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ABSTRACT: Pollutant emissions are one of the main reasons why the European Union supports the use of electric and
hydrogen vehicles. However, the environmental benefits depend on the energy mix used to produce electricity. This study
examines the reduction of pollutant emissions resulting from the substitution of internal combustion vehicles with elec-
tric and/or hydrogen vehicles in Poland and Spain. The analysis applies the COPERT methodology to estimate emissions
and the external cost monetisation approach to assess environmental impacts. The findings indicate that in Poland, by
2027, replacing conventional vehicles with hybrids yields greater environmental benefits than substitution with electric or
hydrogen vehicles. However, across the entire analysed period, electric and hydrogen vehicles are more environmentally
beneficial. If the share of renewable energy in Poland's mix does not grow as expected, replacing traditional vehicles with
hybrids may be more sustainable. In Spain, increasing alternative vehicles remains the most favourable scenario.
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Introduction

Road transport accounts for a significant share of pollutant emissions in all European Union
countries. For this reason, efforts have been underway for many years to reduce its negative environ-
mental impact. Since the early 1990s, the EU has been introducing increasingly stringent exhaust
emission standards (Euro standards), compliance with which is mandatory to enable the sale of new
vehicles within the EU. Additionally, the European Union has long encouraged manufacturers to
introduce vehicles that minimise or completely eliminate fossil fuel consumption. A key enforcement
tool in this regard is the establishment of CO, emission limits for new vehicles, exceeding which
requires manufacturers to pay fines based on the number of vehicles sold that exceed the limit and
the extent of the excess.

Efforts to phase out fossil fuels in cars were intensified by the enactment of legislation in 2023
(Regulation, 2023), which stipulates that no new passenger car or light commercial vehicle in the EU
will emit carbon dioxide (CO,) from 2035 onwards. In market practice, this means that from 2035,
new passenger cars (and light commercial vehicles) sold in the European Union will only be electric
or hydrogen-powered. Given this road transport development policy, EU decision-makers had to
assume that electric and hydrogen vehicles have a lower environmental impact than combustion
vehicles, including hybrids.

Considering that electricity and hydrogen are often produced through processes involving the
combustion of fossil fuels, this assumption is not obvious. The situation is further complicated by the
fact that, depending on the energy mix used by a given country, the emission intensity of electricity
production (including hydrogen produced by electrolysis) varies significantly and is closely linked to
the technologies and energy sources employed. Therefore, it is justified to analyse under what condi-
tions the operation of an electric or hydrogen vehicle is more environmentally friendly than that of
a combustion vehicle.

An overview of the literature

Legal Aspects of the Functioning of Transport Policy in the EU

Transport policy in the European Union is grounded in a systematic approach to harmonising
and modernising the movement of people and goods, driven both by the necessity of a single Euro-
pean market and ambitious environmental objectives (Ketter et al., 2023). The legal basis for EU
transport policy is anchored in Article 4(2)(g) and Title VI of the Treaty on the Functioning of the
European Union.

The 2011 White Paper: Roadmap to a Single European Transport Area - Towards a Competitive
and Resource-Efficient Transport System (European Commission, 2011) is widely regarded as the
cornerstone of the European Union’s contemporary transport policy. This document articulated,
among other objectives, the need to mitigate the negative environmental impacts of transport and to
enhance the efficiency of road transport. The European Commission has pursued these objectives
through the adoption of successive regulations and directives.

Of particular relevance in the context of transport-related environmental impacts are the Direc-
tive on the Deployment of Alternative Fuels Infrastructure (Directive, 2014), which aims not only to
reduce emissions but also to decrease the transport sector’s dependence on crude oil, and the Direc-
tive on the Promotion of Clean and Energy-Efficient Road Transport Vehicles (Directive, 2019), which
underscores the critical role of public procurement in fostering the development of alternative-fuel
vehicle fleets. Simultaneously, the European Commission introduced CO, emission standards for pas-
senger cars, vans, and heavy-duty vehicles (Regulation, 2019a,b), thereby complementing the exist-
ing EURO emission standards that regulate pollutants.

In 2020, the European Commission published the Sustainable and Smart Mobility Strategy (Com-
munication, 2020), which sets out the principal objectives for the future of road transport in the EU.
Previously, several other strategic documents had guided European transport policy, including the
Strategy for Intelligent Transport Systems (Directive, 2010), the 2016 European Strategy for
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Low-Emission Mobility (European Commission, 2016), and, in 2019, the European Green Deal (Com-
munication, 2019). Together with the Sustainable and Smart Mobility Strategy, these initiatives define
the long-term direction for the development of road transport in Europe.

