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Abstract: Transformation of road transport sector through replacing of internal combustion vehicles
with zero-emission technologies is among key challenges to achievement of climate neutrality by 2050.
In a constantly developing economy, the demand for transport services increases to ensure continuity
in the supply chain and passenger mobility. Deployment of electric technologies in the road transport
sector involves both businesses and households, its pace depends on the technological development
of zero-emission vehicles, presence of necessary infrastructure and regulations on emission standards
for new vehicles entering the market. Thus, this study attempts to estimate how long combustion
vehicles will be in use and what the state of the fleet will be in 2050. For obtainment of results the
TR3E partial equilibrium model was used. The study simulates the future fleet structure in passenger
and freight transport. The results obtained for Poland for the climate neutrality (NEU) scenario show
that in 2050 the share of vehicles using fossil fuels will be ca. 30% in both road passenger and freight
transport. The consequence of shifts in the structure of the fleet is the reduction of CO2 emissions ca.
80% by 2050 and increase of the transport demand for electricity and hydrogen.

Keywords: passenger transport; freight transport; electromobility; Electric Vehicle (EV); Fuel Cells
Vehicle (FCEV); scrappage rate; CO2 emissions; climate neutrality; partial equilibrium model

1. Introduction

The European Union has agreed to achieve climate neutrality by 2050. It requires a
more rapid transformation in the road passenger and freight vehicle fleet than implied in
the previously agreed Regulation (EU) 2019/1242 [1] and (EU) 2019/631 [2]. Currently,
the member countries are considering a proposal to amend Regulation (EU) 2019/631 [3]
on strengthening CO2 emission standards for new passenger cars and light duty vehi-
cles (LDV’s).

The more one third of the final energy consumption in the EU27 in transport sector
represents comes from fossil fuels (oil product). Moreover, the most used transport tech-
nologies rely on fossil fuel combustion, and current policies and measures up to 2050 will
change it only in a limited manner.

The aim of this study is explore the potential pathway to climate neutrality, taking
into account the specific characteristics of the Polish passenger and freight transport sector.

The current climate change situation requires concrete measures to reduce greenhouse
gas emissions. The transport sector in Poland, which is responsible for a 20% of CO2
emissions in 2018 [4]. The presented study is in line of the discussion on the future of road
transport and concerns the estimation of the number of vehicles in road transport in Poland
by 2050. For this purposes the Transport European Emission Economic model (TR3E) was
used, as a part of Life Climate CAKE PL [5].

Research focused on the potential of CO2 reduction in road transport is carried out
around the world using various methods. For example, Barisa and Rosa [6] evaluated the
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potential for reduction of CO2 emissions in road transport sector applying DTReM-LV
model (Dynamic TRansport emission Model for Latvia), Talbi [7] used VAR model to ex-
amine the same aspect in Tunisia. Research using the GEM-E3 (General Equilibrium Model
for Economy, Energy and Environment) and PRIMES-TREMOVE models are important in
the context of the European Union. They allow, among others simulations of CO2 emis-
sion, reductions in the transport sector in all member countries [8,9]. On the other hand,
transport sector is necessary to ensure the security of the supply chain in the constantly
developing world economy. For this reason, the relationship between development and
CO2 emissions of the transport sector is also examined [10].

An important aspect in the context of the “green transformation” of transport is the
conversion of the fleet from vehicles with internal combustion engines (ICEs) to zero-
emission vehicles using electricity and/or hydrogen as a fuel. The use and development
directions of zero-emission vehicles are the subject of recent studies. Many of them focus on
aspects related to the degree of use of appropriate technological solutions and development
of the relevant infrastructure (i.e., charging stations [11], ERS—electric road system [12,13]
or hydrogen refueling stations [14,15]). The development of electromobility could be
associated with increase in the demand for electricity [16–18] and hydrogen [19]. It is
particularly important that this growing demand is met in a sustainable manner with energy
generated from renewable sources [20–22]. An example of research on such aspects is the
report “Potential Options and Technology Pathways for Delivering Zero-Carbon Freight in
Poland” prepared by Cambridge Econometrics and Electric Vehicles Promotion Foundation
(FPPE) [23]. This report explored the potential options and technology pathways for
delivering zero-carbon freight transport in Poland. The study shows that a rapid transition
to zero-emission (electric and hydrogen) road freight fleet can really reduce the CO2
emissions. Although the power sector of Poland currently is mainly based on coal, power
sector will also decarbonize and freight CO2 emissions will indeed decrease.

