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Schematic representation of the concept and related work
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(1) emissions of air pollutants;
(2) emissions of greenhouse gases;
(3) ambient concentration of (1) and (2);
(4) Exposure of people to air pollutants;
(5) associated impacts on human health 
(HIA);
(6) Cost – Benefit Analysis (CBA)

potential implementation of selected
measures and policy options
towards integrated win-win solutions
(2020 – 2030)

AIMS 

Relatore
Note di presentazione
On the right side is represented the Schematic representation of the concept and related work.This study aims at presenting the results of air quality improvements on the environment and human health brought by the potential implementation of five selected policy options as integrated win-win solutions for air pollution and climate control for the short and medium term (2020 - 2030) at the urban scale in the city of Milan (Italy)..  therefore, for each of the selected measure/policy, the showed effects/impacts have been evaluated: (read 1-5). 
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Milan City – Emission Scenarios

- Baseline (2015)
- BAU 2020 and 2030

EMISSION = 
ACTIVITY 

x 
EMISSION FACTOR

spatially distributed within the 
city area

(1 km x 1 km grid)
- BOTTOM-UP and       

TOP-DOWN approaches

Greenhouse 
gases

“Classical” air 
pollutants

Heavy metals, PAH, 
dioxins

1. CH4

2. CO2

3. N2O

1. PM10

2. PM2.5

3. Black carbon

4. Organic 
carbon 

5. NOx

6. SO2

7. CO

8. NH3

9. NMVOC

1. Cadmium

2. Arsenic

3. Mercury

4. Lead

5. Benzo(a)pyrene as 
marker substance 
for total PAHs 
(polycyclic 
aromatic 
hydrocarbons)

6. PCDD/PCDF as 
indicator for 
dioxins and furans

List of  pollutants and GHGs for which 
emission factors are available
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Relatore
Note di presentazione
The emission inventory is based on detailed activity-emission factor databases and activity-emission factor matrices are prepared for a recent year (2015) and for the future years 2020 and 2030 (BAU). emissions can be further spatially distributed within the city area (1 km x 1 km grid). To set up bottom-up emission inventory, city-specific data, including existing emission inventories and emission scenarios, has been collected for the city of Milan (Italy). To simultaneously benefit from the existing ICARUS project results, a top-down approach comprising a sector-specific down-scaling of activities was applied based on the European activity-emission factor database. The top-down database have been validated and improved using the collected bottom-up emission data coming from the city stakeholders, to set up the final city database. 
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Milan City – Emission Scenarios 2015 and 2020-2030

the borders of  the city of  Milan under study
Bottom-up data:
INEMAR emission inventory 

(SNAP 97 nomenclature 
 translated into NFR09 = top-

down )

SPATIAL DISAGGREGATION 1 km * 1 km

POPULATION: 1.35 mln

Ei = A * EFi
+ Backward calculation for 2020 -2030 for BAU 
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Note di presentazione
Milan is located in Lombardy region, in the north of Italy, and it is the second most populated Italian city and one of the most populated in the European Union, with a population of approximately 1.3 million inhabitants with a density population of 7,500 inhabitants/km2, but including the neighbour municipalities it forms one of Europe's largest urbanized area with approximately 3.3 million inhabitants. It is located in one of the most polluted area in the world (the so-called “Pianura Padana” lowland) and is historically affected by traffic congestion problems due to its central economic and cultural role in the Northern part of Italy and to one of the highest motorization rate in Europe. As in many other areas of Northern Italy, the EU air quality standards for PM10 are not achieved in Milan Bottom-up data were collected almost for all activity sectors and respective subsectors. The main data source for database is 2014 INEMAR emission inventory of Region Lombardy made up by ARPA Lombardia (Environmental Protection Regional Agency). The relevant emitting activities considered in the Inventory 2015 have been gathered according to the Selected Nomenclature for sources of Air Pollution (SNAP). This nomenclature considers 11 categories at the higher level of aggregation. Spatial disaggregation of county emissions at municipal level for each activity was carried out using some proxy variables (number of inhabitants, fuel consumption, industrial production, or the employees in a given sector whose emissions is to be evaluated).