From Poland’s perspective, one of the most significant documents addressing environmental
challenges in road transport is the Act on Electromobility and Alternative Fuels (Act, 2018). This
legislation established the strategic framework for the development of electromobility in Poland and
provided the legal foundation for further regulatory initiatives in this domain. Additionally, the Sus-
tainable Transport Development Strategy 2030 (Ministry of Infrastructure of the Republic of Poland,
2019) complements this framework by outlining key directions for the evolution of sustainable
transport in the near future.

In Spain, the implementation of EU transport directives is reflected both in national legislation
and in the country’s multi-level governance structure, which encompasses central ministries, auton-
omous communities, and municipal authorities. The Strategic Infrastructure and Transport Plan
(PEIT) and the forthcoming Sustainable Mobility Act demonstrate Spain’s commitment to rebalanc-
ing its transport modal split - prioritising public transport and rail over road transport - in alignment
with the EU’s climate, digitalisation, and integration objectives (Bueno-Cadena et al., 2016). Both
Poland and Spain rely extensively on EU regulatory and financial mechanisms to advance their shared
goals of achieving a green, smart, and integrated mobility system.

Each country must also overcome its own challenges - Spain navigating complex governance and
modal shift, Poland pushing modernisation amid fiscal constraints (Berg & Ihlstrém, 2019). Collec-
tively, the evolution of transport policy in the EU, Spain, and Poland exemplifies the dynamic interplay
between centralised ambition and localised adaptation in the march toward sustainable, competitive,
and inclusive mobility.

Emissions of pollutants from road transport

Road transport-related pollutant emissions occur at multiple stages: from vehicle production and
fuel extraction, production, and transportation, through vehicle operation and disposal (Oda et al,,
2022). This is a generally accepted approach among researchers studying this topic. These stages
constitute the vehicle life cycle, and analyses of the environmental impact of road transport modes
throughout their entire life cycle are commonly undertaken (Knapek et al., 2025; Szumska, 2024;
Zheng & Peng, 2021; Trevisan & Bordignon, 2020; Burchart-Korol et al,, 2018; Vaidyanathan et al,,
2016). Such analyses can present results regarding the cumulative environmental impact of a given
vehicle type (Wang et al., 2025) or a selected population of vehicles (Hao et al.,, 2010) and can also
serve as a basis for comparisons between different drivetrain types (Iannuzzi et al., 2021).

However, it is important to note that, for the purpose of this article, the comparison of avoided
emissions in Poland and Spain should primarily focus on those stages that generate differences in
environmental impact. While differences do exist between the countries in stages such as vehicle
production and disposal, as well as fuel production, these differences appear to have no significant
effect on the overall analysis results. This assumption aligns with conclusions from vehicle life cycle
studies, which find that the vehicle use stage has by far the greatest impact on the final environmental
effects generated by road vehicles (Chtopek & Lasocki, 2013; Kardasz & Michalik, 2016). Further-
more, car production is a global process with complex supply chains (Humphrey, 2003), meaning that
a given vehicle model purchased in Poland or Spain is produced under identical conditions with sim-
ilar environmental impacts - most often occurring outside both countries.

Regarding vehicle disposal, some vehicles are not disposed of in Poland or Spain but are instead
sold whole or in parts. Similarly, in fuel production, both countries purchase finished fuels on the
international market, so it cannot be assumed that all fuel is produced domestically. Therefore, focus-
ing solely on the vehicle operation stage is the most justified approach given the research objectives.

Vehicle operation is associated with the emission of numerous pollutants with varying environ-
mental impacts. The latest European Environment Agency (EEA) report (Targa et al,, 2025), com-
bined with available data on emission factors in Poland and Spain and analyses of road transport
pollution from the literature, formed the basis for selecting the pollutants analysed in this study.
Based on this, the following pollutants were chosen for comparative analysis: carbon dioxide (CO2),
sulfur dioxide (SO2), nitrogen oxides (NOx), and particulate matter (PM). These pollutants are com-
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monly included in virtually every study on the environmental impact of road transport and have a
significant, undeniable impact on human health and the climate.

It is estimated that transport overall accounts for approximately 32% of CO2 emissions (Van Fan
etal., 2018), with road transport being the largest source among all transport modes in the European
Union (Moran et al,, 2007). Therefore, it is unsurprising that these emissions have been analysed
extensively in the literature (Aminzadegan et al., 2022), despite CO2’s impact being limited to climate
change rather than direct human health effects. In contrast, the other pollutants analysed here have
a well-documented, significant adverse effect on human health.

