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Abstract

:

The energy sector in Poland is currently calling for dynamic redevelopment and cleaner energy. This country is world famous for its high level of coal production, from which it does not want to retreat in the next two decades. For this reason, it is safer to gradually reduce the use of coal while increasing the consumption of gas and simultaneously developing green energy. However, the Polish gas sector is still dependent on Russian gas supplied through the Yamal gas pipeline. Taking into consideration Polish geopolitics, this state of affairs poses a huge challenge and a threat to Poland’s energy security. That is why the concept of the North-South Gas Corridor was introduced. It is intended to be a network of gas pipelines that connect the countries of Central and South Europe to two gas terminals (in Poland and Croatia), which will supply gas from a chosen source. This article presents the current condition of the gas sector in Poland. It focuses on the North-South Gas Corridor project and its impact on the energy security of Poland. An analysis of documents and field research shows that the North-South Gas Corridor provides Poland with an opportunity to diversify the sources and directions of gas supply over the next few years.
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1. Introduction


In recent decades, energy security has become a major issue for Poland. The Polish energy sector requires dynamic redevelopment as its current technology is obsolete and mostly carbon based (ca. 50–60% in the energy mix). The energy transition towards low-carbon energy calls for a changeover period, meaning gradual decarbonization through gasification [1,2] (in the first stage) followed by reducing the use of fossil fuels (coal, oil, gas) in favor of renewable energy sources such as wind, solar energy, biomass and biogas (in the second stage). At this point, it is worth emphasizing that decarbonization is a broad concept and applies not only to energy [3], but also technology [4,5,6,7,8], economy and politics [9,10,11,12]. It is believed that within the next decade or two the use of natural gas for the production of electrical energy in Poland will increase. In fact, in the last ten years the consumption of gas has already grown by more than 25% (consumption has been systematically increasing since the 1990s [13] (p. 9)). It should also be pointed out that the Polish gas sector mostly uses Russian gas (ca. 60% [14] (p. 7)), which—taking into consideration Polish-Russian political relations—leaves Poland in a state of a high risk and calls for the immediate diversification of gas resources. In 2022, the financially unfavorable Yamal Contract between Poland and Russia will lapse (The Yamal Contract for natural gas, signed on 25 September 1996 between PGNiG—Polish Oil Mining and Gas Extraction SA and the Russian gas giant Gazprom; in 2010, gas supplies of at least 8.7 bln m3 per year by 2022 were confirmed), but the next gas purchase agreement remains in question. The reasons for this are not necessarily political: the Yamal gas pipeline is simply an unprofitable investment. The North-South Gas Corridor is therefore a chance to diversify gas resources. To succeed, Poland will need to connect two Liquefied Natural Gas (LNG) terminals (in Świnoujście in Poland and Krk in Croatia) to a system of pipelines and interconnectors which will go through the countries of Central Europe. Creating such a corridor will allow gas to be imported from various directions, e.g., the Middle East, North Africa, the USA, Canada or Norway.



Moreover, in 2021 the Energy Policy of Poland until 2040 (EPP 2040) came into force (the previous document was dated 2009). It emphasizes the role natural gas plays in the Polish energy mix and mentions that natural gas will be “a bridge” in the energy transition. The demand for natural gas in the energy sector will rise from 4.2 billion m3 in 2020 per year to 13.4 billion m3 in 2036, and from 2027 to 2040 it will supposedly rise to more than 12 billion m3 per year [15] (p. 46). Therefore, in order to achieve the goals established by the Polish energy policy, stable gas delivery is an absolute must.



As a member of the European Union, Poland is obliged to adopt some international energy strategies [16] (p. 3). In 2014, the European Council approved four objectives for the whole EU to be achieved by 2030. Having been reviewed in 2018 and 2020, these objectives now focus on the reduction of greenhouse gas emission by at least 55% (in relation to 1990), increasing the use of renewable resources in the gross final energy consumption (by at least 32%), increasing energy efficiency by 32.5%, and creating an internal energy market in the EU [17]. The objectives are directly related to the Paris Agreement, which was signed in December 2015 during the twenty-first session of the Conference of the Parties to the United Nations Framework Convention on Climate Change (COP21). Its goal was to limit global warming to well below 2 °C compared to pre-industrial levels [18].



The European Commission also issued an important statement on the 2019 European Green Deal, a strategy which aims to achieve no net emissions of greenhouse gases by 2050 [19]. Within the next three decades of the Polish energy transition, increased consumption of natural gas is planned in order for the climate-neutral objective to be reached.



The main aim of this paper is to define current and future progress in the North-South Gas Corridor project in the context of the development of the Polish gas sector. The paper also attempts to determine whether the North-South Gas Corridor will guarantee Poland’s energy security, taking into consideration the progress of decarbonization and the need to diversify gas resources after the year 2022. Will the North-South Gas Corridor and the development of the Polish gas transmission network make it possible for Central and Eastern Europe to gain autonomy from Russian gas supplies? Taking into consideration its international profile, the North-South Gas Corridor is crucial not only for the redevelopment of the Polish energy sector but also to strengthen CEE’s energy security, which has relied on Russian supplies for many decades [20,21].



