsenic Water CTUh 1.08

Chromium VI Water CTUh 78.86
Nickel Water CTUh 18.03

Other substances CTUh 2.04
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Results: Landfill (EQ, HH)Results: Landfill (EQ, HH)
Percentage contributions of emissions of 1 tonne of waste disposed

Note that a cut-off criteria=1% was adopted

Ecosystem Quality 
Emissions Compartment Unit (%)
Aluminium Air PDF*m2*yr 8.27
Aluminium Water PDF*m2*yr 12.85
Aluminium Soil PDF*m2*yr 10.54

Copper Air PDF*m2*yr 2.16
Copper Soil PDF*m2*yr 2.25

Nitrogen oxides Air PDF*m2*yr 7.50
Zinc Air PDF*m2*yr 1.74
Zinc Soil PDF*m2*yr 5.94

Other substances PDF*m2*yr 48.77
Human health

Emissions Compartment Unit (%)
Arsenic Water DALY 3.73

Dioxin, 2,3,7,8 
Tetrachlorodibenzo-p-

Air DALY 2.00

Hydrocarbons, aromatic Air DALY 1.54
Nitrogen oxides Air DALY 29.23

Particulates, < 2.5 um Air DALY 46.20
Sulfur dioxide Air DALY 12.99

Other substances DALY 4.31
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ConclusionsConclusions
• The comparison on human health and ecosystem quality impacts between the current state

and the implemented one of an integrated waste treatment plant was conducted using a
Midpoint and an Endpoint method.

• In the current state (Base Scenario) higher impacts on Human toxicity (non cancer and
cancer) and Human health are mainly due to the higher amount of waste sent to Incineration
and Landfill.

• In the implemented state (Modified Scenario) the increase in the recovery of the organic
fraction for biological treatment resulted in lower Human Toxicity category and Human
Health damage while it caused higher impact on ecosystem quality due mainly to the
spreading on land of the compost.
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