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Abstract 
The issue of the greenhouse gas emission is one of the main targets for the Covenant of Mayors initiative 

within the structure of the Sustainable Energy and Action Plans (SECAP). 

The computation of CO2 emissions for SECAP transport sector was tackled in practice through several 

methods producing not comparable results and even not reliable scenarios. Considering SECAP as a 

voluntary planning tool suitable for the management of ecological transition in small municipalities, in this 

work a computational proposal for transport sector emissions is proposed. The methodological proposal 

represents an operative guideline, providing accurate results based on easy-accessible data customized for 

the small Municipalities (i.e. with a resident population under 10.000 inhabitants). Such approach is 

FKDUDFWHUL]HG�E\�WKH�DQDO\VLV�RI�WZR�FRPSRQHQWV�RI�HPLVVLRQV�VWRFN��D�IL[HG�RQH�FRQQHFWHG�ZLWK�WKH�YHKLFOHV¶�
fleet of resident population; a variable one depending on the tourism flows generated by specific 

environmental/cultural attractors. The case study of Castelsaraceno Municipality (Italy) is discussed 

highlighting the robustness of the proposed approach compared with existing Municipal energy plan 

evidences and additional checks based on unconventional information sources. 
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1. Introduction  

On 12th December 2019 the European Council endorsed the objective of making the EU climate-neutral by 

2050 (European Commission, 2019), in line with the objectives of the Paris Agreement (United Nations, 2015). 

In this scenario the efforts to improve the reduction of Greenhouses Gas (GHG) are supported by several 

European initiatives such as the Covenant of Mayors (CoM). The CoM supports the volunteer Municipalities 

that submit a common CO2 emission target (actually the 40%), developing a Sustainable Energy and Climate 

Action Plan (SECAP). These plans represent operative tools promoting extensive modifications of urban 

environment following climate change adaptation issues and, as discussed in previous works by the authors, 

represent an informal alternative to traditional urban regulations strictly constrained by the current urban 

national and regional laws (Corrado et al., 2020; Santopietro et al., 2020; Santopietro & Scorza, 2020; Scorza 

et al., 2017). The extensive participation of Italian Municipalities to the CoM initiatives is representative of the 

level of commitment that local authorities gained towards climate/green goals. On the other hand, the 

heterogenous attitude in SECAP planning, implementation and monitoring expresses the absence of a clear 

technical framework allowing comparability among experiences and an extensive transferability of 

methodological approaches and tools. However, SECAP is an effective support for Municipalities decision-

making process oriented to implement environmental and climate responsive interventions on urban 

components. In the perspective of the planning process, SECAPs engage Municipalities to develop planning 

actions with specific road-map of the interventions defining: actors involved, timeframe and responsibilities of 

the processes and a subsequent monitoring campaign of them.  

The design of specific actions is a strength of the SECAP process; however, these actions are more linked to 

the implementation of interventions on selected urban areas than to an integrated urban vision. 

Investigating the structure of the SECAP, the knowledge of the Municipal context is organized in different 

sectors, each one with a specific CO2 contribution �3DROR�%HUWROGL�	�5LYDV��������'¶2UVR�HW�DO���������5LYDV�HW�
al., 2021). SECAP sectors are: buildings, transport, energy, water, waste (related to the energy saving issues), 

territorial planning, agriculture & forestry, environment & biodiversity, health, civil protection & rescue and 

tourism (related to the climate adaptation and mitigation issues).  

 

Fig.1 Share of EU-27 economy-wide greenhouse gas emissions in 2018 by transport subsector, including domestic and 
international components. Land use, land-use change, and forestry are included in the other sectors category 

 
In this paper we focus on the computational approach applied to the transport sector CO2 emissions 

assessment in the SECAP Baseline Emissions Inventory (BEI) analysis.  Among the CoM sectors, the transport 

one is considered one of the main target sector (Croci et al., 2017; Kona et al., 2017). Furthermore, according 

to  The International Council of Clean Transportation (see Fig.1) in 2018, domestic and international transport 

Santopietro L. et al. - Multiple components in GHG stock of transport sector: Technical improvements for SECAP 
Baseline Emissions Inventory assessment
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were responsible for 29% (on a total of 3.8 Gt CO2eq) of total economy-wide greenhouse gas emissions in the 

EU, while for European Environment Agency (EEA) the average carbon dioxide emissions from new passenger 

cars for the period 2000-2019 has decreased from 172.2 gCO2/Km to 122.3 gCO2/Km considering that in 2019, 

as in 2018, petrol cars were the most sold passenger vehicles. 

Current technical practices concerning the assessment of the baseline emission for this sector include an 

heterogenous set of approaches and also CoM guidelines or other EU handbooks do not provide a unique way 

to compute different components of CO2 emission connected with public and private transports means. 

Additionally, no distinctions are made between systematic transport movements and other typologies 

connected for instance with tourism flows, seasonal events etc. 

For the accuracy of CO2 emissions due to transport sector, methodologies should take into account the size of 

the cities for which they are designed. The CoM identifies the small size Municipality with the XS acronym and 

such group includes CoM Signatories with a population under 10,000 inhabitants. This group represents a 

remarkable share of the whole CoM Signatories by September 2021: 4,334 Signatories, in percentage 63%.  

The research suggests a method to estimate the CO2 emissions IURP�WKH�³WUDQVSRUW´�VHFWRU specifically oriented 

to the XS CoM Signatories group. For this group of Municipalities, the components of systematic transport 

movements are not a considerable share of the whole emissions. In facts, the presence of 

cultural/environmental attractors or other specific destinations for daily or seasonal flows of people and goods 

in a Municipality, can generate extraordinary traffic flows that generally are not included in the computational 

approach for CO2 emissions adopted in the SECAP.  

The transport sector is divided into three subsectors, according to the CoM classification in order to compare 

the results: Municipal fleet, Public Transport and Private and commercial transport. The computation of the 

CO2 emissions is very different among those categories and not always easy to do.  