This paper reviews the current status of Poland’s gas sector as well as the steps the Polish government is planning in the gas sector, bearing in mind the North-South Gas Corridor project. The research used the method of critical text analysis, the subject of which is the latest Polish energy strategy (in particular, relating to the natural gas sector), and the National Ten-Year Gas Transmission System Development Plan for 2020–2029. The paper points out that the system of producing electrical energy in Poland has a very specific structure (excessive consumption of coal) and needs decarbonization. The Polish government plans to decarbonize the energy sector by gasification. For this reason, the author refers to two forecasts for the energy sector of Poland (in the perspective of 2023 and 2029). Both these forecasts predict the development of gas infrastructure (not only in Poland, but also in CEE countries). In this respect, the North-South Gas Corridor project is of key importance. The data presented in selected documents, reports, analyses and papers were verified in terms of this project’s implementation and expected gas transmission possibilities. The results of this review confirm that the North-South Gas Corridor is a real chance to diversify the sources and directions of the gas supply for Poland and other Central European countries



The first part of the paper focuses on the current and future status of the Polish energy sector. It also indicates the key raw energy materials (coal, natural gas, renewable energy sources) and the most important statements included in the Energy Policy of Poland until 2040 document. The next part of the paper presents the current and future status of the Polish gas transmission network. It also shows the effects of investments in gas infrastructure in Poland. Furthermore, the idea of the North-South Gas Corridor and its role in the diversification of gas delivery to Poland and other Central and Eastern European countries is explained.




2. Polish Energy Sector—Current and Future Status


2.1. Coal


It has been reported that the Polish energy sector has required urgent redevelopment for many years, mostly because the generative structure of electrical energy has not been in line with the demands of contemporary times. As was mentioned above, one of the EU’s objectives is to significantly reduce the emission of greenhouse gases, most of which are generated by coal-fired power plants. Unfortunately, for many years coal has been one of the most important sources of energy in the Polish energy sector. This situation can be explained in a few ways. Firstly, Poland holds rich fields of hard coal and lignite: according to recent data, 64,422.38 million tons and 23,201.64 million tons, respectively [22] (p. 35, 42). These fields are some of the largest in Europe. The coal mining industry is well developed in Poland, especially in Upper Silesia, but this industry is crucial for economic and social development in all coal-rich regions. Moreover, for many decades the production of electrical energy has been based mainly on coal-fired power plants [23] (p. 5), [24] (p. 6). Despite the gradual redevelopment of the Polish energy sector, hard coal and lignite account for 69.7% of the energy mix (2020) [25] (p. 13); however, the use of coal in the production of electrical energy has been decreasing in the last decade. This situation is influenced by the growing consumption of natural gas and the gradual development of RES. It must be noted that Poland’s energy mix has not changed much over the last decade despite large investments in modernization of the energy sector (Figure 1).




2.2. Natural Gas


Due to the fact that Poland has rather scarce natural gas resources, the use of this fuel in the production of electrical energy remains at a low level. Nevertheless, the importance of natural gas has grown in recent decades and, according to EPP 2040, it will become one of the key factors facilitating decarbonization. The most recent data suggest that, when it comes to gas, Poland’s extractability level is 141,643.38 million m3, half of which represents economic resources [22] (p. 12). Natural gas deposits can be found in the lowland areas of Poland and the Carpathian Foreland. Poland’s hopes to develop the gas sector are also based on shale gas deposits [26,27]. According to the Polish Geological Institute, Poland holds 346–768 billion m3 of shale gas [28]. It seems clear that current production of natural gas in Poland is definitely insufficient if the growing demand is taken into account. In 2019 and 2020, natural gas extraction was 3.8 billion m3 annually, which accounted for only slightly more than 25% of all gas consumption. It is predicted that Polish natural gas production in Poland will increase to 5.2 billion m3 in 2021 as a consequence of growing production capacity in the Norwegian continental shelf and in Pakistan (PGNiG production assets) [29]. Other gas supplies are imported from various areas, the most dominant of which is still Russia: in 2019, 14.85 billion m3 of gas was imported, of which 8.95 billion m3 came from Russia (60.2%); 3.43 billion m3 was LNG (23.1%) and 2.47 billion m3 came from Germany or the Czech Republic (16.7%). In the years 2016–2019, the amount of gas imported from Russia dropped by 1.3 billion m3, while LNG imports rose by 2.46 billion m3. The opening of an LNG terminal in Świnoujście at the end of 2015 made it possible to diversify the directions of natural gas supply to Poland. In previous years, most of the supply came from the east, i.e., Russia and Kazakhstan (88.9% in 2016) [30]. In recent years, both the import and use of natural gas in Poland have been gradually rising. In 2010, it was 14.3 billion m3, while in 2020 it was 18.6 billion m3. Increasing gas consumption and low domestic production of about 4 billion m3 resulted in an increasing difference between import and production. It should be emphasized that in the period from 2010–2020 the Polish economy increasingly depended on imported gas (Table 1). The most substantial amount of gas is used by the industry and households. The numbers show that in 2018 only 14.8% of gas was used by power and heat engineering, which accounted for only 8.8% of the energy mix in Poland [31]. It seems clear that in order to maintain stability in the gas sector, the process of decarbonization should be accompanied by a growing supply of imported gas.




