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Executive Summary 

The European Commission calls for a climate-neutral Europe by 2050 [European Commission, 2018a], 
which is in-line with the goals of the Paris Agreement [UNFCCC, 2015]. One element of reaching a 
carbon-neutral economy is to reduce greenhouse gas emissions. Within the economy, the transport 
sector accounted for 23% of greenhouse gas emissions in 2017, while heavy-duty trucks accounted for 
25% of the greenhouse gas emissions in the transport sector [EEA, 2019]. Thus, heavy-duty trucks are 
important to achieve the greenhouse gas emission reduction. 

Yet, it is unclear how heavy-duty vehicles can contribute to this reduction. There are three reasons for 
this: Firstly, the freight transport demand  will likely increase. Secondly, size and weight of the vehicles 
limit  the options to reduce the ir energy demand. Thirdly, many stakeholders need to be aligned to 
make change happen: authorities, fleet operators, vehicle manufacturers, technology suppliers and 
energy providers. 

However, we conclude that low carbon pathways for heavy-duty trucks do exist. Figure I shows the 
pathways. We present three low carbon pathways, which achieve greenhouse gas emission reductions 
of 80% to 95% by 2050 compared to 1990.  

 

Figure I: Pathways of the four scenarios modeled in the extended tank-to-wheel balance. Please see chapter 1.2 for an 
explanation of the balances we applied. 

All pathways apply four measures: optimization of usage, electrification of powertrains, efficiency 
increase of vehicles and adaptation of energy carriers. Our four key take-aways for the measures are: 
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the dispensing of the fuel. This value is low since we consider 98% of the electricity to be supplied 
from low CO2 emission sources. Now the fuel is in the tank of the vehicle. By combusting this fuel to 
deliver energy to the wheels, 74 g CO2 per MJ enter the atmosphere through the tailpipe. In sum, the 
CO2 emissions are 2 g per MJ. 

The tank-to-wheel emissions equal the carbon captured since the tailpipe emissions are due to the 
carbon content of the fuel.  

The three other examples can be computed analogously. 

For fuels from fossil sources, the carbon captured equals zero since the process from capturing CO2 
in biomass and transforming it  to fossil fuels takes millions of years. This is not sustainable in the 
timeframe discussed here. 

We use the well-to-wheel balance to assess the greenhouse gas emissions of the economy. This is, 
because this balance includes emissions in all sectors of the economy to operate  a vehicle. 
Consequently, it is a more comprehensive balance than the extended tank-to-wheel balance. 

We use the extended tank-to-wheel balance to compare the greenhouse gas emissions to the level 
of ambition  of the European Commission. The European Commission reports the greenhouse gas 
emissions in all industry sectors according to the IPCC guidelines [IPCC, 2006]. The balances in these 
guidelines for the transport sector resemble the extended tank-to-wheel balance. To ensure 
completeness, the emissions from energy processing are allocated in other sectors. Those reports date 
back to 1990 [EEA, 2019]. 

To establish a common baseline back to 1990, we calculated the corresponding emissions in a well-
to-wheel balance. This is based on data that the European Environment Agency provides in the 
extended tank-to-wheel balance [EEA, 2019]. For the calculation we considered the well-to-tank 
emissions of the energy carriers and their blend rates. 

Please note that the extended tank-to-wheel balance is different to the balance used to measure the 
CO2 emissions from newly sold vehicles. The balance to measure the CO2 emissions from newly sold 
vehicles is a tank-to-wheel balance and is measured with the certification fuel in defined test cycles. 
The CO2 emission reduction targets for vehicle manufacturers are measured in this balance for newly 
sold vehicles. We do not use this balance in this study. We model the extended tank-to-wheel 
emissions in real-world driving under consideration of appropriate blend shares for each energy 
carrier. 

1.3. We model pathways by integrating vehicles, energy demand and energy 
carriers 

All pathways are results from our modeling. Therefore, we explain the methodology in the subsequent 
section. 
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Usually, energy carriers from fossil sources have higher CO2 emissions than those from renewable 
sources. Thus, the composition affects the average energy specific CO2 emissions. 

Finally, by multiplying the average energy specific CO2 emissions with the energy demand we compute 
the CO2 emissions of the vehicle stock. 

Since we calculate the energy the vehicles demand, we refer to this as the final energy demand. This 
does not include the energy to produce the energy carriers, while it does include the losses during 
the charging of batteries. Especially for power-to-liquid fuels it is important to note that we di d not 
calculate the primary energy demand.  

1.4. Boundary conditions include assumptions and limitations to the potential 
pathways 

Several boundary conditions apply to the scenario modeling. Two boundary conditions of interest will 
be discussed here: the consideration of methane as an energy carrier and implications on air quality. 

The combustion of methane is an option to reduce CO2 emissions compared to the combustion of 
gasoline- and diesel-type fuel. It is a potentially important solution for heavy -duty trucks. Iveco and 
Volvo offer heavy-duty trucks with a methane combustion engine. Due to the more beneficial carbon -
to-hydrogen ratio, the CO2 emissions from the combustion of methane are lower compared to 
gasoline- and diesel-type fuels. Furthermore, production of methane from renewable sources is a 
viable option. Also, for a methane combustion powertrain lower total cost of ownership seem possible, 
as shown in Figure 14 and Figure 20. However, the methane slip from the vehicle and methane 
emissions through the whole value chain of the fuel can mitigate and offset the other savings. In the 
scenarios in this study methane is used in dedicated applications. Other scenarios with a higher use 
of methane are a valid option. 

Air quality affects the health of everyone. Pollutant emissions reduce the quality of the air. The 
reduction of pollutant emissions by many combustion engine related measures has an impact on 
greenhouse gas emissions. Thus, we considered a reduction of pollutant emissions by 2050. However, 
this study focuses on greenhouse gas emissions and does not discuss implications on air quality in 
detail. We included a subchapter in the Appendix to cover key indications for the air quality within the 
scope of this study.  
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For all energy carriers produced from renewable sources, scaling the production is challenging. This is 
due to high investments, necessary technology developments and for biomass due to a lack of 
availability and competition with nutrition.  

With this, we have multiple options to reduce the CO 2 emissions from heavy-duty vehicles: many 
energy carriers that can be produced from renewable sources at low CO2 emissions, many 
opportunities to raise the efficiency of vehicles, many steps to electrify the powertrain and many ways 
to improve the usage of vehicles. In chapter 3 we will combine these according to each scenario and 
present the impact of each of the four measures: optimization of usage, electrification of powertrains, 
efficiency increase of vehicles, and adaptation of energy carriers. 

  






































