Sulfur dioxide (SO2) emissions from modern road vehicles are negligible due to stringent fuel
sulfur standards. However, SO2 emissions do occur during the production of electricity used to power
electric vehicles and during hydrogen production via electrolysis, especially when non-renewable
energy sources are used. Scientific studies clearly demonstrate the harmful effects of SO2 on human
health, confirming that even short-term exposure to elevated SO2 concentrations correlates posi-
tively with increased mortality, both from respiratory causes and overall (Orellano et al.,, 2021).

Similarly, medical studies unequivocally confirm that elevated NOx concentrations increase the
risk of death. Recent research (Yang et al., 2025) not only establishes this correlation but also identi-
fies a wide range of specific causes of death linked to NOx exposure. NOx is emitted during the oper-
ation of internal combustion vehicles, especially diesel-powered ones, and during electricity genera-
tion from fossil fuels.

Particulate matter (PM) emissions result from both electricity production and road vehicle oper-
ation. PM is emitted during the combustion of fossil fuels by all engines and from the abrasion of
brake linings, tyres, and road surfaces during vehicle movement. Consequently, these emissions affect
all road vehicles to varying degrees, regardless of the propulsion system used. Particulate matter
increases the risk of death, primarily from cardiac and respiratory causes, but many studies also link
it to more specific mortality causes (Rickerl et al., 2011).

The total impact of road transport on humans and the environment can be expressed through
external costs, which monetise all external effects of road transport. A 2020 report prepared for the
European Commission (European Commission, 2020b) estimated these costs at approximately €40
billion for Poland and €64 billion for Spain, representing 5.5% and 5.2% of their respective GDPs.
It should be noted that these figures include not only the external costs of pollutant emissions but
also those related to road accidents and noise. Nonetheless, these values underscore the urgent need
to reduce the adverse environmental impacts of road transport.

This reduction can be achieved through the implementation of an appropriate transport policy.
However, the mere fact that a given vehicle type generates lower pollutant emissions is not sufficient
to make it socially desirable. Research (Turon, 2022) indicates that users often prioritise comfort-re-
lated criteria - such as passenger and luggage space or driving economy - over environmental factors
associated with the type of propulsion system. Therefore, efforts to promote the use of low-emission
propulsion technologies in transport should also take into account the social acceptability of specific
solutions. Even technologies that perform best according to technical evaluation parameters must be
accepted not only by society at large but also by fleet operators, who consider financial, logistical, and
infrastructural aspects (Sendek-Matysiak, 2024).

The challenges faced by an effective transport policy extend far beyond these issues. The devel-
opment of electromobility brings with it concerns related to the recycling of traction batteries and
the establishment of infrastructure for charging electric and hydrogen-powered vehicles. From a
social perspective, despite the growing technological sophistication of modern vehicles, the prob-
lems of transport exclusion and inequitable access to alternative mobility options continue to persist.

Consequently, it is essential to develop a comprehensive knowledge base that supports the design
of policy mechanisms aimed at reducing pollutant emissions from road transport.
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Purpose and Basic Assumptions

Therefore, the aim of this article is to analyse the avoided pollutant emissions in the period from
2025 to 2035 resulting from the replacement of internal combustion engine (ICE) vehicles with elec-
tric or hydrogen-powered vehicles, using Poland and Spain as case studies and considering different
energy mix scenarios. The research hypothesis assumes that the European Union’s regulatory pres-
sure on car manufacturers to phase out fossil fuel technologies will contribute to reducing the cumu-
lative adverse environmental impact of passenger car operations in the future. Furthermore, the
volume of avoided emissions is expected to depend on the composition of the energy mix during the
analysed period.

In this study, adverse environmental impact is defined as the total emissions of carbon dioxide
(CO3), nitrogen oxides (NOy), sulfur oxides (SOy), and particulate matter (PM), weighted according to
the marginal external costs associated with these pollutants.

The analysis assumes, hypothetically, that in the absence of EU pressure on car manufacturers to
phase out fossil fuels, electric and hydrogen vehicles would not have been introduced into mass pro-
duction. It also assumes that plug-in hybrid vehicles would not emerge, as they are considered an
evolution of hybrid vehicles toward electric vehicles. In such a scenario, the sales volume of these
alternative-drive vehicles would be replaced by the sales volume of combustion engine vehicles, i.e.,
cars powered by diesel, gasoline, propane-butane gas (LPG), and hybrid cars.

