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Measure title: Deployment of CNG buses in Venice 

City: Venice Project: MOBILIS Measure number:  5.5 V-B 

 

A Introduction 

The measure 5.5 V-B focuses on increasing the number of CNG - Compressed Natural Gas buses in 
the public transport fleet in Venice.  

A1 Objectives 
The measure objectives are: 

• to increase the number of clean energy efficient vehicles that run with natural gas in the public 
transport bus fleet. 

• to increase the attractiveness of public transport as a whole and reduce polluting emissions. 

A2 Description 
ACTV1 is the Venice public transport company that provides transport services on both mainland and 
water.  

CIVITAS permits ACTV to broaden its natural gas powered fleet through the purchasing of 35 buses 
and the acquisition of 5 natural gas minibuses for park & ride services. Originally MOBILIS foresaw 
the conversion of 30 buses from conventional fuel to dual fuel (diesel and natural gas) but, after the 
conversion and testing of two prototypes, ACTV decided that this choice was not economically viable 
and that it would be better to concentrate resources on purchasing new CNG buses.  

This modification did not have any negative impact on the ACTV overall objective (increase the use of 
CNG buses in the fleet), but the original budget has had to be redrafted in order to recover the costs 
incurred for purchasing new CNG buses instead retrofitting old ones. 

This expansion of the fleet is accompanied by a broadening of the necessary refuelling infrastructure. 
In fact, the activities within MOBILIS foresees the connection of the CNG filling station to the natural 
gas distribution  network. 

 

B Measure implementation 

B1 Innovative aspects 

New mode of transport exploited  

At the beginning of MOBILIS, ACTV had about 294 buses running in the urban public transport of 
the City of Venice. The fleet is composed of diesel engines and most of the buses meet standards 
lower than Euro III. CNG buses had not been used before. Considering the average standard met by 
the fleet running in the City of Venice territory, the introduction of 35 natural gas buses and 5 
minibuses through MOBILIS will have a great impact on modernising the fleet and on reducing public 
bus fleet pollutant emissions. 

                                                 
1 ACTV stands for “Azienda del Consorzio Trasporti Veneziano" - the Venice Public Transport Company - was founded and 
began operating on 1 October 1978 see www.actv.it . From 2001 ACTV is a joint-stock company. 
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B2 Situation before CIVITAS  
The ACTV bus urban network2 with 39 bus lines cover more than 265,5 km on the Venice mainland 
and the Lido with about 2.212 daily routes for an annual mileage of about 15 million of km (figure 1). 
The public transport network on the mainland is wide and well distributed. Venice is an urban 
agglomeration of more than 200.000 inhabitant characterised by a good public transport offer and a 
high use rate of public tranport. In 2004 ACTV bus fleet transported around 70 millions people 
(including sub-urban trips) and the modal share of public transport has been estimated to reach nearly 
15% during working days. 

At the beginning of MOBILIS, ACTV had 294 buses running in the urban public transport network of 
the City of Venice (264 on the Mainland and 30 on the Lido). Around 55 are GECAM – white diesel 
powered. All the rest are diesel powered and most of the buses meet standards lower than Euro III. At 
that time there were no minibuses into the bus fleet.  

Originally MOBILIS foresaw the conversion of 30 buses from conventional fuel to dual fuel (diesel 
and natural gas) but, after the conversion and testing of two prototypes, ACTV decided that this choice 
was not economically viable and that it would be better to concentrate resources on purchasing new 
CNG buses. 

 
Figure 1: The ACTV bus network connecting the mainland to Venice through the Libertà  bridge 

B3 Actual implementation of the measure 
The measure was implemented in the following stages: 

Stage 1 CNG Buses  

Two 2 buses using conventional fuel were transformed into buses using dual fuel (diesel and natural 
gas) in order to empirically verify their functioning and highlight any potential problems (May-June-
July  2005) .  

                                                 
2 Excluding the sub-urban network. 

Mainland  

Venice 
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ACTV decided, as a result of these tests, that the purchase of new CNG buses was more economically 
viable than the conversion of the buses. In addition, the new buses would have an even better 
environmental performance than the converted buses. As a result of this evaluation, 35 new CNG 
buses, co-financed by MOBILIS were purchased and have been operating since February 2006.  

Stage 2: Connection to the ITALGAS Natural Gas Distribution Network 

• the preliminary study for the connection to the ITALGAS natural distribution network was 
completed in July 2006.  

• the CNG filling station was completed in March 2007.  

• the contract between the City of Venice and ITALGAS for the extension of the natural gas 
pipeline was signed in January 2006; 

• the contract between ITALGAS and the company which is laying down the pipeline was signed 
in October 2007; 

• all authorizations needed (a total of 22 authorizations) were obtained in March 2008; 

• the gas pipeline works started in March 2008 and are almost completed. 

At the time of the evaluation an external filling station is being used at 9 kilometres distance from the 
depot so the CNG buses can circulate. The filling time in this station (25 minutes per bus) is much 
longer than in the new station (12 minutes per bus). 

Stage 3: Minibuses 

As regards the minibuses, the first call for tender was closed in September 2006; however, there was 
no bid satisfying the technical conditions requested by ACTV and therefore the call for tender was 
repeated in March 2007. The five minibuses have been operating since December 2007 and they are 
used to connect the park & ride car parks with Mestre city centre. 

