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A transition fuel on the path from coal to hydrogen.
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The basic generating units in the Polish Nation-
al Electric Power System (NEPS) are current-

ly steam units burning hard coal and lignite (Fig. 1). 
Most were built in 1965–1985, and many have been 
in operation beyond their original design lifespans. 
Though technically constructed to have an operating 
life of 200,000 hours, with repairs and moderniza-
tion they often operate for more than 300,000 hours. 
However, the need to shut them down and replace 
them with new generating units is inevitable. Almost 
half of the current installed capacities in the NEPS 
need to be decommissioned. Based on the informa-
tion contained in the preliminary, published version 
of the document titled “Energy Policy of Poland Until 
2040,” coal-fired generating units with a total capacity 
of 3,000 MW were decommissioned in 2015–2020, and 
it is expected that around 6,000 MW will be decom-
missioned by 2030 and more than 10,000 MW over the 
following 10 years. After 2040, only a few coal-fired 
units placed into service over the last several years 
will remain operational (those in Opole, Kozienice, 
Jaworzno, and Turów). Therefore, it is only natural 
that we should ask what will take the place of all these 
decomissmioned units.
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Power generation  
and the European Green Deal

From the perspective of the energy policy formulated 
by the European Union (EU), the year 2050 is posited 
as an important watershed when the economies of the 
EU countries are expected to reach climate neutrality. 
The set of measures aimed at helping the EU coun-
tries to achieve this goal is referred to as the European 
Green Deal. For the energy sector, this means that 
in 2050 electricity and heat generated for municipal 
purposes should come from renewable sources, pri-
marily wind and solar energy. Nuclear power has not 
been ruled out, but other types of energy are prefera-
ble. Many other developed countries outside the EU 
declare that their economies will also reach climate 
neutrality within a similar timeframe. At a recent UN 
session, China pledged to become climate-neutral, but 
over a slightly longer timeframe, namely by 2060.

Wind and solar energy 
in Poland
In Poland, recent years have witnessed a very rapid 
increase in wind and solar energy capacity (Fig. 1). 
However, the increase in the amount of energy pro-
duced is considerably smaller. For the purpose of 
determining the generation capacities of various 
energy technologies, the capacity factor is defined 
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as the ratio of the actual electrical energy output 
over a period of one year to the maximum possi-
ble output. In Poland, this is about 1,000 hours for 
solar cells and 2,000–2,500 hours for onshore wind 
turbines. Power plants using fossil fuels (coal, gas, 
nuclear fuel) are designed for an expected operating 
life of more than 7,000 hours per year. This means 
that, in extreme cases, replacing a 200 MW unit being 
taken out of service would require the construction of 
a photo-voltaic power station of 1,400 MW. Since we 
can obtain an average of about 0.2 kW from a cell of 

1 m2, such a power station would have to cover an area 
of 7 km2. The construction of onshore wind farms, 
in turn, is limited by the legally required minimum 
distance between the tower of the wind turbine and 
residential buildings, based on what is referred to as 
the 10H rule, where H is the total height of the instal-
lation. For 2 MW turbines, which are quite common, 
the installation is around 200 meters high, which 
means that the turbine must be built at a distance of 
2 km from residential buildings. Such sites are hard 
to find in Poland.
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Fig. 1
Development of capacities in 
the National Power System 
by fuel types

The Lech Kaczyński LNG 
Terminal in Świnoujście  
– an import and 
regasification terminal, 
December 2016
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However, the most important problem for the de-
velopment of solar and wind energy is posed not by 
locational constraints, but by the fact that the power 
they generate depends on the time of day and on the 
weather. Such factors cannot be controlled, and their 
intermittent nature is not consistent in any way with 
demand for electricity. Figure 2 illustrates demand 
for electricity in Poland and the hypothetical output 
from wind under a scenario where Poland has only 
wind farms. These have been scaled so that annual 
production is equal to demand, using as an example 
data from 2017, when demand reached 168.38 TWh.

