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Disclaimer

This document was prepared by Arthur D. Little Sp. z o.o. (hereinafter “ADL”). 

The report makes use of publicly available sources, primarily ARE, ARP, ENTSO-E, ENTSO-G, KOBiZE, PSE and 

URE. Publicly available data was combined with analyses and estimations prepared by Arthur D. Little. Information 

provided in the report is based on best estimates and forecasts at the time of publication. 

The use of this document by any third party, for whatever purpose should not, and does not, release such third 

party from its duty to apply due diligence in verifying the document’s contents. Any use of this document by a third 

party, or any reliance on it, or decisions to be made based on it, are the exclusive responsibility of such third party.

ADL accept no obligation or liability in respect of any such third party, and no responsibility whatsoever for possible 

loss suffered by any third party as a result of decisions or actions based on this document.
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Introduction

This Report was prepared by Arthur D. Little, an international strategic consultancy. 

The report covers three main areas critical to understanding the energy transition path in Poland. These areas are as follows:

1) Challenges of the electricity mix in Poland - an analysis of the challenges faced by the Polish electricity system, 

including potential development scenarios, renewable energy sources, and the increasing consumption of electricity

2) Role of natural gas in the context of decarbonization - an analysis of the current state of the market, development 

plans, and a detailed analysis of natural gas consumption and pricing in Poland

3) Coal usage in the face of the energy transition - an analysis of market trends and regulations regarding coal 

consumption, as well as a detailed analysis of coal consumption and pricing in Poland

We would like to acknowledge all those who contributed to the preparation and review of this Report, especially: Piotr Baranowski 

and Yvonne Fuller.
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E X E C U T I V E  S U M M A R Y  –  E L E C T R I C I T Y  M A R K E T

1) RES – Renewable energy sources

Source: Arthur D. Little

Poland transitions to renewables, but faces challenges in meeting electricity demand 

and supply, e.g. replacement of coal-fired capacity and more frequent Dunkelflaute

• Growing consumption of electricity is expected to 

introduce challenges to the energy mix

− As Polish electricity production relies more 

and more on the energy generated by 

renewable sources, the energy mix faces 

periods of oversupply, especially during 

summer, and deficits in electricity 

production in winter seasons

− Consequently, an energy generation mix that 

leans more heavily on renewable energy 

sources emphasizes the necessity for a 

balancing power generation capacity, 

which could be achieved through the 

utilization of natural gas

• Consumption and production of electricity in 

Poland has remained relatively flat in recent 

years, despite changes in the generation mix 

and increasing prices. After 2015-2018 growth, 

Poland’s electricity consumption remained rather 

steady, mostly driven by improvements in the 

country’s energy efficiency, as well as the Covid-

19 pandemic and subsequent recovery period

• Growing energy efficiency in Poland leads to a 

lower need for energy per unit of GDP. However, 

Polish electricity consumption is expected to 

rapidly increase by 2040, driven by 

electrification of transport, heating and 

industrial production

• Poland is transitioning from coal-reliant to 

more sustainable sources, with renewable 

energy sources providing nearly 25% of annual 

domestic electricity production in 2023, up from 

around 9% in 2018

• The rapid growth in RES1 is primarily due to 

rising photovoltaic and wind capacity. PV 

production increased from 0.7 TWh in 2019 to 

13.2 TWh in 2023, driven by a national rooftop 

PV support scheme and emerging larger PV 

farms. Wind production also grew from 12.3 TWh 

in 2019 to 22.1 TWh in 2023

• The 2023 increase in renewable generation in 

Poland has driven a sharp drop in estimated 

CO2 emissions volumes. Compared to 2015, 

Poland’s estimated CO2 emissions in 2023 

dropped by 21%

Poland’s transition to sustainable 

energy sources
Increased electricity consumption 

in the long-term

Energy mix challenges
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Natural gas may be a key player in energy transformation and decarbonization, with 