20th MESAEP Symposium - ICARUS session 26-27/10/2020
H2020-SC5-2015  - GA: 690105

Milan City – Emission Scenarios BAU 2020 - 2030

Integrated Climate forcing and Air pollution Reduction in Urban Systems (ICARUS). The European Union’s Horizon 2020 research and innovation programme - grant agreement No 690105 

Relatore
Note di presentazione
Summary of the business-as-usual emission scenarios 2015 - 2020 – 2030 for main pollutants and sectors is reported in the following figures. ASSUMPTIONS: LCP/SCP: projections regarding fuel use in 2020 assuming a linear interpolation for 2020 and extrapolation for 2030 if needed; Data quality checking with the stakeholders. Transport: 2024 data are available, extrapolation of data to 2030. For transport sector there is an exception since due to the fleet renewal, which is relatively good predictable, we need to consider the change in emissions factors for one fuel type. This is due to the fact that in 2020 and 2030 we have more vehicles with higher EURO standard (5, 6, 6d etc.) and thus when calculating the future emissions just at the fuel level, we need to adapt the emission factor (EU COPERT 5 db). For the sectors that are not included in our calculations and are not road transport, we generally assumed that emissions remain constant. One exception are sectors where the emissions are directly linked to population development like in waste, food and drink, and domestic solvent/product use: here we used the official population data projections for 2020 and 2030.
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AIR QUALITY MODELLING AND CLUSTERING

The impacts of the five selected policy options were carried out under the 
assumption of RCP4.5 scenario for climate change

Integrated Climate forcing and Air pollution Reduction in Urban Systems (ICARUS). The European Union’s Horizon 2020 research and innovation programme - grant agreement No 690105 
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Resolution (sectors) Resolution (geographical)
Emissions of greenhouse gases

CO2 Energy/industry, land Global and for 5 regions
CH4 12 sectors 0.5°×0.5° grid

N2O, HFCS, PFCS, CFCS, SF6 Sum Global and for 5 regions
Emissions aerosols and chemically active gases

SO2, black carbon (BC), organic carbon
(OC), CO, NOx, VOCs, NH3

12 sectors 0.5°×0.5° grid

Speciation of VOC emissions 0.5°×0.5° grid
Concentration of greenhouse gases

(CO2, CH4, N2O, HFCS, PFCS, CFCS, SF6) - Global
Concentrations of aerosols and

chemically active gases
(O3, aerosols, n deposition, s deposition) - 0.5°×0.5° grid

Land-use/land-cover data Cropland, pasture, primary
vegetation, secondary
vegetation, forests

0.5°×0.5° grid with subgrid
fractions, (annual maps and
transition matrices including
wood harvesting)

RCP4.5 Stabilization of  radiative forcing without overshoot pathway 
to 4.5 W/m2 (~650 ppm CO2 eq) at stabilization after 2100

Relatore
Note di presentazione
Additional value of the analysis carried out is that the impacts of the five selected policy options were carried out under the assumption of Representative Concentration Pathways (RCPs) 4.5 scenarios for climate change



20th MESAEP Symposium - ICARUS session 26-27/10/2020
H2020-SC5-2015  - GA: 690105

AIR QUALITY MODELLING AND CLUSTERING

Pollutant Concentration Trends: pollutant representative air concentration (CR) 

𝐶𝐶𝐶𝐶 𝛥𝛥𝛥𝛥 = ∑𝑛𝑛=1𝑁𝑁 𝑓𝑓𝑛𝑛 𝛥𝛥𝛥𝛥 � 𝐶𝐶𝐶𝐶𝐶𝐶𝑛𝑛 (𝛥𝛥𝛥𝛥)

N = total number of Cluster s
𝑓𝑓𝑛𝑛(𝛥𝛥𝛥𝛥) = frequency of occurrence of
cluster n during the time period Δτ
𝐶𝐶𝐶𝐶𝐶𝐶𝑛𝑛 𝛥𝛥𝛥𝛥 = concentration under study
corresponding to the representative day of
the cluster n during the time period Δτ

Emission Trends Influence: 
representative days for the 

clusters with high [air pollutants] 
have been simulated with 3 EI: 

2015, 2020 and 2030

Green House Gases (GHGs): 
6-hour frequency 1951 to 2100
CO2 and CH4 anthropogenic emissions 
(ICARUS db). Results 12*12 km