Harnessing solar energy does not make this sit-
uation any better. What we need is energy storage, 
on a very large scale at that. Based on data from the 
same example, ensuring the availability of energy at 
all times would require an energy storage facility of 
about 16 TWh. What does this mean? The peaking 
power plant in Żarnowiec has a storage capacity of 
3.6 GW. Consequently, we would have to build nearly 
4,500 such plants in Poland – certainly an unrealis-
tic prospect. Intensive research is being carried out 
on other energy storage technologies, and we can as-
sume that technologies allowing such large amounts 
of energy to be stored will have been developed and 
implemented by 2050. Among the most promising 
technologies include hydrogen technology. In peri-
ods when the electricity generated exceeds demand, 
the surplus would be used to produce hydrogen (for 
example through the electrolysis of water). The hy-
drogen would be then stored and used to generate 
electricity in the periods when demand for electricity 
exceeds its supply.

Hydrogen can be converted back into electricity in 
an electrochemical process in a fuel cell (the reverse 
of electrolysis) or in a traditional electric generator 
powered by a hydrogen combustion engine.

This is the future. Today, however, power plants 
powered by fossil fuels, primarily coal and natural gas, 
play the role of sources responsible for balancing out 
the demand for electricity and its supply, and this sit-
uation will continue at least for the next 20 years. For 
reasons related to the decommissioning of old coal-
fired units, such countries as Poland actually need to 
construct another “generation” of classic coal- or gas-
fired power plants.

Natural gas in the energy sector
Both these technologies have been known and used 
for many years. For reasons related to limited access 
to gas, however, the first gas-fired unit did not appear 
in Poland until 1999 – it was the combined heat and 
power (CHP) plant in Gorzów Wielkopolski. Without 
going into the more technical aspects, if we compare 
these two technologies, we will see that the import-
ant thing was that the unit cost of the construction 
of a gas-fired power plant (1 MW of capacity) was 
lower and the efficiency was higher, but the fuel was 
more expensive. In Polish conditions, the electrici-
ty produced from coal remained much less expen-
sive than the electricity generated from gas for many 
years. Likewise, there were no discussions on the need 
to reduce CO2 emissions for climate change-related 
reasons.

But this situation has now changed. Generation ca-
pacities must be renewed as quickly as possible, while 
CO2 emissions must be reduced for climate change-re-
lated reasons. This is where we can see the first advan-
tage of gas over coal. Gas is less emission intensive. 
This is quite evident because the heating value of coal 
is almost exclusively linked to the presence of carbon, 
and burning coal releases CO2. In the case of natural 
gas, which is almost pure methane, there is one carbon 

Trwają intensywne badania naukowe nad innymi technologiami magazynowania energii i 
można założyć, że w perspektywie 2050 roku technologie pozwalające na przechowywanie 
tak znacznych ilości energii zostaną opracowane i wdrożone. Za jedną z najbardziej 
obiecujących jest uważna technologia wodorowa. W okresie kiedy jest generowane więcej 
energii elektrycznej, niż wynosi zapotrzebowanie na nią, nadwyżka byłaby wykorzystywana 
do wytwarzania wodoru (np. w procesie elektrolizy wody). Wodór byłby magazynowany 
i wykorzystywany do wytwarzania energii elektrycznej, kiedy zapotrzebowanie jest większe 
od wytwarzania.  

Zamiana wodoru na energię elektryczną może następować w wyniku procesu 
elektrochemicznego w ogniwie paliwowym (odwrócenie procesu elektrolizy) lub w 
tradycyjnym generatorze elektrycznym napędzanym silnikiem, w 
którym jest spalany wodór. 

 

 

 

 

 

 

 

 

 
 Rys. 2. Przebieg w czasie zmian zapotrzebowania na moc elektryczną (linia pomarańczowa) 
i generacji z turbin wiatrowych w Polsce; chwilowa moc turbin wiatrowych (linia niebieska) 

została tak dobrana, by roczne wytwarzanie było równe krajowemu zapotrzebowaniu   
   w 2017 roku 

 
To przyszłość, ale dziś i w perspektywie najbliższych przynajmniej 20 lat rolę źródeł 
wytwórczych odpowiadajacych za zrównanie chwilowego zapotrzebowania z wytwarzaniem 
odgrywają elektrownie zasilane paliwami kopalnymi, głównie węglem lub gazem ziemnym. 
Konieczne jest zatem, nie tylko w Polsce – wobec wycofania starych bloków węglowych, 
wybudowanie jeszcze jednego „pokolenia” klasycznych elektrowni wykorzystujacych węgiel 
lub gaz.  