 

 
New ACTV Minibus 

 
ACTV CNG bus 

B4 Deviations from the original plan 
The deviations from the original plan comprised:  

• Deviation 1 - Modification of Milestone 5.5.V-A-3: The MOBILIS measure foresaw the 
conversion of 30 buses from conventional fuel to dual fuel (diesel and natural gas). After the 
conversion and testing of two prototypes, though, ACTV decided that this choice was not 
economically viable and that it would be better to concentrate resources on purchasing new 
CNG buses. This modification did not have any negative impact on the ACTV overall objective 
(increase the use of CNG buses in the fleet). These changes have been made official in a 
contract amendment, dated on the 23rd of July 2007 approved by the European Commission. 
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The 35 CNG buses are in service. In relation to the 5 CNG minibuses, the call for tender was 
closed in March 2007 and the minibuses have been operating since December 2007. 

• Deviation 2 - The connection to the ITALGAS natural gas distribution network suffered from a 
delay. Nevertheless, the refuelling station was built. In the meanwhile, a provisional solution 
with an external CNG station is in place, so all the CNG buses are in service (Milestone 5.5.V-
B-1);  

• Deviation 3 - The realization of minibuses suffered from a delay. 

• Deviation 4 - The original Milestone 5.5.V-4, which is not part of MOBILIS, was initially 
postponed to month 40 due to the lack of regional funding in 2006 and then cancelled in the 
measure sheet following the mid term review. In addition, after the Venice EC Site Audit, the 
original measure 5.5 V “Deployment of CNG buses and LPG boats in Venice was divided in 
two new measures: 

- 5.5 V-A “Deployment of LPG boats in Venice” 

- 5.5 V-B “Deployment of CNG buses in Venice” 

In detail the reasons for the aforementioned deviations are described as follows: 

1. ACTV converted to dual fuel two prototypes in order to assess the functionality, the reliability 
and the overall driving characteristics. The buses suitable for this conversion were those of Euro 
0 engine which were not older than 15 years old in order to provide a profitable investment. 
Although the foreseen results were partially attained, this intervention underlined some signs of 
weakness. First of all, the dual fuel system installed in Euro 0 buses did not have the same 
emission advantages of the CNG system in Euro 4 buses. ACTV therefore decided to not 
convert buses from conventional fuel to dual fuel and to invest to concentrate resources on the 
purchase of new CNG buses, which are more suitable in terms of emission and noise levels as 
well as in terms of travel comfort. 

2. ACTV had planned to build a filling station in the ACTV depot in order to satisfy more 
efficiently and faster the refuelling needs of the growing CNG fleet and to also guarantee 
refuelling in the night. Construction of the filling station was financed with national funds. 
Laying the pipeline to connect the new refuelling station to the ITALGAS natural gas 
distribution network, though, needs more time than foreseen because the works have come 
across problems due to: 

• the fact that the works involved San Giuliano public park and it was not possible to work 
in summer because in that period the park is highly populated; 

• difficulties in obtaining all of the necessary authorizations from the organizations 
involved (all 22 authorizations were obtained by April 2008); 

• the waiting time needed for the renewal of the contract between ITALGAS and the City 
of Venice (the contract was signed in January 2006); 

• the waiting time needed for the signature of the contract between ITALGAS and the 
company which would lay down the pipeline (the contract was signed in October 2007); 

• the fact that the company, laying the pipeline, found contaminated soil than had to 
undergo in depth analysis in order to identify the scope of the problem. The results of the 
analysis showed some contaminated material that was then sent to Germany to be 
reclaimed. 

3. The call for tender for the five natural gas minibuses was unsuccessfully closed in September 
2006, because there were no bids satisfying the technical conditions requested by ACTV and 
therefore the call for tender was repeated in March 2007.  

4. Concerning Milestone 5.5. V-4 of the first Inception Report, the relevant regional funds allowed 
buses to be purchased in 2005, while in 2006 no resources were provided. Therefore this 
milestone was cancelled in the Mid-term Report, as it will not be attainable within the 
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MOBILIS time frame. Please note that these vehicles are totally funded outside the MOBILIS 
budget. 

B5 Inter-relationships with other measures 
The measure is related to other measures as follows: 

• Measure 1 no. – 5.5 V-B “Deployment of LPG Boats in Venice” both measures intend to 
increase the number of clean energy efficient vehicles and to reduce polluting emissions. 

• Measure 2 no. – 8.8 V “Introduction of low impact, access for all waterbuses”, because both 
measures focus on the improvement of the environmental impact of water borne traffic. 

• Measure 3 no. – 5.2 T “Large scale implementation of clean bus fleets in Toulouse and 
complementary measures to achieve a 100% clean fleet” because both measures focus on 
implementing a cleaner PT fleet. 

• Measure 4 no. – 5.1 D “Operation of bio fuel and CNG vehicles and framework conditions for 
alternative fuel use in Debrecen” because both measures focus on implementing a cleaner PT 
fleet. 

 
 

C Evaluation – methodology and results 

C1 Measurement methodology 
The evaluation methodology is primarily based on impact evaluation. 

