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Abstract: The aim of this publication is to review the current state and possibilities of developing
electromobility and alternative fuels in Poland. It was found that the current market for alternative
fuels in Poland is insufficiently developed. At the end of 2019 in Poland, liquefied petroleum
gas-powered cars accounted for approximately 3.3 million pieces, which amounts to 14.3% all
passenger vehicles up to 3.5 tonnes of gross vehicle weight. There were over 9000 electric cars on
the road, the share of which accounted for 0.04% of domestic passenger transport. The lack of a
sufficient number of charging points, inhibiting the development of electromobility, was also noted.
There were approximately 4000 (0.02%) passenger cars powered by compressed natural gas. Liquefied
gas-powered vehicles were exclusively public transport vehicles or trucks. The share of biofuels in
the Polish transport sector stands at 4%, while European Union requirements are at a level of 10%.
Although there is huge potential for the use of hydrogen as an alternative to conventional transport
fuels in Poland, just one hydrogen-powered vehicle has been registered in the country so far, with no
filling station in existence for this fuel. The synthetic fuel sector is in the planning stage.

Keywords: alternative fuels; electromobility; transport sector; development of alternative fuels
in Poland

1. Introduction

The dynamic development of civilization requires both increased energy supplies and the
development of a widely understood transport infrastructure. The transport sector is one of the key
elements that determines a country’s competitiveness in the international market, both economically
and socially. Transport is an integral part of every society and is determined by the extent and location
of the activities, goods and services that are available [1].

The growing transport sector has made it possible to reorganize the lives of societies and has thus
had a huge impact on their present character. In highly developed countries, a significant proportion
of people travel for work, life or leisure. However, it should be remembered that transport consumes
many natural resources, such as materials, raw materials, minerals, metals, earth and fuels. In addition,
conventional hydrocarbon-based fuels are being rapidly exhausted [2]. The evolution of transport
infrastructure contributes to the degradation of the natural environment. The negative environmental
effects of the use of oil and oil derivatives are mainly related to greenhouse gas (GHG) emissions [3].
The EU requires its Member States to reduce greenhouse gas emissions from the transport sector,
particularly by minimising oil imports. In 2017, total oil imports to the EU amounted to 565.7 million
tons. The largest contributions came from Russia (163.1 million tons), Norway (61.4 million tons),
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Iraq (44.0 million tons), Kazakhstan (39.7 million tons) and Saudi Arabia (35.6 million tons). In 2017,
the transport sector was the main consumer of petroleum products—especially road transport, which
consumed 48.0% [4].

Atmospheric air pollution is a major problem that affects the quality of human life. Measures to
protect and improve the state of ambient air are a key focus of the work of the European Commission.
In EU countries, efforts to reduce GHG emissions have been stepped up and developed in recent
years. In 2017, EU GHG emissions declined by 22% in comparison with 1990 levels, representing
approximately 1240 million Mg of CO2 equivalents. Such a significant reduction in emissions is the
result of an objective to reduce GHG by 20% by 2020, with a 40% reduction from the base year by
2030. The European Commission launched a public consultation in March 2020 on tightening the
2030 greenhouse gas emission reduction target. The draft climate law presented by the European
Commission assumes that the objective of reducing CO2 emissions by 2030 will be increased to 50–55%
compared to 1990 levels. Fuel combustion technologies (without transport) accounted for 54% of total
GHG emissions and the transport sector (including international aviation) was the second largest
source of emissions, accounting for 25% in 2017 [5]. In 2019, transport contributed to almost 30%
of the total EU GHG emissions, 72% of which come from road transport. The EU has set itself the
objective of reducing these emissions by 90% by the year 2050, in addition to becoming less dependent
on oil. In the strategy, concrete actions are planned, leading to significant structural and technological
changes in passenger and freight transport. Urban transport will also be affected by these ambitious
objectives [6–8]. It should be noted here how difficult it is to estimate GHG emissions and to minimise
them without damaging the economy. There is no final assumption as to what method should be
decisive in shaping climate policy. Research has been carried out on uncertainty in the economic
assessment of carbon dioxide emissions from transport. The outcomes of the various approaches were
often contradictory because each method frames the problem differently. In 2018, Nocera et al. [9]
concluded that, as long as GHG emissions do not vary from sector to sector, a fair assessment of
CO2 emissions from transport cannot be provided. The authors proposed a mesoscopic approach
to determine the political consequences. It was found that, beyond the numerical values, insight
gained from the process of working through different methods may be a primary benefit for carbon
policy. Through the adoption of an uncertainty assessment, decision makers can reach a fairer final
unitary price.