2.3. Renewable Energy Sources


Renewable energy sources are an alternative to fossil fuels and their role in the production of electrical energy has been increasingly dominant. In this aspect, the Polish potential is considerable yet still unfulfilled [34] (p. 3). Wind and solar power are the fastest-growing energy industries [35] (p. 8), as is proven by the numbers: the capacity of wind systems rose from zero to 6509 MW between 2006 and 2021, while the capacity of solar systems grew from zero to 4973 MW in the years 2013–2021 [36]. Despite the dynamic growth of the green energy sector, renewable energy sources accounted for only 15.4% in the energy mix in 2019: wind power plants—9.2%; biomass, biogas and biomass co-firing power plants—4.6%; hydroelectric power stations—2%; photovoltaic—only 0.4% [31]. However, this situation is about to change. In the next decade, Poland will experience further growth of renewable energy sources: by 2030, the share of renewable energy in final energy use will reach 23% (by 2040, this will probably be 28.5%) [37] (p. 62). In 2011–2020, the production of electrical energy from renewable sources doubled, but the dominance of wind power plants is noticeable in this aspect (Figure 2).




2.4. Energy Policy of Poland until 2040 in the Context of the Gas Sector


As has already been mentioned, EPP 2014 directs special attention to the development of the gas sector in Poland. Natural gas will act as a transition fuel which will facilitate the transformation of power and heat production sectors, directing them towards zero-emission standards [37] (p. 36). The serious yet inevitable challenges that Poland will face are diversification of natural gas supply and expansion of gas infrastructure. The Polish government has indicated that the main priorities should be the gradual reduction of gas delivery from Russia, increase of liquefied gas imports, and increased intra-community trade. What is more, the Yamal Contract, under which Poland imports the majority of its gas, will lapse at the end of 2022 [38] (p. 17). This fact raises some serious doubts over whether this agreement should be prolonged and, if so, in what time perspective and under what conditions. It is obvious that the EPP 2040 aims to limit the importance of gas supply from the eastern direction, but this will be hard to achieve within the next few years. In order to diversify gas resources and the supply directions, there must be some alternatives for gas imports, and gas connection systems with neighboring countries will have to be expanded. The plan is that this objective will be achieved by 2023, firstly by increasing the capacity of the LNG terminal in Świnoujście up to 8.3 billion m3 per year (currently, it is ca. 5 billion m3). Subsequently, after 2025, a floating storage regasification unit in Gdańsk Bay (FSRU) with a capacity of at least 4.5 billion m3 annually will be commissioned. Finally, the strategic goal is to build the Baltic Pipe, a gas pipeline connecting the Polish transmission grid to deposits on the Norwegian continental shelf (connections from Norway–Denmark and Denmark–Poland, along with the rebuilding of transmission systems in Denmark and Poland). The project will be finished by October 2022 and will facilitate the annual import of 10 billion m3 of natural gas. In order to realize all these plans, the gas connection systems between neighboring countries must be overhauled: Slovakia and Lithuania by 2022, and later the Czech Republic and Ukraine. Simultaneously, the domestic gas grid and storage infrastructure will be developed; consequently, by 2024 the gas network in Poland will cover 76% of the country (currently ca. 65%). When it comes to natural gas storage, the volume of underground gas storage facilities will be increased from 3.2 billion m3 to 4 billion m3. Projects currently underway in Western, Southern and Southeastern Poland will develop the gas grid between Świnoujście and Czech, Slovak and Ukrainian borders. This will not only enable gas transmission from the LNG terminal and the Baltic Pipe to local customers, but also export to neighboring countries. Moreover, it opens the possibility of importing gas from new suppliers in the south [37] (p. 36). These projects will also directly contribute to the completion of the North-South Gas Corridor and will cement the energy alliance between the countries of Central Europe.



It shall also be mentioned that the geopolitical location of Poland makes it a favorable place to create a so-called gas-hub—a regional gas transmission and gas trading center for Central Europe and the Baltic countries. However, this project requires the development of gas distribution infrastructure, completion of the construction of the Baltic Pipe, redevelopment of the LNG gas terminal in Świnoujście, the building of an FSRU near Gdańsk Bay, and increasing the technical capacity of interconnectors. Additionally, it will also be necessary to increase the volume of natural gas transmitted through Poland and to introduce some commercial and legal regulations which will influence the natural gas market and bilateral cooperation with other countries [37] (p. 50).



The dynamic growth of the natural gas consumption will be especially crucial in the early stages of the decarbonization process (between 2021 and 2025). Currently, this commodity is mostly used by industry and households (mainly during the heating season); therefore, within the next decade there will be a visible shift in gas consumption by heat and power engineering plants. The EPP 2040 plan is to connect the power engineering, gas and heat sectors (so-called sector coupling) through the development of storage technology, power engineering, gas grid infrastructure and gas storage capacity [37] (p. 51). The development of gas infrastructure in Poland is directly related to the expected growth in the use of natural gas within the next two decades, especially in power engineering. It is expected that in the next twenty years (2020–2040) gas consumption by the energy sector will increase from 2.3 MToe to 9.1 MToe. In this way, the energy sector will be decarbonized by gasifying (Figure 3).





3. The Gas Transmission System in Poland, and the North-South Gas Corridor


3.1. The Gas Transmission System in Poland—Current and Future Status


One of the most important documents which defines the developmental plans of the gas sector in Poland is the “National Ten-Year Network Development Plan. Development Plan to Meet the Future Demands for Gas Fuels in the Years 2020-2029”. This document presents two development forecasts:




	
2023 Time frame—focuses on the existing investment projects described in the Development Plan for years 2018–2027 as well as on actions taken in relation to the diversification of the natural gas supply;



	
2029 Time frame—takes into consideration the investment objectives, the success of which will depend on how well the natural gas market is developed in Poland and in the CEE region [40] (p. 6).