Apart from technological challenges, regulations limiting the possibility of introducing
new vehicles with internal combustion engines to the market are important. One of such
instruments are the CO2 standards. The results of the analytical scenarios presented in the
“Fit for 55” package (proposed by the European Commission) indicate that maintaining
the CO2 emission standards of Regulation (EU) 2019/631 [2] will be insufficient to reduce
emissions to levels consistent with the target of at least −55% for 2030 and climate neutrality
targets for 2050. By this time the road transport emissions would have to be reduced by
19–21% till 2030 and by 90% by 2050 [3]. In the proposal amending Regulation (EU)
2019/631 [3], CO2 emission standards for new vehicles in 2030 compared to 2021 should
be reduced by 55% for passenger cars and 50% for light duty vehicles (LDV’s). In 2035, it is
assumed that the average level of emissions for new passenger cars and vans would reach
zero. This means that only electric and hydrogen-powered vehicles would be available
for purchase. Currently, many activities are being undertaken to prioritize zero-emission
vehicles over combustion vehicles (e.g., green zones in large cities, free parking zones for
BEV, the ability to move around the bus lane) [24]. These and other initiatives will influence
the future decisions of consumers and companies in their choice of utilized transport types.

The climate neutrality transition in the transport sector requires time due to the need
to implement appropriate solutions, both in terms of legislation and technology. There
is therefore no doubt that vehicles with internal combustion engines will be phased out
of the market. The question that arises at this stage is how long these vehicles will be in
use. It should be remembered that ICE’s vehicles are still being produced and would be
operational in several upcoming decades. Current prices for vehicles utilizing alternative
technologies are not competitive to intensify their replacement.

Due to the fact that zero-emission technologies are at an early stage of development,
various life time cycle analyses of vehicles are being undertaken. An example is Verma
et al. [25] where the life cycle of electric vehicles has been compared with the life cycle of
internal combustion vehicles. The assessment covered both the technical aspects and the
environmental impact. A similar comparison was made by Bartolozzi et al. [26], in this
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case it was a comparison of the life cycle of two zero-emission technologies (hydrogen and
electric vehicles). Zheng et al. [27] analyzed changes of survival rate of China passenger
vehicles and implication to future energy consumption and CO2 emissions. On the other
hand, Kegawa et al. [28] in a study for Japan found that extending, not shortening, the
lifetime of a vehicle helps to reduce CO2 emissions throughout its life cycle.

The historical trend of CO2 emissions from the transport sector in Poland compared
to the average of the European Union differs in 2005–2017 period. During this time the
significant increase in emissions was observed in Poland (by 76%), while in the EU a 3%
decrease in emissions occurred [4]. Under assumption that the emissions in transport will
be growing in Poland in the nearly future, the possibility of CO2 emissions reduction may
not be achieved [29]. The pace of transformation depends on the age of the vehicle fleet,
the average lifetime and trends in the development of new technologies (i.e., EV battery
life). Due to the previously mentioned specificity of road transport, taking up this topic is
important in the process of climate neutrality achievement in Poland.

Sustainable transformation of transport requires consideration of many aspects. The
pace of transition to zero-emission transport essential technological progress which trans-
lates to decrease of new vehicles purchase prices. The consumer’s decisions depends on
these prices and relation between operation (variables) costs of ICEs and electric/hydrogen
vehicles. The presented study analyzes these factors and points out to the life cycle of com-
bustion vehicles. Our research examines the level of substitution ICEs by zero-emissions
vehicles influenced by technological progress and consumer’s burden following CO2
emissions. All these factors are influencing the structure of the future vehicle fleet. The
achievement of climate neutrality depends on how many combustion vehicles are still
in use, which are the only source of CO2 emissions in transport sector. It is worth not-
ing that in 2019 the Netherlands achieved the lowest average CO2 emissions from new
vehicles—24 g CO2/km below the EU-27 average (122 g CO2/km). In Poland, this average
was higher by 10 g CO2/km [30]. Therefore, the question arises, how should the sales
structure be changed in order to achieve the goals for 2020 (95 g CO2/km)? The developed
scenario NEU is in line with the agenda of current energy and climate policy (i.e., “fit for
55” package). The simulation results highlight an important aspect that should be taken
into account in future legislation on the sale of new vehicles, phase out from sale ICEs and
exploitation cost covering emission cost (carbon pricing).

2. Materials and Methods

2.1. Transport European Emission Economic Model—“TR3E”

The TR3E transport sector model belongs to the class of partial equilibrium models
(covering only a selected part of the market to achieve equilibrium state) [31]. In a model of
this class, the clearing on the market of some specific goods is obtained independently from
prices and quantities in other markets. It means that the prices of all factor (i.e., fuels, vehi-
cles) and income levels of agents (consumers) are taken as given. This approach compared
to a general equilibrium model is simpler and allow us more extensions. An additional
module the TR3E is the anticipating of fleet structure. Prices adjust in the dynamic process
until supply equals demand. It allows us to study efficiency and comparative statics.

The model consists of the transport demand allocation module and the technology
choices module (see Figure 1). These modules are solved simultaneously and the flow of
information takes place. The transport demand module simulates decision regarding allo-
cation of transport activity to various modes (types) for both individuals (households) and
businesses. The technology choice module determines the vehicle technologies (transport
means) that will be used in order to satisfy transport demand. Both modules are dynamic
over time at annual resolution with a time horizon until 2050.
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Figure 1. Logic of the TR3E transport model. Source: own elaboration.

