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EU with ambitious target to reduce CO2 emissions by 55% by 2030 

compared to 1990 levels – significant part of emissions is in transport

European CO2-emissions and emission reduction targets (EU 27 + UK)

Source: Frontier based on UNFCCC

* Compared to 1990, no legally binding target for 2050 agreed

# Energy includes emissions from energy use in industry

- 27% 

- 55% 

- 95%*

#
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Road transport is responsible for 70% of transport EU CO2 emissions…

Split of CO2 emissions in transport 

today
Gowth in passenger road transport 

forecasted by EU

Growth in light and heavy duty 

transport forecasted by EU

Source: https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/future-road-transport

Source: Frontier based on https://www.eea.europa.eu/data-and-

maps/indicators/transport-emissions-of-greenhouse-gases/transport-

emissions-of-greenhouse-gases-11

… and demand for road transport is expected to grow further

To achieve climate targets, per vehicle emissions need to be cut quickly…

… which requires technology options that are available and scalable

https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/future-road-transport
https://www.eea.europa.eu/data-and-maps/indicators/transport-emissions-of-greenhouse-gases/transport-emissions-of-greenhouse-gases-11
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Gas mobility is readily available and scaleable now…

Gas-fuelled vehicles are readily available and mature in all relevant transport 

categories, including all levels of passenger and light duty transport as well as 

heavy duty transport or busses

Gas mobility can build on existing infrastructure such as (LNG and pipeline) 

import, transport, distribution and storage infrastructure with sufficient 

capacity for providing further demand from transport

Gas mobility can leverage on substantial fuel supply potentials: 

• Existing natural gas supply might be used as a bridging fuel

• In addition, biomethane or synthetic methane could be used on an 

increasing scale

… and could contribute to reducing CO2 emissions in the next 

years already
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But EU policy often narrows perspective down to usage CO2 emissions, 

thus ignoring the climate contribution of low-carbon & renewable fuels

Phase of life

Geographies

Geographien

Manufacturing

Geographien

Energy sources

Geographien

Infrastructure Use

Geographien

End-of-life

The emissions of a vehicle are globally distributed and comprise many different sectors, e.g. 

Example: EU fleet targets focuses on tailpipe emissions (“tank-to-wheel”):

▪ Zero emissions for electric vehicles, irrespective of CO2 emissions during electricity production

▪ Fossil reference for combustion engine vehicles, even if running on renewable fuels

➔ Not reflecting whole picture and thus risking an efficient transition to carbon neutral mobility

… and some stakeholders even want to get rid of the combustion engine 

altogether – irrespective of whether the used fuel is renewable

Industrie

Verkehr

Energie
Sectors Industry

Mobility

Energy
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The aim of this study is to analyse carbon emission reductions and their 

economic costs along the value chain, with a focus on gas mobility

▪ Analyse emissions and costs along the value chain and across 

geographies and sectors for a typical passenger car and a 

truck with different powertrains and fuels

➔Calculation of “carbon abatement costs” of alternative 

technologies compared to a fossil reference

▪ Enable information basis to allow for cost-effective 

achievement of climate targets (“value for money” approach)

Phase of life
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Energy sources
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Infrastructure Use
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We compare carbon abatement costs in 2030 for different road transport 

technologies

▪ Our focus is on the near term (2030)

▪ We draw on published studies to calculate emissions and costs for key example powertrain / fuel types across the 

value chain, including sensitivities around key assumptions.