the path and pace of progress yet to be defined

E X E C U T I V E  S U M M A R Y  –  G A S  &  C O A L  M A R K E T S

Natural gas as a transitional fuel for 

Poland’s energy transformation
Improving gas market stability and 

independence via new infrastructure

Challenges and opportunities for coal 

reduction

• Poland is facing growing pressure to reduce 

its coal consumption and accelerate 

decarbonization efforts, both on the EU and 

national level. While the transition of household 

users from coal-fired systems to gas boilers and 

heat pumps has accelerated in recent years, the 

transition of industrial coal users has been 

slower due to the lack of economically viable 

alternatives

• Although energy transformation and 

decarbonization are becoming a fact in Poland, 

the exact path and pace towards achieving these 

goals are still being determined, with coal likely 

to be gradually phased out in the coming 

years, with full decommissioning by 2049

• Poland has successfully transformed its gas 

supply infrastructure and achieved 

independence from Russian gas through 

strategic investments in the Baltic Pipe and 

expansion of the LNG terminal in Swinoujscie. 

While Poland has one of the lowest gas import 

dependency ratios in the EU, its limited storage 

and regasification capacities may still impact 

supply stability to some extent

• Gas prices have stabilized at significantly 

lower levels compared to 2022 and the price 

spike caused by the war in Ukraine. This 

provides greater security and stability for both 

household and industrial users and is expected 

to drive demand up in the mid-term. However, it 

should be noted that similar price spikes in the 

future, as seen in 2022, cannot be ruled out due 

to the relatively unstable geopolitical and macro-

economic environment

• Natural gas appears to have potential in 

replacing coal-fired generation capacity and 

acting as a transitional fuel over the next 10-15 

years, aiding in the stabilization of renewable 

energy sources

• Consequently, gas consumption in Poland may 

increase in the near future, primarily driven by its 

role in decarbonization, with factors such as 

decarbonization targets, regulatory measures, 

increasing electricity demand, and balancing 

requirements

• On the other hand, natural gas can face 

negative demand and supply shocks (seen in 

e.g., price volatility). Furthermore, the gas 

industry's position could be affected by the 

anticipated emissions trading system, which 

is expected to include gas by 2027
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• 2023 was the first year when 

weather-dependent renewables 

(onshore wind and PV) provided 

nearly 25% of annual domestic 

electricity production in Poland 

• Rapid RES growth is primarily 

caused by rising PV capacity 

(from 1.5 GW in 2019 to 16.5 

GW in 2023), driven by a 

national rooftop PV support 

scheme and emerging larger PV 

farms

• Another contributor to increasing 

RES shares was wind capacity 

growth (from 5.9 GW in 2019 to 

9.9 GW in 2023)

Source: ENTSO-E; PSE; IJ

Polish electricity generation mix transitions from coal-based, towards more 

diversified, with ~25% of electricity generated in 2023 coming from RES
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Comments
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CO2 emissions from domestic electricity production
2015-2023, Mt

• Poland’s estimated CO2 

emissions in 2023 dropped by 

21% compared with 2015

• Decrease in emissions is driven 

by the increasing volumes and 

shares of renewable generation, 

mostly replacing output from the 

most emission-intensive coal-

fired plants with low efficiencies 

(~34-37%) 

Comments

The 2023 increase in renewable generation in Poland has driven a sharp drop in 

estimated CO2 emissions

Source: ARE; ENTSO-E; KOBiZE; PSE; IJ

2015 2016 2017 2018 2019 2020 2021 2022 2023

138 136 136 136
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Chart

Source: ENTSO-E; PSE; IJ

Consumption and production of electricity in Poland has remained relatively flat in 

recent years, despite changes in the generation mix and price volatility
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Despite changes in the generation mix and economic development, Polish electricity 

consumption has remained constant in recent years

Poland’s net electricity consumption 
2018-2023, TWh

• After 2015-2018 growth, 

Poland’s electricity consumption 

has remained rather steady, 

mostly driven by improvements 

in the country’s energy 

efficiency, as well as the Covid-

19 pandemic and subsequent 

recovery period

• Growing energy efficiency in 

Poland leads to lower need for 

energy per unit of GDP. A 

phenomenon also observed in 

other developed EU countries

Comments
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Consumption
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Electricity production by technology in Poland
2018-2023, TWh