The current dependence of the European economy on imported oil is burdensome, both
economically and environmentally. This calls for the development and implementation of new
technological solutions in the transport sector, aimed at the gradual replacement of oil by alternative
fuels and the development of the necessary infrastructure for this purpose. In 2013, the European
Commission published a communication from the Commission to the European Parliament, the Council,
the European Economic and Social Committee and the Committee of the Regions entitled, “Clean
Power for Transport: A European alternative fuels strategy”. The document sets out a comprehensive
strategy for alternative fuels and how they should be implemented, covering all modes of transport.
The aim of the strategy was to create a long-term policy framework to guide the technological and
investment development of alternative fuels. EU member states have been given a certain degree of
freedom in shaping a policy framework for the development of the alternative fuel sector in accordance
with national requirements [10]. The final Directive 2014/94/EU of the European Parliament and of
the Council, adopted on 22 October 2014, aimed to promote the use of alternative fuels in transport.
The Directive required member states, including Poland, to initiate national policy frameworks for the
development of the market for alternative fuels and their infrastructure. Therefore, the Polish Ministry
of Energy, referring to Directive 2014/94/EU, published the required document in March 2017 [11].
The most important tasks of the team included the preparation and development of a concept for
electromobility development. The Electromobility Development Programme was the basis for the
creation of the regulatory package, which included, among others: Electromobility Development Plan
for Poland “Energy to the Future” [12], National Policy Framework for Alternative Fuel Infrastructure
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Development [11], Act on Electromobility and Alternative Fuels [13] and the Act Establishing the
Low-Emission Transport Fund [14].

The National Act on Electromobility and Alternative Fuels was created to stimulate the
development of electromobility and the application of such fuels in the transport sector in Poland, by
defining the legal framework for the development of the charging infrastructure for electric cars and
the refueling of such fuels. The increased use of alternative fuels in transport is projected to reduce the
sector’s dependence on oil and oil derivatives. This would reduce oil imports, ultimately improving
air quality and the state budget. The law provides for the construction of refueling or recharging
networks, especially in urban and densely populated areas, which will allow the movement of such
vehicles without fear of a possible lack of fuel. The strategic approach of Poland as a member of the
European Union in meeting the needs of various national transport modes should be to use the entire
spectrum of available alternative fuels, while also taking into account the specificity of the country,
raw material resources and environmental and economic considerations.

The aim of the publication is to review the current state and possibilities for the development of
electromobility and alternative fuels in Poland. It will present the current state of infrastructure, number
of alternative vehicles and technologies, discuss opportunities and barriers to development and present
research and initiatives related to the development of alternative fuels, including electromobility.

There are more and more frequent works on the transport sector in Poland, in various aspects.
However, there are still very few works that synthetically and critically describe the current state of
Polish transport in terms of its transition from conventional to low-emission fuels. This very aspect
is crucial because of Poland’s membership in the European Union and the need to adapt domestic
transport to the EU requirements for reducing greenhouse gas emissions.

2. Current and Developing Market of Alternative Fuels Used in Transport in Poland

Polish institutions and organizations are conducting research on different types of alternative
fuels that are or can be used in transport. Figure 1 presents the current and developed domestic market
for alternative fuels, in relation to the number of cars on Polish roads. Currently, in Polish transport,
mainly liquefied petroleum gas (LPG), electricity and natural gas in the form of compressed natural
gas (CNG) and liquefied natural gas (LNG) are used as substitutes for conventional fuels. According to
the report of the Ministry of Energy on the implementation of the national policy framework for
the Development of Alternative Fuel Infrastructure, there were only 290 charging points for electric
vehicles with standard power (≤22 kW) in 2016 and 32 charging points for vehicles with high power
(≥22 kW). At the end of 2019, the number of charging points for standard power was 529 and 308 for
high power. This represents an increase of 82.4% for standard power charging points and 862.5% for
high power charging points. In the case of natural gas filling stations (CNG), there were 26 in 2016, an
increase of 7.69% [15]. Alternative fuels within the scope of the EU Directive also include synthetic and
paraffinic fuels; however, these fuels are not used at all in Poland and their development stopped at
the planning stage in 2018, when the Jastrzębska Coal Company (JCC, Jastrzębie-Zdrój, Poland) was
looking for opportunities to collaborate with the Global Integrated Chemicals and Energy Company
(SASOL). JCC planned to produce synthetic fuel based on domestic coal. Within the framework of
cooperation with SASOL, the necessary investigations were to be carried out on the profitability of
investments, related to the industrial processing of hard coal into fuels, gas and chemicals [16].