The evaluation of impacts is mainly based on the analysis of : 

• Impacts in terms of reduction of pollutant emissions. Standards bus emissions are used for the 
evaluation of physical impacts.  

• Impact on the use of public transport due to the increase of quality of the fleet (number odf 
passengers, mileage, emissions etc).  

Evaluation of acceptability  - ACTV customers survey 

The service contract between the City of Venice and ACTV includes an annual Customer Satisfaction 
survey (including environmental issues). This annual survey is the basis for the evaluation of user 
acceptability regarding ACTV public transport services. 

In-depth process evaluation  

The measure has been selected for the “In-depth process evaluation”. A specific document has been 
produced with an in-depth analysis of the process evaluation regarding the Venice CNG bus measure. 
The main consideration and conclusion of the in-depth analysis are also reported in section D of this 
document. 

C1.1 Impacts and Indicators 
The selected indicators and the reference to the CIVITAS II Common Core Indicator categories are 
presented in table 1. 
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No Category Sub-category Impact Indicators Measure Unit Data 
source 

1  Economy  Costs  Costs  Investment and 
maintenance costs 

€, % ACTV 

2 Environment Pollution/nuisa
nce 

Emissions Reduction of pollutant 
emissions (Euro I versus 
CNG) 

kg/veh 

mg/VKm 

 

ACTV 

 

3 Fleet 
composition 

Proportion of CNG buses 
within the fleet  

n° - % ACTV 

4 Mileage Annual distance covered 
(bus mileage) 

km/bus/year  

total km/year 

ACTV 

5 

Transport 
system 

Passenger 
movements 

Number of passengers Passenger/year 

Passenger/bus 

Passenger/km  

ACTV 

CoV 

6 

Transport  

Quality of 
service 

Fleet age Average age of the bus 
vehicle fleet 

year ACTV 

7 Society Acceptance User 
satisfaction 

Customer satisfaction  %  

Scale 1 to 10 

ACTV 

 

Table 1: Selected indicators 

Detailed description of the indicator methodologies: 

Indicator 1 - CNG costs 

Data about CNG bus costs are provided by ACTV urban mobility office. The cost of CNG can be 
broken down into investment, maintenance and operating costs. The cost associated to the opening of 
the new refuelling station has not taken into consideration. 

Indicator 2 - Reduction of pollutant emissions (Euro I with respect to CNG) 

The introduction of CNG buses has a positive impact on the fleet pollutant emissions. The evaluation 
of the impact in terms of reduction of pollutant emissions is based on the ACTV bus standards 
emissions data (Euro I versus CNG). A global estimate of the pollutant emission reduction by the fleet 
is provided. Parameters taken into consideration to evaluate the pollutant emissions are CO (Carbon 
monoxide), HC (non methane hydrocarbon emissions due to incomplete combustion), NOx (Nitrogen 
Oxide) and PM10 (particulate matter). Both MOBILIS and Business as Usual scenarios (BAU) are 
considered.  

Using the same calculation methods, the indicator also takes into consideration the benefit in terms of 
bus mileage and pollutant emissions savings due to the opening-up of the CNG distributor at the 
ACTV bus deposit in Martiri della Libertà street. 

Indicator 3 - Proportion of CNG vehicles in the fleet 

The indicator is a trend indicator based on the vehicle registration data of the bus fleet provided by 
ACTV on the 31st December of each year considered (except for 2008 - data are registered until end 
of June 2008). The indicator contains an overview of the share of CNG buses and more generally of 
the alternative fuel buses within the ACTV fleet operating in the mainland across the years. The 
alternative fuel buses fleet include white diesel (Gecam3 ), hybrid 4 and CNG vehicles. To consider all 
the alternative fuel bus fleet data collection has been extending to all the  ACTV fleet including the 

                                                 
3 The "white diesel" is a water-diesel emulsion called in Italy GECAM. 
4 Diesel-electric 



Measure title: Deployment of CNG buses in Venice 

City: VENICE Project: MOBILIS Measure number: 5.5 VB 

 

 
Page 7 

Urban, the  sub-urban bus network and the Chioggia network. The indicator also includes the minibus 
fleet. 

Indicator 4 - Annual Bus mileage 

This indicator on the transport system is a trend indicator based on the quantitative data on the bus 
fleet provided by ACTV technical office. Data is monitored yearly. Bus mileage (total annual distance 
in kilometres) is a relevant indicator of the bus utilisation rate that allows comparison between CNG 
and conventional fuel buses. The indicator may be split in twosub-indicators: (1) total fleet mileage 
which is the sum of all km covered by the fleet in a year, and (2) the average vehicle mileage. The 
indicator includes the minibus fleet as well. 

Indicator 5 - Number of passengers 

This indicator is a trend indicator that gives an overview of the level of use of public transport based 
on the statistical data of the number of passengers using the ACTV mainland bus services provided by 
the City of Venice Mobility office and ACTV. Data is monitored yearly. The indicator includes three 
sub-indicators: Passenger/year, Passenger/bus and Passenger/km. The sub-indicator passenger/km. 
stands for the annual number of passengers transported by kilometers travelled. 