FINAL RESULTS: high space and time resolution ground concentrations reflecting climatic 
trends until 2050, of air pollutants (PM10, PM2.5, NO2, O3) and GHGs (CO2, CH4) in Milan
and to assess the effect emissions changes

Integrated Climate forcing and Air pollution Reduction in Urban Systems (ICARUS). The European Union’s Horizon 2020 research and innovation programme - grant agreement No 690105 
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Relatore
Note di presentazione
To study the concentration trends for a specific pollutant during a specific time period (i.e. 5-years) a new parameter is introduced, the pollutant representative air concentration (CR) defined as follows. the air concentration differences will depend only on emission inventory differences. WRF-Chem is used for GHG Modelling. The domain has the same characteristics with the Europe domain used in the Air Quality Modelling. high space and time resolution ground concentrations reflecting climatic trends for the period 2001-2050, of major air pollutants (PM10, PM2.5, NO2, O3) and major Greenhouse Gases (CO2, CH4) in Milan and to assess the effect of climate and emissions changes over time on the air concentration levels of the abovementioned pollutants. 
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Policies evaluation

STAKEHOLDERS ENGAGEMENT

INPUTS
- selected city measures
- activity-emission-factor DB or 

EI (spatially distributed)
- emission reduction potential

OUTPUTS
- New 5 EI scenarios (2020-2030)
- New Input in AQ modelling
- Input for Health Impact 

Assesment (HIA) and 
Cost Benefit Analysis (CBA) 

n = 60

n = 25

n = 5

Integrated Climate forcing and Air pollution Reduction in Urban Systems (ICARUS). The European Union’s Horizon 2020 research and innovation programme - grant agreement No 690105 
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Note di presentazione
In this phase over 60 potential policies and measures  have been identified for the City of milan within EU, national and municipal authority, transport and energy providers. Within the step 2, a selection of approximately 10 policies/measures was made based on the pre-defined criteria; the application of filter 1 thus resulted in a selection of measures that will undergo further evaluation in the following steps – 3, 4. The focus is on energy consumption/supply and transport policies, as these are the two areas that have the most direct impact on both air quality and climate change. The results of the policy analyses allow to determine the most sustainable GHG mitigation and AQ improvement strategies. The research was designed to engage local communities, starting from the perspective of meeting policy makers and stakeholders needs has profound analytical and methodological implications. The project indeed embraces the current perceptions and vulnerabilities of decision-makers, while also embedding interaction between researchers and stakeholders in all aspects of research. City partners also have a strong role in the activities: together with the scientific partners, analysed the effects of the policies already implemented in the cities, estimate the effect of implementing further measures and use results to set up a strategy for their city in the longer time-frames. 
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Policies and measures for the Milan case study

Selection Criteria: Effectiveness, Efficiency, Acceptability

TRANSPORTS
(1) Low Emission Zone (“Area B”)
Limitation to polluting vehicles
Steps year-by-year 2019-2030
Complete banning of diesel (2030)

BUILDINGS
(3) Improvement of energy efficiency in residential flats
package of regulations (existing and new buildings)
Financial incentives: renovation, energy savings, etc.

ENERGY SUPPLY
(4) Photovoltaic / solar power + district heating
Incentive measures of new building regulation
city’s district heating network, 730,000 people

(2) Conversion of public buses to electric ones
From 2020 renewal: exclusively electric vehicles
2030: whole bus fleet converted (1200 vehichles)

LAND USE
(5) Planting of 25000 new trees per year
3 million trees by 2030 in metropolitan city
green canopy area from 7% to 20%

Integrated Climate forcing and Air pollution Reduction in Urban Systems (ICARUS). The European Union’s Horizon 2020 research and innovation programme - grant agreement No 690105 
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Relatore
Note di presentazione
The lists of policies and measures serve as the ground for the following activities including the estimation of health and climate impacts of them. This will be useful then into the development of the pathways to green, smart and healthy cities, which is the ultimate goal. Here reported the 5 policies selected for the new 5 Emission Scenarios (new activity levels, change in EmissionFactor) and consequently for the full analysis. The emission reduction potential is calculated for each NFR code (affected sector), year (milestone years 2020 and 2030) and each grid element within the modelling domain. (read the policies)
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Emission reduction potential – results

Emission variation (%) in policies scenarios 2020 (a) and 2030 (b) compared to BAU