Figure 1 illustrates the current state of development of the alternative fuel market in Poland by
type and indicates the share of alternative vehicles amongst the total number of passenger cars (up
to 3.5 tonnes of gross vehicle weight) in the country. These values were calculated on the basis of
information provided by the Automotive Market Research Institute SAMAR, the Polish Association of
Alternative Fuels (PAAF) and the Polish Liquid Gas Organization (PLGO).
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2.1. Electric Cars

An increasingly popular alternative to hydrocarbon fuels as a means of transport in Poland is
electric propulsion. Vehicles powered by electric motors, registered in Poland, are mainly passenger
cars. At the end of 2019, there were over nine thousand electric cars, 5700 Battery Electric Vehicles
(BEV) and 4103 Plug-in Hybrid Electric Vehicles (PHEV) in Poland [19,21]. According to analysts from
the Automotive Market Research Institute Samar [17], in the first half of 2019, 945 BEV passenger
cars were registered in Poland, which equates to approximately 0.3% of all new vehicles registered
and approximately 46% more than in 2017. In the first half of 2019, 379 PHEVs were also registered
in Poland. Most of the BEVs and PHEVs registered in 2019 (over 96%) were owned by companies.
It can therefore be assumed that the domestic market for electric cars might not have existed without
so-called “car sharing”. The reason for this may be the high purchase and operating costs of such
vehicles in Poland.

According to the European Automobile Manufacturers Association (ACEA) (Figure 2), the
EU-wide market share of electric passenger cars in 2018 was around 1%, 0.3% for light commercial
vehicles and 0.6% for buses [22]. ACEA statistics on electric vehicles cover different types of electric
or battery electric vehicles (BEV), mains-powered hybrid electric vehicles (PHEV), fuel cell electric
vehicles (FCEV) and extended range electric vehicles (REEV). In the case of electric buses, there are
programs in the EU to support the development of this sector, mainly in pilot form, (e.g., the Zero
Emission Urban Bus System project (ZeEUS)) [23]. The main investment in electric buses is made by city
carriers. The increased interest in so-called e-buses, despite their high price in relation to conventional
buses, is due to their low or zero emissions from the propulsion system. Additionally, such buses are
characterized by a much lower noise level, which is particularly important on congested and polluted
Polish roads. Data from the National Central Register of Vehicles (NCRV) show that 85 hybrid buses
and 63 electro-buses were registered in 2017. Since the beginning of 2019, the number of registrations
of new e-buses has decreased to 13 hybrid units and 30 purely electric units [24]. Electric vehicles can
be powered from the power grid, which, in Poland, still has a significant carbon footprint (CF) [25–27].
Electric vehicles do not directly and locally emit pollutants and noise. Hybrid cars, in turn, make it
possible to reduce oil consumption [28,29]. These technologies, although well-known and used in
transportation for years, are still at the development stage in Poland and are perceived as uneconomic
and harmful to the environment, especially when the national energy mix is based on hard coal and
lignite. In 2018, in Poland, the first studies on the whole life cycle of electric vehicles were carried out,
which showed that if the coal-based electricity grid was used to recharge the batteries, the impact on
greenhouse gas emissions would be higher than for vehicles with internal combustion engines [30].
Unfortunately, the development of electromobility in Poland is hampered by the lack of a sufficient
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number of vehicle charging points. According to the European Alternative Fuels Observatory [31], by
mid-2019, across the European Union, there were approximately 158,000 charging points for BEV and
PHEV electric cars, of which approximately 132,000 were points with power up to 22 kW (standard
charge) and another 24,000 were points with power above 22 kW (fast charge). In Poland (Figure 3),
there are currently 976 charging points, 584 standard charges and 392 fast charges.Energies 2020, 13, x FOR PEER REVIEW 5 of 17 
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According to Statista [32] analysts, in the European Union, Norway has the highest penetration
of plug-in electric vehicles (PEV). Despite population, geopolitical, raw material and infrastructural
differences, a huge dissonance can be observed when comparing the two countries. Compared to
Norway, where there are approximately 17,000 BEV and PHEV charging stations, Poland is less
attractive from the point of view of users of alternative electric vehicles. Figure 4 compares the number
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of Polish charging points for electric cars with Norway. The graph represents the last three years
and shows that the total number of standard and fast chargers for BEV and PHEV is 21 times lower
in Poland than in Norway. Buying an electric car in Poland involves not only higher costs but also
problems with regard to its charging.
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Many countries promote a policy of subsidizing the purchase of electric vehicles. On 5 November
2019, the Ministries of Energy and Finance, Investment and Development signed a regulation relating
to the conditions for supporting the purchase of new vehicles from the funds of the Low Emissions
Transport Fund for Natural Persons. The main purpose of this regulation was to define the rules of
support for the purchase of cars, powered by electricity or hydrogen. Individuals would be able to
receive a subsidy of 30% of the purchase price of an electric or hydrogen-powered vehicle. The subsidy
would be available for the purchase of an electric or hydrogen vehicle, the price of which should not
exceed 29,000 or 70,000 EUR, respectively. The subsidies announced by the government for electricians
could be applied for from the beginning of 2020. Unfortunately, the submission of applications was
postponed, which is connected with the inventory of development programs. Verifications of existing
assumptions and amounts of support for the development of electromobility in Poland were also
announced. Moreover, the government has announced that subsidies will be reduced by at least
50%. The Polish electric transport sector requires solutions that will allow the economical use of such
vehicles and their faster recharging. As a result, potential buyers are moving away from purchasing
electric vehicles and some current users are returning to vehicles with conventional engines.