Passenger 

cars 

C-Segment

ICE with diesel

100% from fossil

ICE with LNG

100% from fossil

ICE with LNG/LBM

60/40 split based 

on NGVA 

production mix 

assumptions

Trucks

40t

ICE with LBM

100% biomethane 

from NGVA 2030 

production mix

FCEV

100% grey 

hydrogen 

(plus blue and 

green)

ICE gasoline

100% from fossil

ICE CNG

100% from fossil

ICE CNG/CBM

60/40 split based 

on NGVA 

production mix 

assumptions

ICE CBM

100% biomethane 

from NGVA 2030 

production mix

BEV

Electricity grid mix 

in 2030 

(plus sensitivity)

1 2 3 4 5

1 2 3 4 5
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Cost approach

Each parameter is assessed on an economic cost basis, including 

ranges for the most uncertain parameters

Production of fuel using levelized cost of 

production for the annual fuel requirement of 

each vehicle

▪ We calculate the costs and emissions associated with a typical vehicle usage over one year in 2030

▪ We use a WTW approach and take into account manufacturing

▪ We use economic costs rather than user costs to compare the cost of carbon abatement to society (so we exclude all 

taxes and levies) 

▪ We vary parameters in our analysis to reflect high uncertainty associated with how some emissions and costs will 

evolve over the next decade

Emissions approach

Transport of fuel based on assumed transport 

distance from point of production to tank

Refuelling infrastructure required to support 

vehicles using an assumed density of stations 

/ chargepoints

Manufacture cost associated with direct 

production of the vehicle 

Manufacture emissions associated with direct 

production of the vehicle

WTT emissions associated production of fuel 

and transport to point of use

TTW emissions associated with usage of fuel 

in the vehicle 
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Significant uncertainty exists over how costs & emissions will develop for 

cars to 2030, therefore we include ranges for parameters in our analysis

Impact on abatement cost delta in 2030 High

High

Low
Low

ICEV-CNG

vehicle cost

Biomethane 

production 

cost

BEV vehicle 

(battery) cost

BEV vehicle 

(battery) 

production 

emissions

EU 2030 

gas mix
2b

2a

1a

EU 2030 

electricity mix

Uncertainty of 

values in 2030

BEV

ICEV-CNG

Electricity 

production 

cost

ICEV-CNG

production 

emissions
1b

Electricity 

recharging 

cost

Gas refuelling 

cost
3

3 1b 1a

2a

2b

▪ We qualitatively describe which passenger car parameters have the most uncertainty in the chart below, which reveals 

that BEV has several highly uncertain parameters (see Annex for details)
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Cars – Emissions: A comparison of Tank-to-Wheel emissions – which 

are the sole reference of EU fleet targets – suggests a clear picture… 
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▪ Electric vehicles with zero 

emissions (irrespective of CO2 

intensity of power mix), 

▪ Gas mobility with fossil emission 

value (irrespective of whether 

CO2 has been bound during fuel 

production, as e.g. in the case of 

Compressed Biomethane (CBM)

▪ Electric vehicles with zero 

emissions (irrespective of CO2

intensity of power mix), 

▪ Gas mobility with fossil emission 

value (irrespective of whether CO2

has been bound during fuel 

production, as e.g. in the case of 

Compressed Biomethane (CBM))

Total emissions per km in 2030 (only TTW)
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… but when also taking Well-to-Tank emissions into account, the total 

(Well-to-Wheel) emissions are much closer for gmobility and BEV…

… with a 40/60 bio/fossil gas mix compared to a BEV powered by 

the average EU 2030 electricity grid mix

Negative emissions of biomethane production (Well-to-

Tank) compensate tailpipe (Tank-to-Wheel) emissions

(level depending on feedstock fuel mix; here: 45% waste, 

35% manure, 10% gasification, 10% power)

BEV with positive WTT emissions 

(level depending on assumed fuel 

mix; here: Average EU 2030 grid mix)

Total emissions per km in 2030 (Whell-to-Wheel)
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… and on a similar level when also taking vehicle manufacturing 

emissions into account 

Slightly higher 

manufacturing emissiosn for 

BEV due to emissions in 

battery production

Total emissions per km in 2030 (WTW & vehicle manufacturing)

