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Abstract. The transport sector remains heavily reliant on oil products, and it is among
those that are considered harder to decarbonize, especially in some specific segments.
Considering public transport, there is currently a significant interest in electrifying urban
buses, especially for some routes that are well suited for the current characteristics of battery
electric buses. However, for some applications, including long-distance buses, biomethane
could play an important role in contributing to the decarbonisation of the sector, especially
considering the important part of the current fleet in Italy that is already operating on fossil
natural gas. This analysis presents a comparison of the potential role of biomethane to
support public transport decarbonization in Italy, by estimating CO2 equivalent emissions
savings considering the current biogas plants and natural gas buses in Italian cities. An
additional evaluation is performed considering the future expected evolution of biomethane
production in line with the new Piano Nazionale Integrato per l’Energia e il Clima, that
aims to a total production of 5.7 bcm by 2030, as well as the expected 1.5 bcm of
biomethane allocated to the transport sector. Within these maximum potential levels, the
results of the analysis demonstrate the important savings that can be achieved with
biomethane, especially when exploiting specific feedstocks that have a very low impact in
terms of well-to-wheels emissions. Biomethane can represent an interesting complement to
electric buses, as it can exploit the already existing fleet based on natural gas, and it also
shows a number of advantages on routes that are not suitable for electric buses.

1 Introduction
A successful energy transition towards a low-carbon economy requires a combination of technologies
across different sectors and applications. Transport is significantly relying on oil products, especially in
some specific segments, although electrification is increasingly being seen as a potential alternative. EU
and national regulations are supporting the diffusion of private cars with lower emissions, both for local
pollutants [1, 2] and CO2 [3]. Also, in many cities low-emission zones are limiting the access to vehicles
with very low or no tailpipe emissions. The policy attention seems to be focused on private cars and
trucks, which represent the largest share of vehicle-km driven and resulting emissions.
However, another segment that is seeing a gradual increase of alternative options to diesel is local
public transport (PT). While some PT modes are already electrified, such as light rail, subway or
trolleybuses, also urban buses are seeing a gradual implementation in many cities worldwide. Some
cities have also deployed a large number of buses running on compressed natural gas (CNG), especially
to reduce local emissions compared to diesel buses [4, 5], in particular for particulate matter. However,
considering fossil gas, their climate emissions are often comparable to those of diesel [6, 7]. However,
these buses that are already in operation could be potentially running on biomethane, which could
represent an environmental friendly alternative to fossil gas [8, 9].

https://creativecommons.org/licenses/by/4.0/
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Biomethane can be produced through different processes, although today the most mature option
remains the upgrading of biogas obtained by the anaerobic digestion of different biological feedstock.
The produced biomethane is very similar to natural gas, with a high level of methane, and can be
directly used in infrastructure and vehicles that currently use fossil gas. Italy has already many vehicles
running on CNG, both considering private cars and urban buses, and trucks are gradually seeing a
penetration of liquefied natural gas (LNG) as a potential alternative to diesel powertrain.
The emission savings that can be obtained by subsituting fossil gas with biomethane depend on
different factors, including the type of feedstock, the specific energy consumption of the different steps
of the processes and the forms of storage and distribution. Both EU and National regulations (Decreto
Biometano, DM 15/09/2022) have set specific limitations on the feedstock that can be used and on the
minimum threshold of emission savings that should be guaranteed compared to the reference alternative
based on fossil fuels.
Many studies have evaluated the effect of biomethane in road transport, mostly considering the
applications in private cars [10, 11] and heavy-duty vehicles [12, 13], with some applications also
focusing on urban buses, evaluating specific case studies for some cities [14, 15, 16].
CNG buses running on biomethane could complement the other main option to decarbonize urban
buses, which is direct electrification through the use of battery electric vehicles (BEVs). Instead of
competing with BEVs, CNG buses supplied by biomethane could exploit some specific advantages in
particular applications: existing CNG buses could be used without modification, the refuelling process
is much faster and the range of current vehicles is higher. While BEVs have no tailpipe emissions, the
use of biomethane is seen as carbon neutral. On the other hand, both solutions incorporate well-to-tank
(WTT) emissions that need to be carefully considered and evaluated. Thus, the comparison of the
well-to-wheels (WTW) emissions of the two solutions could vary depending on the feestock and
processes used, as well as on the electricity mix of the electricity.
The available literature confirm the interest for biomethane application in transport, also with some
studies focusing on urban buses. However, many analyses are not based on real consumption data, nor
they are incorporating the effect of upstream emissions, and often biomethane is evaluated against
diesel buses only and not compared to electric buses.
This work focuses on the potential contribution of biomethane in decarbonizing urban public transport
in Italy. Starting from real data of fuel consumption and mileage from the current bus fleet of the city
of Turin, we estimate the potential biomethane demand considering different penetrations of CNG buses
fed with biomethane. GHG emission savings are evaluated by considering WTW emission factors for
biomethane, electricity, natural gas and diesel, to compare alternative future trends with the current
situation.
The analysis also provides a comparison of the expected biomethane demand with the current forecast
of biomethane supply deployment at the national level. The results can be of use for both researchers
and policy makers to evaluate the potential allocation to public transport of a share of biomethane, also
taking into account the other applications that can require it.