The TR3E model was design for passenger and freight transport and covers 4 main
modes: road, rail, aviation and water transport. Due to characteristics on engine types and
technology options, up to 37 were means of transport distinguished. The historical data
comes from JRC Integrated Database of the European Energy Sector (IDEES) database. This
collection included the following: transport activity, energy consumption, demographic and
climate data. For the level of stock data was updated from national statistics—Local Data
Bank [32]. The prices of new vehicles for baseline year and modelled economic possibilities
for reducing cost for specific technology were taken from the PRIMES-TREMOVE [33]. The
fuel cost (oil products) was calculated based on World Energy Outlook [34].

To define the baseline scenario data from POTEnCIA [35] model was used. The
POTEnCIA Central Scenario is also developed by JRC. European Commission applies
results from these scenario in the areas of energy, transport and climate action. Policy-
makers can analyze the long-term scenario concerning economic activity, energy mix and
use also transport structure for the future legislation. Development of activity technologies
(means of transport) were simulated based on the results of the POTEnCIA Central Scenario.
Moreover, energy use (for new vehicles and the old one), carbon intensity of activity for
different types of transport were calculated based on the same source.

TR3E covers all 28 EU countries, it is solved with a time horizon up to 2050 with an
annual resolution. Model outputs include activity levels (passenger-km travelled or tonne-
km carried), energy consumptions (oil products, electricity and hydrogen) and emission
levels (CO2). The model has an extended fleet module for passenger car, light and heavy
duty vehicles. The fleet module varies according to fuel and age of vehicles (up to 30 years
old). For a detailed description of the TR3E model see Rabiega et al. [31].

2.2. Demand Module

The demand part of model represents changes of volume and structure transport
activity. These flows (decision process) depend on consumer preference and relation of
prices transport services. The users of transport are selecting the volume of transport and
preferred means. The choices are made by households and businesses separately. In TR3E
the choice of transport mean using a nested way approach. The nested constant elasticity
of substitution (CES) function [36,37] was applied during designing model structure. The
nested CES utility function captures the preferences of households and firms. Using CES
function determines the constant percentage change in the relation of factors (e.g., private
cars and public transport) in quantity adequate to a percentage change in prices. The
decision tree for passenger transport illustrates the Figure 2, freight transport decision tree
was presented on Figure 3.
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The nested CES utility (production) technology was mark with an arc mean. The
decision on the choice of vehicle was applied using the standard multinomial discrete
choice model and marked with Π on the graphs [38,39]. The CES demand function for
activity by given vehicle type i for cars, motorbikes, trains, buses was defined based on
Rutherford [37]:

ACTm,i,t = ACTm,i,t ·
ACTm,t

ACTm.t
·
(

Pm,i,t

Pm,t

)−σ

where:
ACTm,t denotes the demand for the “composite” in mode m,
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Pm,t is price for the transport activity in mode m,
ACTm,i,t denotes the demand for type of vehicle (fuel) i in mode m,
Pm,i,t is the price for technology i in mode m,
ACTm,i,t and ACTm.t—are benchmark values for activities,
σ—is elasticity of substitution between the vehicle technologies.

2.3. Costs Module

In TR3E model the choice between the means of transport are based on demand
functions, which includes response to level of transport costs. For each type of transport
means the cost per mile was calculated. This cost per mile consists of three factors:

• cost of energy carrier per km travelled (petroleum, diesel, electricity, hydrogen, etc.),
• values of the repair and the insurance (maintenance) per vehicle,
• purchase price of new vehicle.

Formula shows this disaggregation of cost per mile:

CPMm,i,t = P_FUELm,i,t + P_MAINTi,t ·
VEHi,t

TOT_DEMi,t
+ PNV i,t ·

N_VEHi,t

TOT_DEMi,t

In this case:
P_FUELm,i,t denotes the costs of energy carrier for technology i and mode m,
P_MAINTi,t is the annual value of repair and insurance of vehicle in technology i, and
P_NVi,t denotes purchase price of new vehicle [40].
TOT_DEMi,t indicates the total travelled distance by vehicles in given technology.

2.4. Survival/Scrappage Rate—Fleet Module

In TR3E model the fleet of the vehicles was modelled using survival rate based
on probability density. For this purpose, cumulative distribution function (CDF) of the
Gompertz distribution was used:

F(x : η, b) = 1 − exp
(
−η

(
ebx − 1

))
This function is a type of mathematical model—generalised logistic function. The

Gompertz survival function corresponds to exponential mortality rate increases with time.
The parameters in this distribution are:

b—denotes the scale parameter;
η—indicates the shape parameter (corresponding to scrappage rate).
All the parameters of the CDF (Gompertz’s) function were selected such that they

properly reflect the vehicle structure by age of fleet [41–43]. For passenger cars, age of fleet
was designed up to 30 years and for freight vehicle to 25 years old. The survival rates that
were used in the fleet module of TR3E model are presented on Figure 4. The average age of
the vehicles was calculated using IDEES dataset and corresponds to the average age of the
vehicle from the theoretical distribution. In the fleet module, new cars replace the scrapped
ones and come into use to meet the demand for additional transport services (activities).