Indeed, the availability of transport data is generally not enough for small Municipalities and the computational 

model has to consider medium values derived from regional datasets. In facts no specific studies on the 

transport topics are available for that Municipalities size, allowing to estimate the data on CO2 emissions with 

a high resolution. Thus, data for the Municipal fleet and Public Transport could be retrieved by Municipal 

Offices or Public Transport Plans developed at national or local level, while data from private and commercial 

transports are always estimated using benchmarks or top-down approaches related to regional or national 

level properly sized to Municipal level.  

A specific focus of this the subsector private and commercial transport. We describe method providing 

affordable accuracy results based on easy-accessible data.  

The paper is organized as follows: in the next section are explained some interesting statistics for the XS 

Municipalities and in the section 3 are presented the official CoM European Guidelines proposed by the Joint 

Research Centre to compute the CO2 emissions of the transport sector. Section 4 explains some selected 

experiences on the estimation of private transport sector CO2 emissions deriving from the EU XS SECAP 

Signatories framework. 

In section 5 is explained the methodological proposal related to the computation of transport consumption 

while in section 6 is presented the application of the methodological proposal to the case study of the ³VPDOO´�
XS Italian Municipality of Castelsaraceno.  

The conclusions regard the main outcomes obtained by the application of the methodology on the case study 

of Castelsaraceno, limitations of the approach and future research perspectives. 

2. CoM Signatories comprehensive figures 

Before starting to explore some interesting European experiences of EU XS CoM Signatories, it could be useful 

look at the structure of this class of CoM Signatories. 

Santopietro L. et al. - Multiple components in GHG stock of transport sector: Technical improvements for SECAP Baseline 
Emissions Inventory assessment
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The XS CoM Signatories are a relevant percentage (63%) on the whole of the CoM Signatories. Investigating 

data from the CoM database on its website, some interesting figures come out: 

1. Population Size 

The XS class counts the Signatories under 10,000 inhabitants, that by September 2021 are 4,334. Dividing 

them into two subclasses (under or over 5000 inhabitants see Tab.1) the Municipalities with higher percentage 

(75%) are under 5,000 inhabitants. Among them, Municipalities under 1,000 inhabitants are no. 1,052 

(corresponding to 24% on the total XS signatories).  

Population Size of XS Signatories No. Percentage on total XS Signatories 

>= 5,000 1,121 26% 

< 5,000 3,213 74% 

<1,000 1,052 24% 

Tab.1 XS CoM Signatories divided per population size  

 
2. Commitment classes of the XS Signatories 

The commitment chosen by XS Signatories are divided in 4 classes: 2020, 2020 & ADAPTATION, 2030 & 

ADAPTATION and 2020,2030 & ADAPTATION. First, 2020: towns, cities and regions voluntarily committed to 

reducing their CO2 emissions beyond 20%, below 1990 levels, by 2020, describing mitigation actions in the 

SECAP template. Second, 2020 & ADAPTATION or 2030 & ADAPTATION: the initial greenhouse gas emission 

reduction commitment and integrating adaptation to climate change were strengthened by three pillars: 

mitigation (an at least 40% emission reduction target by 2030); adaptation to climate change; and secure, 

sustainable and affordable energy. The label ADAPTATION is related to the Mayors Adapt initiative, which 

supports local authorities to develop and implement local adaptation strategies. Third, 2020, 2030 & 

ADAPTATION: this class includes the signatories that signed up to CoM and strengthened their commitments 

to decreasing CO2 emissions from 20% by 2020 to 40% by 2030 with the development and implementation 

of local adaptation strategies.  

Among the 4,334 XS CoM Signatories, in September 2021 the 36% have a SECAP that couple the reduction of 

CO2 emission reduction with the adaptation to climate change (see Tab.2). The remaining part (64%) is still 

stuck in CO2 reduction of 20% by 2020, waiting an upgrade of the SECAP¶V strategies that improve the 

reduction of CO2 and include the adaptation of climate-change.  

Commitment No. Percentage on total XS Signatories 

2020 2,763 64% 

2020 & ADAPT 74 2% 

2030 & ADAPT  949 22% 

2020, 2030 & ADAPT 548 13% 

Tab.2 XS CoM Signatories divided per commitment  

 
3. Country of origin of the XS CoM Signatories 

It is useful understand what the geographical distribution of the XS CoM Signatories is, counting for each 

population size and for each Country the number of XS CoM Signatories. The results coming out from the CoM 

database show that XS Municipalities are mostly concentrated in Italy (58%) and Spain (33%), and the two 

Countries together reach almost the whole of XS Signatories. This is representative of the high widespread to 

opt for European tools in planning - such as SECAP - in these Countries, opposite to institutional urban planning 

tools. In Tab.3 are reported for each CoM Country the number of Signatories divided per Population Size and 

the corresponding percentages related to XS CoM Signatories for each Country and the total XS CoM 

Signatories 

Santopietro L. et al. - Multiple components in GHG stock of transport sector: Technical improvements for SECAP Baseline 
Emissions Inventory assessment
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Country XS Signatories Percentage of XS CoM 
Signatories per each Country 