2 Methodology
2.1 Public transport demand in Italy
Urban public transport in Italy accounted for 16.4 billion passenger-km (pkm), significantly higher than
the 12.5 billion pkm of 2021 but not yet at the pre-COVID level of 2019, that was 19.7 billion pkm [17].
Urban buses represent the majority of the demand, with 62% of the pkm in 2022 (61% in 2019),
followed by subways (29%) and trams (9%). However, while the demand has not yet fully recovered, the
public transport services in terms of offered pkm are at the same level of 2019: urban buses have offered
in 2022 around 57.8 billion pkm, compared to the 57.3 billion pkm of 2019.
Urban buses are the only urban public transport mode that emit tailpipe emissions, as both subways
and trams are electrified. For this reason, many cities are considering strategies to decrease emissions of
their transit fleet, mostly to reduce local pollution. A significant penetration of CNG buses has
appeared in the last decades, thanks to their lower pollutant emissions compared to diesel buses. The
introduction of BEVs is more recent, with a significant increase after 2020, as electric buses were before
limited to small units operating in short routes in historical city centers or low-emission zones. BEVs
represent in 2022 around 4% of the urban bus fleet, compared to 29% for CNG buses and 67% of diesel
buses (figures estimated on data from [18, 17]). However, preliminary figures for 2023 show a 54%
increase of BEVs compared to 2022, confirming the important electrification trends in Italian urban
buses. Moreover, national decarbonization targets also include specific funding supporting cities in
decarbonizing public transport, and this trend is expected to continue in the future.
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2.2 Biomethane supply
In the last two decades the Italian government has supported the electricity generation from biogas
with a dedicated incentive scheme. As a result, there are currently almost 2,200 power plants running
on biogas produced from anaerobic digestion of different feedstock, for a total installed power of 1.46
GW and an annual gross electricity generation of 7.85 TWh (as of 2022 [19, 20]).
According to the last update of the National Energy and Climate Plan, Italy has fixed an objective to
reach a total production of 5 Mtoe of biomethane and biogas by 2030, which is roughly equal to 5.7
billion cubic meters (bcm), of which 1.5 bcm should be allocated to the transport sector. The current
biomethane production (annual data for 2022 [21]) reaches around 0.2 bmc, mostly supplied to the
national natural gas network.
The current Italian incentive programme, definted in the DM 15/09/2022, called ”Biomethane Decree”
(”Decreto Biometano” in Italian), provides specific incentives to support the development of
biomethane upgrading plants.
The programme has published three rounds of auctions so far, reaching a total of 243 plants, for a total
nominal capacity of around 115,000 Sm3/h, which is equivalent to roughly 1 bcm of biomethane output
per year. The auctions require that the plants already decide the expected application of the
biomethane produced. So far, 22% of the installed capacity is aiming at producing biomethane for the
transport sector, which has specific incentive conditions compared to the other applications.
The maps reported in Figure 1 show the geographical distribution of the plants in Italy (the plants are
aggregated per municipality, i.e. if a municipality has more than one plant the installed capacity
reported in the map is the total aggregate for that municipality).

Figure 1: Planned biomethane plants that have applied for the incentives of the DM 15/09/2022. Authors’
elaboration on data from [22].