2.5. Neutrality Scenario (NEU)

The climate neutrality scenario (NEU) was developed as part of the analysis prepared
by the team of the Life Climate CAKE PL. In this scenario, the total reduction of GHG
emissions results from the amended EU climate policy [44–46] and the assumed increase
in the net reduction target for 2030 to at least 55% compared to the emissions from 1990
and the achievement of net zero emissions in 2050, i.e., taking into account removals from
LULUCF (Land use, land-use change, and forestry) sector and using technologies to remove
GHG emissions from the atmosphere. This level of GHG emission reduction by the EU
meets the goal of the Paris Agreement, which is to reduce the global temperature change
by 1.5 ◦C [47]. Following the new EU climate policy, it was assumed that in 2030 the non
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ETS sectors would reduce their emissions by 40% (based on Fit for 55 package), and in
2050 by 82% compared to the 2005 level). The burden sharing emission reduction efforts
between EU member states in non-ETS was allocated using gross domestic product (GDP)
per capita in 2018 [48]. For Poland, the target is set at the level of −18% in 2030 and in
2050 −62% compared to the emission in 2005. In neutrality scenario the scope of non-ETS
sectors throughout the analyzed period of time do not change and stay as it is today.
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In the TR3E model, NEU scenario was designed taking into account the following
aspects. First of all, in the TR3E model, transport activity is determined on the basis of GDP
projections from d-PLACE [49]. The projection of GDP for the years 2020–2050 are received
from d-PLACE model at 5-year intervals. Then, this projections are used to calculate activity
growth. Consequently, obtained new activity levels which were converted into annual
intervals, because of the TR3E model is resolved for each year. The charts below show the
results for passenger and freight road transport activity in Poland for the NEU scenario.
Projections of GDP from d-PLACE model indicate an almost double increase of GDP in the
years 2020–2050. This phenomenon has significant impact on the growth of demand for
transport services. In passenger transport (Figure 5), the increase in transport activity is
approx. 42% between 2050 and 2020, which results, for instance, from rising mobility of
employees. On the other hand, economic development requires securing the supply chain.
For this reason, freight transport activity increases. In Poland in NEU scenario road freight
transport activity increases by ca. 36% until 2050 (see Figure 6).

The second aspect is to assume the technological progress of new zero emission
technologies such as the Battery Electric Vehicle (BEV) or the Fuel Cell Electric Vehicle
(FCEV). In the TR3E model, this progress is seen as a decline in the prices of zero-emission
vehicles according to the assumed trend for a given technology [50], which has a direct
impact on the reduction of the total cost of ownership (TCO). Consequently, zero-emission
vehicles are gradually replacing conventional vehicles.
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Figure 6. Freight road transport activity in Poland in the years 2020–2050 [in tkm]. Source: own
calculations based on TR3E model results.

Achieving climate neutrality will be associated with the costs of transformation. This
translate to marginal abatement reduction cost (MAC) of CO2. The cost of reduction is
expressed as the non-ETS price in EUR/tCO2. This price is provided from the d-PLACE
model and then converted in the TR3E model into the emission cost based on the emission
intensity of a given vehicle technology according to the formula:

emiss_cost = nets_pem · emiss_int,

where:

• emiss_cost—emission cost per 1 km,
• emiss_pem—non-ETS price (marginal abatement cost) from the d-Place model, [in

EUR/tCO2],
• emiss_int—emission intensity of activity [in tCO2/km].

Then, the emiss_cost parameter is added to the fuel price, which increases the operating
costs of vehicles using fossil fuels. In the case of Poland, the costs in the non-ETS sector
obtained in the NEU scenario reach the level of approx. 120 EUR/tCO2 in 2030, while in
2050 they increase to approx. 1300 EUR/tCO2 [51]. The applied marginal cost of reduction
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should not be directly equated with the price of emission allowances (EUAs) in the EU ETS.
Since no market model for the EU ETS was used to determine the marginal reduction cost.
Therefore, it did not take into account, inter alia, surplus of EUA/EUAA allowances on the
market, the functioning of the MSR (Market Stability Reserve) reserve and the possibility
of banking allowances between subsequent years and EU ETS settlement periods. The
possibility of buying allowances by enterprises to meet future needs was not taken into
account, as well as the role of financial institutions, whose activity on the EU ETS market is
now starting to grow.

The last aspect that plays a role in the NEU scenario is the prices of electricity and
petroleum-derived fuels. Projections of these prices are generated in the MEESA [52] energy
model and fed to the TR3E model via the d-PLACE model. The electricity price depends
on energy generation mix structure, which is generating in MEESA model. Based on the
data provided, the price growth paths for the years 2020–2050 were calculated [in the case
of energy prices—separately for each EU country, while for petroleum-derived fuels—the
average growth for the EU]. The TR3E model, on the other hand, provides the MEESA
model with information about the transport demand for electricity and petroleum-derived
fuels. The feedback between the TR3E and MEESA models to some extent reflects the
possible directions of development both on the side of transport and the energy mix in the
process of achieving the goal of climate neutrality.