The analysis forecasts passenger car sales volumes in Poland and Spain until 2035, based on
currently available drive types. It is then assumed that the sales volume of electric, hydrogen, and
plug-in hybrid vehicles in each analysed year would be replaced by the sales volume of combustion
engine vehicles. Due to the lack of reliable data indicating which types of combustion engine vehicles
would be replaced by specific types of alternative drives, the analysis was conducted using four sce-
narios:

All alternative drive vehicles would be replaced by diesel vehicles,

All alternative drive vehicles would be replaced by gasoline vehicles,

All alternative drive vehicles would be replaced by hybrid vehicles,

All alternatively powered vehicles would be replaced by vehicles powered by diesel, gasoline,

LPG, and hybrid engines in proportions corresponding to the shares of these conventional drive

types in car sales for the given year, excluding sales of alternatively powered cars.

Next, pollutant emissions were calculated for each year until 2035 for new passenger cars in
Poland and Spain, taking into account the projected market share of alternative vehicles and each of
the scenarios described above. Based on this, avoided pollutant emissions were determined for each
scenario.

The calculations presented in this article address the question of whether - and if so, to what
extent - the European Union’s pressure to phase out conventional fuels reduces pollutant emissions
from road transport in Poland and Spain, specifically for passenger cars. The calculations were per-
formed for a single year of vehicle operation to allow comparison of emission changes, considering
the evolving energy mix in each country over time. Due to the lack of access to detailed vehicle sales
data broken down by size, type, and drive type in both countries, the analysis was conducted for
vehicles representative of both countries.

Analytical Approach

To achieve the objective of this article, pollutant emissions were calculated for each year from
passenger cars powered by different engine types. For this purpose, an analytical approach was for-
mulated, based on grouped assumptions representative of individual passenger transport in Poland
and Spain.

Pollutant emission calculations were performed according to the COPERT methodology, using
version 5.8.1 of this software. All calculations were carried out for the vehicle’s operational phase.
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Vehicle Type

The analysis was conducted using vehicles representative of Poland and Spain. The passenger car
model with the highest sales volume in Poland and Spain in 2024 was selected as the representative
vehicle. Based on this, the Toyota Corolla was identified as the representative vehicle for Poland, and
the Dacia Sandero as the representative vehicle for Spain.

Given that the analysis involves comparing vehicles with different drive types, and that the repre-
sentative vehicles do not cover all drive types, it was necessary to select models corresponding to the
representative vehicles such that each drive type has its own representative. The vehicle models
selected for analysis are presented in Table 1.

Vehicle models selected for analysis in Poland and Spain

Type Poland Spain

Pb Toyota Corolla Dacia Sandero
ON Peugeot 308 Peugeot 308
Hybrid Toyota Corolla Toyota Yaris
Hybrid plug-in Peugeot 308 VW Golf

LPG Dacia Bigster Dacia Sandero
Electric Peugeot e-308 Dacia Spring
Hydrogen Hyundai Nexo Hyundai Nexo

For the above models, fuel and/or electricity or hydrogen consumption was assumed to be con-
sistent with the manufacturers’ specifications. The main criterion for vehicle selection was vehicle
size, defined by the vehicle’s wheelbase, as this parameter reflects the interior passenger space. It
should be noted that, while vehicles with all powertrains are comparable in size for the Toyota Corolla,
there are no equivalents in the same vehicle class as the Dacia Sandero for the following powertrains:
diesel, plug-in hybrid, and hydrogen. Therefore, it was decided to compare larger vehicles that are
most similar to the Dacia Sandero.

The analysis included electric, hydrogen, plug-in hybrid, hybrid, LPG, diesel, and gasoline vehi-
cles. Vehicles powered by CNG or LNG were not included, as no new passenger cars with these pow-
ertrains are currently offered in the countries analysed. Mild hybrid vehicles were treated as combus-
tion vehicles powered by diesel or petrol, respectively.

For hybrid vehicles, it was assumed that they are equipped with a gasoline (Pb) internal combus-
tion engine and an electric motor. Hybrid vehicles powered by a diesel (ON) engine and an electric
motor were not analysed due to their low market popularity and the inability to identify a represent-
ative vehicle of approximately the same size as those analysed.

Parameters Characterising Vehicle Traffic

To calculate pollutant emissions for each drive type using COPERT, it is necessary to determine
the average annual mileage, the number of kilometers traveled on various types of road infrastruc-
ture, and the average operating speed for each road type. The assumed parameters are summarised
in Table 2.