Integrated Climate forcing and Air pollution Reduction in Urban Systems (ICARUS). The European Union’s Horizon 2020 research and innovation programme - grant agreement No 690105 
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Note di presentazione
the summary of the results is presented in the table: In green reduction over 2%, in yellow between 1-2%, red under 1% .In Milan the implementation of a Low Emission Zone (Area B) banning the entrance of the most polluted vehicles (e.g. up to Euro 4 diesel cars) through a system of tracking and access control (AreaB) shows by far the highest emission reductions for all pollutants – both in 2020 and 2030.  Regarding nitrogen oxide emission reductions, the second most effective scenario is the conversion of all public buses to electric ones by 2030 (ElectricBus), which is followed by the introduction of solar power/photovoltaics for building uses and district heating (Energy). The scenario Trees, which addresses the greening of the city of Milan shows compared to the other measures especially in 2030 also high reductions of particulate matter removal. The emission reduction potential of all scenarios increases from 2020 to 2030, with a drastic increase for scenario AreaB, which is due to the fact that the scenario foresees a complete diesel ban by 2030. 
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2020 2030

Measure name CH4[kg]
CO2
[kg]

N2O
[kg]

CH4
[kg]

CO2
[kg]

N2O
[kg]

Buildings -2876 -63281097 -1151 -10759 -236702720 -4303

Electricbus -171 -3057103 -192 -426 -9759901 -1385

Energy -4083 -89419270 -1250 -8188 -198908550 -2539

Trees 0 -800000 0 0 -8800000 0

Area B -5085 -209950556 -8134 -16377 -653301684 -28283

Total greenhouse gas emission reductions for the city scenarios

Emission reduction potential – results

climatic trends (for all measure scenario) from 2021 to 2050:
- O3 decrease in the years 2021-2035 and then an increase.
- PM10 and PM2.5 increase for years 2021-2035

Integrated Climate forcing and Air pollution Reduction in Urban Systems (ICARUS). The European Union’s Horizon 2020 research and innovation programme - grant agreement No 690105 
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Note di presentazione
total reductions of greenhouse gases have been calculated for each policy scenario and fed into the cost-benefit analysis described later. The total reductions of greenhouse gases (CO2, CH4 and N2O) are calculated by a comparison of policy and baseline emission inventory. Further to these findings, a more detailed analysis focusing on the climatic trends (for all measure scenario) from 2021 to 2050 the following conclusions can be drawn: (read last 2 lines)
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Air Pollution -HEALTH IMPACT ASSESSMENT (AP-HIA)

“scientific evaluation of potential adverse 
health effects resulting from human 
exposure to a particular hazard (i.e. air 
pollution); 
[…]
a comprehensive approach to the 
evaluation of the current state-of-the-
environment and of future conditions 
following specific abatement scenarios”
(WHO)

(i) amount of air pollution present,       
i.e. pollutant concentrations (CRFs);

(ii) the amount of contact (exposure) of 
the targeted population to 
pollutants;

(iii) how harmful the concentration is for 
human health, i.e. the resulting 
health risks to the exposed 
population.

+ Spatial /Geographic Information 
Science!

population attributable risk fraction (AF): 

∑
∑

⋅

−⋅
=

i
ii

i
ii

RRP

RRP
AF

1
Pi is the proportion of  the population at exposure category i
RRi is the relative risk at exposure category i compared to the 
reference level
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Note di presentazione
Air pollution is an important determinant of health. Numerous epidemiological studies have found an association between air pollution and a wide range of adverse health effects in the general population; the effects have ranged from subtle subclinical effects to premature death. An Air Pollution –Health Impact Analysis, can aid to answer specific policy questions, and in many countries, it is required as part of the decision-making process for new programmes, projects, regulations, and policies aimed at improving the Air Quality or that may affect it as a side-effect. It should also be noted that AP-HRAs generally include only the subset of health impacts that can be quantified, and do not deal with other health effects for which no Concentration-Response Functions (CRFs) are available. Particulate Matter (PM) has often been used as a summary indicator of air quality, and the findings describe the burden imposed on health by PM pollution (mostly in urban settings), and in some cases the associated economic costs, under the assumption that PM might be responsible for direct effects but also partly capture the effects of other correlated pollutants. The methodology applied in ICARUS to quantify the health impact associated to exposure to air pollutants is based on the population attributable risk fraction concept. i.e. the fraction of the health outcome, which can be attributed to the exposure in a given population (assuming there is a causal association between the exposure and the health outcome and no major confounding effects on this association) for a certain time period can be calculated using the formula, that takes into account population exposed at different pollution levels. Results provided on a regular grid of 2 by 2 km were interpolated through kriging geo-statistical methods to derive concentration fields at higher spatial resolution (ca. 100 meters); Current population data at high spatial resolution (100 meters) has been gathered as well.
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HEALTH IMPACT ASSESSMENT RESULTS 
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Low Emission Zone (Area B): 
5 - 18 less mortality cases