Percentage on the total XS 
CoM Signatories 

Albania 0 0% 0.0% 

Armenia  3 27% 0.1% 

Austria 6 46% 0.1% 

Azerbaijan 1 50% 0.0% 

Belarus 1 5% 0.0% 

Belgium 101 31% 2.3% 

Bosnia-
Herzegovina 

4 13% 0.1% 

Bulgaria 6 24% 0.1% 

Croatia 30 45% 0.7% 

Cyprus 9 38% 0.2% 

Czechia 2 22% 0.0% 

Denmark 2 6% 0.0% 

Estonia 2 40% 0.0% 

Finland 0 0% 0.0% 

France 18 21% 0.4% 

Georgia 0 0% 0.0% 

Germany 2 3% 0.0% 

Greece 20 14% 0.5% 

Hungary 16 25% 0.4% 

Iceland 0 0% 0.0% 

Ireland 0 0% 0.0% 

Italy 2,507 75% 57.8% 

Kazakhstan 0 0% 0.0% 

Latvia 5 24% 0.1% 

Lithuania 0 0% 0.0% 

Luxembourg 1 100% 0.0% 

Macedonia 0 0% 0.0% 

Malta 23 96% 0.5% 

Mexico 1 33% 0.0% 

Moldova 15 58% 0.3% 

Montenegro 2 67% 0.0% 

Netherlands 0 0% 0.0% 

Norway 0 0% 0.0% 

Poland  10 24% 0.2% 

Portugal 34 29% 0.8% 

Romania 19 28% 0.4% 

Serbia 0 0% 0.0% 

Slovakia 1 17% 0.0% 

Slovenia 17 57% 0.4% 

Spain 1,445 77% 33.3% 

Sweden 9 16% 0.2% 

Switzerland 1 11% 0.0% 

Tajikistan 0 0% 0.0% 

Turkey 0 0% 0.0% 

Ukraine 21 13% 0.5% 

United Kingdom 0 0% 0.0% 

Tab. 3 XS Signatories classified by Country with related percentages on each Country and whole XS CoM Signatories 

Santopietro L. et al. - Multiple components in GHG stock of transport sector: Technical improvements for SECAP Baseline 
Emissions Inventory assessment
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3. Estimation of road transportation emissions by main CoM official guidelines 

The official CoM guidelines (P. Bertoldi, 2018; European Comission, 2010) propose a specific characterization 

of the road transportation emissions for BEI into two parts: 

Urban road transportation, which includes road transportation on the local street network that is usually under 

the competence of the local authority; 

Other road transportation, which includes road transportation in the territory of the local authority on the 

roads that are not under its specific competence. An example are highways that go through the municipal 

territory and are managed by specific national authorities; railways infrastructures. 

These last one emission category can be included in the BEI if the local authority intends to include measures 

to reduce these emissions in the SECAP. Anyway, for the road transportation sector the data to be gathered 

is the amount of fuel consumed in the territory. Usually, the amount of fuel used is not equal to the amount 

of fuel sold. Indeed, for small Municipalities there are various reasons that support the previous quote such 

as the lack of the filling stations in that Municipality, different prices of fuels or modifications on fuel sales due 

to others factors. Also if Kennedy et al. (2009) have shown that use of fuel sales data is appropriate for cities 

for which the number of vehicle trips over the border of the city is small relative to the number of trips within 

the city, for small Municipalities this path may not reflect the effective CO2 road emission to be address to 

local authority. Therefore, according to CoM official guidelines the estimation of the fuel used has to be based 

on: 

î mileage driven in the territory of the local authority [km] 

The mileage driven (total amount of kms) on the street network of the local authority can be estimated 

on information of traffic flows and length of the municipal street network. Other common data sources 

are the transport department of the local authority, national or local street administration, household 

transport surveys (origin and destination surveys), private database on mobility in cities; 

î vehicle fleet registered in the territory of the signatory local authority (cars, buses, two-wheelers, heavy 

and light-duty vehicles); 

î average fuel consumption of each vehicle type [l fuel/km] 

Average fuel consumption of each vehicle category is related to several factors such as engine supply, 

age or driving cycle. A source of these data could be local or national auto clubs to perform data on the 

local level. Use of national level average fuel consumption for each vehicle category may produce not 

detailed estimates, in particular for urban areas.  

 

Data for each fuel type and vehicle category can be estimated by the following equation (1):  

 

	��������������������������������ሾ���ሿ

ൌ ��������ሾ��ሿ כ �������������������� 
�
��൨ כ ������������������ሾ

���
� ሿ 

(1) 

 

The most typical conversion factors used come from European Environmental Agency or Intergovernmental 

Panel on Climate Change(European Enviromental Agency, 2019; Intergovernmental Panel on Climate Change, 

2006). Usually, on the basis of the HVWLPDWLRQ�RI�³)XHO�XVHG�LQ�road WUDQVSRUWDWLRQ´ the CO2 emissions are 

computed according to the emission factors described as follows. 

There are two different approaches to compute CO2 emissions using ³sWDQGDUG´�HPLVVLRQ�IDFWRUV�LQ�OLQH�ZLWK�
the Intergovernmental Panel on Climate Change (IPCC) principles; or using LCA (Life Cycle Assessment) 

emission factors. 

Standard emission factors cover all the CO2 emissions that occur due to energy consumption within the territory 

of the local authority, either directly due to fuel combustion within the local authority or indirectly via fuel 

Santopietro L. et al. - Multiple components in GHG stock of transport sector: Technical improvements for SECAP Baseline 
Emissions Inventory assessment
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combustion associated with electricity and heat/cold usage within their area. This approach takes into account 

that CO2 is the most important greenhouse gas, and the emissions of CH4 and N2O do not need to be calculated. 

The standard emission factors according to CoM guidelines (P. (editor) Bertoldi, 2018; European Comission, 

2010) are based on the IPCC 2006 Guidelines (Intergovernmental Panel on Climate Change, 2006). The tons 

of CO2 emitted are computed using the following equation (2): 

 

��ଶ�������������ሾ���ሿ 

ൌ ������������������������������� 
��ଶ
��� ൨ כ ������������������ሾ���ሿ 

(2) 

 

LCA (Life Cycle Assessment) emission factors, take into consideration the overall life cycle of the energy carrier. 

