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Dublin Road Traffic Emission Factors IEPA, 2022  Air pollution 
Hasselt Road Traffic Emission Factors WMM, 2023; EEA 2019 Air pollution 
Amsterdam Residential natural gas and 

electricity use 
CBS, 2023 Air pollution 

Genoa Meteorological data (air 
temperature, wind speed, relative 
humidity, barometric pressure) 

Genoa Living Lab Biometeorological 

Table 1: Dataset and data sources used as input to environmental footprint calculation  

3  Methodology for environmental footprint modelling  
Based on the available dataset mentioned in Table 1, this chapter presents the environmental 
footprint calculation methodology and details how it is customized to evaluate the impact of road 
transport and of the extreme events. 
 

 3.1  Environmental footprint modelling approaches 
 
The term environmental footprint is an umbrella term (Vaham et al, 2019) for the different footprint 
concepts that have been developed during the past two decades. The terminology is also used in 
the Life Cycle Assessment (LCA)-based product and organisation environmental footprint of the 
European Commission (EC, 2021).  

Footprints are indicators of pressure of human activities on the environment. Footprint 
quantification is based on life cycle thinking along the whole supply chain (from producer to 
consumer, and sometimes to waste management) and aims to give a comprehensive picture of the 
quantified pressure. Each footprint focuses on a particular environmental concern, and measures 
either resource appropriation or pollution/waste generation, or both. 

Footprints quantify pressure along the supply chain using unit footprints. A unit footprint is the 
footprint of a single process or activity and forms the basic building block for the footprint of a 
product, consumer, or producer or for the footprint within a certain geographical area. As such, 
footprints can be quantified for products at any stage of the supply chain, for companies or 
economic sectors. They can also be used for individuals or communities (as end consumers) or 
from the smallest geographical areas (such as streets or villages) up to the global level. This 
provides communication with a broad variety of stakeholders, from civil society individuals to 
industrial stakeholders and decision makers, up to policy makers. 

Environmental Footprint Assessment (EFA) and Life Cycle Assessment (LCA) are both based 
upon life cycle thinking but differ in terms of aim and approach. Environmental footprints are 
resource use and emissions oriented, which combined  are referred as pressure oriented, whereas 
LCA is impact oriented. Pressure indicators are different from impact indicators, as they inform 
users on the pressure human activities place on ecosystems (e.g., the land used to produce a 
crop) rather than on the potential consequences (impact) due to such pressure (Figure 3). Some 
footprints, such as the water footprint, however, can include an impact phase in their full 
assessment. Here, we focus on environmental footprints as employed in EFA, rather than on their 
uptake and use in LCA, but we include an impact on health phase related to extreme events. 
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o Light heavy vehicles are also subject to this policy, 
o Vehicles running on petrol are allowed. 

 
 

 

Figure 5: Bologna city, Scenario 1: Yellow Links shows where bicycle infrastructure is enhanced and speed 
limits are reduced 

 

Figure 6: Bologna city, Scenario 2: Yellow Links shows where LEZ policy is introduced  
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 Heavy Duty Vehicl. (HDV) and buses 4,880 0,224 0,004 1,280 0,270 0,007 0,0187 

Highway Passenger Cars (PC) 0,355 0,024 0,001 0,454 0,016 0,013 0,0644 

 Light Duty Vehicles (LDV) 1,292 0,049 0,001 0,267 0,020 0,005 0,0017 

 Heavy Duty Vehicl. (HDV) and buses 3,267 0,154 0,003 0,861 0,140 0,007 0,0002 

 
The environmental footprint factors are computed transforming single pollutant emission factors 
from Table 9 with equivalent factors as defined in chapter 3.2 . 
 
Using results from Task 3.1 and reductions in LEZ area we present the evaluation of the different 
air pollution environmental footprint categories. 
 
4.1.2.1 Acidification potential 
 
Figure 7 and Figure 8 respectively report the Acidification potential (AP) for the whole Bologna and 
for LEZ areas. The effect of the regulations on emissions of the whole area in scenario 1 and the 
effective impact on LEZ in scenario 2 is particularly evident. Also, Figure 7 and 8 show that the 
implementation of the LEZ as in scenario 2 provides limited impact on the whole area but a larger 
effect on the LEZ area. 
 

 

Figure 7: Bologna LL area total Acidification potential in the baseline case and in the two policy scenarios 
considered in Task 3.1   
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Figure 8: Bologna LL LEZ area total Acidification potential in the baseline case and in the two policy scenarios 
considered in Task 3.1   

 
Figure 9, Figure 10 and Figure 11 depict the average peak hour Acidification potential factors in 
g/km in the baseline case and the two scenarios for all the links in the simulation, respectively. 
More specifically, the Figures depict a map representing the Acidification Potential (in g/km) for 
each link on the basis of a colour scale from green to red (low to high AP). The comparison of the 
results for the three maps highlights the impact of the LEZ as a reduction of AP in the central area 
of Bologna in Figure 11. 
 

 
Figure 9: Bologna LL area average peak hour Acidification potential factors in the baseline case (g/km) 
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Figure 10: Bologna LL area average peak hour Acidification potential factors in in Scenario 1 (g/km) 

 
Figure 11: Bologna LL area average peak hour Acidification potential factors in Scenario 2 (g/km) 
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4.1.2.2 Tropospheric ozone formation potential 
 
Figure 12 and Figure 13 respectively report the Tropospheric ozone formation potential (TOFP) for 
the whole Bologna area and for the LEZ. Again, there is evidence of the limited impact of the 
measures on the whole area and the greatest effect on the LEZ in scenario 2.  
 