Electric Bus and Building: 
2 - 5 less mortality cases

Integrated Climate forcing and Air pollution Reduction in Urban Systems (ICARUS). The European Union’s Horizon 2020 research and innovation programme - grant agreement No 690105 

Whole Simulated Domain Area (50 x 50 km)

Relatore
Note di presentazione
Completed results from the Health Impact Assessment simulations are reported. account for the number of cases expected on annual basis for the different health endpoints considered covering the time horizon of application of the policy measures. display the number of cases expected covering the whole modelled domain (ca. 50 by 50 km). To capture the uncertainty in the C-R functions median estimates, results are reported together with their confidence interval (5% and 95%). (a) the implementation of a Low Emission Zone (Area B) banning the entrance of the most polluted vehicles shows by far the highest health benefit (between 5 and 18 less mortality cases on yearly basis); (b) Electric Bus and Building scenarios show higher health benefits among the other measures (between 2 and 5 less mortality cases on yearly basis); 
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HEALTH IMPACT ASSESSMENT RESULTS 
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Whole Simulated Domain Area (50 x 50 km)

Relatore
Note di presentazione
“Area B” and “Electric Bus” scenarios show even higher health benefits when looking at the health impact associated with long-term exposure to NO2 due to the higher emission reduction of NO2. Independently from the policy scenario considered, the impact of all policies simulated in Milan show the highest values in the periods 2031-2035 and 2036-2040 and the lowest ones in the period 2021-2025 due to prevalent meteorological conditions, which may favour the pollutants dispersion over more (or less) populated areas
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COST-BENEFIT ANALYSIS

Results of the Cost-benefit analysis and Cost-effectiveness

MEASURES/

POLICY SCENARIOS

M1 M2 M3 M4 M5

Milan area B Milan e-bus (energy)* (buildings)* Milan trees

Low Emission Zone
Replacement of entire 
bus fleet with electric 
buses

Energy efficiency 
improvements

Solar power in 
buildings

Green area and new 
trees

Net Present Costs (€) 14,272,436 77,187,492 unknown unknown 49,496,900

Net present health benefits (€) 11,964,987,522 2,454,269,532 632,400,540 761,524,521 83,830,490

Net Present Other non-health benefits (€) 29,041,252

Net Present Value Carbon savings (€) 158,871,091 2,402,922 55,898,495 56,134,451 1,641,954

Net present total benefits (€) 12,152,899,865 2,456,672,453 688,299,035 817,658,972 85,472,444

NPV (€) 12,138,627,429 2,379,484,961 688,299,035 817,658,972 35,975,544

B/C Ratio 851.49 31.83 1.73
FICOSTEF 2.61 932.57 875.17
FUCOSTEF - 2,189 - 28,719 - 607

*  costs 
missing information

Integrated Climate forcing and Air pollution Reduction in Urban Systems (ICARUS). The European Union’s Horizon 2020 research and innovation programme - grant agreement No 690105 
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Note di presentazione
The table summarises the results of the Cost-benefit analysis and Cost-effectiveness analysis for the city of Milan. Net Present Costs of the three analysed measures are equal to 14.3 mln€ for the policy scenario Area B, 49.5 mln€ for the Tree scenario and 77.2 mln€ for E-Bus scenario. Results suggest a positive NPV for all the analysed measures, which are driven by very high health impacts compared to the costs, as well as – but to a much lower extent – by high carbon savings.  Health savings are largely driven by reductions in mortality attributable to NO2 reductions over the period. The Area B measure shows the highest NPV and B/C ratio, driven by health benefits valuing nearly 12 bln€ and a relatively low level of costs. The cost-effectiveness analysis suggests that the financial cost per tC saved range from 2.61 to 932 €/tC. When the full cost of these measures is taken into account, though, we can see that this is negative (i.e. saved carbon is actually linked to an overall cost reduction). Drawing overall conclusions on the cost-benefit analysis carried out on the measures carried out is not straightforward, given that it has not always been possible to reach a complete understanding of all the costs and benefits related to the selected measures. For this reason, a cross-comparison of the benefit-cost ratios for different options is difficult. health benefits are usually highest for transport measures. Measures related to public transport also generally show quite high health benefit. The importance of the inclusion of health co-benefits in economic analysis of carbon mitigation strategies. Options that may appear costly in terms of the financial cost per tonne of carbon reduced become viable in many cases when co-benefits are considered 
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ASSESSMENT OF POLICIES