This approach includes not only the emissions of the final combustion, but also all emissions of the supply 

chain. It includes emissions from exploitation, transport and processing (e.g. refinery) steps in addition to the 

final combustion. This hence includes also emissions that take place outside the location where the fuel is 

used. In this approach, other greenhouse gases than CO2 may play an important role. LCA emission factors 

are based on a European Reference Life Cycle Database (ELCD) developed by the Joint Research Centre and 

are available online. Therefore, the local authority that decides to apply the LCA approach can report emissions 

as CO2 equivalent. Equivalent tons of CO2 emitted are computed using the following equation (3): 

��ଶ�����������������������ሾ��� െ ��ሿ 

ൌ ��������������������� ቂ୲େమିୣ୯
୦

ቃ כ ������������������ሾ���ሿ  
(3) 

 

4. An outlook on CO2 estimation approaches fRU�³7UDQVSRUW´�VHFWRU�in XS CoM 

Municipalities 

The computation of the CO2 emissions from the transport sector derives from multiple components: public, 

private, commercial and other. The authors focus on the different approaches adopted to estimate the 

consumption from the private component of transport, considering that this component is not easily evaluable 

as public one and it represents a considerable weight among the overall CO2 emissions from transport sector. 

The methods to estimate the CO2 emissions selected from the XS CoM Municipalities are heterogeneous, but 

some clusters could be recognized. On this track, the authors have gathered some experiences deriving from 

European XS CoM Municipalities. In tab.4 have been highlighted the main features, pros and cons, of each 

country, dealing with transport-based CO2 emissions. 

Belgium  

Burdinne, Martelange and Rouvroy municipalities have used to compute transport consumption the data 

provided by FPS MT (the Belgian Society of Transport). So, in this case, a national company provided official 

data suitable for SEAP elaboration. In particular, consumption data have been computed taking into account 

the petroleum sales, the traffic share in 2000 and 2005 evaluated by the FPS MT and the different driving 

modes of motorists related to the different road typology. Petroleum sales have been derived from petroleum 

sales of gas stations since 1990. Data related to the distribution of traffic share has evaluated by FPS MT for 

each municipality as the vehicles*kilometers travelled on the roads, in 2000 and 2005 considering the 

distribution of traffic on the municipal road network and the motorway network at provincial and regional level. 

In order to be coherent with the context, data related to transport have been revised taking into account only 

the specific traffic amount of the single municipality. Traffic on national or provincial roads crossing the 

Municipality have been excluded from the computation of transport consumption.   

Santopietro L. et al. - Multiple components in GHG stock of transport sector: Technical improvements for SECAP Baseline 
Emissions Inventory assessment



             
 

 

 
12 - TeMA Journal of Land Use Mobility and Environment 1 (2022) 

Malta 

Gharb Municipality is an enclosed town and has a single major entry and exit point (only one road allowed the 

accessibility to the whole municipal territory). The absolute majority of the internal transit is due to vehicles 

arriving and departing from the town and the intervillage transit is very low. The values for private transport 

consumption were estimated using figures provided by National Statistics Office for vehicle ownership in the 

town. An average mileage through the village was estimated and this provided the total mileage travelled 

through the town per annum. It was assumed that all commercial vehicles operated on diesel fuel while a mix 

of diesel and gasoline is used for other private vehicles. 

Qala and Ta' Xbiex Municipalities have performed an analysis of the vehicle stock for the baseline. Thus, a fuel 

consumption weighting factor has been assigned to each type of vehicle based on the engine capacity and 

estimated activity. From this, the annual energy consumption and CO2 emissions allocated to the locality have 

been calculated. 

Macedonia 

Kolasin and Zabljac Municipalities have assessed their energy consumption for the transport sector considering 

data coming from different local sources such as the traffic conditions of the Municipality were deducted from 

registered documents of European Agency for Reconstruction; the energy consumption at national level were 

collected from the 2006 National Energy 

Strategy for Development; fuel sales at local fuel stations within the municipality were gathered through 

interviews; distances between locations were calculated during the surveys; other data were assumed based 

RQ�LQWHUYLHZV�ZLWK�WKH�PXQLFLSDO�VWDII��WKH�WHDP¶V experience and reliable forecasts. The emission factors for 

the vehicles and the heating values of the fuels were taken from the World Resources Institute (WRI) guide 

of the GHG Protocol. In this case, in absence of a specific data source the estimation is based on the integration 

of different sources of information. 

Italy  

Roccaraso, Lucoli and Caprariva del Friuli Municipalities have chosen to start from the data on provincial sales 

of fuels (petrol, diesel, LPG) obtained from the Ministry of Economic Development. Dividing these values by 

the number of petrol, diesel and LPG vehicles registered in the province, they obtained the data relative to the 

"2005 vehicle fleet" - ACI sales of the three fuels per vehicle [litres/vehicle] in the provincial territory. 

The distinction of passenger cars by fuel was obtained by assuming a constant percentage distribution by fuel 

type at provincial level for all municipalities. 

Multiplying the value of provincial sales per car of the three fuels each by the respective number of cars in the 

municipality we obtain, for the three energy vectors considered, the quantity of fuel for private transport in 

the municipality. Only at this point is it possible to take into account the number of kilometers travelled on the 

roads for which the local authority is responsible, multiplying the value of consumption [liters], which has just 

been obtained, by the share relative to the number of kilometers travelled on the urban network, thus 

excluding the percentage of kilometers on the motorway network. Finally, the emission factors (in those cases 

the IPCC ones) were used to obtain the CO2 tons emitted by private transport. 

Brogliano Municipality choose a top-down approach starting from provincial and regional emission data. The 

public database chosen is "Inemar-Veneto" where are collected data for vehicle type (cars, light vehicles, 

heavy vehicles, mopeds and motorbikes), road type (urban and suburban) and fuel type (car, light vehicle, 

heavy vehicle, moped and motorbike). 

Despite the fact that estimation of fuel consumption is affected by different level of uncertainty for the private 

component of transport sector, all selected approach from XS CoM Municipalities show a common baseline 
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based on the investigation of the vehicle fleet provided by the National Agencies. However, the approach 

chosen by Italian and Maltese XS Municipalities seems to be more reliable while Macedonian approach depends 

on multiple estimation hypothesis that could provide a final estimation amount far from the local reality; the 

Belgium case is characterized by the availability of a national structured database delivered by a qualified 

authority that simplify the estimation process producing comparable results in different application cases.  