Environmental aspects should not be overlooked when it comes to the legitimacy of subsidies for
the purchase of electric cars. In 2018, Cavallaro et al. [33] assessed whether the subsidies to BEV are
justified in UE countries. To answer this question, a simulation model was developed, based on the
most reliable data available. These results have been compared with alternative fuel policies adopted
by individual EU countries and, in some cases, it has been suggested that such incentives should be
reconsidered. One of the conclusions of the cited paper indicates in which cases subsidies to BEV can
be justified in terms of carbon reduction. In this case, the energy mix plays an important role. In those
countries where the energy mix is based on renewable or alternative primary sources, incentives to
purchase BEV are fully justified in terms of carbon savings. In other cases, where power generation
still relies on traditional sources (such as Poland), the adoption of subsidies for BEV does not make a
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real contribution to reducing CO2 emissions. It should be stressed that CO2 emissions are one of many
elements that contribute to the definition of national incentive and taxation policies. There are other
external transport-related factors that should be taken into account in defining the most appropriate
policy. Noel et al. [34], in his work, reported on the benefits of using electric vehicles in terms of noise
reduction, both at the individual level of the driver and passengers of such a vehicle and non-users
such as cyclists and pedestrians. The author concluded that the use of electromobility can improve the
safety and efficiency of public transport, as drivers will have less headaches caused by noise and better
reactivity during acceleration and stopping. This is why the secondary advantages of electrification of
mobility, although difficult to quantify, should not be overlooked when making transport policies.

2.2. CNG and LNG-Fueled Natural Gas Vehicles

Another popular alternative fuel is CNG. It is a gas compressed to 20 MPa, which consists of
approximately 97% methane. CNG is known as a bridging fuel between petroleum-based fuels and
hydrogen. CNG is used in Polish transport on a large scale, mainly in the sectors of public transport,
municipal services or large logistics fleets. Current laws strongly support the development of the
CNG sector for passenger cars. The European and, therefore, the Polish Act on Electromobility and
Alternative Drives [13] provides for the creation of special environmental zones in cities, which will be
accessible free of charge to electric and CNG vehicles, among others. The act also assumes the creation
of a wide infrastructure for refueling natural gas. The Polish CNG market is constantly developing,
the number of vehicles fueled exclusively with methane is increasing. However, due to the high cost
of purchasing a new vehicle that is factory fitted with CNG power and the fact that there are too
few filling stations, the potential for methane fuels seems underutilized. There are approximately
23 CNG filling stations in Poland [35,36]; therefore, some users of cars with compressed gas use home
filling stations. The installation of such a device is possible, but very cumbersome from a conventional
perspective. However, the Act on Electromobility and Alternative Drives assumes that, in the coming
years, the number of CNG refueling points will increase to 104. In 2017, 12 CNG-powered eco-buses
were registered in Poland, while, in 2019, the number of such units was 29 [24].

LNG, as an engine fuel, has similar performance characteristics to CNG. However, its storage
and transport necessitate the use of cryogenic tanks to maintain the required low temperature.
The development of the LNG bus and truck segment in Poland is hampering the high cost of building
the necessary infrastructure of the refueling stations; the construction of gas filling stations costs about
350,836.98 EUR. Construction of the first publicly accessible LNG station for trucks in Poland was
completed in late 2019 thanks to Shell. In total, Shell already operates 14 public LNG stations across
Europe (10 in the Netherlands, three in Belgium and one in Germany) and plans to build 39 more in
the next three to four years. In Poland, the target is to have 11 refueling points. For the time being in
Poland, LNG is used to fuel buses. These LNG-powered buses, of which there are 35 [37], only currently
operate in the capital city, Warsaw, and use a non-public filling station belonging to a municipal carrier.
The situation regarding gas-fueled cars in Poland is much more complicated than in other European
countries, where governments support the CNG and LNG market. Currently, in Poland, apart from
the lower excise duty on gas, drivers have no other benefits or infrastructural facilities.