Traffic characteristics of analysed vehicles in Poland and Spain

Average Urban - Peak Traffic Urban - Off-Peak Rural Expressways
Annual Traffic and Motorways
Country Mileage Speed Speed Speed Speed
. pee . pee . pee . pee
[km] Share [%] [km/h] Share [%] [km/h] Share [%] [km/h] Share [%] lkm/h]
Paland 13,925 14 20 29 60 42 85 15 130
Spain 17,089 15 17 31 50 38 80 16 130
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The COPERT methodology used for the calculations links emissions to vehicle speed, which aligns
with the latest research findings in this area. This approach requires considering the shares of indi-
vidual average operating speeds. Therefore, the nomenclature of different types of road infrastruc-
ture (urban, rural, expressways/motorways) holds secondary and conventional significance - the
main purpose of this classification is to account for the varying speeds of the analysed vehicles. This
explains why other types of road infrastructure sometimes appear in the literature as input data for
similar analyses.

Emission Factors for Electricity and Hydrogen Production

The equivalent pollutant emissions from diesel and gasoline combustion during vehicle opera-
tion correspond to emissions from electricity production for electric and plug-in hybrid vehicles, and
hydrogen production for hydrogen vehicles. It was assumed that hydrogen is produced by electrolysis
using electricity from the power grid. Specifically, it was assumed that 47.77 kWh of electricity is
required to produce 1 kg of hydrogen (H;) by electrolysis. Alternatively, it was assumed that hydro-
gen is produced entirely from renewable energy sources (e.g., photovoltaic systems or wind farms).
However, it should be noted that this assumption is only valid if the renewable energy installation
covers the entire energy demand of the electrolyser, is dedicated solely to hydrogen production, and
was planned for this purpose. In other cases, it is reasonable to assume that the energy produced by
photovoltaic or wind installations is fed into the electricity grid, and its impact is reflected in the
emission indicators of the country’s energy mix.

Given that the scope of the analysis extends to 2035, it was necessary to forecast emission rates
from 2024 to 2035. These forecasts were based on historical data from 2014-2023 and were gener-
ated in an Excel spreadsheet using the exponential approximation method.

The emission rates assumed in the analysis are presented in Table 3.

Projected emission rates for 1 kWh of electricity production [g]

Poland
year 2024 2025 2026 2027 2028 2029 2031 2032 2033 2034 2035
C0, 614 593 571 550 529 508 466 445 424 402 381
S0, 0.356 0.321 0.289 0.260 0.235 0.211 0.172 0.155 0.139 0.126 0.113
NOx 0.354 0.321 0.291 0.264 0.239 0.217 0.179 0.162 0.147 0.133 0121
TSP 0.014 0.012 0.010 0.008 0.007 0.006 0.004 0.004 0.003 0.002 0.002
Spain
year 2024 2025 2026 2027 2028 2029 2031 2032 2033 2034 2035
C0, 469 438 408 381 356 332 289 269 251 235 219
S0, 0.110 0.080 0.061 0.047 0.036 0.027 0.016 0.012 0.009 0.007 0.005
NOx 0.410 0.333 0.270 0.219 0178 0.144 0.095 0.077 0.063 0.051 0.041
TSP 0.023 0.022 0.020 0.019 0.018 0.017 0.014 0.014 0.013 0.012 0.0mM

Scenarios for Calculations

Analyses were conducted for alternative scenarios with forecasts of passenger car sales by 2035
in Poland and Spain, broken down by powertrain type. Sales forecasts were generated using regres-
sion analysis. Forecasted sales values for the analysed scenarios are presented in Appendix Table A.

Four scenarios were developed for replacing alternatively powered vehicles with combustion
engine vehicles, along with one baseline scenario reflecting forecasted sales volumes for cars with
individual powertrain types. Scenarios 1-4 illustrate a hypothetical situation in which the EU takes
no measures to phase out fossil fuels. The absence of legal restrictions would likely prevent electric,
hydrogen, and plug-in hybrid vehicles from reaching mass-market adoption within the European
Union. Even if such vehicles were available from manufacturers (e.g., Tesla), the lack of a widely
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developed charging infrastructure would result in their market share remaining statistically insignif-
icant.

Therefore, it was assumed that in Poland and Spain, instead of electric, hydrogen, and plug-in
hybrid vehicles, diesel, gasoline, LPG, or hybrid vehicles would be used. Specifically, all electric, hydro-
gen, and plug-in hybrid vehicles would be replaced by:

Diesel vehicles only (Diesel),

Petrol vehicles only (Petrol),

Hybrid vehicles only (Hybrid),

A mix of diesel, petrol, LPG, and hybrid vehicles in proportions corresponding to their respective

market shares in the sales volume of conventional vehicles for a given year (Scenario 4).