Indicator 6 - Average age of the bus vehicle fleet 

Based on the bus vehicle registration data, the indicator is a relevant indicator of the bus renewal rate 
within the fleet. Data is monitored yearly. 

Indicator 7 - Customer satisfaction  

In the contract of services between the City of Venice and ACTV, an annual Customer Satisfaction 
survey is foreseen (including environmental issues). This annual survey is the basis for evaluating user 
acceptability. Acceptability is evaluated by using the 1-10 scale results of the annual ACTV services 
users survey: In the contract of services between the City of Venice and ACTV, an annual Customer 
Satisfaction survey (including access for disabled users). This annual survey is based on telephone 
interviews (around 1700 persons for urban and navigation services). The interviewed people can give 
a score from 0 (worst) to ten (best) for several issues regarding ACTV services. It is relevant to note 
that the overall score for urban and navigation services is positive and is around 6,5. 

C1.2 Establishing a baseline 
The baseline situation refers to months 1 to 14 before the introduction of the first CNG buses in the 
public fleet. The first CNG buses were put into service in January 2006. The MOBILIS scenario refers 
therefore to the following period from months 24 to 44. ACTV decided to purchase 35 buses instead 
of proceeding to the initially scheduled conversion of 30 existing buses. All 35 CNG buses are 
currently in service. 

C1.3 Building the business-as-usual scenario 
Outside of CIVITAS but as an inherent part of this project, ACTV intended to introduce 60 new 
natural gas powered buses in its fleet by the end of 2006. However, this introduction of new buses was 
totally dependent on the availability of regional funds. From 1997 to 2005, regional funds usually 
covered the costs of around 22 buses a year. However, regional funding was no longer available in 
2006, leaving ACTV in difficulty with regards to their intention to buy further buses outside of 
MOBILIS.  

ACTV has estimated, that without MOBILIS, which has enabled them to purchase 35 new CNG 
buses, natural fleet renewal would have been a maximum of 15-20 CNG buses, given the unexpected 
absence of regional funds. It should be noted that the service contract with the City of Venice specifies 
that buses purchased should be natural gas powered; so these buses should have been CNG. The 
implication of the BAU scenario is thus that the emissions reductions which a range of 15-20 powered 
bus fleet can produce would have been lower as compared to the MOBILIS scenario. This difference 
is being calculated in the technical evaluation of the measure. The calculation methods in terms of 
pollutant emission for the MOBILIS and BAU scenarios are the same. The BAU emission calculation 
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is based on the annual CNG bus mileage for each year considered and on ACTV bus standards 
emissions.  

It is assumed that all of these 15-20 CNG buses would have been introduced in 2005 and alike for the 
MOBILIS scenario the calculation refer to the period 1/1/2005 - 30/06/2008.  

MOBILIS will also make it possible for the refuelling station to be connected to the ITALGAS 
network within a limited timeframe, as MOBILIS makes resources available for the pipeline which is 
not foreseen in the City of Venice contract with ACTV. It is probable that ACTV would have sought 
other sources of financing in order to ensure having a fully functioning refuelling station in their depot 
which can therefore support the CNG part of the fleet, but it is likely that this would have taken place 
outside the MOBILIS timeframe. In the BAU, ACTV would still have purchased 5 minibuses but they 
would have been diesel rather than hybrid. 

C2 Measure results 
The results are presented under sub headings corresponding to the areas used for indicators – 
economy, energy, environment, transport and society. 

C2.1 Economy 

Indicator 1 - CNG bus costs   

According to ACTV urban office, the initial investment cost of a CNG bus is higher by approximately 
18-20 % as compared to a standard diesel bus (based on 2005 purchase costs). The CNG buses cost 
about 42.500€ more per unit than a standard diesel bus. 

The maintenance for CNG bus cost is also about  15-20% higher respect to a standard diesel bus. 

Operating cost are more difficult to assess precisely in order to evaluate the cost-effectiveness of CNG 
and no accurate analysis has been conducting for Venice. Anyway some general considerations about 
operating costs include the following: 

• Energy consumption of CNG buses is higher than that of modern diesel buses by about 20%; 

• Higher investment cost and higher energy consumption of CNG buses can partly be 
compensated by the lower prices of natural gas respect to gasoline. In 2007 natural gas was 
about 19% cheaper and this difference was expected to become about 40% after the opening of 
the refuelling station. However gas and diesel fuel prices vary signifanctly and fluctuating 2008 
prices make the assessment further complexe; 

• Fuelling facilities for CNG buses are significantly more costly both in terms of investments and 
operation, compared to equipment for diesel buses. 

C2.2 Energy 
N/A 

C2.3 Environment 

Indicator 2 - Reduction of pollutants emissions of CO, HC, NOx, particulates (PM10) 

Conventional diesel buses produce significant amounts of pollutant emissions - especially particulate 
matter (PM) and nitrogen oxides (NOx) - that cause a deterioration of air quality. Compared to 
existing diesel vehicles, CNG offers significant air quality benefits in terms of reductions in CO, NOx. 
and PM10. Air quality benefits are particularly significant when compared with Euro I diesel vehicles 
and it is these vehicles that the CNG buses have replaced within MOBILIS measure.  