3. Results
3.1. Changes in the Structure of Passenger and Freight Road Fleet

The results of the analysis show that in the climate neutrality (NEU) scenario, electric
cars will be responsible for 50% of the activity of all passenger cars around 2045, and by
2050 they will account for about 65% of the passenger car fleet in Poland (Figure 7). At
the same time, cars with ICE engines will reduce their share to ca. 26% by 2050, which
translates into almost 5.5 million vehicles. Replacing combustion vehicles with electric ones
results from lower total operating costs. The equalization of purchase prices for electric
cars with internal combustion vehicles takes place between 2025 and 2030.
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In case of public road transport (Figure 8), the share of buses using fossil fuels will
amount to approx. 40% of the fleet in 2050. The rest of the activity will be replaced by
electrification (approx. 50%) and the use of hydrogen (approx. 10%). Internal combustion
engines will be more difficult to replace in long distance coaches. Electric buses will be
used mainly in public transport and for shorter distances. The weight of the batteries for
long-haul coaches is a significant obstacle to their use.
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Figure 9 illustrates the transformation of the fleet of the light duty vehicles segment
(up to 3.5 t of capacity). The number of delivery vehicles in 2050 increases by almost
90% compared to 2020 (from 2.5 million in 2030 to about 4.7 million in 2050) due to the
growing demand for transport activities. The development of technology assumed in the
TR3E model, which translates into a decrease in the purchase cost of electric vehicles. The
growing costs related to the use of cars with ICE engines, mean that from 2030 electric
vehicles begin to join the fleet of delivery vehicles. In 2040, these vehicles account for
approx. 50% of light duty vehicles in Poland, and by 2050 they will fully replace vehicles
with ICEs. Light duty vehicles can be fully electrified due to the specificity of their work
(operation over short distances and frequent breaks at work).
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[NEU scenario]. Source: own calculations based on TR3E model results.

In the case of heavy duty vehicles (HDV’s), fleet changes are much slower than in the
case of LDV’s. This is due to the significant costs of new technologies and the development
of the necessary infrastructure, such as charging stations, ERS (Electric Road System)
networks or hydrogen refuelling stations. In 2050, zero-emission heavy duty vehicles
will constitute ca. 65% of the entire fleet, of which vehicles with engines using hydrogen
will account for approx. 40%, which indicates a significant use of this type of fuel in this
segment of the transport sector (Figure 10). Such a change in the structure of heavy duty
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vehicles leads to a reduction in their total CO2 emissions from approx. 17 Mt in 2020 to ca.
6 Mt in 2050 (in NEU scenario).

The introduce of scenario for delivering low-carbon freight transport in Poland is
crucial as freight transport is responsible for ca. 50% CO2 emissions. Current legislation
does not specify any requirements for reducing CO2 emissions for HDVs, it is therefore
necessary to adopt specific measures for such vehicles without delay. This appears to be
more difficult than for passenger cars due to insufficient development in the production of
electric and hydrogen HDVs. Replacing heavy transport with zero-emissions technologies
will be particularly hard for international transport due to long distances travelled by
goods. Decarbonisation of this mean of transport requires an international agreement
to invest in the necessary infrastructure (ERS network) that will enable green transport
between EU countries.
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3.2. The Environmental Benefits—Reduction of CO2 Emissions in Road Transport

Research shows that road passenger transport emissions would reach level 5.5 Mt
CO2 in 2050. The main driver to achieve this reduction of emissions is the electrification
of the passenger car fleet. Emissions from buses would fall from 2.5 Mt CO2 in 2020
to 1 Mt CO2 in 2050 as consequences electrification and the substitution of public road
transport by rail. On the other hand, freight transport activity in Poland and related
emissions are particularly important compared to the activity in the EU. The share of goods
transport sector in Poland accounts for 9% of the EU sector. In context of climate neutrality
achievement by 2050, a significant transformation in the structure of vehicles utilised for
transportation of goods is necessary. The light duty vehicles would be 100% electrified in
the future. The heavy duty vehicle’s emissions would decrease 3 times by 2050 to a level of
ca. 6 Mt CO2. Heavy duty trucks using diesel as a fuel will be replacing by HDVs powered
electricity or hydrogen, due to the electrification and hydrogen use. As a consequence,
emissions from road transport would be reduced by almost 80% in 2050 compared to 2020
(Figure 11).

In 2050, passenger cars and heavy duty vehicles will be the main sources of CO2
emissions from road transport (see Figure 12). In the case of passenger cars, these are
vehicles that will be sold before the ban on the sale of ICEs vehicles will introduced. In the
case of heavy duty vehicles, zero-emission technologies are introduced around 2035 and
by 2050 they account for approx. 70% of the fleet in Poland. Therefore, combustion HDV’s
in 2050 will still to carry out part of the freight transport activity. Emissions from buses
and light duty vehicles will account for less than 10% of emissions.



Energies 2021, 14, 7871 12 of 19
Energies 2021, 14, x FOR PEER REVIEW  12  of  19 
 

 

 

Figure 11. Reduction of CO2 emissions in Polish road transport (passenger and freight) in the years 

2020–2050 [Mt CO2] [NEU scenario]. Source: own calculations based on TR3E model results. 