Gaz ziemny w energetyce 

Obie te technologie są stosowane i znane od wielu lat, choć w Polsce ze względu na 
ograniczenie dostępu do gazu pierwsza jednostka gazowa pojawiła się dopiero w 1999 roku 
(Elektrociepłownia Gorzów). Z punktu widzenia porównania obu technologii bez wnikania w 
aspekty techniczne istotne było, że jednostkowe (1 MW mocy) koszty budowy elektrowni 
gazowej były niższe, sprawność wyższa, ale droższe było paliwo. W polskich warunkach 

0

10000

20000

30000

40000

50000

60000

70000
Moc, MW 
MW 

1 stycznia         31 grudnia 
1 January

70,000

60,000

50,000

40,000

30,000

20,000

10,000

0
31 December

Fig. 2
Changes in demand for 

electric power (orange line) 
and the power generated by 
wind turbines in Poland; the 
capacity of wind turbines at 

any given moment (blue 
line) was adjusted so that 

annual production would be 
equal to the national 

demand in 2017

Capacity [MW]

INSIGHT  Gas Power



69 t h e  m a g a z i n e  
o f  t h e  p a s
1/69/2021

atom for every four atoms of hydrogen. The product 
of its combustion is a mixture of water vapor and CO2. 
A comparison of the emission intensity of these two 
fuels is shown in Fig. 3.

The eff iciency of modern coal-f ired units that 
only produce electricity is 45%, which results in CO2 
emissions of about 800 kg/MWh. The efficiency of 
a similar gas-fired unit is about 60%, and the CO2 
emissions are about 350 kg/MWh. In the case of pow-
er plants that produce both electricity and heat, the 
eff iciencies are over 80%, resulting in emissions of 
450 kg/MWh and 250 kg/MWh, respectively. These 
emission levels are important from the formal stand-
point. Pursuant to the existing EU legislation, from 
mid-2025 onward it will not be possible to provide 
public aid to generating units with emissions higher 
than 550 kg/MWh. In practice, this will exclude the 
use of coal-f ired power plants as units responsible 
for balancing out demand vs. supply. Discussions are 
ongoing on reducing the emissions limit to 350 kg/
MWh or even 250 kg/MWh in the following years. 
This will also rule out the use of coal-f ired CHP 
plants for this purpose, but it will be possible to use 
gas-fired power and CHP plants.

Arguments in favor of gas include not only formal 
restrictions, but also costs. Since 2005, the EU has 
used the emissions trading system under which emis-
sions allowances can be bought and sold as one of the 
mechanisms of limiting CO2 emissions. Allowances 
were initially allocated to power and CHP plants free 
of charge, but the number of free allowances allo-
cated directly to producers was gradually reduced 
in the following years. Allowances were granted to 
individual countries and energy producers buy them 
at auctions (the money from the auctions remains 
at the disposal of each country). In the initial years, 

allowances cost around a few euros, which was not 
a significant cost from the perspective of producers. 
The situation changed at the end of 2017 (Fig. 4), when 
allowance prices began to rise rapidly. Currently (Jan-
uary 2021), the price is almost 35 euros per metric 
ton of CO2.