The existing transmission network consists of two cooperating systems: the Transit Gas Pipeline System and the National Gas Transmission System. In terms of the import of natural gas, the entry points can be geographically divided into the eastern border (Belarus—Kondratki and Wyskoje; Ukraine—Drozdowicze), the western border (Germany—Lasówand Malinow), the southern border (the Czech Republic—Cieszyn) and the north of Poland (LNG terminal). It is noticeable that there are large regional differences in access to gas transmission networks. In this context, it is necessary to point to Northeastern Poland (Warmia-Masuria Province), which has still not been supplied with natural gas (Figure 4).



What should be considered in the diversification of the sources and directions of the gas supply is the technical details of the cross-border entry points to the Polish gas transmission system. In 2020, technical capacity was dominated by the east, i.e., the entry points on the border with Belarus and Ukraine, which constituted of almost 53 billion m3 of the total of 66 billion m3 of gas imported annually. The capacity of the remaining entry points is still rather low: LNG terminal—5 billion m3 a year; Germany—7.7 billion m3 a year; the Czech Republic—0.6 billion m3 a year [15] (p. 28).



The development of the transmission system also depends on the expected growth in gas demand and transmission demand. The “National Development Plan for the Years 2020–2029” specifies two potential transmission demand forecasts for between 2018 and 2040. Both forecasts are based on gas-use data provided by Statistics Poland. The data specifies gas use in accordance with administrative units and customer groups from 2009–2017. It also includes a report from GAZ-SYSTEM S.A. that is based on billing data from the years 2010–2017, the analysis of transmission system performance in the same time period, the analysis of investment plans in the power engineering sector based on signed gas connection contracts, and the issuance to potential customers from this economy sector of technical conditions for connection to the gas network. Key factors influencing transmission demand in 2018–2040 are GDP growth, the production of electrical energy and heat based on natural gas, and the price of gas [40] (p. 19). Bearing all the above in mind, two forecasts emerged: a moderate growth forecast and an optimal development forecast. The former predicts the growth of production of electrical energy and heat based on signed contracts and ongoing investments, slow GDP growth, potential recession, as well as rising gas prices due to high demand in the EU (gas imports from Russia). The latter anticipates the growth of production of electrical energy and heat based on signed contracts and the most realistic investments, moderate GDP growth, no recession, as well as a moderate increase in gas prices thanks to wider access to the internal EU market and the global LNG market [40].



The dynamic growth of gas transmission demand will occur only if natural gas-based power engineering continues to develop. As was pointed out previously, gas consumption will definitely increase in the initial stage of Polish decarbonization (in 2020s), therefore both forecasts predict a growth in demand. The moderate growth forecast assumes it will increase by 3.1 billion m3 in 2030 (from 17.5 bln m3 in 2019 to 20.6 bln m3), while the optimal development forecast predicts an increase of 8.8 billion m3 (from 17.6 bln m3 in 2019 to 26.4 bln m3) (Figure 5).



Furthermore, Poland is currently expanding its transit and export potential, especially towards the east and the south (Ukraine, Slovakia) [41], but also the north (Lithuania) [42] (p. 135). Commissioning new interconnectors will significantly increase potential in this regard. Therefore, when forecasting gas transmission demand, one should take into consideration not only the domestic demand for the product but also transit and gas export (Figure 6).



As has been mentioned, there are two different time frames for the investments planned for 2020–2029. The first predicts that the infrastructure investments will be finished by 2023, while the second relates to completion by 2029 (Figure 7, Table 2). Within the next two years, the North-South Gas Corridor project will be realized: building new interconnectors (with Denmark, Lithuania and Slovakia) and underground gas storage facilities, increasing LNG import capacity, expansion of the domestic transmission network, as well as commissioning the Baltic Pipe. In terms of diversification of gas resources and supply directions to Poland and Central Europe, the North-South Gas Corridor is particularly important. The decision to build the Baltic Pipe was made in 2018 and the project has been underway since then. This investment will allow an underground gas pipeline to be commissioned in the North Sea and the Baltic Sea, an extension of the transmission network to Denmark, including the construction of a compressor station in Everdrup, as well as redevelopment of the Polish transmission network, including three compressor stations (Goleniów, Gustorzyn and Odolanów) [43]. In the same year, GAZ-SYSTEM (the Polish gas transmission system operator) and Amber Grid (the Lithuanian gas transmission system operator) signed a Connection Agreement on a gas link between Poland and Lithuania that will substantially increase the countries’ gas distribution capacity [44]. The Poland–Slovakia interconnector will be discussed later in the text. The planned investments clearly indicate that the gas sector in Poland will be intensively developed in the next decade. A total of 3,166 km of new transmission networks will be built by 2029, which will allow for the diversification of gas sources and the gasification of the energy sector of Poland.




3.2. The Gas Transmission System in Poland—The Effects of the Investment


The investments which will be finished by 2023 will facilitate the diversification of the gas resources and supply directions to Poland. In comparison with 2016, the technical capacity on the eastern border is likely to be replaced with delivery from other directions. The capacity of the Wysokoje, Drozdowicze and Jamal interconnection points will decrease from 75% in 2016 to 42% in 2023; however, without a fully operational Baltic Pipe, this will not be possible (Figure 8 and Figure 9). Politically and economically, reducing gas imports from Russia is essential, especially bearing in mind that the agreement with Gazprom will lapse in 2022. Investments will also open access to alternative markets through the Baltic Pipe and interconnectors with neighboring countries. Moreover, by 2029 the domestic gas pipeline network will have expanded by 3000 km, which will enhance the gasification process in the energy sector. The expansion of gas infrastructure might make Poland a transition country and, consequently, strengthen its position on the regional gas market [40] (pp. 28–30).