The maps clearly show the high concentration of plants in Northern Italy, which accounts alone for
slightly more than 50% of the total number of plants. The top four regions for plants and biomethane
output are Lombardy (55 plants, 178 million cubic meters), Campania (39 plants, 176 mcm), Emilia
Romagna (29 plants, 116 mcm) and Lazio (24 plants, 121 mcm). While Lombardy and Emilia Romagna
are also among the top regions for biogas power plants (together with Veneto and Piedmont),
Campania and Lazio have fewer biogas plants. This seems to suggest that this incentive scheme is
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helping the development of this resource also in Center and Southern Italy, compared to biogas plants,
for which Northern Italy accounts for almost 80% of the total installed capacity.
It is also important to remark that 70% of the total biomethane capacity (158 units) is represented by
new installations, while the remaining 30% (85 units) is related to the conversion of former biogas
power plants towards biomethane upgrading plants. Most of the installed capacity, over 82%, is related
to anaerobic digestion plants that exploit agricultural residues and products, while the remaining 18%
is based on the organic fraction of municipal solid waste.
The current information suggests that there is still a shortage of biomethane capacity to reach the 2030
target, and the current incentive program alone may not be enough to trigger the required investments
in the next few years.

2.3 Fuel consumption and emissions savings
The current statistical data at national level provide information on urban public transport demand
and offer and on the bus fleet per powertrain, but no coherent information is available on the energy
consumption and emissions with the adequate level of detail.
For this reason, we have estimated the energy consumption by exploiting the results of previous
research [23, 16] on the performance of the bus fleet of the city of Turin, based on the real record of fuel
consumption for each bus of the fleet. We have used the weighted average consumption of buses based
on the offered pkm for diesel buses (4.88 kWh/100pkm), CNG buses (8.22 kWh/100pkm) and electric
buses (1.43 kWh/100pkm). These figures were mostly comparable to data provided by manufacturers
specifications, although with some minor differences.
Energy consumption is used to estimate well-to-tank (WTT) and tank-to-wheels (TTW) emissions,
considering the emission factors reported in Table 1. Figures for diesel and CNG are retrieved from [24],
together with WTT emissions for biomethane (considering an average mix estimated for Italy [9]).
TTW biomethane emissions are expected to be carbon-neutral, and are thus set to zero, according to
the common practice in the literature. WTT emissions for electricity are based on the annual figure
calculated for the average Italian electricity mix in a national report [25], including a 10% losses for bus
charging.

Emission factors (g/kWh) WTT TTW WTW Sources

diesel 68 265 333 [24]
natural gas 41 207 248 [24]
biomethane 61 0 61 [24, 9]
electricity 135-334 0 135-334 [25]

Table 1: Emission factors for the different energy carriers considered in the analysis (g of CO2 per kWh).

The combustion of natural gas and biomethane in internal combustion engines can potentially lead to
the emission of unburnt methane, which has a significant global warming potential. However, specific
research on urban buses [26] and other heavy-duty vehicles for local operations [27] shows that the
contribution of methane emissions on total TTW CO2e emissions is in the range 0.1%-0.3% for both
buses and dedicated CNG trucks for urban delivery. Given the very limited contribution of these
emissions compared to the other WTT and TTW emissions considered in this analysis, we have decided
to neglect the contribution of unburnt methane in our assessment.

2.4 Future scenarios
The analysis is based on the current situation, considering the historical evolution of the last five years,
2018-2022, as a basis for the definition of two alternative scenarios towards 2030.
The first scenario is considering the historical evolution of CNG and BEVs in the bus fleet, with an
average annual increase of their total number which is equal to 5% and 20% respectively. The
hypothesis is that the total number of buses remains roughly constant, which means that the new
powertrains are substituting old diesel buses that are approaching the end of their technical life. The
result of this assumption on the bus fleet composition is represented in Figure 2, with BEVs
representing 25% of the fleet by 2030 and CNG buses representing 45% of the fleet.
The second scenario is proposing an accelerated transition towards the electrification of the fleet, in the
hypothesis that priority is given towards a stronger electrification of urban public transport. In this
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cases, we assume no growth for CNG buses, and an accelerated growth of 35% year-on-year for the
absolute number of BEVs. This results in a fleet composition of 56% of BEVs in 2030, compared to
32% of CNG buses, as reported in Figure 2.

Figure 2: Estimated urban bus fleet per type of powertrain - Scenario 2, accelerated electrification trend.

An additional assumption considered in this work is the gradual increase in the share of biomethane
allocated on urban public transport. From a current share of 100% fossil natural gas in the supply of
CNG buses, we assume a gradual increase towards 100% biomethane by 2030 (with a 20% share in 2025
and 50% share in 2028). This trend is assumed for both scenarios, to estimate the potential biomethane
demand that the sector would require, and compare it with the expected maximum biomethane supply
and its share devoted to the transport sector.