Slightly higher 

manufacturing emissiosn for 

BEV due to emissions in 

battery production
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Cars – costs:  BEVs are associated with highest total costs, mainly 

driven by higher manufacturing costs, which dominate total costs

Total annual cost of one vehicle in 2030*

* We make one-off Capital Expenditure (CAPEX) investmet costs and variable per km costs (OPEX) comparable by:
▪ Annualising CAPEX over an assumed 15 year lifetime for passenger cars ➔ EUR / vehicle / year
▪ Multiplying per km OPEX with an assumed annual mileage (11,670 km/a) ➔ EUR / vehicle / year
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Cars – Carbon abatement cost (vs gasoline reference) shows that gas 

mobility has cost advantages compared to BEV – baseline results

* Carbon abatement costs (EUR/t CO2) = Cost premium (EUR / vehicle / year) / emissions abated (tCO2eq/km * annual mileage)

*
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Cars – Carbon abatement cost sensitivity analysis reveals significant 

uncertainty about future emissions and costs, which are highest for BEV

upper 

bound

baseline

lower 

bound

upper 

bound

baseline

lower 

bound

Vehicle manufacturing costs 

(which constitutes large part of 

total cost) with significant 

uncertainty, particularly in the 

case of BEV



20frontier economics

Trucks – emissions: Gas mobility using bio-LNG and FCEV fuelled by 

low-carbon hydrogen can both support decarbonisation in 2030

Available of significant 

volumes of blue or green 

hydrogen for transport in 

2030 uncertain, though

Truck emissions per ton km in 2030
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Trucks – costs: Comparison much more influenced by fuel costs (than 

in the case of passenger cars)…

Total annualised truck costs in 2030

* We make one-off Capital Expenditure (CAPEX) investmet costs and variable per km costs (OPEX) comparable by:
▪ Annualising CAPEX over an assumed 9 year lifetime for passenger cars ➔ EUR / vehicle / year
▪ Multiplying per km OPEX with an assumed annual mileage (1,6 million tkm/a) ➔ EUR / vehicle / year

… and results show that LNG / LBM mix trucks and FCEV trucks 

running on grey or blue hydrogen are relatively low cost,

while pure bio-LNG and green hydrogen are more expensive

Availability of FCEV 

trucks on a large scale is 

also uncertain by 2030
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Trucks – carbon abatement cost of gas mobility are low compared to 

FCEV vehicles powered by grey and green hydrogen

**

* Note that LNG vehicles have a lower total cost than diesel due to lower fuel production costs. This leads to a negative carbon

abatement cost because they reduce both costs and emissions. ** Note also that FCEV fuelled by grey hydrogen do not abate any

emissions relative to diesel, and thus have prohibitively high abatement costs (which we capped at 400 EUR/tCO2eq in the graph).

*

Gas mobility can contribute to decarbonising heavy duty transport at 

comparably low cost and should be enabled to be part of the mix
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The regulatory framework should provide a level playing field and allow 

for gas mobility to contribute to emissions reductions in the near term

Technology neutrality 

as key paradigm for policy framework

➔ Allows gas mobility – as any other low-

carbon technology option – to become 

part of a wide technology mix to reduce 

transport CO2 emissions quickly

Technological diversification: 

Heterogeneity of mobility 

applications rules out central 

planning approach – there is no 

“one size fits all” solution

Keeping options open: Policy 

needs to take significant 

uncertainty about future 

(technological) developments into 

account

Key results

Policy 
implications

Gas mobility can help to contribute to reducing CO2 emissions in passenger and heavy 

duty road transport at comparably low system cost 

Gas mobility is readily available on vehicle, infrastructure and fuel supply levels and 

thus can contribute to ambitious early GHG emission reduction by 2030
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Gasoline CNG BEV Diesel LNG FCEV

Manufacture

Economic cost of vehicle 

production, annualised 

over the lifetime of the 

vehicle

15 year lifetime assumed 9 year lifetime assumed

Fuel production

Levelized cost of 

production for the annual 

fuel requirement of each 

vehicle, annual mileage

Annual mileage of 11,600km (based on lifetime mileage of 

175,000km)