4. The North-South Gas Corridor—A Perfect Opportunity to Diversify Gas Resources


4.1. The North-South Gas Corridor—Concept and Its Implementation


The idea of the North-South Gas Corridor was conceived by members of the Visegrád Group (V4) during the V4+ regional energy summit in February 2010 in Budapest. In fact, this meeting was an outcome of the gas crisis in 2009, which directly influenced energy security in the region. The summit highlighted the need for greater cooperation in order to integrate gas grids and diversify gas resources and supply directions by building suitable infrastructure [45]. In 2016, twelve Central European countries (the Three Seas Initiative) became involved in a political and economic initiative which aimed to boost gas market development projects in the region. It turned out that the concept of the North-South Gas Corridor appeals not only to V4 countries but also to those which might want to significantly improve their energy security (especially Bulgaria [46] (p. 120), Romania [47] (p. 162), and Serbia [48]).



The North-South Gas Corridor has been a major investment in the energy sector in recent years in Central Europe. In total, the project involves building not only ca. 800 km of new gas pipelines but also 17 major investment projects financed by the countries involved as well as the European Union (Infrastructure and Environment Programme). This initiative has become an infrastructural priority for the EU, i.e., North-South Gas Interconnection in Central and South-Eastern Europe (NSI East Gas). It has also been granted the status of a Project of Common Interests (PCI). The total cost in Poland is estimated to be PLN 4.9 billion (ca. 1.1 billion euro), out of which PLN 2.185 billion (ca. 0.5 billion euro) will be granted by the EU [49].



The main aim of the North-South Gas Corridor is to strengthen the energy security of Central European countries, in particular Poland. The security will be provided by diversification of gas resources and supply directions, regional gas market integration, and greater cooperation in terms of energy. The North-South gas pipeline will guarantee gas supply autonomy for Central European countries as this region still very much depends on Russian supplies [50] (p. 3). Additionally, the corridor plays a vital role in EU strategy, according to which member states should reach climate neutrality within the next three decades. The expansion of gas infrastructure will facilitate the transition from coal to energy sources whose environmental impact is significantly lower; one example is natural gas, which can be used as a separate source of energy or as a fuel, thus stabilizing the renewable energy sources used in the power and heat engineering sector [49]. Other investments which accompany the corridor project should change the traditional model of gas distribution in Central Europe by not relying solely on the East-West direction and introducing a North-South alternative.



Technically, the North-South Gas Corridor will connect the LNG terminal in Świnoujście with the LNG terminal in Croatia through Poland, the Czech Republic, Slovakia and Hungary. It will be constructed with bi-directional gas interconnection points and domestic gas pipelines [51]. Poland and the Czech Republic have had an interconnector since 2011; however, in the near future another interconnector will be constructed that will increase the transmission capacity in both directions (Stork II [52]). The Czechs are also planning to build an interconnector with Austria (BACI [53]). Neither of these projects appeared on the list of investments supported by the EU (Project of Common Interest), which means they might not be realized in the near future [54]. Moreover, the gas infrastructure in Slovakia is also in need of modernization, therefore greater cooperation between CEE countries in recent years should lead to the opening of new gas connections [55]. In 2015, Slovakia commissioned an interconnector on the border with Hungary, and by 2022 the interconnector with Poland will have been finished. Apart from the Slovak interconnector, Hungary also has a shared interconnector with Romania (since 2010) and Croatia (since 2011), but their capacity is insufficient, therefore they need redevelopment [56,57]. In the last two years, some key corridor-related investments have been completed in Croatia. In 2020, reverse gas flow with Hungary was commissioned (until then, gas transmission was possible only from Hungary to Croatia [58]), and the LNG Croatia terminal opened at the beginning of 2021 (its capacity equals 2.6 billion m3 annually) [59]. The North-South Gas Corridor project has not yet been fully realized yet, but there is a good chance that within the next few years the corridor will be sufficiently operative to allow diversification of gas resources and supply directions in Central European countries. The status of the Polish investments in the corridor project is promising. The progress is substantial, and all the projects should be finished by the end of 2022. So far, 10 out of 15 sections of the gas pipeline have been built (Table 3). One of the most distinctive ongoing projects is a 164 km long, two-way interconnector between Poland and Slovakia. Its completion will strengthen the energy security of both countries. This connection will increase gas transmission to 5.7 billion m3 a year to Poland and 4.7 billion m3 to Slovakia. This solution will also increase Polish distribution capacity to the south and facilitate gas import possibilities [60].