Due to a lack of reliable data on substitution rates by powertrain type, none of these scenarios
can be excluded; however, Scenario 4 - representing average consumer preferences - appears the
most probable.

To maximise comparability, all historical data used for forecasting were sourced from EUROSTAT,
covering data up to 2023. This explains why forecasts begin in 2024, although some 2024 data were
already available domestically, leading to minor discrepancies between forecasted and actual values
for that year.

When analysing sales volumes and comparing data from different sources, it is important to note
that the classification methodology for powertrain types may vary. This is particularly relevant for
“mild hybrid” (mHEV) vehicles, which may be classified either as hybrids or as diesel (Diesel) or
petrol (Petrol) vehicles. Similarly, sales volumes of hybrid vehicles are sometimes reported without
distinguishing plug-in hybrids.

For each scenario, emissions of the following pollutants were calculated:

Carbon dioxide (CO),

Nitrogen oxides (NO,),

Particulate matter (PM),

Sulfur dioxide (SO5).

Until 2027, calculations assumed vehicles met the Euro 6 emissions standard; from 2028
onwards, the Euro 7 standard was applied. This assumption is based on the Euro 7 standard becom-
ing mandatory for new vehicle types (introduced to the market and receiving type approval) from
November 29, 2026, and for all new vehicles one year later. Therefore, 2028 will be the first full year
of Euro 7 compliance for all new passenger cars.

Results of Analyses

The analyses indicate that the volume of avoided emissions varies year-to-year within the same
scenario for each country. These fluctuations can be explained by changes in the energy mix in both
countries and the projected vehicle sales volumes. Differences in emissions for all scenarios com-
pared to the baseline scenario are provided in Appendix Table B.

Since the impact on human health and the environment varies across pollutants, it is difficult to
determine the best scenario solely by avoided emission volumes. In several cases, certain emissions
were lower in alternative scenarios than in the baseline. To interpret results comprehensively, pollut-
ant emissions were weighted according to their marginal external costs, following the European
Union methodology for estimating external costs of road transport.

Based on this, a dimensionless indicator was created to express avoided emissions for each sce-
nario relative to the baseline scenario (Appendix Table B). Positive values of this indicator across all
alternative scenarios indicate that the lowest weighted emissions occur in the baseline scenario,
which assumes continued growth in electric, hydrogen, and plug-in hybrid vehicle adoption. This
result supports the European Union’s strategy to promote battery electric vehicles.

From an environmental perspective, the best alternative scenario was Scenario 3, which assumed
the replacement of electric, hydrogen, and plug-in hybrid vehicles with hybrid vehicles. The differ-
ences in emissions between this scenario and the baseline are presented in Table 4.
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Difference in emissions between Scenario 3 and the baseline scenario [tonnes/year]

Poland

year 2024 2025 2026 2027 2028 2029
€O, 47 661 2,743 5,381 8,576 12,329
NOx 23 -25 26 26 27 26
TSP 0 1 1 1 0 0
S0, -25 27 28 29 29 29

year 2030 2031 2032 2033 2034 2035
o, 16,639 21,506 26930 32911 39,450 46,545
NOx -26 -25 24 23 22 21
TSP 0 0 0 1 1 1
SO, 29 28 27 27 -26 25

Spain

year 2024 2025 2026 2027 2028 2029
o, 38,634 55,406 74,252 94,945 117,273 141,050
NOx -113 -103 91 -9 67 -55
TSP -8 -8 9 9 -14 -15
SO, -34 29 25 21 -18 -15

year 2030 2031 2032 2033 2034 2035
o, 166,102 192,276 219,432 247,444 276,198 305,593
NOx -44 -33 23 -14 6 1
TSP -16 -16 17 17 -18 -18
SO, -12 -10 -8 -7 -6 -4

In the case of Poland, a period can be observed in 2024 when CO, emissions are lower in Scenario
3 than in the baseline scenario. However, in subsequent years, the baseline scenario proves superior
in this regard, with the difference widening each year. This trend highlights the significant influence
of the energy mix on the environmental benefits of operating vehicles with different powertrains.
Initially, Poland’s higher CO, emission rate from electricity production led to increased emissions
from electric, hydrogen, and plug-in hybrid vehicles. As this emission intensity decreases over time,
the operation of electric vehicles becomes increasingly environmentally advantageous.