• Electricity production from RES 

sources in Poland experienced 

the most rapid growth in recent 

years, mostly in PV, driven 

mainly by government subsidies

• Potential increase of RES in 

Polish electricity mix could have 

been even higher, however, the 

regulatory environment in 

Poland was not favourable, 

especially for onshore wind 

investments

• The main impediment of wind 

capacity growth has been the 

so-called “10H rule”, preventing 

investment in wind farm 

locations near buildings

Comments

Source: ENTSO-E; PSE; IJ

The share of RES in Polish energy generation mix increased from ~9% in 2018 to 

~25% in 2023, driven mostly by the increase of onshore wind and PV
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Cross-border flows: imports (+) and exports (-) from Poland
2015-2023, TWh

• Germany continues to be the 

main exporter of power into 

Poland

• Some German electricity imports 

transit Poland to Czechia and 

Slovakia

• Poland and other Central 

European countries still have 

lower interconnection capacities 

than Western Europe

• For example, interconnection 

capacity between FR-ES and 

FR-DE is around 2.8-3 GW while 

DE-PL, DE-AT or DE-CZ is 

around 1.5 GW each

Comments

Source: PSE; IJ

Germany is the main exporter of electricity to Poland, followed by Sweden, while 

Poland exports power to the Czech Republic and Slovakia
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1) DA – Day Ahead

Source: ENTSO-E; IJ

Power prices in Poland and neighbouring countries follow similar patterns, although 

differences persist between countries, mainly due to interconnector capacity
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DA1 wholesale power prices in Poland and its neighbours
2018-2023, EUR/MWh

• In 2022, DA1 electricity prices in 

Poland were the second lowest 

compared to its neighbours, 

mainly due to record high natural 

gas prices in Germany

• The relationship changed in 

2023, when gas prices dropped

• Poland and CEE are generally 

higher-priced than Western 

Europe, due to weaker 

interconnector capacity

Comments

Further price analyses

available in appendix

Price
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Demand

side

Source: IJ analysis; Arthur D. Little

Changes in the Polish electricity mix come with challenges driven by expected 

increase in consumption and integrating RES into the power system

Description

Increasing electricity 

consumption

Polish electricity consumption is expected to rapidly increase by 2040, driven by growing penetration of 

electrification of transport, heating and industrial production

Declining prices of RES-

generated energy

Renewable energy sources provide cheaper electricity compared to fossil fuels because they don't 

require external fuel sources. However, during oversupply periods, prices can reach negative 

numbers, as Polish electricity grid lacks storage capacity and the overproduced energy must be 

utilized

Supply

side

Deep dives on

following slides

Weather-dependent 

output

As Polish electricity production relies more and more on the energy generated by renewable sources, the 

energy mix faces periods of oversupply, especially during summer, and deficits in electricity 

production in winter seasons

Lack of network 

capacity

The rapid growth of PV capacity and the stable growth of onshore wind capacity have led to the 

exhaustion of the connection capacity of distribution and transmission networks in Poland, as 

evidenced by the refusal of operators to issue connection conditions

Evolving capacity mix

Apart from growing consumption, Polish energy mix is evolving from reliance on fossil fuels towards 

renewable sources of energy, with potential to achieve more than 50% energy generation from 

renewable sources by 2040

1

2

3

4

5
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• By 2040, the demand for 

electricity in Poland will increase 

significantly, driven by the 

expected economic growth of the 

country, which, despite increasing 

energy efficiency, will be 

associated with a growing base of 

energy demand

• Strong growth of Poland’s 

electricity consumption is 

expected to be driven not only by 

economic growth but also by 

other emerging drivers such as:
− Electric vehicles
− Heat pumps and aircon
− Electrolysers
− Industry electrification

Comments

1) EPP 2040 – latest scenario / version shown, accounting for war in Ukraine from Jun 2023

2) PRSP 2032 – base scenario shown, PRSP 2032 includes also rapid growth scenario, with consumption in between EPP 2040 and base PRPS 2032 scenario

Source: Poland’s Energy Policy 2040; PSE’s Network Development Plan (PRSP 2032); URE; IJ

In the coming years, demand for electricity in Poland is expected to increase 

significantly, from ~156 TWh in 2023 to ~215 TWh in 2040

Expected net electricity consumption 

growth in Poland to 2040, TWh

Expected electricity demand growth 

by area, TWh
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• Despite numerous technical 

challenges related to integration 

of weather-dependent 

renewables in the system, our 

modelling shows that Poland’s 

electricity supply is likely to 

evolve into a mix dominated by 

renewable energy sources

• The modelled scenario shows 

that:

− The share of renewables in 

total power generation may 

reach 59% by 2040

− Possible emissions 

reductions by 2040 

(compared to 2005) may 

reach 83%

Comments

1) nCDGU – Non-centrally dispatched generating units; power plants or generators that are not directly controlled by a central dispatching authority; 2) CCGT – Combined Cycle Gas Turbine; 3) 

SMR – Small Modular Reactor; 4) OCGT – Open Cycle Gas Turbine; 5) PV - Photovoltaics

Source: IJ model

The Polish electricity mix is expected to evolve into a system dominated by wind and 

solar generation by 2040

Possible electricity supply mix evolution in Poland
2022-2040F, TWh
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Hourly electricity generation mix in Poland
23 April 2023, GW

• Prior to 23 Apr 2023, only wind 

oversupply had been subject to 

curtailment by the PSE1 due to 

system balancing and security

• On 23 Apr, the first case of PV 

generation curtailment was observed, 

as a last-resort measure after 

exhausting the pumping of storage 

and exports

• The curtailment was necessary to 

maintain spinning reserves from 

CDGUs2 for downward frequency 

control (FCR3/FRR4 reserves)

• The event highlighted the need for 

more storage or export capacity, or 

development of elastic demand (e.g. 

electrolysers)

Comments

1) PSE – Polish transmission system operator (Polskie Sieci Elektroenergetyczne S.A.); 2) CDGU – Controllable Distributed Generation Units; 3) FCR –Frequency Containment Reserve; 4) FRR – Frequency 

Restoration Reserve

Source: ENTSO-E; PSE; IJ

The increasing share of electricity generated by renewables leads to a temporary 

oversupply of energy, highlighting need for increased storage or export capacity

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

System load
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PH gen

CDGU^
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Imports

Oversupply of 

renewable generation

03
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Electricity generation in Poland
Hourly, 21 January – 30 January 2023, GW

• Jan 2023 provides an illustration of 

renewable power generation draught 

(Dunkelflaute1) in the Polish power 

system (KSE)

• Low wind output2 persisted for a 

period of consecutive 98h across 23rd 

to 27th Jan 2023

• PV generation was also very modest, 

on average 580 MW (5% of installed 

capacity)

• In addition to the very limited 

renewable supply was high demand, 

typical for winter season in Poland

• The KSE has to rely on dispatchable 

thermal generation, imports or 

Demand Side Response (DSR) on 

days like these

Comments

1) Dunkelflaute – a period of time in which little or no energy can be generated with wind and solar power; 2) Below 700 MW, or below 8% of installed capacity

Source: ENTSO-E; PSE; IJ

In contrast to oversupply periods during sunny days, winter months are a challenge 

to reliability of supply in high-demand and low-wind/low solar periods
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LCOE1 of RES compared to the cost of coal and gas generation
2015-2022, EUR/MWh2

• Onshore wind is currently the 

most mature and cheapest 

technology on an LCOE basis

• After years of progressive drops, 

the LCOE of PV went up in 

2022, driven by supply chain 

disruptions following the Covid-

19 pandemic 

• While experiencing a similar 

downward trend as other 

renewables, Offshore wind 

remains relatively more 

expensive

• Renewables have become 

significantly cheaper on the 

LCOE basis than coal and gas-

fired generation

Comments

1) LCOE – Levelized Cost of Electricity; 2) Converted from USD

Source: IRENA; ECB; IJ

Renewable technologies have become more economic than coal or gas fired 

generation …
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LCOE & capture prices1 for 

onshore wind in Poland, PLN/MWh

• Wind or solar generation has no 

fuel or CO2 cost, allowing for low 

prices of generated electricity

• In periods of high renewable 

output, spot power prices are 

suppressed and often reach zero 

or negative levels (the latter 

being an expression of technical 

challenges with system 

balancing and flexibility)

• Low spot prices in the long run 

will translate into even lower 

capture prices for individual 

technologies, which may 

undermine the business case of 

further investments 

(“cannibalization”)

Comments

1) Average electricity price that a RES project achieves throughout a given period of time