4.2. The North-South Gas Corridor—Importance for Poland and Central European Countries


The main reason behind the construction of the North-South Gas Corridor is the transmission capacity it can offer, especially when it comes to gas distribution from Russia in the years to come. One of the most frequently expressed doubts is the necessity to minimize Central European dependency on Russian gas supplies. Bearing in mind the current status of Polish-Russian relations, the renewal of the Yamal Contract (valid until 31 December 2022) appears to be rather controversial. It is likely that at the beginning of 2023 there will be a significant reduction or a complete suspension of gas delivery to Poland via the Yamal gas pipeline. If this occurs, opening Nord Stream II (NS II) might play a major role since the Yamal gas pipeline delivers gas not only to Poland but also to Germany. Commissioning NS II will make it possible to exclude Poland from gas transit from Russia to Germany. Russia will gain sufficient leverage to exert political and economic pressure by threatening Poland with a gas delivery shut-off (as happened during Ukrainian-Russian gas crises [62,63]). Therefore, if NS II is commissioned as planned (at the end of 2022), and if Poland does not manage to diversify gas directions and supply resources by then, its energy security in the gas sector will be undermined. In such a situation, Poland will be unable to stop using Russian gas, which may, in turn, lead to renewal of the Yamal Contract under unfavorable conditions yet again. However, if Poland manages to guarantee gas delivery from other directions and sources within the next months, this might force Gazprom to negotiate a contract tailored to Polish needs or even to terminate the agreement. Completely giving up Russian gas might, in fact, be economically unjustified, especially when we take into consideration the expected process of gasification in Poland in the near future. If there is a chance to suspend gas delivery from Russia by the end of 2022, the Polish position in the negotiation with Gazprom will be sufficiently strong to work out favorable conditions for a future agreement (in terms of both price and quantity).



The current status of the North-South Gas Corridor project gives hope that it will be operative within the next two years. By 2021, gas pipelines (in Poland) will be operational, and by 2022 the interconnector with Slovakia and the Baltic Pipe will come online. It is also worth mentioning that their capacity will equal 15.7 billion m3 a year, which will substantially influence the potential for diversification of gas sources and direction of supplies to Poland. Clearly, there are some separate issues that will have to be addressed, such as signing agreements with potential suppliers, or, in the case of Slovakian interconnector, the capacity of the domestic gas grid and gas interconnectors with neighboring countries (especially with Hungary). Expansion of the gas infrastructure network in Hungary, Croatia and the Czech Republic is of crucial importance for Poland in order to have gas imported from the south. Hungary has already announced that the capacity of the interconnector with Slovakia will be increased to 5 billion m3 a year by the end of 2024 [57]. As was already mentioned, reverse gas flow from Croatia to Hungary started in 2020, which made it technically possible to provide gas transmission from the south to Poland. The opening of the FSRU terminal in Croatia (at the beginning of 2021) has increased the potential for diversification even more, although its capacity is rather low (2.6 billion m3 a year). Increasing these capacities will have to be a priority if we take into consideration potential gas distribution to Poland. As a matter of fact, one of the main gas importers from the Croatian FSRU terminal will be Hungary [64], which—similarly to Poland—seeks greater autonomy from Russian supplies. Unfortunately, what has put the gas corridor project on hold is delayed or frozen investment in the Czech Republic. These canceled or suspended projects mostly concern interconnectors with Poland and Austria; therefore, Poland’s current distribution capacity is extremely limited—the Czech-Polish interconnector has very low capacity (0.5 billion m3 a year) and without expanding it any further its role would be rather symbolic.



The North-South Gas Corridor offers a chance to diversify gas sources and supply directions not only to Poland but also to Central European countries [65]. This is an outcome which Poland and other countries in the region want or have to accomplish. Furthermore, the success of this investment would also open the possibility of creating a regional gas hub in Poland, which will enhance the Polish position in the region in terms of energy security. Promoting political, economic and social partnership within the Visegrád Group or the Three Seas Initiative will lead to close energy cooperation between these countries [66]. It should be remembered that, in comparison with the year 2020, the expected parameters of the cross-border entry points to the gas transmission system in Poland will be increased by 55% in 2025 (ca. 102 billion m3 a year in 2025 versus ca. 66 billion m3 in 2020) [15] (p. 28). It seems clear that the pipe sections of the North-South Gas Corridor are crucial for increasing gas transmission capacity. Other factors which will definitely increase this capacity are the full functionality of the Baltic Pipe and LNG terminals (in Świnoujście and the FSRU that is planned near Gdańsk Bay). Taking into consideration the relatively small amounts of gas consumed in Central European countries as well as the expected growth in gas demand, it should be pointed out that doubling the capacity of the entry points of the Polish gas transmission system will increase the chance of setting up a regional gas hub. Increasing gas storage capacity will also be an important factor, especially in the context of a potential gas crisis, such as limited or irregular gas delivery from Russia.



The North-South Gas Corridor will undoubtedly contribute to the development of the gas sector in Poland and will also play a crucial part in the process of decarbonization of the Polish energy sector. As we already know, the energy sector in Poland is still mainly based on coal, but within the next few decades it is planned that this will be replaced with low-carbon energy sources. The most profitable of which are unquestionably renewable energy sources which successfully replace fossil fuels; however, it seems that the Polish situation is more challenging than in other EU countries. Naturally, the transition from carbon-based energy to green energy within a decade or two is possible; however, what makes Poland’s case even more problematic is the obligation to guarantee its energy security. That is why the process of decarbonization needs a transition period (several years at least), which will allow for the gradual redevelopment of the Polish energy sector. The process of a systematic reduction of coal use ought to be accompanied by growth in green energy and natural gas consumption. Additionally, building a nuclear power plant might be unavoidable (initially planned for 2033 [67]) [68]. In the near future, natural gas will function as a transition fuel that also supports renewable energy sources in the Polish energy sector. It seems clear that gas will be of key importance for the Polish energy sector. In 2020–2040, the net capacities of electrical energy sources in heat and power plants that run on gas will grow systematically from 2688 MW in 2020 to 8521 MW in 2040. This means an increase in the share of natural gas in electricity generation from 5.53% to 11.82% (Table 4).