In contrast, in Spain - where the emission rate at the start of the analysis period (2024) was sig-
nificantly lower than in Poland - operating electric vehicles is more environmentally justified
throughout the entire period analysed.

NOx emissions in Poland are consistently higher in the baseline scenario than in Scenario 3 dur-
ing the entire period analysed, indicating that hybrid vehicles emit less NO, than the emissions asso-
ciated with electricity generation for electric vehicles. A similar pattern is observed in Spain, except
that by the last year analysed, the NO, emission rate from electricity production is sufficiently low to
result in lower NO, emissions from electric vehicles than from hybrid vehicles.

Regarding particulate matter, the emission differences in Poland remain fairly stable, while in
Spain, they increase over time. This suggests that hybrid vehicles emit less particulate matter than
electric vehicles in Spain.

SO, emissions are consistently lower in Scenario 3 compared to the baseline in both countries
throughout the analysed period. This is because fuel sulfur standards ensure negligible SO, emis-
sions during vehicle fuel combustion, whereas SO, emissions from electricity production are non-
Zero.
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Ultimately, when accounting for the weighted impacts of individual pollutants, the baseline sce-
nario emerges as more environmentally beneficial overall across the entire period analysed. The
yearly differences, expressed as weighted emissions for Poland and Spain, are illustrated in Figure 1
and Figure 2, respectively.
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Figure 1. Dimensionless indicator illustrating the difference in weighted emissions in Poland
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Figure 2. Dimensionless indicator illustrating the difference in weighted emissions in Spain

In Poland, Scenario 3 generates a lower environmental impact than the baseline scenario during
the first four analyzed periods. However, as emissions from electricity production decline, the base-
line scenario becomes more environmentally favorable, achieving lower weighted emissions over the
entire analyzed period.

In Spain, the baseline scenario is the most environmentally beneficial throughout all analyzed
periods.
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Conclusions and Limitations

The analyses conducted indicate that the use of electric, hydrogen, and plug-in hybrid passenger
cars is environmentally justified in both Poland and Spain within the time horizon up to 2035, thereby
confirming the research hypothesis regarding the cumulative environmental impact.

In Spain, across all analyzed periods, the scenario assuming the use of electric vehicles proved to
be the most environmentally advantageous, supporting the conclusion that promoting electric,
plug-in hybrid, and hydrogen vehicles is justified. In Poland, the analyses suggest that in the coming
years (until 2027), considering the country’s energy mix, hybrid vehicles have greater environmental
justification than electric vehicles. This conclusion is consistent with the research hypothesis con-
cerning the relationship between avoided emissions and the energy mix.

However, it should be emphasized that this finding does not undermine the rationale for promot-
ing such vehicles, given the considerable inertia in consumer decision-making within the automotive
market compared to the expected point in time when the use of electric, plug-in hybrid, and hydrogen
vehicles becomes environmentally advantageous. Therefore, in both Spain and Poland, the European
Union’s transport policy promoting the adoption of electric and hydrogen vehicles can be considered
environmentally justified for the period 2025-2035.

Actual pollutant emissions may differ from those forecasted in this article due to limitations
related to the vehicle models analyzed, the parameters adopted to characterize vehicle operation,
projected vehicle sales volumes, and forecasted emission factors.

This article uses representative vehicles for each country. The actual passenger car market is
highly diverse, with a vast number of models available in different configurations, each with distinct
emission profiles. It should be noted, however, that COPERT modeling is based on vehicle segments
rather than specific vehicle models. From this perspective, the choice of a particular model is not of
primary importance. Nevertheless, CO, emissions depend on fuel consumption, which varies between
models. Similarly, for electric vehicles, electricity consumption - and for hydrogen vehicles, hydrogen
consumption - is a key parameter, as it constitutes the basis for calculating emissions using appropri-
ate emission factors. Consequently, the selection of a specific vehicle model may influence the final
results. However, this influence is not expected to be significant, assuming that the most commonly
used vehicle models within a given segment exhibit similar average fuel or electricity consumption
levels.

Moreover, the market shares of individual models will evolve over time, and new models not
currently available will enter the market in future years.

Vehicle sales volume forecasts are based on historical data; however, unforeseen events (e.g.,
a COVID-19 equivalent) could significantly affect sales volumes.

Vehicle operating parameters - such as average speeds on different types of roads and the distri-
bution of mileage across infrastructure types - may also change in subsequent years due to regula-
tory changes (e.g., speed limits), evolving driving habits, or technological advances.