Source: IRENA; PSE; IJ

…however, the effect of increasing renewables on spot power prices can be a double-

edged sword for renewable investment economics

LCOE & capture prices for PV in 

Poland, PLN/MWh
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• According to the Polish 

transmission system 

operator, Poland has zero 

MW of connection capability 

to the transmission network 

(as of November 2023)

• Data collected by the Polish 

Energy regulator (URE) 

show that over 51 GW of 

new connection applications 

were rejected in 2022 due to 

lack of technical or

economic conditions

Comments

Source: URE; IJ

Development of RES resulted in a surge of connection applications, however due to a 

lack of transmission and distribution network capacity, many are being rejected

Network connection arrangements refusals in Poland
2019-2022, GW
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24Source: URE; Orlen; Gaz System; PGNiG 

Poland mainly relies on imported natural gas sources, with domestic production 

accounting for ~20-25% of the national demand NON-EXHAUSTIVE

~23 TWh of 

nitrogen-rich gas 

annually

~15 TWh of high-

methane gas 

annually

~65 TWh 
annually

~105 TWh 
annually

~60 TWh 
annually

Odolanow is an important 

production site, where extracted 

nitrogen-rich gas is converted 

into high-methane gas

Great Poland 

Lowlands

Podkarpacie

(Subcarpathian 

region)

Key gas production facilities
2022

Key import facilities’ capacity
As of 2023

New internal gas fields continuously enrich Polish 

sources. The most recent example includes Bilgoraj 

gas field, consisting of ~7 TWh of natural gas.

Slovak 

inter-

connector

Yamal – 

Europe

Baltic Pipe

Swinoujscie 

(LNG 

terminal)

~345 TWh 
annually

Although technically 

available, Yamal-Europe 

probably won’t import any 

gas in the near future

2 NATURAL GAS IN THE CONTEXT OF DECARBONIZATION 
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1) FSRU – Floating Storage Regasification Unit

Source: PGNiG; IJ; Arthur D. Little

Polish gas supply infrastructure is currently being transformed to become 

independent from Russian gas

Total capacity of natural gas in Poland, excluding Russian imports
2022 -2040F TWh

KEY 

INVESTMENTS

2022 2023E 2024F 2025F 2026F 2027F 2028F 2029F 2030F 2035F 2040F

258

377 400 400 400
468 468 468 468 453 441

Pipelines LNG Total domestic production

FSRU1 Gdansk

FSRU is a LNG storage ship, that is capable of regasification 

of LNG onboard and then supplying gas network directly

Operational by 2027 Capacity: 69 TWh

Expansion of LNG terminal Swinoujscie

The only operational LNG terminal in Poland, which is 

currently in the process of expansion (construction of a new 

storage tank and a new jetty)

By 2024, increase in capacity 

from 69 to 92 TWh 

Excl. Russian capacity of ~490 TWh, 

which is technically available but 

realistically won’t be fully utilized

Planned demand

Gaz-System scenario is 

based on number of 

issued grid connection 

permits and thus 

considered conservative 

in the long term

2 NATURAL GAS IN THE CONTEXT OF DECARBONIZATION 
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The Russian invasion of Ukraine influenced European gas import flows, with Russian 

share declining from 45% in 2021 to 15% in 2023

European gas import structure
2021-2023, bcm

• Russia's invasion of Ukraine has required 

diversification of EU energy supplies

• Russia's combined LNG and pipeline gas share 

in EU imports fell from 45% in 2021 to under 

15% in 2023

• The diversion from Russian gas resulted in a 

surge in LNG imports and reduced overall gas 

consumption in the EU (13% less than 2021)

Capacity: 0-10, 10+, 15+ bcmpa*

LNG terminalsExisting pipelines

12%13%24%6%45%2021

21%14%30%19%15%2023

334

290

Russia USA Norway North Africa Others

Nord Stream 1 and 2

between Russia and 

Germany is not currently in 

use after explosions in 2022

Russian gas transit via Ukraine 

is unlikely to continue after 

2024, as Gazprom's 

agreement expires 

Baltic Pipe began 

operations in late 2022, 

becoming a major source 

of natural gas in Poland
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Natural gas consumption in EU-27
2018 – 2023E, TWh