2.3. Liquefied Petroleum Gas Vehicles

At European level, liquefied propane–butane, or liquefied petroleum gas (LPG), has been
recognized as an alternative fuel and an efficient, low-carbon energy carrier. LPG is a gaseous
petroleum product, the main components of which are propane, butane, propylene, butenes and
mining additives. LPG is a gaseous fuel for the propulsion of spark ignition engines, with a fuel
supply system specially adapted for this fuel. LPG comes from two sources: it is extracted during
the extraction of natural gas and crude oil from the ground and is produced by refining crude oil [38].
LPG is the leading alternative fuel for automotive transport, with more than 26 million vehicles in
the world running on this fuel. According to the 2019 report of the Polish Liquid Gas Organization
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(PLGO) [20], 78% of LPG sold in the country was used in the automotive sector as autogas. In 2018,
approximately 1835 thousand Mg of autogas was sold in Poland. With the exception of the quantity
of autogas sold, the PLGO report also highlights the approximate number of LPG filling stations
according to the Energy Regulatory Office records (URE), as well as the number of LPG-fueled cars.
According to the URE, at the end of 2018, there were 7432 autogas stations or refueling points in
Poland. According to the Central Statistical Office (CSO), there were an estimated 3,135,000 LPG
vehicles in Poland at the end of 2018 [17,20,39]. In fact, the data of the CSO and that of the Central
Register of Vehicles and Drivers (CRVD) may be outdated and do not indicate the actual number of
vehicles operated with LPG propulsion. In 2019, the Polish Association of Automotive Industry (PAIA)
prepared and published a report “Automotive Industry” [19], using data on the vehicle fleet developed
by the Analysis and Statistics Department of the Polish Automotive Industry Association. In 2017, as a
result of the earlier applications of PAIA, the Ministry of Digitization resolved to make the number of
vehicles realistic and to define archived vehicles, i.e., vehicles that are more than 10 years old (from the
date of first registration) and have not been updated in NCRV databases in the last six years, provided
that they are not historic vehicles. According to the PAIA report, interest in cars with factory LPG
propulsion is decreasing, with the number of registrations at the end of 2018 totaling approximately
7.5 thousand.

2.4. Vehicles Powered by Biofuels

In December 2008, the Commission and Parliament of the European Union agreed on the content
of the Renewable Energy Act. One of its elements was the introduction of a mandatory threshold of
10% for the blending of biofuels and fossil fuels in transport from 2020. This requirement is part of the
European Climate Change Package, called ‘3 × 20’, namely the action “National targets—Increasing
the share of energy from renewable sources” [40]. Currently, the EU average share of renewable
energy sources (RES) in transport is more than 7%, while in Poland it is over 4% [41]. In addition, old
fuel markings, i.e., Pb95 (petrol type of fuel) and ON (diesel type of fuel), disappeared from Polish
stations. They have been replaced by new symbols referring, among other things, to the biocomponents
they contain. According to EU Directive 2014/94/EU of the European Parliament and Council on the
Development of Alternative Fuel Infrastructure, the method of marking a given fuel type at EU stations
had to be changed by 12 October 2018. Petrol was categorized depending on the amount of ethanol
(as biocomponent) contained in the fuel: E5—petrol with a maximum ethanol content of 5% or less,
E10—petrol with 10% ethanol (rare in Poland) and E85—petrol consisting mainly of biocomponents
(not in Poland). Designations for diesel were: B7—diesel with 7% bio-components, B10 diesel with
10% bio-components (for certain engines only) and XTL (diesel produced without the use of crude oil),
which is paraffinic diesel, used as a clean fuel and containing up to 7% biodiesel.

