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Disclaimer 
 
This report was written as part of the I-CHANGE project under EC grant agreement 101037193. 
The information, documentation and figures available in this deliverable were written by the I-
CHANGE project consortium and do not necessarily reflect the views of the European 
Commission. The European Commission is not liable for any use that may be made of the 
information contained herein.  
 
 
Statement of originality 
 
This deliverable contains original unpublished work except where clearly indicated otherwise. 
Acknowledgement of previously published material and of the work of others has been made 
through appropriate citation, quotation or both. 
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road - such as motorway, primary road, secondary road, residential etc.). For each type of 
transport mode, different types of networks were used in the form of geometric lines and nodes. 
For private vehicles lines represent links and nodes usually represent intersections, though they 
were also included whenever any attribute is changed within a link (such as speed limit).  
 
The integrated model was applied in three selected cities, .i.e. Hasselt, Dublin and Bologna by 
compiling and processing data gathered for these cities. The choice was based on a number of 
reasons explained in the Executive Summary of D3.1 and repeated here for the sake of clarity and 
completeness: 1) to have a good spatial and climatic representativeness, from east to west and 
from north to south in Europe, considering both continental (Hasselt and Bologna) and coastal 
(Dublin) cities under different climatic conditions; 2) to have widely different population size, 
considering a large city (Dublin), a middle one (Bologna), and a relatively small one (Hasselt); 3) 
the three Living Labs of Hasselt, Bologna and Dublin address the challenge of promoting 
sustainable transport solutions and addressing air pollution among their domain of actions. 
 

2.3  Other datasets 
 
Results from Task 3.1 were complemented with other datasets to evaluate carbon footprint and 
other climate forcers emissions and to produce the inputs to Task 3.3. A complete list is reported in 
Table 1 and discussed in the next chapters.  
 
Table 1: Dataset and data sources input to carbon footprint, other climate forcers and air pollutants calculation  

Living Lab Dataset Data sources 
Bologna Traffic data on road network Adnan, M., Liu, F., 2023 (Task 3.1) 
Dublin Traffic data on road network Adnan, M., Liu, F., 2023 (Task 3.1) 
Hasselt Traffic data on road network Adnan, M., Liu, F., 2023 (Task 3.1) 
Amsterdam Residential natural gas and electricity use CBS, 2023 
Ouagadougou Municipal Solid Waste produced Haro et al, 2018 
Ouagadougou Composition of Municipal Solid Waste Haro et al, 2018 
Bologna  Road Traffic GHGs Emission Factors ISPRA, 2023 
Bologna  Road Traffic Pollutants Emissions ARPAE, 2023a 
Bologna  Road Traffic Pollutants Mileages ARPAE, 2023b 
Dublin Road Traffic Emission Factors IEPA, 2022  
Hasselt Road Traffic Emission Factors WMM, 2023; EEA 2019 
Amsterdam Electricity use emission factors CBS, 2022 
Amsterdam Electricity use emission factors CBS, 2022 
Amsterdam natural gas specific net calorific value and 

CO2 emission factor 
NEA, 2022 

Ouagadougou Wastes composition Haro et al, 2018 
Bologna 0.1° × 0.1° Spatial emission mapping  CEIP, 2023 
Dublin 0.1° × 0.1° Spatial emission mapping  CEIP, 2023 
Hasselt 0.1° × 0.1° Spatial emission mapping  CEIP, 2023 
Bologna 3 km x 3 km gridded emissions ARPA, 2023b 
Dublin 1 km x 1km gridded emissions Arhus University, 2022 
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Figure 4: Bologna city, Scenario 1: Yellow Links shows where bicycle infrastructure is enhanced and speed 
limits are reduced 

 

Figure 5: Bologna city, Scenario 2: Yellow Links shows where LEZ policy is introduced  

In the evaluation of emissions and carbon footprint described 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 LEZ was modelled, no assumption was made regarding the overall renewal of the 
vehicle fleet due to the replacement of older vehicles with new ones.  
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4.1.2  Carbon Footprint evaluation 
 
4.1.2.1 Specific Carbon Footprint factors  
 
In emissions modelling, the links were categorized as urban, extraurban and highway based on 
speed limit on the road. 
 
Specific Carbon Footprint factors expressed in grams-kilometre are derived from GHGs average 
emission factors calculated in national emission inventory for road traffic by the Italian Istituto 
Superiore per la Protezione e la Ricerca Ambientale (ISPRA, 2023).  
 
The methodology developed and applied to the estimation of air pollutant emissions is based on 
the EMEP/EEA air pollutant emission inventory guidebook 2019 (EEA, 2019) and is consistent with 
the IPCC Guidelines in relation to greenhouse gases (IPCC, 2006; IPCC, 2019).  
  
To implement the methodology, COPERT version 5.5.1 was used2, a software whose development 
is coordinated by the European Environment Agency, as part of the activities of the European 
Topic Centre for Air Pollution and Climate Change Mitigation. 
  
The estimates were elaborated on the basis of national input data regarding the fleet and 
circulation of vehicles (number of vehicles, average distances and consumption, speed by vehicle 
category with reference to urban, extra-urban and motorway driving cycles, other specific national 
parameters ). 
  
The emission factors are both calculated with respect to the kilometres travelled as well as based 
on consumption, both refer to the details of the technologies and to the aggregation by sector and 
fuel, and they are processed as a whole but differentiated for the urban, extra-urban and motorway 
roads. In emissions modelling, the links are categorized as urban, extra urban and highway based 
on speed limit on the road. 
 