Source: Eurostat; Arthur D. Little

The rise in gas prices and supply instability following the war in Ukraine led to lower 

gas consumption in the EU in 2022, with no significant recovery anticipated for 2023

18%

11%

4%

44%

2018

23%

18%

11%

5%

43%

2019

23%

18%

11%

5%

44%

2020

23%

18%

11%

5%

43%

2021

22%

19%

11%
5%

42%

2022

24%

18%

22%

5%

42%

2023E

4,161

11%

4,220
4,401

3,807
3,537

4,341

Germany Italy France Poland Other EU-27 CAGR

’18-’23E

-1.8%

-3.5%

-3.9%

+0.6%

-3.9%

• In the face of the war in Ukraine 

and record high prices, natural 

gas consumption significantly 

decreased in 2022 after stable 

2018-2021 period

• In 2023, gas consumption is 

predicted to remain below pre-

war levels, mainly due to 

relatively high prices compared 

to 2018-2021 period

• As the prices decreased, the 

demand for gas has recovered 

at the end of 2023 and early 

2024

Comments

-3.2%
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701

547

345

167

99

73

209

65

42

27

52

89

188

227

195

42

86

109

68

52

52

107%

66% 64%

52%

38%
32%

29% 28% 28%
25%

17%

10%

110%

108%

106%

104%

102%

101%

101%

100%

99%

98%

96%

89%

77%

74%

63%

20%

19%

Source: European Commission; Eurostat; Arthur D. Little

Poland has one of the lowest gas import dependency ratios in the EU, however its 

low storage and regasification capacities reduce supply stability to some extent

Current Planned

• Poland’s relatively low gas import 

dependency has a positive impact on the 

country’s supply security, however increasing 

regasification and storage capabilities are 

still critical challenges to be faced

Comments

Import dependency
(imports-exports)/consumption, 2022

Regasification capacity
TWh, 2023

Storage-to-consumption ratio
%, 2022

How to read: 74% percent of Poland’s gas 

consumption was secured through imports

How to read: Poland can secure 

17% of its yearly consumption with 

fully filled storage
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Polish gas consumption is expected to grow, mostly due to its role in the energy 

transition… but volatile gas prices and improved efficiency may dampen demand

Demand

drivers

Supply

drivers

Growing electricity 

demand and 

balancing needs

Instability of 

gas prices

Decarbonization

goals & regulations

Improving

energy efficiency

Description

In the face of supply instability of RES and lack of sufficient electricity 

grid capacity, increasing electricity demand will be balanced with more 

stable sources such as natural gas

Start of full-scale war in Ukraine exposed significant instability of natural 

gas prices, which may fluctuate depending on the macro environment (e.g. 

global LNG prices)

Both European and Polish regulations require reduction of coal in the 

coming years with gas being a natural transition fuel before moving to 

nuclear power

Gas-fueled equipment is getting more and more energy efficient, which 

means that consumption per unit will be gradually decreases, both for B2C 

and B2B (industrial) users

After cutting Russian gas imports to zero in 2022, adjusting supply 

structure in Poland continue, in order to ensure energy security, e.g. via 

LNG infrastructure, Baltic Pipe and new pipeline interconnections

High

Positive Negative

Low

Medium

Medium

High

Importance Impact

Long-term security 

of gas supply

5

4

3

2

1
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Daily natural gas demand in Poland
2018 – 01.2024, TWh

Source: ENTSOG; Arthur D. Little

Demand for natural gas in Poland has been relatively high in Q4 2023 and at the 

beginning of 2024, which suggests the market has come back to pre-war levels

0

100

200

300

400

500

600

700

800

900
Min-Max 2018-2022 2023 2024 • Since Q4 2023, gas demand in 

Poland has reached or even 

exceeded historical maximums 

from the last 5 years

• Gas demand was particularly 

high in Jan 2024 as it exceeded 

20 TWh, due to low 

temperatures and decreasing 

prices

• Data also confirms that industrial 

end users (connected directly to 

the transmission system) 

needed more natural gas than in 

respective period of 2022-2023, 

which suggests growing demand 

from the economy

Comments

1-Jan 1-Mar 1-May 1-Jul 1-Sep 1-Nov 31-Dec1-Feb 1-Apr 1-Jun 1-Aug 1-Oct 1-Dec
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1) TGE gaz BASE RDN – the price of natural gas in Poland on the Day-Ahead Market (spot); 2) TTF M+1 – European forward gas price index