Sustainable energy sources are divided into natural ones such as sun or wind and those derived
from biomass [42]. Energy from natural phenomena is valued for its prevalence, but its big disadvantage
is its variability and discontinuity. Biomass, in turn, is the third primary energy source after coal
and oil [43]. Biomass can be processed into biofuel by biological or biochemical processes, i.e.,
fermentation [44], physico-chemical processes such as extraction [45] or thermochemical processes
such as gasification [46]. Biofuels are green alternative fuels and are classified into four generations:
I, II, III and IV. The first generation is conventional biofuels [42], produced from sugar, starch or
vegetable oil; this includes biodiesel [47], bioalcohols [48], pure vegetable oils [49] or biogas [50].
Second-generation biofuels are produced from cellulosic raw materials such as wood, straw and wood
industry waste. These include lignocellulose bioethanol [51] or biohydrogen [52]. Third-generation
fuels are produced from algae and other microorganisms [53]. They are obtained by similar methods
to the second generation of fuels but the raw material for their production is biomass, modified
to improve the process of transformation of biomass into biofuel. The literature also describes
fourth-generation biofuels [54], the technologies for producing such fuels include carbon capture
and storage (CCS) processes at the stage of their manufacture. In addition, raw materials for the
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production of fourth-generation fuels, by means of genetic modification, are intended to assimilate
larger amounts of carbon dioxide during cultivation. The use of biomass for biofuel production
depends on many factors, i.e., the geographical region or economic conditions of the country. Poland
is one of the largest agricultural countries in the EU, so, theoretically, it has the potential for biofuel
production [55]. The national share of energy from renewable sources in terms of total energy
consumption is 11.8% (10.6 Mtoe) and energy from liquid biofuels, including bioethanol, is only 10.8%
of that value (1.1 Mtoe) [39]. Bioethanol plays an important role in this structure. The transport
biofuel market in Poland is based on the use of fuel blends, which are a combination of conventional
fuels and biocomponents (gasoline mixed with bioethanol and diesel with methyl esters, so-called
biodiesel) [55,56]. In the transport sector in Poland, bioethanol is mainly used in accordance with the
Act on Biocomponents and Liquid Biofuels, i.e., ethyl alcohol obtained from biomass [57]. According to
the regulations in force in Poland, business activity related to the production, storage or marketing
of bio-components requires an entry in the register of manufacturers, kept by the President of the
Agricultural Market Agency (AMA). Until 17 November 2017, 24 entities had been recorded in the
register [58], of which 14 are bioethanol plants. The situation on the biofuel market in Poland in terms
of legislative processes is complicated and dynamic. New methods are being developed to produce
biocomponents that meet EU requirements, primarily in environmental terms. The availability of
brand new vehicles running on biofuels is also a problem, mainly due to their price. Although there
are solutions to install a necessary biofuel combustion plant, vehicle users are concerned about the
possible future effects on engines. Additionally, at the end of 2018, new key regulations regarding the
new EU energy and climate policy in 2030 were published. Among the published documents is the new
Renewable Energy Directive (RED II). They replace the previous directive from 2009. The regulations
are to apply to 2021–2030 and will focus on reducing the share of first-generation biofuels in use.
Therefore, subsidies and support from European and national institutions are to focus on supporting
environmentally friendly second- and third-generation biofuels. First generation biofuels with a high
risk of “indirect land use change” from 2030 will no longer be included in the EU’s renewable energy
targets [59].

2.5. Hydrogen-Powered Cars

The chemical energy of hydrogen (39.4 kWh/kg) is three times greater than that of other fuels, such
as liquid hydrocarbons (13.1 kWh/kg) [60]. Interest in hydrogen as an energy carrier [61,62] results from
its particularly favorable features: hydrogen reacts with oxygen and releases a significant amount of
energy—143.1 MJ/kg—and the only product of the reaction is water; therefore, no pollutants are released
into the environment [63]. Although hydrogen is the most common element in the universe, it does not
exist in large quantities and concentrations on earth [64]. It is produced, inter alia, from biomass, water
and fossil fuels, due to their widespread availability [65]. The most popular ways of obtaining hydrogen
are the conversion of natural gas and light hydrocarbons [66], coal gasification [67] and biomass [68],
recovery from coke oven gas [69,70], as well as water electrolysis [71], photo-electrolysis [72] and
photo-biological processes [73]. The growing interest in and demand for hydrogen, which is called
the ‘fuel of the future’, is due to its increasing use in transport. Hydrogen used in transport is seen
as a low-carbon fuel and an alternative to oil and gas products. Fuel Cell Electric Vehicles (FCEVs)
could reduce air pollution because they do not have direct exhaust emissions, as BEVs can. The FCEV
is powered by an electric motor, but the difference is in the way it is stored and generated [74,75].
In FCEV, the batteries are replaced by hydrogen tanks which, as a result of the chemical reaction in fuel
cells, are converted into electricity and steam. Theoretically, this is the ideal solution for cars, but the
potential of hydrogen technology is effectively inhibited by the high production costs of FCEV [76] and
poor infrastructure, especially in Poland. Currently, there are 11,200 FCEVs in operation worldwide,
mainly in the USA and Japan. In Europe, FCEV cars can be found mainly in Germany and France [77].
The number of hydrogen refill installations is small. Hydrogen refueling stations for road transport,
both public and private, account for a total of 381 points worldwide [78]. Japan has the largest number,
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with 100 refueling points, Germany has 69 and the United States has 63. In 2018, in Poland, the first
vehicle powered by a fuel cell was registered. After several months of difficulties, Toyota Motor Poland
introduced the Toyota Mirai to the Polish market, a passenger car powered by hydrogen [79]. However,
there is still not a single station in the country where such a car can be refueled [31].