The Carbon footprint factor is computed transforming single GHG emission factors with CO2 
equivalent factors as defined in chapter 3.2. No specific reduction on fuel consumptions and 
carbon footprint is envisaged with LEZ limitation to old EURO Normative. 
 
 Table 5, reports the average Specific Carbon Footprint factors by vehicles as computed by original 
single GHGs eFs (Table 2). 
 

Table 5: Specific Carbon Footprint factors (g CO2eq/km) for Bologna LL case study 

Category Urban Rural Highway 

Passenger Cars (PC) 240 145 151 

Light Duty Vehicles (LDV) 329 202 260 

Heavy Duty Vehicles (HDV) 974 629 659 

Buses 1.095 716 604 

Motorcycles 116 97 117  

                                                
2 https://www.emisia.com/utilities/copert/ 
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4.1.2.2 Carbon Footprint  
 
Using the outputs of numerical simulations from Task 3.1 and Carbon footprint factors from Table 
5, Figure 6 provides the Carbon Footprints evaluated in the baseline case and in the two 
alternative scenarios for Bologna LL.  
 
From a general point of view, it can be highlighted that the range of values is comparable with what 
was found in the aforementioned (chapter 3.1) literature review (Ivanova et al., 2020). 
  
In both scenarios, the overall effect in terms of carbon footprint is negligible. The reason is due to 
the fact that in Scenario 1 the interventions provide only a very local effect, while for Scenario 2 it is 
likely due to the limited variation of CO2 emissions between different EURO standards . 
 

 

Figure 6: Bologna LL area total Carbon footprint in the baseline case and in the two policy scenarios considered 
in Task 3.1  

Figure 7, Figure 8 and Figure 9 depict, for all the links in the road network, the Total Specific 
Carbon footprint factors in g/km in the baseline case and for the two scenarios. 
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Figure 7: Bologna LL area specific peak hour Carbon footprint in the baseline case (kg/km) 

 
Figure 8: Bologna LL area peak hour Carbon footprint in Scenario 1 (kg/km) 
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Figure 9: Bologna LL area peak hour Carbon footprint in Scenario 2 (kg/km) 

 
The maps highlight the reduction of the specific carbon footprint, due to traffic volume reductions in 
the central area of the city in scenario 2 (Figure 9). 
 
4.1.3  Other climate forcers and air pollutants emissions evaluation 
 
Specific other climate forcers and air pollutants emission factors, expressed in grams-kilometre 
were obtained from the regional Environmental Protection Agency of Emilia Romagna emission 
inventory 2020 (ARPAE, 2023a) as weighted average of emissions to mileage ratio (ARPAE, 
2023b). 
  
The regional inventory of emissions into the atmosphere is implemented with EMEP-EEA 
methodology (EEA, 2019) as reported in 3.4. 
 
In Table 6, the average Emission Factors for road traffic by vehicles classes are reported for 
SLCFs and other selected pollutants; such data has been used in all scenarios. 
 

Table 6: Other climate forcers and air pollutants average emission factors (g/km) for Bologna LL case study 

Road 
type 

Category NOx PM10 SO2 CO NMVOC NH3 BC 

Urban Passenger Cars (PC) 0,607 0,043 0,001 1,474 0,403 0,012 0,011 

 Light Duty Vehicles (LDV) 1,227 0,083 0,002 0,643 0,091 0,004 0,020 

 Heavy Duty Vehicl. (HDV) and buses 5,677 0,242 0,005 1,496 0,323 0,005 0,075 

 Motorcycles 0,098 0,043 0,001 5,464 1,135 0,002 0,003 

Rural Passenger Cars (PC) 0,332 0,032 0,001 0,205 0,018 0,008 0,007 





D3.2 - Apportionment of carbon footprint and greenhouse gases I-CHANGE  

35 

 

Figure 11: Bologna LL LEV area total Nitrogen oxides emissions in the baseline case and in the two policy 
scenarios considered in Task 3.1  

Figure 12, Figure 13 and Figure 14 depict, for all the links in the road network, the average peak 
hour Nitrogen Oxides emission factors in g/km in the baseline case and the two scenarios as a 
colour range. Figure 14 highlights in particular the impact of the LEZ in the central area of Bologna 
in terms of reduction of NOx emissions. 

 
Figure 12: Bologna LL area average peak hour Nitrogen oxides emission factors in the baseline case (g/km) 
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Figure 13: Bologna LL area average peak hour Nitrogen oxides emission factors in Scenario 1 (g/km) 

 
Figure 14: Bologna LL area average peak hour Nitrogen oxides emission factors in Scenario 2 (g/km) 
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Figure 21: Bologna LL LEV area total Sulfur Oxides emissions the baseline case and in the two policy scenarios 
considered in Task 3.1 

Figure 22, Figure 23 and Figure 24 depict, for all the links in the simulations, the average 
peak hour Sulfur Dioxide emission factors in g/km in the baseline and in the two scenarios. 
Figure 24 highlights the impact of the LEZ in the central area of Bologna in terms of 
reduction of Sulfur Oxides emissions. 

 

 
Figure 22: Bologna LL area average peak hour Sulfur Oxides emission factors in the baseline case (g/km) 
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Figure 23: Bologna LL area average peak hour Sulfur Oxides emission factors in Scenario 1 (g/km) 

 
Figure 24: Bologna LL area average peak hour Sulfur Oxides emission factors in Scenario 2 (g/km) 

 
4.1.3.4 Carbon Monoxide (CO) emissions 
 
Figure 25 reports the emissions of Carbon Monoxide for the whole Bologna area while Figure 26 
focuses specifically on the LEZ area. Emissions are low everywhere already in the baseline, due to 
















































































































