Allowance prices of over 100 zlotys per ton have 
altered to a significant extent the relationship between 
the costs of generating electricity from coal and the 
costs of generating electricity from gas. At pres-
ent, the gas price at exchanges is around 110 zlotys 
per MWh (for easier comparison, the prices are per 
unit of energy – the product of their mass and heat-
ing value) plus about 20 zlotys in the cost of trans-
mitting the fuel to the power plant, which works 
out as 130 zlotys per MWh, and the cost of fuel in 
the cost of electricity (generated in a plant with 60% 
efficiency) is about 215 zlotys per MWh for gas and 
40 zlotys for allowances, which works out as a total 
of around 250 zlotys MWh. In the case of coal, these 
prices are respectively 100 zlotys per MWh for coal, 
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Za gazem przemawiają nie tylko ograniczenia formalne, lecz także koszty. Od 2005 roku w 
UE jednym z mechanizmów ograniczania emisji dwutlenku węgla jest system handlu 
uprawnieniami do emisji, które mogą być przedmiotem kupna i sprzedaży. W początkowym 
okresie uprawnienia były przyznawane elektrowniom i elektrociepłowniom bezpłatnie, a w 
kolejnych latach stoniowo zmniejszano liczbę darmowych uprawnień przydzielanych 
bezpośrednio wytwórcom. Uprawnienie przyznano poszczególnym krajom, a wytwórcy 
kupują je na aukcjach (pieniądze z aukcji pozostają do dyspozycji kraju). Przez pierwsze lata 
działania tego systemu ceny uprawnień kształtowały się na poziomie kilku euro i z punktu 
widzenia wytworców nie stanowiły istotnego kosztu. Sytuacja zmieniła pod koniec 2017 roku 
(rys. 4.), od kiedy ceny zaczęły szybko rosnąć i obecnie (styczeń 2021 roku) kosztują prawie 
35 euro za uprawnienia do emisji 1 t dwutlenku węgla.  

Ceny uprawnień na poziomie powyżej 100 zł/t istotnie zmieniły relacje między kosztami 
wytwarzania energii elektrycznej z węgla i gazu. Obecnie cena gazu na giełdach kształtuje się 
na poziomie 110 zł/MWh (dla umożliwienia łatwego porównywana cen różnych paliw 
podawane są one za jednostkę zawartej w nich energii – iloczynu masy i wartości opałowej), 
do tego trzeba jeszcze dodać około 20 zł kosztów przesyłu do elektrowni – razem 130 
zł/MWh, a koszt paliwa w koszcie energii elektrycznej (wytwarzanej w zakładzie o 
sprawności 60 proc.) około 215 zł/MWh za gaz i 40 zł za uprawnienia, w sumie około 250 
zł/MWh. W przypadku węgla jest to odpowiednio 100 zł/MWh za węgiel, 220 zł/MWh 
koszty paliwa w koszcie energii (przy sprawności zakładu wynoszącej 45 proc.) oraz 80 
zł/MWh za uprawnienia. W sumie koszty paliwa i emisji w cenie energii dla gazu wynoszą 
około 250 zł/MWh, a w węglu 300 zł/MWh. Trzeba jeszcze pamiętać, że koszty budowy 
elektrowni węglowej są minimum 60 proc. wyższe niż gazowej, choć okres jej użytkowania o 
50 proc. dłuższy. W sumie prąd z węgla jest droższy niż z gazu! 

 

Rys. 4. Ceny uprawnień do emisji dwutlenku węgla w latach 2015–2020 

W Polsce aż do 1999 roku nie było praktycznie żadnej instalacji wykorzystującej technologię 
gazową. W kilku elektrociepłowniach przemysłowych, w kotłach parowych spalano gaz, ale 
z punktu widzenia technologii zamiany energii zawartej w paliwie na energię elektryczną była 
w nich wykorzystywana tzw. technologia parowa, taka sama jak przy spalaniu węgla. 

W przypadku spalania gazu dla celów energetycznych podstawową technologią jest tzw. 
układ gazowo-parowy, stanowiący połączenie turbozespołu gazowego z turbozespołem 
parowym (rys. 5). 
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220 zlotys per MWh of the fuel cost in the electricity 
cost (assuming that the efficiency of the plant is 45%) 
and 80 zlotys per MWh for allowances. In total, the 
fuel and emissions costs in the price of electricity are 
about 250 zlotys per MWh for gas and 300 zlotys per 
MWh for coal. We should also remember that the 
costs of building a coal-fired power plant are at least 
60% higher than those of building a gas-fired power 
plant, despite the fact that its useful life is 50% lon-
ger. In general, electricity generated from coal is more 
expensive than electricity from gas!