On 18 July 2018, the parliamentary team “Polska Wodorowa” was established [80], which discussed
agreements and production activities for the development of hydrogen transport in Poland during
meetings. At the end of October 2018, the first meeting of the “Hydrogen Poland” parliamentary
team was held, which was attended by representatives of companies from the coal, fuel, chemical and
automotive sectors. Poland, wishing to reduce its dependence on coal and perceiving hydrogen as an
opportunity to achieve this, has ‘observer’ status in the International Partnership for Hydrogen and
Fuel Cell Technology [81]. In addition, the Ministry of Energy established a working group for the
Strategic Analysis of the Development of the Hydrogen Economy in Poland. The task of the team is to
identify the factors causing changes in hydrogen regulations, i.e., vehicle approval, distribution, filling
stations, safety regulations.

Since 2018, Jastrzębska Coal Company (JCC) Innovation has been working on adapting the
technology of hydrogen separation from coke oven gas, which enables a high quality product
intended for electro-mobility to be obtained, consistent with the purity requirements set by fuel cells.
The Company was the first in Poland to announce its accession to the European Hydrogen and Fuel
Cell Association, “Hydrogen Europe”. The association includes the world’s most advanced companies
in the development of hydrogen technologies, such as 3M, Airbus and BMW GROUP [16].

Hydrogen issues in the area of “zero-emissions” have been investigated in Poland. In 2016,
Burmistrz [27] and colleagues analyzed the carbon footprint of the hydrogen production process,
by gasifying hard coal and lignite, using Shell and Texaco technologies in Poland. The aim of the
study was to analyze the CF of the hydrogen production process with zero emissions, the “fuel of
the future”. Calculations and evaluations of CO2 emission factors were carried out for the whole
hydrogen production cycle, such as coal extraction, mechanical processing, transport of coal to the
gasification plant, gasification and the sequestration process of captured CO2. A CF of 1 kg of hydrogen,
calculated according to the life cycle assessment (LCA) methodology, was (i) 19,423 kg CO2-e/kg H2

for the Shell hard coal gasification technology, (ii) 21,703 kg CO2-e/kg H2 for the GE/Texaco hard coal
gasification technology and (iii) 25,279 kg CO2-e/kg H2 for the Shell lignite gasification technology.
The application of the sequestration of captured CO2-e reduced the 1-kg CF of the hydrogen produced
from 72% (lignite gasification according to Shell technology) to 79% (hard coal gasification according
to Shell technology) by comparison with the variants without sequestration. It should be noted that
the gasification technologies in question do not operate in Poland like they do in other countries;
research and pilot projects were carried out on a small scale and consisted mainly of underground and
laboratory gasification.

There are currently many international projects underway, in conjunction with Poland, concerning
hydrogen energy, e.g., HydrogenLAW [82], which is a two-year international project financed by the
European Commission under the Fuel Cells and Hydrogen Joint Undertaking (FCH JU). It concerns
legislative and regulatory issues in the energy and transport sector, based on hydrogen technologies.
The project consortium includes 23 partners, including European companies, associations and research
centers, representing a total of 18 countries. The project is coordinated by Hydrogen Europe, an
organization of 108 companies involved in hydrogen technologies.

Poland sees a huge potential for hydrogen as a source of energy and heating or an alternative to
conventional transport fuels. Therefore, our country actively supports all national and international
initiatives for the production, storage and use of hydrogen, in the fields of research, science and
industry. Poland is committed and interested in the development of various methods of obtaining
hydrogen, which will have positive economic and ecological effects in the future.
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3. Summary