In 2050, passenger cars and heavy duty vehicles will be the main sources of CO2 emis‐

sions from road transport (see Figure 12). In the case of passenger cars, these are vehicles 

that will be sold before the ban on the sale of ICEs vehicles will introduced. In the case of 

heavy duty vehicles, zero‐emission technologies are introduced around 2035 and by 2050 

they account for approx. 70% of the fleet in Poland. Therefore, combustion HDV’s in 2050 

will still to carry out part of the freight transport activity. Emissions from buses and light 

duty vehicles will account for less than 10% of emissions.   

 

Figure 12. Structure changes of CO2 emissions in Polish road transport in the years 2020–2050 [NEU 

scenario]. Source: own calculations based on TR3E model results. 

3.3. The Road Transport Demand for Electricity and Hydrogen 

In the NEU scenario in 2035, the usage of electricity in the transport sector will be at 

the level of 10 TWh, in 2040 it will double, and then it will reach the value of almost 40 

TWh  in  2045  and  about  50  TWh  in  2050  (see  Figure  13). A  greater  share  of  energy 

consumption will be observed  for passenger  transport  than  for  freight by 2040, which 

results  from  the  faster development of electric passenger cars  than  trucks.  In 2050,  the 

demand for electricity in passenger and freight transport will be at a similar level of 25 

TWh. 

Figure 11. Reduction of CO2 emissions in Polish road transport (passenger and freight) in the years
2020–2050 [Mt CO2] [NEU scenario]. Source: own calculations based on TR3E model results.

Energies 2021, 14, x FOR PEER REVIEW  12  of  19 
 

 

 

Figure 11. Reduction of CO2 emissions in Polish road transport (passenger and freight) in the years 

2020–2050 [Mt CO2] [NEU scenario]. Source: own calculations based on TR3E model results. 

In 2050, passenger cars and heavy duty vehicles will be the main sources of CO2 emis‐

sions from road transport (see Figure 12). In the case of passenger cars, these are vehicles 

that will be sold before the ban on the sale of ICEs vehicles will introduced. In the case of 

heavy duty vehicles, zero‐emission technologies are introduced around 2035 and by 2050 

they account for approx. 70% of the fleet in Poland. Therefore, combustion HDV’s in 2050 

will still to carry out part of the freight transport activity. Emissions from buses and light 

duty vehicles will account for less than 10% of emissions.   

 

Figure 12. Structure changes of CO2 emissions in Polish road transport in the years 2020–2050 [NEU 

scenario]. Source: own calculations based on TR3E model results. 

3.3. The Road Transport Demand for Electricity and Hydrogen 

In the NEU scenario in 2035, the usage of electricity in the transport sector will be at 

the level of 10 TWh, in 2040 it will double, and then it will reach the value of almost 40 

TWh  in  2045  and  about  50  TWh  in  2050  (see  Figure  13). A  greater  share  of  energy 

consumption will be observed  for passenger  transport  than  for  freight by 2040, which 

results  from  the  faster development of electric passenger cars  than  trucks.  In 2050,  the 

demand for electricity in passenger and freight transport will be at a similar level of 25 

TWh. 

Figure 12. Structure changes of CO2 emissions in Polish road transport in the years 2020–2050 [NEU
scenario]. Source: own calculations based on TR3E model results.

3.3. The Road Transport Demand for Electricity and Hydrogen

In the NEU scenario in 2035, the usage of electricity in the transport sector will be at
the level of 10 TWh, in 2040 it will double, and then it will reach the value of almost 40 TWh
in 2045 and about 50 TWh in 2050 (see Figure 13). A greater share of energy consumption
will be observed for passenger transport than for freight by 2040, which results from the
faster development of electric passenger cars than trucks. In 2050, the demand for electricity
in passenger and freight transport will be at a similar level of 25 TWh.

The development of the hydrogen-powered fleet will be used mainly in freight trans-
port, where the share of heavy duty vehicle in the fleet of vehicles will be over 30% in 2050.
The volume of hydrogen to use in freight transport will then amount to approx. 230 kt (see
Figure 14). In passenger transport, hydrogen passenger cars will constitute approx. 3%
of the total (in the NEU scenario in 2050), while hydrogen buses will slightly exceed 10%.
Passenger transport will then use less than 20% of the total total hydrogen demand (i.e.,
around 50 kt). The total demand for hydrogen in road transport in Poland will be around
280 kt.
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4. Discussion

The research is an attempt to present the pathway that Poland must follow to meet
the emission targets requirements set by the European Commission. Our analysis takes
into account a number of aspects like passenger/freight activity (depends on GDP and
population), vehicles stock, technical parameters, i.e., vehicle mileage, scrappage rate,
occupancy rate, fuel consumption, emission intensity etc. The prices of new vehicles with
zero-emission technologies, oil and electricity prices and insufficiently developed subsidy
systems in Poland play a core role when consumers make a decision to purchase a vehicle.
These prices will be depend on development of technology and sustainability supply chain
of vehicle’s equipment. The study does not descend to the supply chain level also for
manufacturers (volume of freight transport for firms). Research in the field of freight
transport and sustainable development has been the subject of many studies [53–56]. We
also do not deal with the traffic/congestion, but only with the general demand for transport
services (partial equilibrium model, demand on activities are modelled in CGE model).