There is a large potential to achieve low emissions when CNG is used as fuel. Some emission 
reductions compared to conventional diesel buses found in the literature are the following:  
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§ Particulate matter (PM): reductions of 60% to 97% compared to conventional diesels. PM is the 
primary concerns regarding diesel exhaust; 

§ Nitrogen oxides (NOx): reductions of 25% to over 95 % compared to conventional diesel;  

§ Carbon monoxide (CO): reductions of 50% to 85% compared to conventional diesel. Other data 
suggests that CO emissions from CNG could be higher than from diesels.  

The 35 CNG buses replaced ACTV Euro 1 old buses. The standard emissions measured and provided 
by ACTV technical office are presented in table 2. Using the CNG bus fleet mileage for each year 
considered, over the period 2005-2008 (until June 2008), the emission reduction considering the 
benefits of the introduction of the 35 new methane powered buses can quantified in 16,3 t of CO, 509 
kg of HC, 75 t of NOx and 3,5 t of PM10 (table 3).  

Under the BAU scenario ACTV natural fleet renewal would have been a maximum of 20 CNG buses 
with a more likely range of 15-20 buses, given the unexpected absence of regional funds. It should be 
noted that the service contract with the City of Venice specifies that buses purchased should be natural 
gas powered; so these  buses would have been CNG.  

If the CIVITAS measures were not introduced, the benefits in term of emission reduction would 
therefore have been much lower. BAU pollutant emissions reduction are calculated using emissions 
standards and bus mileage. The 15-20 CNG powered buses allow a substantial reduction in pollutant 
emissions compared to the equivalent vehicles running on Euro I conventional fuel. Within the BAU 
scenario such benefit in terms of emissions reduced over the period 2005-2008 is in the order of 7-9,4 
tons of CO, 220-293 kg of HC, 32,5-43,4 tons of NOx and 1,5-2 tons of PM10 as shown in table 4.  

The difference between the MOBILIS scenario and the BAU scenario in terms of emission reductions 
is presented in table 5. The results estimate a benefit range thanks to the MOBILIS measure over the 
period 2005-2008 of about 6,9- 9,2 t  of CO, 215,6-289 kg of HC, 31,9-42,7 t of NOx and 1,5-2 t of 
PM10. 

 CO (g/km) HC (g/km) NOx (g/km) PM10 (g/km) 

Euro 1 Bus 1993 - 1996 6,82 0,84 17,6 0,79 

CNG Bus 3,3 0,73 1,32 0,022 

Abatement (%) 51,6 13,1 92,5 97,2 

Table 2: Bus standards emissions 

MOBILIS  
CO (kg) HC (kg) NOx (kg) PM10 (kg) 

2005 357,8 11,2 1.654,6 78,1 

2006 5.671,9 177,2 26.232,4 1.237,5 

2007 6.786,0 212,1 31.385,1 1.480,6 

20085 3.472,7 108,5 16.061,5 757,7 

Total 
16.288,4 509 75.333,6 3.553,8 

Table 3: emission reduction over the period 2005-2008 

                                                 
5 Until June 2008 
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CO (kg) HC (kg) NOx (kg) PM10 (kg) 

BAU 15 buses 20 buses 15 buses 20 buses 15 buses 20 buses 15 buses 20 buses 

2005 214,7 286,2 6,7 8,9 992,8 1.323,7 46,8 62,4 

2006 2.430,8 3.241,1 76 101,3 11.242,5 14.990 530,4 707,1 

2007 2.908,3 3.877,7 90,9 121,2 13.450,8 17.934,4 634,5 846 

2008 1.488,3 1.984,4 46,5 62 6.883,5 9.178 324,7 433 

Total 7.042,1 9.389,4 220,1 293,4 32.569,5 43.426 1.536,4 2.048,6 

Table 4: emission reduction over the period 2005-2008 with the BAU scenario 

Benefits 
MOBILIS -BAU 

CO (kg) HC (kg) NOx (kg) PM10 (kg) 

Total 9.246,3 6.898,9 288,9 215,6 42.764,1 31.907,6 2.017,4 1.505,2 

Table 5: Total benefits in terms of emission reduction for MOBILIS  

CNG Refuelling station 

The gas refuelling station is to be operative by November 2008. The opening of the refuelling station 
will have the immediate benefit of reducing the bus fleet mileage. In fact, before the opening of the 
CNG station, CNG buses had to cover about 9 km (for a single trip) from the ACTV bus depot to 
refuel. Considering that CNG powered buses have a fuel autonomy of about 200 km and the average 
ACTV CNG bus mileage in 2007 and 2008, the opening of the refuelling station will reduce the CNG 
bus mileage by 9,5 % allowing a km saving of about 175.770 km per year. In terms of emission 
reductions, using the same methodology as with indicator 5, the benefit can be quantified at about 580 
kg of CO, 128 kg of HC, 232 kg of NOx and 3,9 kg of PM10 as per year as shown in the table 6. 

 CO (kg) HC (kg) NOx (kg) PM10 (kg) 

Benefits  580,0 128,3 232 3,9 

Table  6: Annual pollutant emission reduction thanks to the opening of gas refuelling station. 