Impacts

Policies Emissions Air pollution Health CBA GHG

Transport
«Area B» (LEZ)

++ + + ++ ++

Transport
Electric Bus

+ O + ++ +

Buildings O O O
(+) / 

unknown 
costs

++

Energy O O O
(+) / 

unknown 
costs

+

Land use (trees) n/a + O + O

Result of policies assessment 

Integrated Climate forcing and Air pollution Reduction in Urban Systems (ICARUS). The European Union’s Horizon 2020 research and innovation programme - grant agreement No 690105 
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Note di presentazione
The resume of results for the selected measures are presented in this Table. Another strong argument for the implementation of low emission zones are also the results from CBA analysis, where it has been shown that relatively small net present costs can result in an extensive amount of benefits. For buildings and energy sector, significant emission reduction potential is evident along with a relatively high expected impact on GHG reduction. In terms of impact on health it could be argued that the impacts are not evident to a large extent, perhaps because the shares of individual heating systems may be too low in the city; i.e. the larger population density areas already are connected to the district heating systems or gas networks. Therefore, the emission reduction potential is evidently lost in the comparison of measure effects with the city-wide air pollution situation (e.g. from transport ). It should also be emphasised here, that even though the incentives for undertaking such measures are encouraging, there is still some reluctance among the occupants/owners of private buildings to go into the project, which results in a slower pace of measure implementation. For TREES, good CBA results can be attributed primarily to the benefits related to indirect positive health effects: the real and complete analysis of planting trees is still ongoing in the academia and many variables should be taken into account in order to have a brighter scenario. 
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CONCLUSIONS

- SET-UP methodology to create EI scenarios  Evaluation of Policies  AQ modelling  HIA  CBA

- Strategies which allowed the city partners and main polluters to engage with this issues, and settle to the 
win-win solution for AIR QUALITY and CLIMATE CHANGE 

- Building ongoing communication and lifelong partnerships with parties

- “PEOPLE FIRST”: Transfer ownership of the policies to citizens

- Assisted and trained stakeholders in urban impact assessment as well as educate them about the health and 
environmental benefits 

(engagement strategy – decision making process)

- Series of recommendations to policy makers:                                                                         
minimise the pollution and their consequent health effects 

- Raised citizen awareness regarding the impacts of their activities on air pollution and climate forcing and 
increase societal acceptance of emission reduction policies

Integrated Climate forcing and Air pollution Reduction in Urban Systems (ICARUS). The European Union’s Horizon 2020 research and innovation programme - grant agreement No 690105 

Relatore
Note di presentazione
We have developed the strategies which allowed the city partners and main polluters to engage with ICARUS project, as we aim to facilitate between these two main actors and settle to the win-win situation. This has been achieved through building ongoing communication and lifelong partnerships with parties. By putting people first, the city contributed to governance but will also transfer ownership of the policies to citizens. ICARUS project will assist and train stakeholders in urban impact assessment as well as educate them about the health and environmental benefits from their involvement. Based on this engagement strategy, we involved them into every step of decision making process. Eventually, a series of recommendations to policy makers will be prepared. To raise citizen awareness regarding the impacts of their activities on air pollution and climate forcing and increase societal acceptance of emission reduction policies, a web- and smartphone/-based tool will be developed.
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Relatore
Note di presentazione
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ADDITIONAL SLIDES
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AIR QUALITY MODELLING AND CLUSTERING
Pollutant Concentration Trends: pollutant representative air concentration functions (CRFs) 