The process of phase out from combustion vehicles (fueled with gasoline and diesel) is
long, depending on the lifetime of ICEs vehicles, consumer preferences, legislation and the
pace of purchasing zero-emissions vehicles (price competitiveness). The most important
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issue in this process, and thus the “beginning of the end” of the era of ICEs cars, is the
moment when new ICEs vehicles will not be sold.

At the moment, there is no legislation specifying the date of the ban on the sale of
new internal combustion cars. In the “Fit for 55” package [3], the most ambitious TL High
scenario sets this moment at 2035 for passenger cars and LDV’s (for the EU27). In less
ambitious scenarios, the share of new ICEs in total sales of new cars ranges from 50 to 60%
(EU27). In the NEU scenario for Poland in 2035, the share of new combustion cars is 49%
(Figure 15). The share of vehicles using electricity and hydrogen as a fuel in the fleet of new
cars is the measure of the pace of change towards a zero-emission fleet.
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Figure 15. New passenger cars fleet in Poland [NEU scenario]. Source: own calculations based on
TR3E model results.

Changes in the transport sector are a long process that covers both companies and
households. Initially, the new legislation should be covering the fleet of entities/firms
using vehicles to generate income, and further to the households. Reducing the cost of
purchasing vehicles through a system of subsidies, lower operation costs or benefits such
as clean transport zones will be an incentive to buy electric cars instead of combustion ones.

At the beginning, electric vehicles will go to households that are in the higher income
quintiles. Over time, these vehicles will change owners to those of the lower income
quintiles for which the real benefits will be most felt, ultimately displacing combustion cars
that are emission-free and expensive to maintain and operate.

In the NEU scenario, light duty vehicles (vans) will be electrified by 2050. The benefits
resulting from the operation of electric vans are enough impetus to change the fleet of
vehicles to zero-emission vehicles. Furthermore, these vehicles travel mainly over short
distances where a network of chargers will be built first.

The transformation of heavy transport (HDV’s) is a much greater challenge. In Poland,
road freight transport activity accounts for a significant share and continues to grow.
Moreover, zero-emission technologies are still being developed and unavailable for HDV’s
users, unlike passenger cars and LDV’s. Hence, in the initial period of transformation,
some activities should be replaced by rail.

Electrification of heavy freight transport is difficult due to the long distances covered
by trucks, which requires costly investments in the ERS network or equipping vehicles
with very large/heavy batteries. For this reason, there is a potential for increasing use of
hydrogen in this segment of vehicles. Hydrogen trucks have a much longer range without
refueling, so they will be able to compete with HDV’s with internal combustion engines
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To clarified drivers of emissions reduction the emissions chances were decomposed
into separate factors. Firstly, in order to simplify the discussion the Logarithmic Mean
Divisia Index (LMDI) was calculated [57]. An additive decomposition scheme was applied
as its more suitable to quantitative analysis [58]. Figure 16. shows results of decomposition
of CO2 emissions into three factors:

• ∆C_activity—denotes the change of emissions levels according to growth of transport
activity,

• ∆C_structure—denotes the change of emissions due to changes in structure energy
mix in transport (zero emissions technologies—electricity and hydrogen),

• ∆C_intensity—is the change of emissions as the results of emissions intensity improve-
ment (new emission ns standards for vehicles).
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Results for Poland show the greatest impact on change of CO2 emissions caused by
structure changes, −40.8 Mt emissions reduction. Structural changes mean the substitution
of ICE vehicles of transport with zero-emission vehicles (electric and hydrogen). Changes
(decrease) as a result of improved carbon intensity play important role in CO2 reduction
(−17.1 Mt CO2), the changes in carbon intensity are due to more stringent exhaust emission
standards for new vehicles. This solution will balance for the increase in emissions related
to the rising demand for the transport of goods.

It is worth comparing the CO2 emission reductions achieved in the NEU scenario
with the results of policy scenarios for implementing the European Green Deal [59]. The
European Commission is considering three core scenarios (REG, MIX, MIX-CP). In REG
scenario a strong intensification of energy and transport policy was assumed without
carbon pricing in road transport and buildings. MIX scenario assumes both the extension
of the EU ETS for road transport and buildings and a strong intensification of energy and
transport policy. In MIX-CP scenario was assumed separate (“new ETS”) for transport
and buildings. In the MIX and MIX-CP scenarios in 2030, the level of CO2 emissions from
Polish transport is approx. 48 Mt. In the NEU scenario this level is higher and amounts
50.5 Mt CO2. It is possible that the lower emission reductions in the NEU scenario due to
the lack of more rigorous emission standards for new vehicles (cars and LVDs). Moreover,
carbon pricing in MIX and MIX-CP has an additional effect on reduction of emissions.