Until 1999, Poland had practically no installations 
that used gas technology. At the few industrial CHP 
plants that did exist, gas was burned in steam gener-
ators. From the perspective of the technology of con-
verting the energy contained in fuel into electricity, 
however, these generators used steam technology, the 
same as used in coal combustion.

In the case of gas combustion for the purposes of 
producing electricity, the basic technology that is used 
relies on a combined-cycle system that combines a gas 
turbine set and a steam turbine set (Fig. 5).

temperatures to convert energy into work (from as 
little as 30°C to about 1,500°C), allowing for a very 
high efficiency of the process, even over 60% in the 
newest solutions.

Gas turbines and the European 
Green Deal
From the perspective of these considerations, the gas 
turbine is an important element of the combined-cycle 
system described above. Since the gas turbine oper-
ates at very high temperatures, its lifetime is not long. 
Throughout this period, the components operating at 
the highest temperatures are replaced. Nonetheless, 
the lifetime of a gas turbine is about 25 years, signifi-
cantly less than that of a steam turbine. This shorter 
operating life is advantageous from the perspective 
of reaching the goal of transitioning away from fossil 
fuels by 2050. The gas turbines built over the next 
several years will end up being fully depreciated from 
the perspective of capital expenditures.

In my opinion, gas turbines have yet another ad-
vantage, perhaps the most important one. In general, 
their principle of operation is compatible with the use 
of any combustible gas, which therefore also means 
hydrogen.

In practice, however, this is not easily implement-
ed. Natural gas is currently the main gaseous fuel, 
and gas turbines, in particular their combustors, are 
adapted to this gas. The properties of hydrogen as 
a combustible gas are significantly different from 
those of natural gas (which is almost pure methane), 
as compared in Table 1.

The only parameter whose value is similar for both 
gases is the flame temperature. Other parameters dif-
fer, often by whole orders of magnitude. The heating 
value of hydrogen in relation to its mass (MJ/kg) is 
more than twice as high, so in terms of mass much 
less hydrogen must be burned assuming the same 
power, but hydrogen is more than 70 times lighter. 
Consequently, it is necessary to burn over 30 times 
more hydrogen in terms of volume, which results in 
the need for much larger diameters of fuel pipelines 
and most of all the combustor itself. In the case of 
hydrogen, the flame speed is almost 10 times greater, 
the energy needed for ignition is more than 20 times 
smaller, ignition occurs almost 10 times faster, and 
the range of concentrations at which the combustible 
mixture is formed is larger. Safety considerations and 
prevention of the loss of control over the combustion 
process pose challenges that have yet to be fully re-
solved from the technological perspective. However, 
all major players in the market of gas turbine manu-
facturers plan to have gas turbines capable of burn-
ing pure hydrogen ready for commercial use around 
2030. Today’s turbines burn a mix of natural gas and 

Fig. 5
A simplified diagram of 

a combined-cycle unit  
AC – air compressor,  

CC – combustion chamber,  
GT – gas turbine,  

R – heat recovery steam 
generator,  

ST – steam turbine,  
C – condenser,  

EX – heat exchanger,  
P – pump.  

Diagram based on Polish 
version from  

https://pl.wikipedia.org/
wiki/Uk%C5%82ad_

gazowo-parowy

A gas turbine set consists of three components: an 
air compressor (AC), where air is compressed to reach 
the pressure of about 1.5 MPa, a combustion chamber 
(CC), where natural gas is burned in high pressure 
air, and a gas turbine (GT), where the expansion of 
the exhaust gas from the combustor takes place at 
a temperature of around 1,500°C. As a result of this 
expansion, the turbine shaft rotates, thus driving the 
electric generator.