𝐶𝐶𝐶𝐶 𝛥𝛥𝛥𝛥 = ∑𝑛𝑛=1𝑁𝑁 𝑓𝑓𝑛𝑛 𝛥𝛥𝛥𝛥 � 𝐶𝐶𝐶𝐶𝐶𝐶𝑛𝑛 (𝛥𝛥𝛥𝛥)
N = total number of Cluster n
𝑓𝑓𝑛𝑛(𝛥𝛥𝛥𝛥) = frequency of occurrence of
cluster n during the time period Δτ
𝐶𝐶𝐶𝐶𝐶𝐶𝑛𝑛 𝛥𝛥𝛥𝛥 = concentration under study
corresponding to the representative day of
the cluster n during the time period Δτ

Emission Trends Influence: 
representative days for the 

clusters with high [air pollutants] 
have been simulated with 3 EI: 

2015, 2020 and 2030
Green House Gases (GHGs): 
6-hour frequency 1951 to 2100
CO2 and CH4 anthropogenic emissions 
(ICARUS db). Results 12*12 km

FINAL RESULTS: high space and time resolution ground concentrations reflecting climatic 
trends until 2050, of air pollutants (PM10, PM2.5, NO2, O3) and GHGs (CO2, CH4) in Milan
and to assess the effect emissions changes

WRF-Chem : Weather Research and Forecasting 
(WRF) model coupled with Chemistry
emission, transport, mixing, and chemical transformation  of 
trace gases and aerosols  simultaneously with the 
meteorology

Relatore
Note di presentazione
To study the concentration trends for a specific pollutant during a specific time period (i.e. 5-years) a new parameter is introduced, the pollutant representative air concentration (CR) defined as follows. The air quality levels at a certain location, are affected not only from the weather patterns but also from the relevant emissions and their associated source. In this case, the air concentration differences will depend only on emission inventory differences. WRF-Chem is used for GHG Modelling. The domain has the same characteristics with the Europe domain used in the Air Quality Modelling. high space and time resolution ground concentrations reflecting climatic trends for the period 2001-2050, of major air pollutants (PM10, PM2.5, NO2, O3) and major Greenhouse Gases (CO2, CH4) in Milan and to assess the effect of climate and emissions changes over time on the air concentration levels of the abovementioned pollutants. 
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COST-BENEFIT ANALYSIS
- Net Present Value (NPV) of total discounted costs and benefits; 
- Benefit/Cost Ratio (B/C)
cost-effectiveness analysis:
- Financial cost-effectiveness (FICOSTEF):  financial cost per tC saved (CO2equivalent) 
- Full cost-effectiveness (FUCOSTEF): full cost (costs-benefit) per tC saved 
(CO2equivalent) 

General assumptions and Monetary Valuation of Impacts 
Discounting: 3.5% discount rate (cost of capital) – all values in 2018 prices
Time horizon of the CBA: initial investment year – last HIA year available
Value of Carbon: Social Cost of Carbon (SCC) set at $31 (€201829.03)
Health Endpoint valuation: [Hunt, 2011] central figure, and a low and high estimate
Health benefits from walking and cycling: WHO Europe Health Economic Assessment Tool 
Noise: traffic reductions; switching from conventional cars to electric vehicles [Litman, 2011]
Accidents: Benefit with shift from conventional car other transport modes [Litman, 2011]
Travel time losses: Costs with shift from conventional car other transport modes [Litman, 2011]

Relatore
Note di presentazione
Several performance indicators are computed and presented for each measure: the Net Present Value (NPV) of total discounted costs and benefits, which reflects the “overall performance” of a policy; the Benefit/Cost Ratio. The cost-effectiveness analysis compares the costs of a measure with the achieved outcomes. In the following, two main indicators of cost-effectiveness computed and presented to compare costs per tonnes of carbon (CO2equivalent) saved, respect to the baseline scenario: Financial cost-effectiveness (FICOSTEF), financial cost per tC savedFull cost-effectiveness (FUCOSTEF), full cost (costs-benefit) per tC saved. Costs data have been provided by the city stakeholders and scientific experts. When costs are uncertain or not available, assumptions are drawn from secondary sources. To this end, a review of existing studies performing Cost-Benefit Analysis of interventions aiming at reducing carbon footprint and air pollution has been carried out. Nevertheless, in a number of cases, costs data has not been possible to estimate given the complexity of the measure. In these cases, we have focused our attention only on the benefit side of the measure. General assumptions and Monetary Valuation of Impacts are reported here
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Biomass burning issue – Pizza: the Italian “taboo”