 

Country Pros Cons 

Belgium 

Transport consumption provided by a National 
Society of Transport and based on different driving 

modes of motorists related to the different road 
typology 

Petroleum consumption derived from petroleum 
sales of gas stations and exclusion of the traffic 

on national or provincial roads crossing the 
Municipality 

Malta 
Consumption estimated using figures provided by 

National Statistics Office for vehicle ownership 

Fuel consumption weighting factor assigned to 
each type of vehicle based on the engine 

capacity and estimated activity 

Macedonia 

Traffic conditions of the Municipality were 
deducted from registered documents of European 

Agency for Reconstruction while energy 
consumption at national level were collected from 

the 2006 National Energy 

Fuel sales at local fuel stations within the 
municipality and other data were assumed based 
on interviews with the municLSDO�VWDII��WKH�WHDP¶V�

experience and reliable forecasts 

Italy 
Data about fuel consumption and vehicle fleet 

retrieved from National Agencies 

Uncertainty about the distinction of passenger 
cars by fuel and assumption of a constant 

percentage distribution by fuel type at provincial 
level for all municipalities 

Tab. 4 Pros and cons, of each country, dealing with transport-based CO2 emissions 

5. A computational proposal for the estimation of the CO2 emissions for the 

transport sector  

The official CoM guidelines define how compute the fuel used in road transportation starting from detailed 

data, but for the small Municipalities often these data are not accessible or not easy to collect. Therefore, the 

authors have developed a computational proposal for the CO2 emission of the transport sector, based on the 

fuel consumption using some specific databases available in Italy. The database examined are: 

î sales related to the annual oil consumption and the major oil products of the internal market, provided 

by the Italian Ministry of Ecological Transition. These data are divided for each Italian Province, specifying 

also the monthly sales; 

î vehicle fleet (cars, buses, two-wheelers, heavy and light-duty vehicles) in the territory of the Municipality 

and its Province searching on the Italian National Automotive Club (ACI) database; 

î number of resident inhabitants in the Municipality and its Province searching on the Italian National 

Institute of Statistic (ISTAT). 

The computational proposal is structured as follows: 

1. the annual oil consumption per Province is divided for the number of vehicles per Province. The result is 

the fuel consumption expressed as the number of the fuel tons per Province vehicle; 

2. ACI provides the vehicle fleet for each Italian Municipality but it does not classify the vehicles by type of 

power supply. Therefore, starting from the Province classification of the vehicle fleet has computed the 

percentage of the vehicles divided per class (cars, buses, two-wheelers, heavy and light-duty vehicles) and 

type of power supply (gasoline, gasoline & lpg, gasoline and natural gas, diesel, lpg, electric). This 

percentage has been considered constant for each Municipality inside the Province; 

3. the percentages of the vehicles divided per class and type of power supply have been multiplied by the 

number of vehicles of the Municipality. The result is the number of the vehicles classified for each class 

and type of power supply; 
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4. the fuel consumption per Province vehicle is multiplied by the number of the vehicles classified for each 

class and type of power supply. The result is the fuel consumption for each Municipality classified per type 

of power supply; 

5. the fuel consumption is multiplied by the CO2 emission factors developed by Institute for Environmental 

Protection and Research (ISPRA) (Romano et al., 2018) in order to achieve the tons of CO2 emitted for 

each type of power supply and for each class of vehicles.  

The overall computational process is presented in Fig.2  

 

Fig.2 Computational process 

 
Additionally, some private databases (db) can be used to add a meaningful check-step to the proposed 

methodology: UnipolSai and ACEA. 

The first was developed in 2018 by the Italian insurance company UnipolSai, the second was developed in 

2019 by European AXWRPRELOH�0DQXIDFWXUHUV¶�$VVRFLDWLRQ��$&($�.  
UnipolSai database is structured on the data coming from the black-box installed on the cars insured by the 

company so a small but relevant share of the total vehicles), and data are disaggregated per Italian Regions, 

Provinces and regional capital cities. Additional information regards some interesting features regarding the 

driving behavior such as GD\V�RI�FDU¶V�XVDJH��WLPH�VSHQW�GULYLQJ or Km driven per year or per day. A technical 

report is available: ³8QLSRO6DL�REVHUYDWRU\�RQ�WKH�GULYLQJ�KDELWV�RI�,WDOLDQV´ (UnipolSai, 2019).  

It is possible to exploit this data to compute the CO2 emissions per year in the case study region according to 

the equation (4): 

��ଶ�����������ሾ���ሿ 

ൌ ���ଶ������������������������� 
�����ଶ
�� ൨ כ �����������ሺ���������ሻ

כ ��Ǥ ��������������ሺ�����������������������ሻ 

(4) 

 

The CO2 average emission factor comes from the Institute for Environmental Protection and Research (ISPRA) 

using the COPERT methodology. We compared this estimation with the results of previous approach. 
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The (XURSHDQ�$XWRPRELOH�0DQXIDFWXUHUV¶�$VVRFLDWLRQ��$&($��LV�WKH�DGYRFDWH�IRU�WKH�DXWRPRELOH�LQGXVWU\�LQ�
Europe, representing the 16 major manufacturers of passenger cars, vans, trucks and buses with production 

sites in the EU. Each year, ACEA publishes its Automobile Industry Pocket Guide (ACEA 2020) in order to 

provide a complete overview of EU auto industry, as well as data on the production, sales, international trade 

and taxation of motor vehicles. Among the data published, ACEA provides the average CO2 emissions of new 

passenger cars by each EU country. Thus, using ACEA CO2 average factor and Km driven per year provided 

by UnipolSai it is possible compute CO2 emissions according to equation 4 obtaining a second comparative 

estimation to check the results of the proposed methodology. 

In the following paragraph the application of the proposed methodology on a specific case study area is 

described. 