This article presents the current legal and infrastructural situation, planned activities for the next years
and research in the field of alternative fuels used in transport in Poland. According to the assumptions
within the national policy framework for the Development of Alternative Fuel Infrastructure adopted by
the Council of Ministers, by 2025, one million electric cars will be driving on Polish roads and, in three years’
time, over 6000 publicly available charging points for such cars will be operating. The objectives relating
to the development of the natural gas market in transport are equally ambitious: 70 CNG filling stations
are to be built in 32 Polish agglomerations by 2020. By 2025, 54,000 compressed gas-powered vehicles will
be on Polish roads. It has been assumed that, by this time, the number of vehicles powered by liquefied
natural gas will be 3000. According to the PAAF Report [16,17], there are currently 26 CNG stations in
Poland and one publicly available LNG station. Currently, there are more than 9000 electric vehicles
in operation in the country, with about a thousand charging stations at their disposal. The market for
hydrogen-powered vehicles is underdeveloped, both in terms of vehicles and infrastructure. In the current
national energy and economic situation, there are fears that the development of alternative fuels will be
held back. There is a lack of multi-faceted analysis of the market and infrastructure for alternative fuels, for
example, in terms of public readiness for change. Analyses of the social benefits of alternative technologies
in transport will emerge worldwide. Lee et al. [83] demonstrated the willingness of Korean society to pay
(a surcharge) for flour imports on board LNG-powered ships. Flour is a product that is mostly imported
into Korea. Studies have shown that the surcharge was 571 KRW (0.48 USD) per kg of flour. This is
about 36% of the current market price of the product. It was found that South Korean households are
willing to pay a premium of this amount for flour imports on board LNG ships. Similar analyses, in the
current year 2020, were carried out by Lopez [84], which calculated the ownership savings and social
benefits of various alternative vehicle technologies compared to their base vehicle technology (e.g., petrol
or diesel). This assessment was conducted for the Philippines. The results of such analyses should serve
as an example for governments of other countries (including Poland) to shape the policy of implementing
alternative fuels. In Poland, studies on the impact of electromobility and alternative fuels on society and
its financial possibilities have not yet been carried out or made public. In 2017, analyses were made of the
impact of the development of electromobility on electricity consumption in the country [85], with a time
horizon of 2025. The analysis showed that the expected value of electricity consumption resulting from the
development of electromobility in Poland is about 1.33 TWh per year, which is about 0.8% of the national
electricity consumption for 2016. The increase in electricity consumption resulting from the development
of electromobility in Poland should not (even in extreme scenarios) exceed approx. 3.27 TWh/year in 2025
(approximately 2.0% of Poland’s national electricity consumption in 2016). Poland’s current situation
seems to be unfavourable for the development of alternative fuels, particularly electric vehicles. At the
beginning of 2020, the free charging of e-cars at stations belonging to the national oil company ended,
and charges were introduced. Analysts indicate that assuming the consumption of electricity at the level
of 20 kWh/100 km, we will pay between 0.26 (alternating current) and 0.58 EUR (direct current) when
driving a distance such as this for each 1 kWh. This costs about 5.11–11.60 EUR [86]. Ultra-fast chargers
will have an even higher price—0.78 EUR/kWh. According to the PAAF, the problem of the Polish market
is the high distribution fees charged to operators, regardless of actual energy consumption. A key element
in this disadvantage is the continuous increase in tariff charges. With the current trend, the cost of driving
100 km by electric vehicle, with the abovementioned assumptions, can reach up to 15.67 EUR. The PAAF
made an appeal to the Minister of Energy to change the distribution tariffs for electricity. The analyses
conducted by PAAF clearly indicate that the system of the calculation and application of distribution
tariffs is a significant additional barrier to the development of electromobility in Poland. As the PAAF
emphasizes, no other Central European country applies such a high tariff differentiation as Poland
(separate tariffs are in place for power up to 40 kW and over 40 kW for public stations). Consequently, the
development of charging infrastructure in our country, especially in the area of fast charging stations,
encounters greater barriers than in the neighbouring countries [87].
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It was found that, in Poland, it is necessary to invest in infrastructure to develop the market of
alternative fuels in the transport sector. The development of the alternative fuel market will reduce
greenhouse gas emissions and improve the security of energy supply, and will also support economic
growth and strengthen the competitiveness of the industry. So far, the alternative fuel market in Poland
has been insufficiently developed and the objectives set out in the Directive and defined in the National
Policy Framework for the Development of Alternative Fuel Infrastructure can only be achieved with
the support of the state, especially the introduction of support instruments and incentives for buyers of
vehicles using alternative fuels. The use of alternative fuels, in addition to the obvious environmental
benefits, must pay off. There is no clear and conclusive research as to whether a Polish citizen can
afford subsidies for both electricity and infrastructure, as well as the price of an alternative vehicle and
its operation.
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ACEA European Automobile Manufacturers Association
AMA Agricultural Market Agency
BEV Battery electric vehicles
CCS Carbon capture and storage
CEF Connecting Europe Facility
CF Carbon footprint
CNG Compressed natural gas
CRVD Central Register of Vehicles and Drivers
CSO Central Statistical Office
DOE American Department of Energy
EAFO European Alternative Fuels Observatory
EHA European Hydrogen Association
EU European Union
FCEV Fuel cell electric vehicles
GHG Greenhouse gas
JCC Jastrzębska Coal Company
LCA Life cycle assessment
LNG Liquefied natural gas
LPG Liquefied petroleum gas
m-CHP Micro-combined heat and power
NCBiR National Centre for Research and Development
NCRV National Central Register of Vehicles
PAAF Polish Association of Alternative Fuels
PAIA Polish Association of Automotive Industry
PAS Polish Academy of Sciences
PATH Partnership for Advancing the Transition to Hydrogen
PHEV Plug-in hybrid electric vehicles
PLGO Polish Liquid Gas Organization
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POC Orlen Polish Oil Company
POGC Polish Oil and Gas Company
REEV Extended range electric vehicles
RES Renewable energy sources
SAMAR Automotive Market Research Institute
URE Energy Regulatory Office
USDM Upper Silesian Depth Metropolis
ZeEUS Zero Emission Urban Bus System
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