3 Results
Urban buses in Italy are currently consuming around 3.2 TWh of fuel (2022 data), causing 0.98 Mt of
CO2 emissions, of which 0.78 Mt are TTW emissions and the remaining 0.20 Mt are WTT emissions.
Around two thirds of these emissions are related to diesel buses, and a third is due to CNG buses, while
BEVs are responsible for a marginal part of WTT emissions.
The future expected evolution of these figures can be evaluated by comparing the two scenarios
presented in this study, depending on the different evolution of the powertrains and the penetration of
biomethane in the sector.
The WTW emissions related to the first scenario, considering the historical trend of penetration of
CNG buses and BEVs, are reported in Figure 3. Total WTW emissions reach 0.44 Mt by 2030, showing
a 55% reduction compared to 2022. These emissions are almost equally split between WTT and TTW
emissions, due to the fact that both electricity and biomethane, that represent 74% of the total energy
consumption in 2030, have no TTW emissions. In fact, WTT emissions show a 11% increase in 2030
compared to 2022, also taking into account the strong expected decrease in the carbon intensity of the
electricity due to the power decarbonisation targets. Around two thirds of the total WTW emissions
remain related to diesel buses. Shifting away from this powertrain will be a necessary step to reach very
low emissions in the future, but given the fact that new diesel buses have been put in operation in the
last years, their technical lifetime will span well beyond 2030.
The second scenario considered in this study evaluates a stronger penetration of BEVs, with a fixed
number of CNG buses in the vehicle fleet, where however biomethane is gradually substituting fossil
gas. The evolution of WTW emissions of this scenario are depicted in Figure 4. By 2030, total WTW
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Figure 3: Estimated WTW CO2 emissions per type of powertrain - Scenario 1, historical development
trend.

emissions reach 0.27 Mt, a 73% decrease against 2022 levels, and in this case the WTT emissions
represent the lion’s share, with 0.18 Mt of CO2. WTW emissions in 2030 are 40% lower than those
estimated for Scenario 1, thanks to a stronger penetration of BEVs that reduces overall the number of
diesel buses compared to the other scenario (see Figure 2).
In addition to GHG emissions, whose reduction is the main goal of public transport decarbonization,
this analysis also provides an estimate of the energy consumption that will be required by urban buses.
Considering electricity, BEVs will require in 2030 a total of 204 GWh in the first scenario and 465 GWh
in the second scenario, a 5-times to 12-times increase compared to the 2022 estimate of 37 GWh. Such
an increase will require proper charging infrastructure for the vehicles, and will also be associated with
important levels of charging peak power, that will need to be properly accounted for through optimized
charging cycles and schedules.
Another important evaluation is the estimated demand of biomethane. A full coverage of the fuel
consumption of CNG buses in 2030 with biomethane would require 2.2 TWh for Scenario 1 and 1.5
TWh for Scenario 2 (where the number of CNG buses remains constant compared to 2022). These
levels correspond to roughly 0.22 and 0.16 bcm of biomethane respectively, well below the 1.5 bcm
allocated to the transport sector by the same year, and in line with the current planned biomethane
plants for transport applications included in the DM 15/9/2022 funding mechanism. However, it is
important to remember that other transport segments may also consume a significant amount of
biomethane, such as trucks and maritime, although in these cases bio-LNG may be a more efficient
solution, requiring a proper infrastructure for its transportation and distribution.

4 Conclusions
This paper presents a comparison of two alternative future scenarios to gradually decarbonize the urban
public transport sector in Italy, increasing the contribution of electricity and biomethane in its
electricity mix. The results show that a synergy between these two solutions can significantly reduce
the total WTW emissions compared to the current situation, with emission savings in 2030 reaching
55% to 73% against 2022.
Reaching these challenging targets will require an important shift towards alternative powertrains, non
only in terms of vehicles, but also considering the required infrastructure to recharge BEVs and to
produce and distribute compressed biomethane. The total amount of biomethane required would be
0.22 bcm in the worse case, representing a fraction of the 1.5 bmc expected for transport applications in
2030.
This work focuses on the public transport sector, but it is important to remember that there are also
many private companies that operate on extra-urban routes, accounting for a significant number of
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Figure 4: Estimated WTW CO2 emissions per type of powertrain - Scenario 2, accelerated electrification
trend.

buses. However, it is not easy to estimate the actual number of annual trips and vkm, since available
data remain limited compared to the public transport sector information.
Moreover, as already explained above, extraurban buses may see a penetration of LNG powertrains, but
today this technology remains limited compared to the use of CNG buses in the urban public transport.
Thus, a future work will evaluate specifically the potential contribution of LNG powertrains combined
with biomethane, that can represent a promising solution to decarbonize long-distance collective
transport.
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