6. The case study of Castelsaraceno Municipality  

Castelsaraceno Municipality, is D�³VPDOO´�0XQLFLSDOLW\�ZLWK��,274 inhabitants of the South of Italy, in Basilicata 

Region. This Municipality signed up to CoM in 2012, then has developed its SEAP (Sustainable Energy Action 

Plan) and the Monitoring Report, and now is engaged on the new CoM with the elaboration of the SECAP. 

Castelsaraceno Municipality represents a relevant case study because it is representative of XS CoM 

Municipality, it is located in an inland area of Basilicata Region and the only transport infrastructure of the 

territory is the road network (see Fig.3), thus the CO2 emissions for the transport SECAP sector has to be 

related only to the vehicle transport. 

 

Fig.3 Transport infrastructure and Land Use data of Castelsaraceno Municipality 

 
Furthermore, the Municipality recently realized a tourism attraction according to a tourism development 

strategy (Fistola et al., 2019; R. Papa & La Rocca, 2017): since in August 2021 ³7he world's longest Tibetan 

bridge´ (see Fig.4) operates in Castelsaraceno. The bridge links two National parks (Pollino and Appennino 

Lucano Val d'Agri Lagonegrese National Parks) and, as a direct consequence the tourists flow exponentially 
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increased up to a number of the daily presences that only on the August 2021 rises up to 30,500 with a 

monthly number of tickets sold for the Tibetan bridge of 11,000.  

 

Fig.4 The Tibetan bridge of Castelsaraceno Municipality, the world's longest with a length of 586 m  

 
This huge amount of tourism presence represents a relevant source of CO2 emission due to the vehicles transit 

connected to the tourism flow. Therefore, in the SECAP framework. We affirm that, according to this new 

scenario, it is necessary to design a tool to compute the transport sector CO2 emissions related to two emission 

stocks (ESs): 

1. a constant emission stock (ES) given by the vehicle fleet of the Castelsaraceno inhabitants; 

2. a variable ES given by the tourist flow. 

These issues may also be a recursive condition for many XS Municipalities where the presence of attractive 

natural and cultural heritage generates seasonal tourism accompanied with a relevant share of energy 

consumption that has to be appointed in the process of SECAP elaboration. According to this, specific actions 

have to be included in order to mitigate/reuse such CO2 emission sources: an interesting domain for the 

elaboration of sustainable tourism development strategies. 

The fuel consumption and the resulting CO2 emissions related to the vehicle fleet of the Castelsaraceno 

inhabitants are obtained using the computational process explained in section 5. The vehicle fleet classified by 

power engine of Potenza Province have been imported by Italian National Automotive Club and referred to 

2019 (see Tab.5).  

Vehicle fleet of Potenza Province 

 G G & LPG 
G & 
CNG 

Electricity D 
Hybrid 

G 

Hybrid 

D 
Others NC 

Number of vehicles 121,249 12,766 5,575 68 175,966 358 92 2,181 8 

Tab.5 Number of Potenza Province vehicles classified by power engine The abbreviation used for the power engine are the 
following: G=Gasoline, G & LPG =Gasoline and Liquefied Petroleum Gas, G & CNG = Gasoline and Compressed Natural Gas, 
D =Diesel, Hybrid G =Hybrid Gasoline, Hybrid D = Hybrid Diesel, NC Not Classified 

 
In Tab.6 have been counted the vehicles for Castelsaraceno Municipality classified for power engine and Euro 

classification. From computation have been excluded the Electricity, Hybrid Gasoline and Hybrid Diesel cars 
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for Castelsaraceno Municipality due to their low percentages (under 1%) related to the whole vehicle fleet of 

Potenza Province.  

 

Vehicle fleet of Castelsaraceno Municipality 

Cars [No.] Light-duty vehicles [No.] Heavy vehicles [No.] 

 G D 
G & 
LPG 

G & 
CNG 

G D 
G & 
LPG 

G & 
CNG 

G D 
G & 
LPG 

G & 
CNG 

Euro 0 99 24 6 1 13 0 0 0 16 1 0 0 

Euro 1  27 11 2 0 3 0 0 0 13 1 0 0 

Euro 2  70 43 4 1 3 0 0 0 12 1 0 0 

Euro 3  59 102 2 1 3 0 0 0 14 0 0 0 

Euro 4 48 120 11 3 1 0 0 0 4 0 0 0 

Euro 5 19 78 5 4 1 0 0 0 4 0 0 0 

Euro 6 24 53 8 5 0 0 0 0 1 0 0 0 

Subtotal 345 431 39 15 23 0 0 0 63 4 0 1 

Total 831 23 68 

Tab.6 Vehicle fleet of Castelsaraceno Municipality classified per power engine and EURO classification  

 
The two-wheelers have been considered powered by gasoline and collected in Tab.7.  

 

Two-wheelers of Castelsaraceno Municipality 

Euro Classification Euro 0 Euro 1 Euro 2 Euro 3 Euro 4 

Number of two-
wheelers 

17 6 6 16 2 

Tab.7 Two-wheelers of Castelsaraceno Municipality 

 
According to computational process in Tab.8 have been collected the fuel consumption for each class of 

vehicles takes into account for Castelsaraceno Municipality. 

 

Fuel consumption of Castelsaraceno 
Municipality [tons] 

Engine 

power 

Vehicle 

class 

Gasoline Diesel LPG 

Cars  82 335 14 

Light-duty vehicles 0 18 0 

Heavy vehicles 1 49 0 

Two-wheelers 11 - - 

Total 510 

Tab.8 Fuel consumption of Castelsaraceno Municipality 

 
In order to compare the results with the tCO2-eq suggested by the SEAP of Castelsaraceno Municipality, the 

CO2 emissions have been computed according to LCA approach. 

Final tCO2-eq emissions have been computed according to Equation 3 and collected in Tab.9 

 

CO2 transport emissions of Castelsaraceno Municipality [tCO2 eq] 
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Engine 

power 

Vehicle 
class 

Gasoline Diesel LPG 

Cars  301 1,130 71 

Light-duty vehicles 0 60 0 

Heavy vehicles 3 163 0 

Two-wheelers 41 - - 

Total 1,769 

Tab.9 TCO2 emissions for the transport sector of Castelsaraceno Municipality 

 
In Tab.10 have been compared the CO2 emissions of Private and commercial transport Sector collected for 

the 2013 SEAP to the UHVXOWV�IURP�DXWKRU¶V�SURSRVDO.  
 