In 2015 (official EI), PM10 from «pizzerie»: 
16% of the total emission in Milan

(residential plants: 5.6%; industry sector:  1.5%)

Benzo[a]Pyrene: 33,4% of the total BaP emission 

Relatore
Note di presentazione
According to ARPA Lombardia [ARPA Lombardia] biomass burning is responsible of a big amount of PM10 and PM2.5 emissions in Lombardy region, compared to transport emissions or to other sectors, especially in some areas of Lombardia (e.g. mountain areas), being responsible of the majority of the Benzo[a]Pyrene emissions in the Region, forcing the local government to take actions in this direction in order to reduce the effects of this pollution source. To have a quantitative analysis of biomass burning problem for the city of Milan, here it is reported some data from the official Milan Emission Inventory: the main polluters in “Buildings” (i.e. Residential) sector are the so-common Italian “pizzeria”, where the famous traditional pizza is cooked in ovens fuelled with woods (ca. 1500 in Milan city and county). In 2015 the attributable percentage of total PM10 emissions in the city of Milan for this special activity was estimated as 16.1% while the residential plants with biomass burning accounted only for 5.6% and even less for industry sector (nearly 1.5%). Quite similar values can be seen for PM2.5 emissions. The main impact in air quality, and therefore in the health impact (even if not enclosed in this study), of “pizzeria” wood fired oven can be seen in Benzo[a]Pyrene total emissions where the attributable pollutant emission to this activity reached the level of 33,4% in 2015, and subsequently decrease in 2020 and 2030 due to mainly expected improvement of burning technology and reduced activity with policy regulation. Therefore some additional improvements to reduce this source of pollution could be performed by the City. a new sensors system in order to perform emissions monitoring and regulation, that could be an example of best-practice for many others. As Italians, we have already attended a discussion on general media (TV, newspapers, radio) in the previous year about this kind of problem, and we realized that a severe banning of “Wood Fired Pizza Oven” would not be possible, discouraged not only from the population, but from politicians as well, considering this food a real “Italian taboo”.  
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FUTURE WORK
- A multi-objective optimization methodology will be devised encompassing high dimensional data fusion and 

refined tools for environmental and health impact assessment;

- Integration of complex systems dynamics that incorporate the interactions between activity sectors and the 
respective behavioural changes (Agent Based Modelling – ABM);

- Health impact assessment will incorporate internal dosimetry methodologies (PM sizes); 

SENSOR CAMPAIGNS run in 2019 winter and summer in Milan (100 citizens) 
Personal exposure to air pollutants – indoor & outdoor

- Results of the policy analyses will allow to determine the most sustainable GHG mitigation and AQ 
improvement strategies (guidance for decision-making): maximizing the net public health and wellbeing 
benefits while taking into consideration the costs associated with air pollution and climate change in the EU;

- Decision Support System (DSS): interactive platform for selection, application and evaluation of the available 
datasets and tools for urban impact assessment +  web- and smartphone-based tool (lifestyle and carbon 
footprint)

Relatore
Note di presentazione
A multi-objective optimization methodology will be devised encompassing high dimensional data fusion and refined tools for environmental and health impact assessment. Integration of complex systems dynamics that incorporate the interactions between activity sectors and the respective behavioural changes under conditions of environmental and socioeconomic change (through agent-based modelling) will be a key component of the methodology. Health impact assessment will incorporate internal dosimetry methodologies that take into account source specific characteristics of the emitted pollutants, such as the different PM size distribution and active surface of PM emitted from different sources. Results of the policy analyses will allow to determine the most sustainable GHG mitigation and air quality (AQ) improvement strategies: maximizing the net public health and wellbeing benefits while taking into consideration the costs associated with air pollution and climate change in the EU. ICARUS project will deliver a Decision Support System (DSS), a web-based, flexible and interactive platform aimed at assisting stakeholders in the selection, application and evaluation of the available datasets and tools for urban impact assessment in support of air quality and climate change governance at different spatial and temporal scales and taking into account the specific regulatory context.
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