The current CO2 emission standards for vans (<3.5 t) are regulated by Regulation EU
2019/631 [2]. It assumes that the reductions from vans will amount to 15% in 2025 and 31%
in 2030, compared to 2020, respectively. The new legislative proposals of the European
Commission, presented on 14 July 2021 as part of the “Fit for 55” package [3], assume
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that the CO2 emission standards for new vans will be more restrictive. Raising the CO2
emission standards for new cars included in the fleet may, on the one hand, increase the
share of cars with a smaller engine capacity, and, on the other hand, stimulate an increase
in the share of zero-emission (electric and hydrogen) vehicles. The applicable CO2 emission
standards refer to the average emissions of all cars sold in a given year.

5. Conclusions

Achievement of climate neutrality (NEU) scenario in Poland by 2050 should allow
reaching the 65% share of electric cars in the set of passenger vehicles. Vehicles with internal
combustion engines are to decline as low as to 26% by 2050, accounting to ca. 5.5 million
vehicles. The pace of combustion vehicles replacement by electric is caused by differences
in total operating costs and initial purchase prices. The equalization of purchase prices for
electric and internal combustion vehicles is expected to occur in between 2025 and 2030.

Growth of demand for transport services will caused that the number of delivery
(light duty) vehicles in 2050 increases by almost 90% compared to 2020 (to ca. 4.7 million
units) and by this year they will fully replace vehicles with ICEs.

In case of heavy duty vehicles (HDV’s), the current ICE fleet would be replaced
relatively later compared to the light duty vehicles, yet the pace of replacement would
be considerably quicker (70% of ICE vehicles would be replaced by ones based on zero-
emission technologies within the first 15 years). The main driver in transformation of
HDV’s fleet would be the use of hydrogen technology, followed by fleet’s electrification.
Thus, by 2050, zero-emission heavy duty vehicles will constitute ca. 65% of the entire fleet,
of which the vehicles with engines using hydrogen would account for ca. 40%.

In terms of emission reductions in Poland’s road transport, it is expected they would
decline to 5.5 Mt CO2 by 2050 in the passenger car fleet; emissions from buses would
decrease from 2.5 Mt CO2 in 2020 to ca. Mt 1 CO2 in 2050 (due to both electrification and
substitution of public road transport by rail). In the freight transport emissions from the
heavy duty vehicles would reach ca. 6 Mt CO2. This reduction would be achieved due to
the electrification and hydrogen use. Light duty vehicles will not generate CO2 emission
because of full electrification. As an overall consequence, emissions from road transport
would be reduced by nearly 80% in 2050 compared to 2020.

The NEU scenario that was created in the LIFE Climate CAKE PL project complies
with the agenda proposed by the European Commission in the “Fit for 55” package [3].
The scenario assumes a phase out of the sale of vans after 2035, and an approx. 20% share
of combustion passenger cars in the new passenger car fleet. The pace of transformation
depends on the age of the vehicle fleet, the average lifetime and trends in the development
of new technologies (i.e., EV battery life). It is possible that the proposed solutions in the
“Fit For 55” package regarding emission standards for new passenger cars and vans will
accelerate the conversion process of the entire fleet.

The results of the research provide the background for the creation of legislations and
show how transport is to develop towards the low-emission transformation. The results of
the research show the pace at which the structure of vehicles must change (transition from
ICE to ZLEV) in order to achieve the target emission reduction. The transport sector in
Poland has been developing dynamically in recent years (emissions doubled in 2004–2019,
5% annual growth), and transport activity will continue to grow. In the lack of structural
changes and improvement in intensity, emissions in Poland would increase by approx.
17Mt CO2 to the level of approx. 80 Mt in 2050 (see Figure 16). To conclude, assuming
discontinuation of sales of internal combustion vehicles would take place in the next
20 years, it can be expected that they would still be running the streets until the end of 6th
decade of this century.
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Promoting Sustainable Urban Mobility—Effects on the Local Transport System in a Large Metropolis in Poland. Energies 2021, 14,
3838. [CrossRef]

25. Verma, S.; Dwivedi, G.; Verma, P. Life cycle assessment of electric vehicles in comparison to combustion engine vehicles: A review.
Mater. Today Proc. 2021, in press. [CrossRef]

26. Bartolozzi, I.; Rizzi, F.; Frey, M. Comparison between hydrogen and electric vehicles by life cycle assessment: A case study in
Tuscany, Italy. Appl. Energy 2013, 101, 103–111. [CrossRef]

27. Zheng, J.; Zhou, Y.; Yu, R.; Zhao, D.; Lu, Z.; Zhang, P. Survival rate of China passenger vehicles: A data-driven approach. Energy
Policy 2019, 129, 587–597. [CrossRef]

28. Kagawa, S.; Nansai, K.; Kondo, Y.; Hubacek, K.; Suh, S.; Minx, J.; Kudoh, Y.; Tasaki, T.; Nakamura, S. Role of Motor Vehicle
Lifetime Extension in Climate Policy. Environ. Sci. Technol. 2011, 45, 1184–1191. [CrossRef] [PubMed]
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