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Sustainable Mobility

After AC/DC and Led Zeppelin

📌Sustainable mobility is a big challenge of the modern life

📌A general growth in the transport sector is expected worldwide

📎 OECD States will see a moderate growth

📎 Other States will move faster
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The energy/environment nexus
Energy transition and smart mobility have no ’easy solutions’

❗️ The renewable sources are intermittent thus, requiring an integration with

energy storages. The concept of Levelized Full System Cost Of Electricity

(LFSCOE) was recently proposed as an evolution of the LCOE.

❗️ Industry and mobility are among the highest sources of GHG emissions

❗️ The decarbonized fuels can provide a feasible alternatives but a throughout

perspective must be employed to assess their real impact

❗️ As an example, the inappropriate use of biomass can lead to the problem

of Indirect Land Use Change – ILUC

📌Useful approaches

📍 Low-carbon fuels (hydrogen, ammonia, methanol, e-fuel and

synfuel)

📍 Increased efficiency



📌The GHG emissions due to anthropic activities is dominated by the transport sector
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Transport sector emissions

Total (2016) 49.4 Bil ton CO2

Sector 7.87 Bil ton CO2

Road 5.88 Bil ton CO2

Aviation 0.95 Bil ton CO2

Maritime 0.84 Bil ton CO2

Rail 0.20 Bil ton CO2



📌The aim to reduce GHG emissions requires a shift towards the most sustainable alternatives
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Transport sector emissions
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Sustainable Fuels
The shift towards bio- and e-fuels (not only road)

📌This class of fuels have the clear advantage to be drop-in

📎 Ammonia, Methanol, Biodiesel, SAF, ….

📌For example Ammonia can represent a viable solution for several reasons

📎 Can be burnt in ICEs with small differences

📎 Is produced with the well known Haber Bosch process

📎 With the actual production level, 45 millions cars could be fed

HB  Process
Decarbonised HB



Different vectors are operating

📌The decarbonisation is focused on the reduction of the vehicles ….

📌…. And towards a diversification of the mobility solutions
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Decarbonisation of the road transportation
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Decarbonisation of the road transportation
A slow shift towards the electric vehicles

📌Electric vehicles should substitute 1.4 Bln of ICE

📌Today there are about 30 Mln BEVs, they could be 100 Mln in 2030 (in Italy about 500k with 55.000 public

recharging stations)

📌FCEVs constitute a very small market, only 50k vehicles and 800 HRS
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Decarbonisation of the road transportation
A slow shift towards the electric vehicles

📌FCEVs constitute a very small market, only 72k vehicles and 800 HRS – too complex, but
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Decarbonisation of the road transportation
A slow shift towards the electric vehicles

📌FCEVs but for many aspects FCEV are closer to ICE strong points wrt BEV

2

3
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Decarbonisation of the road transportation
The shift towards bio- and e-fuels (not only road)

📌Biofuels are a valuable solution during the transition

📌 ... the feedstocks are not sufficient

📌… emissions are locally present
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Hydrogen for heavy road transportation
The market is not very large

📌High potential to be evaluated and fully exploited

HRSs operating at 350 and 700 bar 

Max size - 4800 kg/day in China

Some are fed with liquid H2

Cars – 74% - 3 models– Mirai, Nexo, Clarity

Bus – 16% - 12 models – mainly Cina

Truck – very few models – but many were announced

Also ICE fed with H2
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Hydrogen for heavy road transportation
The market is growing

📌 In China (about 4000), South Korea (2000) and Japana (1200)

📌Buses are present also in USA, Canada, New Zealand, Europe

📌 In Italy, several cities are investing in H2 buses (Bozen, Bologna)

📎 Rome are opening a call for the realisation of an HRS for ATAC
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Hydrogen for heavy road transportation
The market is growing

📌 I Rome are opening a call for the realisation of an HRS for ATAC
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Hydrogen for heavy road transportation