The management cost of the current use of the external refuelling station is also high. The filling time 
in this station (25 minutes per bus) is much longer than in the new station (12 minutes per bus) and 
each refuelling requires more or less 45 minutes (travel and refuelling). Considering the 35 CNG bus 
fleet with the opening of the new station, the time saved can be estimated at around 2.797 hours a year 
and a related annual saving of extra work hour costs corresponding to 2.797 hours.  

C2.4 Transport  

Indicator 3 - Proportion of CNG vehicles in the fleet 

The indicator contains an overview of the fleet composition and of the share of CNG buses and 
alternative fuel buses in the bus public fleet across the years. Before MOBILIS (baseline situation) the 
ACTV urban fleet (excluding the sub-urban fleet) was made up of 294 buses with no CNG buses. 25 
CNG buses were introduced in 2005 into the public fleet and further 10 CNG buses were introduced in 
2006 (table 7). Thanks to the CIVITAS MOBILIS project, the share of CNG buses reached 11,5 % in 
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2006 and 12,15 % in 20076 (figure 2). The first five minibuses were introduced in the fleet in 2007. 
All of them are methane powered. 

Considering all the ACTV alternative-fuel vehicles7 (including hybrid, GECAM and CNG vehicles) 
and the ACTV fleet8, it is important to note that alternative fuel buses account for a growing portion of 
the Venice bus fleet. The proportion of alternative fuel vehicles was about 10 % in 2004. With the 35 
new CNG buses, ACTV sharply increased the share of alternative fuel buses. At the end of 2007 
almost 16% of the ACTV buses fleet was composed of alternative fuel vehicles while 84% of the fleet 
remains diesel powered (figure 3).  

Year Number of CNG buses 

2004 0 

2005 25 

2006 35 

2007 35 

Table 7: Number of CNG buses in the ACTV public bus fleet 
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Figure 2: proportion of CNG buses in the fleet 

                                                 
6 Excluding the new minibus 
7 Excluding the new minibus 
8 Including Urban, Chioggia and sub-urban buses 
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Figure 3: proportion of alternative fuel buses in all the ACTV fleet (%) 

Indicator 4 - Annual Bus mileage 

Bus mileage is the main indicator of the bus use rate. The indicator is split into two sub-indicators: (1) 
total fleet mileage which is the sum of all km covered by the fleet in a year, (2) the average bus 
mileage.  

In terms of km covered, the trend regarding the CNG bus use rate is very positive. Over the period 
2005-2007 the CNG bus use rate increased considerably with nearly 2 million km covered in 2007 and 
a share of 12,5 % of the total kilometres covered by the urban fleet in 2008 (figure 3). 

Over the period 2005-2007 the average CNG bus mileage increased considerably from 4.065 km in 
2005 to more than 50.000 km covered in 2007. The CNG bus mileage became similar to that of the 
total fleet mileage in 2007 and even exceeded the average fleet mileage in 2008 (table 8). Regarding 
the 5 natural gas minibus the mileage is expected to reach about 20.000 km at the end of 2008. 

Year CNG fleet 
mileage (km) 

Total urban fleet 
mileage(km) 

Proportion of CNG 
bus mileage (%) 

Average CNG  
bus mileage (km) 

Average bus 
mileage(km) 

2005 101.635 15.031705 0,7 4.065,4 50.782,8 

2006 1.611.329 15.274.448 10,6 46.038,0 50.080,2 

2007 1.927.833 15.933.238 12 55.080,9 55.323,7 

2008 986.576 7.927.314 12,5 28.187,9 26.872,3 

Table 8: Bus mileage  
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Figure 4: Proportion of km covered by the CNG bus fleet out of the tatal fleet mileage  

Indicator 5 - Number of passengers   

This indicator is a trend indicator based on the statistical data of the number of passengers using the 
mainland bus services provided by the City of Venice Mobility office and ACTV.  

Venice is a city generally characterised by a good public transport offer and a high use rate of public 
tranport. Regarding the number of passengers on the ACTV bus urban network, the trend over the 
period 2005-2007 is positive with a global increase exceeding 1,8 millions passenger that is to say an 
annual increase of about 1,25%. The annual passenger-bus ratio is also positive over 2005-2007 with 
an increase of 5,3%. The annual passenger-bus ratio on the urban network decreased lightly in 2006 
and increased afterwards by 7 % in 2007 exceeding 271.000 passengers per bus. Average values are 
presented in table 9 and figure 5. Over the same period, the annual passenger per km remains 
somewhat stable with an average of 5 passengers per km.  

Various factors may have influenced the growth of bus passenger number and the trend of bus use 
increase (infrastructures, fuel prices increase, traffic rationing schemespromotion of non-motorised 
traffic use such as walking or biking, park&ride scheme, etc.) and it is difficult to say in which way 
ecological issues and the CNG fleet expansion contributed to this increase.  
 

Year Number of passenger passenger/bus 

2005 76.169.419 257.329 

2006 77.226.740 253.202 

2007 78.061.707 271.048 

Table 9: Number of passengers transported 
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Figure 5: annual passenger-bus ratio 

Indicator 6 - Average age of the bus vehicle fleet 

The renewal of the bus vehicle fleet is reflected by a decrease in the average age of the bus fleet. The 
average age of the bus fleet operating in the Venice mainland territory (urban network) decreased from 
13.8 years in 2000 to 9 years in 2007 that is in line with the Italian average9. 