CO2 transport emissions of Castelsaraceno Municipality [tCO2 eq] 

Engine 

power 

Private and commercial transport  

Gasoline Diesel LPG 

Total 

2013 SEAP 1,176.03 1,793.57 65.19 3,035 

5HVXOWV�IURP�DXWKRUV¶�SURSRVDO 345 1,353 71 1,769 

Tab.10 Comparison among total CO2 transport emissions of Castelsaraceno Municipality 

 
The differences between the total CO2 emissions are nowhere near to 50%, a remarkable amount compared 

to data available of the 2013 SEAP. This demonstrate how variable can be the results of the estimation 

depending on the adopted methods. In this case the previous SEAP adopted a simplified approach based on 

annual Kms estimated at municipal level on the basis of national medium data. The proposed approach is 

more related to specific municipal data and thus allow to have a more reliable picture of the vehicle emission 

according with the specific characteristics of the registered private fleet. Those relevant differences may 

generate huge overestimation of mitigation actions that in the case of public investments could also bring to 

an over expenditure of funds without achieve expected CO2 reduction effects. 

In order to check the results (see Tab. 11), it was applied the Equation 4 adopting the CO2 average emission 

factors proposed by UnipolSai and ACEA and the number of the private cars of Castelsaraceno inhabitants. 

(see Tab.10)  

 

CO2 emissions by cars of Castelsaraceno Municipality 

Database CO2 average emissions [gCO2/Km] Km driven 2019 tCO2 emissions 

UnipolSai  166 12,812 1,767 

ACEA  119.4 12,812 1,271 

Tab.11 CO2 emissions by cars of Castelsaraceno Municipality according to UnipolSai and ACEA methodology 

 
The CO2 emissions from cars computed using the methodological proposal (1,769 tCO2 eq.) are quite similar 

to the UnipolSai benchmark while for the ACEA, there is a difference of 28% from the methodological proposal. 

This represents good reliability of the methodological proposal, but it is limited only to a single class of vehicles 

in the Municipality. The evaluation of the variable emission stock given by the tourist flow becomes necessary 

considering that the number of arrivals to Castelsaraceno. The available data counts only for the month of 

August 2021 over 30,000 presences.  

On the basis of this single information we developed a basic forecasts about the trend of annual arrivals (not 

only from Italy but also from several EU Countries) according to some specific hypothesis: to account for the 
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numbers of booked tickets provided by the Tibetan bridge website for the months September, October 2021; 

the prevision of 6 months of Tibetan brings yearly operation as it represents a form of open-air activity and it 

is conditioned by seasonal weather conditions; an increasing trend of arrivals due to the effectiveness of the 

tourism attractor.  

This scenario suggests an increase of the CO2 emissions amount from the transport sector of Castelsaraceno, 

and it requires monitoring reports about the CO2 emissions from vehicles flows in order to pursuit sustainable 

goals and achieve the reduction of 40% of CO2 emissions according to the CoM objectives.  

Thus, we provided a first assessment of the CO2 emissions on the data about arrivals provided by the 

Castelsaraceno Municipality through the database provided by UnipolSai and ACEA for cars and European 

Environmental Agency (EEA) for buses. In this first assessment, we consider only transports inside the 

Municipal territory with a hypothesis on vehicles and roads typology because of now more accurate information 

are not available. 

 

Hypothesis of presences in Castelsaraceno Municipality 

Month Presences Car Arrivals Bus Arrivals 

May 5,338 1,201 12 

June  10,675 2,402 25 

July 21,350 4,804 50 

August  30,500 6,863 71 

September 4,000 900 9 

October 1,000 225 2 

Tab.12 Hypothesis of presences and arrivals by car and bus to Castelsaraceno Municipality 

  
Fig.5 Graph of the Hypothesis of presences and arrivals by car to Castelsaraceno Municipality 

Data used are as follows: 

î The vehicles considered are cars and buses. The number of car seats considered are 4 while for the 

buses the seats are the 80% on a total of 54, according to the Italian Ministry of Transport measures 

against the Covid-19; 

0

5.000

10.000

15.000

20.000

25.000

30.000

35.000

May June July August September October

Ar
riv

al
s/
pr
es
en

ce
s

Arrivals and presences in Castelsaraceno Municipality

Car Arrivals Presences

Santopietro L. et al. - Multiple components in GHG stock of transport sector: Technical improvements for SECAP Baseline 
Emissions Inventory assessment



             
 

 

 
20 - TeMA Journal of Land Use Mobility and Environment 1 (2022) 

î Km driven on the roads are equals to the total measure of the length of National and Municipal roads 

inside the Municipality, according to the directions for arrival suggested to Castelsaraceno on Tibetan 

bridge website. 

Number of arrivals to Castelsaraceno has divided into two groups, 90% of them has arrived to Castelsaraceno 

by car and 10% by bus. According to this hypothesis 71 buses and 6,863 cars arrived for the August 2021. 

The choice of the high percentage related to the arrivals by cars is based on the preference of Italian people 

to use car as main transport vehicle highlighted by the 2020 annual report by ISFORT acronym for High 

Institute for Transport Education and Research, that support the development of the technical knowledge and 

to the public debate about mobility and logistics in Italy. The complete trend for the months considered (from 

May to October) is presented in Tab.12 and in Fig.5.  

In order to compute the variable ES of CO2 by tourism flow and without the availability of detailed data the 

proposed methodology has been simplified. The car arriving to Castelsaraceno have been distinguished (see 

Tab.13) by power engine according to relative percentages suggested by the annual report of the Italian 

Automobile Club and relative CO2 ES has been computed using data available on database of average emission 

factors for road transport in Italy elaborated by Italian National Institute for Environmental Protection and 

Research (ISPRA). 