Source: URE; ARE; Eurostat; Gas Storage Poland; TGE; NBP; GK ORLEN; PGNiG; investing.com; Arthur D. Little

Consumption of natural gas in Poland is on track to return to pre-war levels, despite 

change in supply structure and temporary surge in prices

Production

Chart

Import

Chart

Export

Chart

Storage

Chart

Consumption (Mt) Wholesale Gas Price (PLN/TWh)

Deep dives on each segment on following slides

42.4 39.7

2018 2023E

-1%
162.9 161.7

2018 2023

0%

6.6

8.7

2018 2023

+6%

2018 2023

32.7
37.5

+3%

187.0 192.2

2018 2023

+1%

Jan-18 Jan-20 Jan-22 Jan-24

0

500

1.000

1.500
TGE gaz BASE RDN TTF M+1
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Natural gas consumption in Poland
2018 – 2023, TWh

• From 2018-2021, gas 

consumption in Poland was 

slowly growing, mainly due to 

introduction of the government 

subsidies for gas-powered 

furnaces for household users

• Gas consumption in 2022 

significantly declined as in other 

European countries, however 

unlike in the other countries, it is 

expected to recover already in 

2023 as the prices for household 

users and certain small B2B 

users have been frozen

Comments

Source: ARE; ENTSOG; Arthur D. Little

Lower gas prices and increased security of supply enabled gas consumption in 

Poland to recover slightly in 2023

+0.6%

187.0
197.0 199.0

212.0

185.0
192.2

2018 2019 2020 2021 2022 2023

Drop in 2022 due to the war in Ukraine and 

subsequent cease of the gas import from Russia

Consumption

CAGR

’18-’23
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Natural gas production in Poland
2018 – 2023E, TWh

• Currently, there are two main 

areas of natural gas production 

in Poland:

– Western part of Great Poland 

Lowland, where low-methane 

gas is extracted

– Podkarpacie region where 

high-methane gas is 

extracted

• State-owned GK Orlen is the 

sole entity responsible for gas 

extraction in Poland and is 

continuously searching for new 

gas fields both in Poland and 

abroad, as Polish gas resources 

are expected to gradually 

deplete

Source: URE; ARE; Arthur D. Little

Poland’s domestic gas production has oscillated around 40 TWh in the recent years, 

which covers ~20-25% of the demand, being one of the highest ratios in the EU

-1.3%42.4 42.5 41.8 40.7 39.8

2018 2019 2020 2021 2022 2023E

39.7

Comments

Production

CAGR

’18-’23E
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Natural gas import in Poland
2018 – 2023, TWh

• Over the last 6 years, gas 

imports accounted for ~75-80% 

of total gas consumption in 

Poland

• Since the war in Ukraine began, 

gas imports from Russia via the 

Yamal-Europe pipeline ceased 

as the facility has been fully 

disabled

• Import from Russia has been 

replaced due to new investments 

in:

– Expansion of LNG terminal in 

Swinoujscie

– Baltic Pipe connecting Poland 

with Norwegian gas system

Comments

1) Pipelines connecting Poland with Germany, Czechia, Slovakia, Ukraine and Lithuania

Source: URE; GK OLREN; PGNiG; ENTSOG; Arthur D. Little

Over the last 6 years, gas import in Poland switched from mostly Russian gas to a 

more diversified structure with LNG terminal and Baltic Pipe being key contributors

98.9 98.8 99.8
111.5

47.0
24.1

34.8
48.8 42.4

38.4

56.8

65.3

29.2

36.2 39.6
40.9

64.2
72.3

2018 2019 2020 2021

7.5

2022 2023

162.9

183.7 181.8
190.8

175.4

161.7

Russia Other pipelines1 LNG Baltic Pipe

-0.1%

-100%

-7.1%

+17.5%

n/a

CAGR

’18-’23

Import
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Natural gas export from Poland
2018 – 2023, TWh

• Poland has been exporting small 

volumes of natural gas to 

Ukraine through the 

interconnector in Hermanowice

• Gaz-System (Polish TSO) is 

planning to increase export 

capacity to Ukraine up to 29 

TWh p.a.