C2.5 Society  

Indicator 7 - Customer satisfaction 

Acceptability is evaluated by using the results of the annual ACTV services users’ survey: in 
accordance with the contract between the City of Venice and ACTV, ACTV conducts an annual 
customer satisfaction survey (generally at the end of the year including opinion about access for 
disabled users). The opinion survey is based on a 1-10 scale of opinion. Score 1 stands for the worst 
opinion and 10 for the best one. The annual survey include two parts, one for mainland transport 
services and one for waterborne navigation and 8 sections regarding several aspects of ACTV 
services: 

1. Safety (on board, radar system); 

2. Regularity of transport (punctuality, reliability); 

3. Cleanliness of transports (frequency and quality); 

4. Comfort of transport (air conditioning, crowding, etc.); 

5. Services for disabled users (facilities, information, etc.); 

6. Information for clients; 

7. Quality of counter service; 

8. Respect of the environment (noise, pollution, etc.). 

The results of the customer satisfaction surveys for the period 2004-2007 are presented in table 10. 
Over the years, the opinions remains fairly consistent with an overall medium-positive opinion ranging 
from 5,9 to 6,3 for the opinion regarding the environment. The average score is 6,1. The highest 
opinions were given in 2006 with an average score of 6, 3. A small increase is reported from 2004 to 
2006 and a slight decrease in 2007. The introduction of the new CNG buses did not have a relevant 
effect on the customers perception of the quality of the company’s transport services. This may be 

                                                 
9 see http://uitp.org/ 
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explained by the fact that only a small proportion of the bus fleet have been replaced by natural gas 
buses. A larger CNG fleet would surely have a higher visibility towards the customers. 

In addition, is important to note that “the environment” along with “services dedicated to disabled 
people” are generally critical aspects of the ACTV opinion survey and that the scores obtained for the 
environment over the period 2004-2007 are just under the overall average score for all ACTV services, 
which is around 6,5. A longer evaluation period would be necessary to record a higher positive effect 
on the users opinion. A communication campaign dedicated to customers in order to highlight the new 
transport facilities and the better environmental performance of the new buses could also improve the 
users’ perception of the quality of ACTVs transport services. 

 

Aspects 2004 2005 2006 2007 

Respect to the environment 5,9 6,2 6,3 6.0 

Table 10 : Customer satisfaction survey results 
 

C3 Achievement of quantifiable targets 

No. Target Rating 
1 Conversion of 2 traditional buses to CNG as prototypes to be tested ad studied ØØ 

2 Purchasing of 35 CNG buses ØØ 

3 Procurement of 5 new natural gas powered minibuses. ØØ 

4 A reduction in emissions from the ACTV bus fleet ØØ 

NA = Not Assessed 0 = Not achieved Ø=Substantially achieved ØØ= Achieved in full   
ØØØ= Exceeded 

C4 Up-scaling of results 
The measure is already at the Venice Territory scale (Venice mainland including Mestre urban centre). 
ACTV intends to further expand the CNG part of the fleet and has applied for funds for CNG buses 
through the national programme for sustainable mobility – 11 new CNG buses should be purchased in 
2009. This would surely help raising awareness of bus users about the improvement of bus 
environmental performance and would have a effect on the customers perception of the quality of the 
company’s transport services. 

C5 Appraisal of evaluation approach 
The evaluation methodology takes into account the main aspects of the impact of the increase in the 
number of CNG buses in the public transport fleet in Venice also including the purchase of five 
methane powered minibuses and the construction of the natural gas distribution network and 
installation of the refuelling station.  

C6 Summary of evaluation results 
CIVITAS MOBILIS has permitted ACTV to broaden its natural gas powered fleet thus increasing the 
attractiveness of public transport as a whole and reducing polluting emissions. 

In Venice all of the 35 CNG buses are currently in circulation. An alternative CNG filling station is 
being used at night until the pipeline connecting the newly constructed ACTV dedicated filling station 
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is completed by November 2008. Having come through a complex authorisation procedure and 
concerns regarding material supply, work is almost completed for the pipeline connecting the new 
ACTV dedicated filling station to the gas supply network and the station will be fully functioning 
before the end of 2008. 

In addition, the 5 natural gas minibuses are now circulating, and are used for park and ride services. 

The key results are as follows: 

• 2 converted natural gas buses in circulation; 

• 35 new CNG buses in circulation;  

• The share of the bus fleet using CNG fuels rose from 0 percent in 2005 to 12,15 % in 2007; 

• CNG bus use rate increased considerably with nearly 2 million km covered in 2007; 

• Over the period 2005-2007 the average CNG bus mileage increased considerably from 4.065 
km in 2005 to more than 50.000 km covered in 2007. The CNG bus mileage became similar to 
that of the total fleet mileage in 2007 and even exceeded the average fleet mileage in 2008. 

• 5 CNG powered minibuses in circulation; 

• Pollutant emission reduction considering the benefits of the introduction of the 35 new methane 
powered buses in the order of 16,3 t of CO, 509 kg of HC, 75 t of NOx and 3,5 t of PM10 over 
the period 2005-2008. 