The exhaust from the gas turbine whose tempera-
ture exceeds 500°C is directed to the heat recovery 
steam generator (R). It generates steam, which then 
f lows into the steam turbine (ST). The steam is 
expanded in the turbine and condensed in the con-
denser (S). The water preheated in the heat exchanger 
(EX) is pumped (pump P) under high pressure to 
the generator. The steam turbine, just like the gas 
turbine, drives the electric generator. The system 
makes it possible to harness a very wide range of 
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hydrogen, and the allowed share of hydrogen is be-
coming increased in consecutive designs. The newest 
turbines made by leading manufacturers are capable 
of burning a mix of gases in which hydrogen accounts 
for up to 30% of volume. Hydrogen’s density is low, so 
this share is considerably smaller in terms of energy, 
namely below 10%.

The gas turbine, along with the combustor and 
the compressor, is only part of the installation. The 
remaining components remain the same, regardless 
of whether methane or hydrogen is burned. It will 
be possible to continue to use them after 2050, when 
we transition away from natural gas and burn only 
hydrogen.

The combined-cycle system is not the only technol-
ogy in the energy sector that uses natural gas. Smaller 
installations, with a capacity of several MW, use gas 
engines instead of gas turbines. Smaller capacities are 
primarily used in the heating sector for the simultane-
ous generation of heat and electricity. In this case, the 
exhaust from the engine used to generate not steam, 
but hot water, which is then directed to the heat net-
work. There is no steam turbine or condenser, and 
the steam generator is replaced by a water boiler. For 
such installations, work is ongoing on the combustion 
of mixtures with a growing share of hydrogen and, in 
the future, pure hydrogen. The current state of prog-
ress of such projects is similar to that of the projects 
involving gas turbines.

Using a mixture of methane and hydrogen to gen-
erate electricity in the transition period has yet anoth-
er advantage. In some countries, such as Germany, 
certain regions are characterized by a periodical ex-
cess of electricity produced from wind and sunlight 
over demand. In such cases, the surplus electricity is 
used to produce hydrogen. How should this hydrogen 
be put to use, if there are no adequate storage facili-
ties yet? The role of a storage facility is played by the 
natural gas network. The hydrogen that is produced 

is pumped into this network. For reasons related to 
characteristics of hydrogen, the proportion of hydro-
gen cannot be too high. In Germany, the permissible 
is norm is up to 10% hydrogen. In specific parts of 
the network (Schopsdorf, Saxony-Anhalt), work is 
ongoing on projects using a mixture in which hydro-
gen accounts for 20% of volume. There is no doubt 
that the existing network infrastructure for natural 
gas facilitates the gradual introduction of hydrogen 
into the economy.

Natural gas: a near-perfect fuel 
for the transition period?
Globally, a vast majority of countries, faced with ev-
ident climate change, appear to have made the po-
litical decision that steps need to be taken to radi-
cally reduce CO2 emissions. For the energy sector, 
this means the need for widespread use of renewable 
energy sources. Relevant technologies are available, 
and their cost is acceptable. However, one problem 
remains unresolved. As yet, we do not have electricity 
storage facilities on a mass scale and at an acceptable 
cost, and such facilities are needed to temporarily 
balance the amount of electricity produced and con-
sumed. Intensive work is underway, but for the next 
20 years or so we will be forced to use traditional 
power and CHP plants as regulating units to cover 
energy shortages that cannot be compensated by en-
ergy obtained from renewable sources. In Poland, in 
light of the need to decommission existing coal-fired 
units on a mass scale, replacing them with combined 
cycle gas and steam units using natural gas is prac-
tically the only solution that is technologically and 
economically justif ied. Is this a perfect solution? No, 
mainly because the domestic gas resources remain 
insufficient. Nevertheless, this is the best solution, 
even if it is not perfect. ■

Table 1
A summary of the selected properties of two combustible gases: methane and hydrogen

Combustion without excess air (stoichiometric combustion) under normal 
atmospheric conditions

Methane  
CH4

Hydrogen  
H2

Flame speed [m/s] 0.4 3.0

Flame temperature [°C] ~1950 ~2150

Flammability limits [% by volume] 5–15 4–75

Minimum ignition energy [mJ] 0.28 0.011

Ignition delay time in the conditions of a combustor (730°C and 1.7 MPa) [ms] 45.6 6.2

Lower heating value [MJ/kg] 50.01 120.33

Density [kg/m3] 0.657 0.09