Is the North-South Gas Corridor a chance for Poland to diversify gas sources and directions? The answer is yes. Although the project has encountered some construction obstacles (e.g., in the Czech Republic), it is undoubtedly the most important investment of the last decade in the gas sector in Poland and other Central European countries. The completion of this project will strengthen the region by giving the autonomy (partial or full) from Russian gas delivery (some studies shows that Russia will not dominate European imports in the near future [69,70,71,72]). Central Europe (including Poland) will become a highly competitive area of growing strategic (economic) importance. As its name suggests, the North-South Gas Corridor will facilitate gas distribution from both directions and from a chosen source (LNG terminals, the Baltic Pipe). This will provide alternatives for traditional gas import from the east (Russia). Since political and economic relations between Poland and Russia have been strained for many decades, this issue remains of crucial importance for Poland.





5. Conclusions


Poland has to redevelop its energy sector in a relatively short time. At the moment, coal still remains Poland’s main energy source, which is a problem because the EU aims to achieve a zero-emission goal. One possible solution is investments in renewable energy sources. In this, Poland has made significant progress, mostly in the wind power sector. Unfortunately, these investments have been insufficient and have not resulted in decreased use of coal. For this reason, gasification of the Polish energy sector might be a more favorable solution. Additionally, the process of decarbonization could proceed in a harmonious way without putting energy security at risk, as a reduction in coal use would be accompanied by gasification and would be supported by renewable sources (along with nuclear power in the 2030s). It seems that this method will enable “coal” countries such as Poland to progress smoothly through the process of energy transformation. However, gas deliveries might pose some problems because Poland, along with other CEE countries (especially Slovakia [73]), imports gas mostly from Russia, which creates dependency.



For Poland and other Central European countries, the North-South Gas Corridor is a real chance to diversify the sources and directions of the gas supply. The main advantage of the corridor is that it strengthens Poland’s energy security and provides autonomy from Russia, which has long been the key or the only gas supplier to Central European countries. Completion of the corridor will definitely contribute to regular and sufficient gas deliveries to customers. It will also improve the technical condition of the domestic gas grid, enable export and import through interconnectors, and provide access to LNG (from the north—Świnoujście in Poland; from the south—Krk in Croatia). Additionally, making the corridor fully functional by the end of 2022 (by commissioning the Baltic Pipe and expansion of gas terminal in Świnoujście) will contribute to a reduction in Russian gas import, which is especially crucial if we take into consideration the potential renewal of the Yamal Contract.



Nevertheless, there have already been some complications related to the construction of the North-South Gas Corridor. Although investments in Poland will enable gas transmission to the south, the lack of interconnectors or their low capacity will reduce distribution to Central European countries, i.e., the Czech Republic, Slovakia or Hungary. Likewise, gas transmission from Croatia to Poland seems similarly problematic. Therefore, there is a great need for investments that develop the gas sectors in all the countries involved in the construction of the North-South Gas Corridor.



In summary, when it is functioning, the North-South Gas Corridor will have many advantages. Poland will increase its ability to decarbonize the energy sector and will also become the main country distributing gas in the south. This, in turn, will strengthen Poland’s position globally. The corridor could also contribute to establishing an internal energy market across the whole region. This will integrate the gas markets in CEE and Baltic countries, which might improve competition in the market and the security of gas supplies [74,75,76]. It could also influence free trade in energy, which will lead to optimization of network capacity by removing the so called “choke points” which are currently hampering the transmission between the north and the south.



In fact, the issue presented in the paper has not been sufficiently discussed and calls for further research, especially in the context of dynamic changes which are taking place in the gas sector of Poland and other CEE countries. Therefore, analysis and evaluation of the North-South Gas Corridor project should be discussed in a longer time perspective, in particular when the outcome of the corridor becomes visible. Nevertheless, this paper highlights an issue of utmost importance: the significance of the North-South Gas Corridor project, which might be a milestone for the energy transformation of CEE countries and might determine the further process of decarbonization.
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Figure 1. Electricity generation by energy sources. Based on [25] (p. 15). 
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Figure 2. Renewable energy sources in electricity production in Poland, TWh. Based on [25] (p. 16). 
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Figure 3. The demand for natural gas in the national economy of Poland, Mtoe. Based on [39] (p. 52). 
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Figure 4. Polish transmission system with imported gas entry points. Based on [40] (p. 11). 
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Figure 5. Forecast variants—annual demand for the transmission service, bln m3. Based on [40] (p. 22). 






Figure 5. Forecast variants—annual demand for the transmission service, bln m3. Based on [40] (p. 22).