 

D Lessons learned 

D1 Barriers and drivers 

D1.1 Barriers 

• ACTV converted to dual fuel two prototypes in order to assess the functionality, the reliability 
and the overall driving characteristics. The buses suitable for this conversion were those of Euro 
0 engine which were not older than 15 years old in order to provide a profitable investment. 
Although the foreseen results were partially attained, this pilot phase highlighted some 
weaknesses. First of all, the dual fuel system installed in Euro 0 buses did not have the same 
emission advantages as the CNG system in Euro 4 buses. ACTV therefore decided not to 
convert buses from conventional fuel to dual fuel and to invest in concentrating resources on the 
purchase of new CNG buses, which are more suitable in terms of emissions and noise levels as 
well as in terms of travel comfort. 

• ACTV had planned to build a filling station in the ACTV depot in order to satisfy more 
efficiently and faster the refuelling needs of the growing CNG fleet and to also guarantee 
refuelling at night. Construction of the filling station was financed with national funds. Laying 
the pipeline to connect the new refuelling station to the ITALGAS natural gas distribution 
network, though, needs more time than foreseen because the works came across problems due 
to: 

o the fact that the works involved San Giuliano public park and it was not possible to work 
in summer because in that period the park is highly populated; 

o difficulties in obtaining all of the necessary authorizations from the organizations 
involved (all 22 authorizations were obtained by April 2008 – including Anas, National 
Railways, Highways, Ente Parco, Veneto Strade, Magistrato Acque etc.). 

o the waiting time needed for the renewal of the contract between ITALGAS and the City 
of Venice (the contract was signed in January 2006); 
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o the wait ing time needed for the signature of the contract between ITALGAS and the 
company which would lay down the pipeline (the contract was signed in October 2007); 

o the fact that the company, laying the pipeline, found contaminated soil than had to 
undergo in depth analysis in order to identify the scope of the problem. The results of the 
analysis showed some contaminated material that was then sent to Germany to be 
reclaimed. 

o the call for tender for the five natural gas minibuses was unsuccessfully closed in 
September 2006, because there were no bids satisfying the technical conditions requested 
by ACTV and therefore the call for tender was repeated in March 2007.  

o Concerning Milestone 5.5. V-410 of the first Inception Report, the relevant regional funds 
allowed buses to be purchased in 2005, while in 2006 no resources were provided. 
Therefore this milestone was cancelled in the Mid-term Report, as it will not be attainable 
within the MOBILIS time frame. Please note that these vehicles are 100% funded outside 
the MOBILIS budget. 

The delays have been caused by: 

1. The delay in the renewal of the contract between the City of Venice and ITALGAS that was 
finally signed in January 2006: the contract did not foresee a clear date for the conclusion of 
works; 

2. The need to collect 22 authorizations from different bodies before starting work; 

3. Finding contaminated soil in San Giuliano Park which brought works to a halt. Soil samples 
were analysed and, as a result, the contaminated soil sent to Germany for reclamation. 

D1.2 Drivers 
Commitment on the part of the City of Venice and ACTV to invest in CNG buses during fleet 
expansion and renewal. 

D2 Participation of stakeholders  
• ACTV’s policy to expand the CNG element of their fleet arises from the company’s strategy 

and indeed from the service contract signed with the City of Venice which states that fleet 
renewal must be CNG based. Customers were involved only through the annual customer 
satisfaction survey.  

• ITALGAS was also a key partner for the measure success and for the connection of the new 
refuelling station to the natural gas distribution network. 

D3 Recommendations 
• Conversion of older buses to CNG may not always be the best option from the environmental 

and economic point of view. Practitioners should always make prototypes before going ahead 
with conversion of the fleet and carry out a cost-benefit analysis which also includes the 
possibility of purchasing new CNG buses. As in the case of Venice, it may be more suitable to 
buy new vehicles rather than convert older buses in the fleet. 

• Most public transport fleets are in part funded by the State. This means that certain terms and 
conditions for fleet expansion can be set by governing bodies. This should be seen as an 
opportunity for governing bodies to request that fleet expansion is based on the purchase of 
buses which are CNG powered.  

                                                 
10 The initial milestone 5.5. V-4 is “30 natural gas powered vehicles in service” at month 24 
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• It is necessary for the purchase of CNG powered buses to be accompanied by an appropriate 
fuel supply. National government, such as in the case of the Italian government, could facilitate 
fleet expansion with CNG buses by contributing to the construction of CNG filling stations for 
public transport fleets. 

• If it possible, simplify the procedure for the building of the CNG filling station in order to avoid 
any delay and to satisfy more efficiently and faster the refuelling needs of the growing CNG 
fleet. In any case involve early in the process the natural gas provider (ITALGAS in our case); 

• ACTV had planned to build a filling station in the ACTV depot in order Construction of the 
filling station was financed with national funds. Laying the pipeline to connect the new 
refuelling station to the ITALGAS natural gas distribution network. 

D4 Future activities relating to the measure 
ACTV intends to further expand the CNG part of the fleet and has applied for funds for CNG buses 
through the national programme for sustainable mobility – 11 new CNG buses should be purchased in 
2009. ACTV intends also in the near future to test experimental buses using a mixture of methane and 
hydrogen. 

 

 