Based on the analyses of individual scenarios, it can be concluded that the replacement of con-
ventional vehicles with electric vehicles is the only environmentally beneficial option (Scenario 3),
and this benefit is observed primarily in the early periods rather than throughout the entire analyzed
timeframe. Considering that it is not feasible to construct a more optimistic scenario for hybrid vehi-
cles (i.e, a 100% share of hybrids in the vehicle fleet replacing conventional vehicles), it can be
inferred that no scenario - regardless of the share of different propulsion types in the replacement
fleet — would be more advantageous. Therefore, assuming representative vehicle and energy mixes
for Poland and Spain, the most favorable scenario is the widespread introduction of electric vehicles.
All other scenarios, involving any proportion of non-electric vehicles, would at best yield environ-
mental benefits comparable to those of Scenario 3.

Projected emission factors for electricity production may also vary from those assumed due to
unexpected technological, legal, or administrative developments.

It should also be noted that the conclusions presented in this article are of a technical nature, and
the avoided emissions may not constitute a significant factor in terms of the social acceptability of
electric vehicles.
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All of these factors influence the final results, but their precise quantification is challenging in
practical research.
Based on the conducted analyses, the following recommendations can be made:

1. Continued support for the development of electric and hydrogen vehicles is recommended in
both Poland and Spain, as these technologies generate the lowest environmental costs.

2. Itis advisable to link electromobility support mechanisms to the pace of reduction in emission
indicators resulting from the energy mix; faster emission reductions should correspond to an
increased intensity of support for electromobility.

3. Support mechanisms should consider not only technical aspects but also the social acceptability
of the proposed solutions.

Taking into account the limitations identified in this study, the following directions for future
research are recommended:

1. Investigating a broad range of vehicle models, as differences in their operational parameters may
lead to variations in pollutant emissions and, consequently, affect the results of the analysis.

2. Examining the environmental impact of new vehicle models introduced to the market, which are
characterized by operational parameters not currently available (e.g, EURO 7 vehicles with
reduced particulate matter emissions due to brake lining abrasion).

3. Developing the most likely vehicle replacement scenarios in Poland and Spain for the coming
years, taking into consideration the potential electromobility support mechanisms.
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Antoni SEGUI ALCARAZ = Mariusz TRELA

PROGNOZOWANE UNIKNIETE EMISJE ZANIECZYSZCZEN
WYNIKAJACE ZE ZWIEKSZAJACEGO SIE UDZIALU RYNKOWEGO
POJAZDOW ELEKTRYCZNYCH, WODOROWYCH | HYBRYDOWYCH
PLUG-IN W SEGMENCIE NOWYCH SAMOCHODOW OSOBOWYCH:
STUDIUM PRZYPADKU POLSKI I HISZPANII DO 2035 R.

STRESZCZENIE: Emisja zanieczyszczen jest jednym z powoddéw wspierania przez Unie Europejska pojazddéw elektrycz-
nych oraz wodorowych. Korzysci srodowiskowe z tego wynikajgce zaleza jednak od miksu energetycznego wykorzysty-
wanego do produkcji energii elektrycznej. Celem artykutu jest przeanalizowanie uniknietej emisji zanieczyszczen dla
scenariuszy zastepowania pojazdéw spalinowych pojazdami elektrycznymi i/lub wodorowymi w Polsce i Hiszpanii. Ana-
lizy przeprowadzono przy wykorzystaniu metodologii COPERT, w zakresie obliczania emisji zanieczyszczen oraz metodo-
logii monetyzacji kosztéw zewnetrznych do okreslenia wptywu scenariuszy na srodowisko. Przeprowadzone analizy
wskazuja, ze dla Polski negatywne oddziatywanie transportu jest do 2027 roku corocznie wieksze w przypadku zastepo-
wania pojazdow tradycyjnych pojazdami alternatywnymi zamiast hybrydowymi, ale skumulowane wartosci dla catego
analizowanego okresu wskazuja na przewage pojazdéw alternatywnych. Zatem jesli w polskim miksie energetycznym
udziat odnawialnych Zrédet energii nie zwiekszatby sie zgodnie z zatozeniami, mozliwe jest, ze bardziej uzasadnione s$ro-
dowiskowo bytoby zastepowanie pojazdéw tradycyjnych pojazdami hybrydowymi niz alternatywnymi. W przypadku Hisz-
panii, w kazdym okresie scenariusz zwiekszania udziatu pojazddw alternatywnych jest najkorzystniejszy.

StOWA KLUCZOWE: miks energetyczny, emisja zanieczyszczer, pojazdy elektryczne
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