[image: Energies 14 07188 g005]







[image: Energies 14 07188 g006 550] 





Figure 6. Demand for the transmission service, including exports, bln m3. Based on [40] (p. 23). 
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Figure 7. Investments planned in Poland. Based on [40] (p. 25). 
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Figure 8. Interconnector capacity in 2016. Own work, based on [40] (p. 28). 
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Figure 9. Interconnector capacity in 2023. Own work, based on [40] (p. 29). 
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Table 1. Natural gas imports and production in Poland 2010–2020, bln m3.
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	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020





	Import
	10.1
	10.9
	11.0
	10.9
	9.7
	9.3
	11.5
	13.7
	13.5
	14.8
	14.8



	Production
	4.2
	4.3
	4.3
	4.2
	4.0
	4.0
	3.9
	3.8
	3.8
	3.8
	3.8



	Import/Production
	5.9
	6.6
	6.7
	6.7
	5.7
	5.3
	7.6
	9.9
	9.7
	11.0
	11.0







Own work, based on [32] (p. 193), [33].
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Table 2. Investments in the perspective of 2023 and 2029.
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Investment by 2023






	
1. Baltic Pipe

	
275 km (Baltic Sea)




	
2. Niechorze-Płoty

	
41 km




	
3. Goleniów-Płoty

	
42 km




	
4. Goleniów-Lwówek

	
69 km




	
5. Lwówek-Odolanów

	
168 km




	
6. Zdzieszowice-Wrocław

	
130 km




	
7. Zdzieszowice-Kędzierzyn

	
17 km




	
8. Kędzirzyn-Poland border (Poland-Czech Rep.)

	
55 km




	
9. Tworóg-Kędzierzyn

	
43 km




	
10. Tworóg-Tworzeń

	
55 km




	
11. Skoczów-Komorowice-Oświęcim

	
53 km




	
12. Oświęcim-Tworzeń

	
44 km




	
13. Pogórska Wola-Tworzeń

	
168 km




	
14. Strachocina-Pogórska Wola

	
97 km




	
15. Strachocina-Poland border (Poland-Slovakia)

	
61 km




	
16. Hermanowice-Strachocina

	
72 km




	
17. Hermanowice-Poland border (Poland-Ukraine)

	
2 km




	
18. Gustorzyn-Leśniewice

	
54 km




	
19. Leśniewice-Rawa Mazowiecka

	
100 km




	
20. Rawa Mazowiecka-Wronów

	
154 km




	
21. Rembelszczyzna-Mory

	
28 km




	
22. Hołowczyce-Poland border (Polad-Lithuania)

	
343 km




	
23. Wiczlino-Reszki

	
8 km




	
Investment by 2029




	
1. Reszki-Gustorzyn

	
250 km




	
2. Gdańsk-Kolnik

	
35 km




	
3. Adamów-Gustorzyn

	
82 km




	
4. Płońsk-Uniszki Zawadzkie

	
72 km




	
5. Rembelszczyzna-Wronów

	
135 km




	
6. Rozwadów-Końskowola-Wronów

	
103 km




	
7. Jarosław-Rozwadów

	
60 km




	
8. Hermanowice-Jarosław

	
39 km




	
9. Swarzów-Zborów-Rozwadów

	
130 km




	
10. Racibórz-Oświęcim

	
90 km




	
11. Mory-Wola Karczewska

	
91 km








Own work, based on [40] (pp. 31–37).
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Table 3. Investments within the North-South Gas Corridor implemented in Poland.
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	Name
	Construction Status





	Czeszów-Wierzchowice gas pipeline
	Built in 2017



	Czeszów-Kiełczów gas pipeline
	Built in 2018



	Lwówek-Odolanów gas pipeline (Krobia-Odolanów section)
	Built in 2018



	Zdzieszowice-Kędzierzyn gas pipeline
	Built in 2019



	Lwówek-Odolanów gas pipeline (Lwówek-Krobia section)
	Built in 2019



	Tworóg-Kędzierzyn gas pipeline
	Built in 2020



	Zdzieszowice-Wrocław gas pipeline (Zdzieszowice-Brzeg section)
	Built in 2020



	Zdzieszowice-Wrocław gas pipeline (Brzeg-Zębice-Kiełczów section)
	Built in 2020



	Hermanowice-Strachocina gas pipeline
	Built in 2020



	Tworóg-Tworzeń gas pipeline
	Built in 2021



	Kędzierzyn gas compression station
	In construction (supposed in 2021)



	Pogórska Wola-Tworzeń gas pipeline (Braciejówka-Tworzeń section)
	In construction (supposed in 2021)



	Pogórska Wola-Tworzeń gas pipeline (Pałecznica-Braciejówka section)
	In construction (supposed in 2021)



	Pogórska Wola-Tworzeń gas pipeline (Pogórska Wola-Pałecznic section)
	In construction (supposed in 2021)



	Strachocina-Pogórska Wola gas pipeline
	In construction (supposed in 2021)



	Strachocina gas compression station and hub
	In construction (supposed in 2021)



	Poland-Slovakia gas interconnector
	In construction (supposed in 2022)







Own work, based on [49,61].
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Table 4. The forecast share of natural gas in electricity generation, MW.
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	2005
	2010
	2015
	2020
	2025
	2030
	2035
	2040





	Gas-fired power plants
	0
	0
	0
	0
	1900 (3.45%)
	1900 (3.22%)
	3039 (4.79%)
	3260 (4.52%)



	Gas combined heat and power
	760 (2.36%)
	807 (2.42%)
	928 (2.41%)
	2688 (5.53%)
	3807 (6.9%)
	4371 (7.4%)
	4100 (6.47%)
	5261 (7.3%)



	Other power plants
	31,493 (97.64%)
	32,513 (97.58%)
	36,392 (97.59%)
	45,968 (94.47%)
	49,460 (89.65%)
	52,802 (89.38%)
	56,252 (88.74%)
	63,582 (88.18%)



	All power plants
	32,253 (100%)
	33,320 (100%)
	37,290 (100%)
	48,656 (100%)
	55,167 (100%)
	59,073 (100%)
	63,391 (100%)
	72,103 (100%)







Own work, based on [15] (p. 22).
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