ES of CO2 by tourism flow in Castelsaraceno Municipalities 

Engine 

power and 

CO2 

emissions  

Vehicle 
class 

Gasoline 

[No.] 

Diesel 

[No.] 

Total ES 

[tCO2 eq] 

Cars  9,181 7,214 109 

Buses - 170 5 

Total 9,181 7,384 114 

Tab.13 ES of CO2 by tourism flow in Castelsaraceno Municipalities 

 

In Tab.14 they have been collected the CO2 emissions by tourist cars and buses computed using the 

benchmark provided by the EEA's annual Transport and Environment Reporting Mechanism (TERM) report 

(EEA, 2014). 

Variable CO2 ES by tourist flow of Castelsaraceno Municipality 

Database 
CO2 average emissions [gCO2/Km] Total Km driven   Total CO2 ES on tourism period         

(May-October) 

UnipolSai (for cars) 166 40 109 

ACEA (for cars) 119.4 40 78 

EEA (for buses) 230 40 2 

Tab.14 CO2 emissions by touristflow of Castelsraceno Municipality  

 
Combining the results UnipolSai & EEA and ACEA & EEA, promising evidences come out from the comparison 

between them and the total ES of Tab.13. The differences from the results of Tab.13in term of total ES CO2, 

are only about 0.03% for the UnipolSai & EEA while for ACEA & EEA are about 30%; they are remarkable 

results considering that the proposed methodology has been simplified and the data used are based on national 

data without more specifications at local level. 

Finally, the overall CO2 ES of Castelsaraceno Municipality is equal to 1,883 tCO2 (see Fig.6); in this amount 

the variable ES represents a relevant percentage considering the scenario of the CO2 emissions growth from 

Santopietro L. et al. - Multiple components in GHG stock of transport sector: Technical improvements for SECAP Baseline 
Emissions Inventory assessment



             
 

 

 
21 - TeMA Journal of Land Use Mobility and Environment 1 (2022) 

the transport sector of Castelsaraceno related to tourism flow, and it requires the planning of measures in 

order to pursuit sustainable goals, according to the current EU2030 targets. 

 

Fig.6 The overall CO2 ES of Castelsaraceno Municipality 

7. Conclusions 

XS Signatories are representative of a wide share of EU Municipalities belonging to the EU lagging regions 

where urban development represents a challenge both in terms of demand for investments and new tools to 

boost effectively local development strategies(Casas et al., 2014; de Gregorio Hurtado et al., 2015). The EU 

2030 strategies required the same commitments both to medium and large EU cities and small municipalities 

but the gap of capacities is evident (technical skills, funds availability, private in investments etc.). in terms of 

numbers it is possible to highlight a widespread success of the CoM policies for EU small Municipalities and 

both SEAP and SECAP had been intended as alternative planning instruments for the management of energy 

and climate investments and transformations in the urban areas (Santopietro & Scorza, 2021).  

Previous researches (Campagna et al., 2018; Campagna & Deplano, 2004; Lai et al., 2019; Santopietro et al., 

2020; Santopietro & Scorza, 2020; Scorza et al., 2017) remark the fruitful aspect of the sectorial approach, 

facing the climate-change, however the cities should not be considered by sectors but by set of systems (Rocco 

Papa et al., 2015)(such as green spaces, green infrastructures (Gargiulo et al., 2018; Lai et al., 2018, 2021) 

waterproofed soils, energy system (Scorza, 2016) , active mobility (Fortunato et al., 2020; Scorza et al., 2021; 

Scorza & Fortunato, 2021) etc..). Among these aspects, this paper focused specific issues connected to the 

procedure for the estimation of CO2 emissions from transport sector in small Municipalities. The proposed 

approach organizes an analytical framework based on data available in main national databases (in Italy but 

also in other EU Countries), not asking specific additional technical specifications; providing reliable estimation 

base on Constant and Variable Emissions Stock (ES). The case study highlighted how the contribution of 

tourism arrivals has to be included in the SECAP BEI as private transport components of CO2 emissions. This 

is a recurrent condition for XS Municipalities where are based tourism attractors (environmental, Historical, 

cultural, etc.). Traditionally, Small XS Municipalities do not include in the computation of CO2 emissions those 

generated by tourist flows.  

This is the case of the Castelsaraceno, a small XS Municipality where the construction of a tourist attraction 

produced a surplus in terms of CO2 transport emissions. Considering the growth of the number of the vehicles 

travelling inside the Municipality, compensatory and mitigation measures should be taken into account for 

effective SECAP implementation: limitation of the automotive traffic inside the urban area, implementation or 

strengthening of the greenways, promoting sustainable mobility (Scorza et al., 2021; Scorza & Fortunato, 

2021; Vinci & Cutaia, 2019), etc. Specific actions or measures can be implemented on the carbon-tax model 
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in order to provide funds for mitigation actions oriented to a local application of the sustainable territorial 

development principles (European Commission, 2016; Garau & Pavan, 2018; Las Casas et al., 2019; Las Casas 

& Scorza, 2016; Pilogallo & Scorza, 2022; Pontrandolfi & Scorza, 2016) and climate 

adaptation/mitigation(Zucaro & Morosini, 2018).  

The computational proposal is oriented to give to Municipalities a concrete guideline to easy perform this 

assessment suggesting a way to upgrade and check the current SEAP/SECAP transport sector emission 

estimations adopting consequent measures both in policymaking and urban/territorial actions. 

Limitations of the approach depends on the necessity to testing multiple cases the working hypothesis 

described in this research also selecting not Italian case studies in order to verify the availability of national 

and European data sources and eventual adjustments to reinforce the transferability of the approach. 

Future developments are oriented to integrate these results with all emissions sectors required by SECAP in 

according with recent methodological framework (Scorza & Santopietro, 2021) oriented to include systemic 

approach in SECAP development promoting the principle of integration against sectorial disaggregation.  
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