Bus body CAETANO

Length 10.740 mm

Width 2.500 mm

Height 3.458 mm

Doors 2 or 3 doors

Passenger 
capacity

Up to 64 passengers

Engine Siemens permanent-magnet synchronous (180 
kW)

Fuel Cell System H2 Tanks - type 4 composite tanks; 5x 312l (max. 
37.5kg: 350 bars) H2 Refuel time - <9 min 
(estimated) FC Stack Nominal Power - 60kW 
(Toyota FC Stack)

Batteries LTO 29-44 kWh

Charging CCS Type 2 - AC/DC

Range Up to 400 km

Comsumption From 6 kg/100 km

📌FC buses are also equipped with a battery/supercapacitor that cover 
power peaks.

📌The hydrogen is stored on board the vehicle at 350 bar (at 700 bar 
soon) 

📎 Charging times are approximately 10 minutes.

📌Standard bus (12-13 meters):

📌Bus with a small battery and a large fuel cell (120 kW)

📌Bus with supercapacitors and a fuel cell (75 kW)

📌Bus with a large battery and fuel cell to extend range
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Railways sector

📌The use of H2 trains is linked to the decarbonisation of the railway sector, especially with reference to 
non-electrified lines

📌Currently, most of the traffic is carried out by Diesel trains
📌One possible alternative was to consider batteries
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Railways sector

📌The use of H2 or batteries trains is linked to the decarbonisation of the railway sector, especially with 
reference to non-electrified lines

📌Currently, most of the traffic is carried out by Diesel trains
📌One possible alternative was to consider hybrid electric systems
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 TCO (€/km) for the SRL, MRL and LRL, as a function of the 

power ratio (left: absolute values; right: percentage).

📌The most convenient hybridisation of train propulsion depends on a lifetime costs analysis

Optimal size of the powertrain.

m n
𝑷𝒏𝒐𝒎,𝑭𝑪
(kW)

C (kWh)
H2

storage
(kg)

PR

SRL 0.000 1.000 0 1136.5 0 0.000

MRL 0.022 0.895 39.4 3144.0 148 0.013

LRL 0.333 0.825 607.4 2585.4 3157 0.235

Optimal TCO and 
cost breakdown (a) 

and powertrain 
weight (b) for the 

three tested routes.

𝑃𝑅 =
𝑃𝐹𝐶

𝑃𝑏𝑎𝑡𝑡𝐶𝑅=1

𝑚 =
𝑃𝑚𝑎𝑥𝐹𝐶

𝑃𝑑𝑒𝑚𝑎𝑛𝑑,𝑚𝑎𝑥

𝑛 =
E𝑏𝑎𝑡𝑡

𝐸𝑡𝑜𝑡,𝑏𝑎𝑡𝑡
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📌The most convenient hybridisation of train propulsion depends on a lifetime costs analysis on a specific route
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Railways sector
📌The Brescia Edolo H2 railway 
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Railways sector

📌Sizing of an hybrid H2 train
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Some hints on the maritime sector

📌The maritime sector is responsible of 10% of emissions of the transport sector

📌However there is a relevant push towards the decarbonisation

📌The alternatives deal with

📎 The shift towards bio-fuels (as in the other sectors) mainly ammonia and methanol (in co-

combustion)

📎 The electrification

📌Presently an hybridisation of the power generation seems the most viable solutions



📌The maritime sector is responsible of 12% of emissions

📌The alternatives deal with

📎 The shift towards bio-fuels (SAF) 

📎 The electrification/fuel cells
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Some hints on the aviation sector
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Conclusions
The decarbonisation of the transport sector involves a generalised shift towards:

📌Shared mobility and car-sharing

📌Shift to public transport 

📌Reduction of vehicle sizes

📌The use of biofuel is interesting, but the percentages are very small and do not seem sufficient 

to guarantee a sustainable path in terms of biomass production and fuel availability

📌Ammonia and methanol could be a solution in the short to medium term

📌The electrification of transport is currently the main way, but there are limitations in the use of 

batteries and hydrogen that make the implementation of this solution not yet fully mature