Annual mileage of 116,000 km or 1,605,000 tkm (based on EC HDV

Fleet Regulation assumptions)

Conventional 

gasoline

CNG from fossil

60/40 mix of 

CNG/CBM

EU grid mix 

electricity (50% 

renewable)

Conventional diesel LNG from fossil

60/40 mix of 

LNG/LBM

Grey hydrogen

Fuel transport

Assumed average 

transport distance 

(transmission and 

distribution) within the 

EU based on O&M cost

No costs modelled 

as simplifying 

assumption since 

costs are small and 

focus is comparison 

between gas 

mobility and BEV

400km transport 

within the EU based 

on existing CNG

pipelines plus new 

LNG distribution 

trucks

400km transport 

within the EU based 

on existing lines. No 

new lines modelled 

[conservative 

assumption, some 

grid upgrade costs 

included in 

refuelling]

No costs modelled 

as simplifying 

assumption since 

costs are small and 

focus is comparison 

between gas 

mobility and BEV

400km transport 

within the EU based 

on existing CNG

pipelines plus new 

LNG distribution 

trucks

Assume transport 

by truck only in 

2030 (we do not 

model H2 pipeline 

network)

Refuelling

New refuelling stations 

and chargepoints

required, based on 

assumed network 

density

No refuelling 

network expansion 

required

Density of 1 station 

per 1,000 vehicles

Chargepoint

density: 1 private / 

vehicle and 1 public 

/ 130 vehicles

Cost assumption 

includes grid 

upgrade

No refuelling 

network expansion 

required

Density of 1 station 

per 240 vehicles

Density of 1 station 

per 240 vehicles

Baseline assumptions 
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Gasoline CNG CBM (Biomethane) CNG/CBM mix BEV

1. Manufacture a. Cost Well established with no 

uncertain cost changes 

expected up to 2030.

CNG vehicles are relatively well established with no major manufacturing changes expected to 

2030, although some reduction in costs is expected as production scales up.

Major reductions are expected 

in the cost of battery pack 

production, however the 

technology development path 

is highly uncertain.  

b. Emissions Well established with no major 

emissions changes expected 

up to 2030.

Well established with no major emissions changes expected up to 2030. Major reductions are expected 

for BEV manufacturing costs 

(mainly driven by battery 

manufacturing), however the 

technology development path 

is highly uncertain.  

2. Fuel 

production

a. Cost Well established with no major 

cost changes expected up to 

2030.

Well established with no major 

cost changes expected up to 

2030.

Production cost of biomethane is expected to decrease over the 

next decade. The extent of the decrease is uncertain as it relies 

on technological changes.

Cost of generation will change 

over time as the renewable 

share increases. Generation 

cost of renewables is expected 

to decrease, but the 

magnitude is uncertain.

b. Mix Well established with no major 

fuel composition changes 

expected up to 2030.

Well established with no major 

changes in supply expected up 

to 2030.

The volume of biomethane supply is uncertain as it depends on 

an increase in production. Constraining factors exist such as 

feedstock availability.

Increased share of renewables 

(as per ambitious EU targets) 

will affect the f EU electricity 

generation mix. The impact 

depends on the development 

of the cost of renewables, 

which is uncertain.

3. Refuelling a. Cost Well established with no major 

changes expected up to 2030.

Station level costs are well understood however cost per vehicle depends on the density of the EU 

network. EU-wide gas transportation network is already in place to support refuelling network 

development.

Grid reinforcement costs 

associated with charging 

infrastructure are highly 

uncertain and depend on the 

scale of BEV take-up, as well 

as other distributed energy 

resources connected to the 

grid.

Qualitative consideration of key uncertainties for future CO2 

abatement cost reveals more/higher uncertainties for BEV
Low uncertainty

Medium uncertainty

High uncertainty 

3 3

2a 2a

2b 2b

1b 1b

1a 1a
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