  

Figure 12: Bologna LL area total Tropospheric ozone formation potential in the baseline case and in the two 
policy scenarios considered in Task 3.1   

 

  

Figure 13: Bologna LL LEZ area total Tropospheric ozone formation potential in the baseline case and in the two 
policy scenarios considered in Task 3.1   

Figure 14, Figure 15 and Figure 16 depict, for all the links in the simulations, the average peak 
hour Tropospheric ozone potential factors in g/km in the baseline case and in the two scenarios. 
Figure 16 highlights again the impact of the LEZ as a reduction of TOPF in the central area of 
Bologna. 
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Figure 14: Bologna LL area average peak hour Tropospheric ozone formation potential factors in the baseline 

(g/km) 

 
Figure 15: Bologna LL area average peak hour Tropospheric ozone formation potential factors in Scenario 1 

(g/km) 
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Figure 16: Bologna LL area average peak hour Tropospheric ozone formation potential in Scenario 2 (g/km) 

 
4.1.2.3 Aerosol formation factors 
 
Figure 17 and Figure 18 respectively report the Aerosol formation factors (AFP) for the whole 
Bologna and for LEZ. Again, there is evidence of the limited impact of the measures on the whole 
area and the greatest effect on the LEZ in scenario 2. 
 

 

Figure 17: Bologna LL area total Aerosol formation factors in the baseline case and in the two policy scenarios 
considered in Task 3.1   
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Figure 18: Bologna LL LEV area total Aerosol formation factors in the baseline case and in the two policy 
scenarios considered in Task 3.1   

 
Figure 19, Figure 20 and Figure 21 depict the average peak hour Aerosol Formation factors in 
g/km in the baseline case and the two scenarios for all the links in the simulation. Figure 21 
highlights the impact of the LEZ also in terms of a reduction of Aerosol Formation in the central 
area of Bologna. 
 

 
Figure 19: Bologna LL area average peak hour Aerosol formation factors in the baseline reference case (g/km) 
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Figure 20: Bologna LL area average peak hour Aerosol formation factors in in Scenario 1 (g/km) 

 
Figure 21: Bologna LL area average peak hour Aerosol formation factors in Scenario 2 (g/km) 

 

 4.2 Impact of behavioural change scenarios: Dublin LL  
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Figure 22: Dublin LL area and depiction of the road network used for traffic simulation in Task 3.1 

 
Similar to the Bologna case, traffic simulations were conducted for the peak hours and day and of r 
the purpose of this Deliverable have been scaled to annual mileage with typical daily and monthly 
factors.  
 

 

Figure 23: Dublin city, Scenario 1: Yellow Links shows where bicycle infrastructure is enhanced and speed 
limits are reduced (Adnan, M., Liu, F., 2023)  
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Figure 24: Dublin city, Scenario 2: Yellow Links shows where LEZ policy is introduced (Adnan, M., Liu, F., 2023) 

In the estimation of emissions and environmental footprint performed in next chapters, the 
simulation was finalized to evaluate the effect of the traffic measures considered in Task 3.1. While 
the traffic limitation in the ZEV was modelled, no assumptions were made regarding the overall 
renewal of the vehicle fleet due to the replacement of older vehicles with new ones.  
 
4.2.2  Air pollution environmental footprint evaluation 
 
Specific air pollutants implied emission factors in grams-kilometre are extracted from the Ireland 
Informative Inventory Report 2022 and refer to air pollutant emissions in Ireland in 2020 as 
reported by Ireland Environmental Protection Agency (IEPA, 2022) to the secretariat of the UNECE 
Convention on Long-Range Transboundary Air Pollution and to the European Union. 
 
The emissions of nine well-known pollutants (sulfur dioxide SO2, nitrogen oxides NOx, non-
methane volatile organic compounds NMVOCs, ammonia NH3, carbon monoxide CO, total 
suspended particles TSP, PM10, PM2.5, black carbon BC) as well as seven heavy metals (Pb, Cd, 
Cu, Cr, Ni, Se, Zn) and persistent organic pollutants (POPs, i.e.Dioxins and Furans, and Polycyclic 
Aromatic Hydrocarbons PAHs) reported under sub-category 1.A.3.b Road Transport are estimated 
directly from the COPERT 5, model developed within the CORINAIR programme for estimating a 
range of emissions from this important source. 
 
In Table 10, the average Emission Factors by vehicles classes are reported for the pollutants 
involved in footprint calculation and for other selected pollutants.  
 
However, since Scenario 2 considers restrictions on the circulation of the most polluting vehicles in 
LEZ, reduction factors have been computed considering pollutants emission factors by normative 
for automobiles and light duty vehicles from EMEP/EEA Guidebook (EEA, 2019). 
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Figure 26: Dublin LL LEV area total Acidification potential in the baseline case and in the two policy scenarios 
considered in Task 3.1 

Figure 27, Figure 28 and Figure 29 depict, for all the links in the road network considered in the 
traffic simulations, a colour scale representing the average peak hour Acidification Potential factors 
in g/km in the baseline case and for the two alternative policy scenarios. Figure 29 highlights the 
reduction of the indicator in the central area affected by the LEZ. 
 

 
Figure 27: Dublin LL area average peak hour Acidification potential factors in the baseline reference case (g/km) 
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Figure 28: Dublin LL area average peak hour Acidification potential factors in Scenario 1 (g/km) 

 
Figure 29: Dublin LL area average peak hour Acidification potential factors in Scenario 2 (g/km) 

 






























