• Volumes of exported gas may 

increase in the coming years 

due to recently built 

interconnectors with Slovakia 

and Lithuania

Comments

Source: ARE; ENTSOG; Arthur D. Little

Gas exports play only a limited role in the Polish gas market, with minor volumes 

transmitted to Ukraine

+5.8%

6.6 6.7

13.5

1.1

5.5

8.7

2018 2019 2020 2021 2022 2023

Export

CAGR

’18-’23
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Natural gas storage in Poland
2018 – 2023, TWh

• Over the last years, gas storage 

capacity in Poland slightly 

increased, through expansion of 

the existing facilities, however it 

is still significantly smaller 

compared to the other EU states

• In Q3’23, Gas Storage Poland 

announced it would expand the 

largest facility in Wierzchowice 

by another ~8 TWh by 2026

• In 2023, the EU introduced new 

regulation which provides that 

gas storage sites in member 

states must be filled to at least 

90% of their capacity by 1st of 

November each year

Comments

1) Capacity at the end of the period, e.g. there was storage capacity of 37.5 TWh at the end of 2023

Source: Gas Storage Poland; Arthur D. Little

Gas storage capacity and the volume of stored gas in Poland has been successively 

expanding in order to prepare for possible demand/supply fluctuations

+2.8%

23.3

(71%)

Dec-18

31.6

(94%)

Dec-19

26.6

(77%)

Dec-20

30.2

(84%)

Dec-21

35.2

(97%)

Dec-22

35.8

(95%)

Dec-23

Filled capacity

Filled capacity 

understood as 

amount of 

stored gas at 

the end of 

each period

Total 

capacity1 

[TWh]

32.7 33.6 36.434.7 35.8 37.5

CAGR

’18-’23

Storage
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Natural gas prices in Poland
2018 – 2023, PLN/MWh

Comments

Source: TGE; NBP; investing.com; Arthur D. Little

As of Dec 2023, wholesale gas prices in Poland and the TTF index traded in the 

Netherlands almost returned to the pre-war and pre-Covid-19 pandemic levels

0

100

200

300

400

500
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700

800

900

1,000

1,100

1,200

Jan-18 Jul-18 Jan-19 Jul-19 Jan-20 Jul-20 Jan-21 Jul-21 Jan-22 Jul-22 Jan-23 Jul-23 Dec-23

TGE gaz BASE RDN TTF M+1

Day-ahead index on 

Polish Power 

Exchange (TGE)

Dutch monthly 

futures index

Russian attack on 

Zaporizhzhia Nuclear 

Power Plant

Nord Stream 

flows cease

Post-pandemic 

economic rebound

Price

• Wholesale gas prices on the 

Polish Power Exchange (TGE) 

have been consistently 

correlated with the main 

European gas index TTF

• After significant increase 

following the war in Ukraine, the 

prices started to decrease and 

as of Dec 2023 they have come 

back to the levels from 2021

• In the short term, gas prices are 

expected to stabilize closer to 

pre-war levels as European 

countries mostly managed to 

replace Russian supply with 

other sources
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Hard coal consumption in EU-27, including coking coal
2018-2023E, Mt1, %

• Poland remains the largest 

consumer of hard coal with 

share of 34-44% of total EU-27 

consumption in the last 5 years

• Overall, the consumption 

experienced a decline with 

negative ’18-’22 CAGR of 8.5%, 

as hard coal is replaced with 

renewables and natural gas

• After the lockdowns in 2020 due 

to Covid-19 pandemic, the 

consumption of hard coal 

increased for 2021 and 2022, 

although remained significantly 

lower than 2018 and is expected 

to continue declining

Comments

1) Mt – million metric tons

Source: Eurostat; Arthur D. Little

In line with environmental policies, the consumption of hard coal in EU-27 countries 

declines, with Poland remaining the largest EU coal consumer

23%

6%
6%

31%

2018

38%

24%

6%
6%

26%

2019

44%

21%

5%
4%

25%

2020

42%

23%

5%
5%

25%

2021

38%

24%

7%
5%

26%

2022

42%

24%

34%

5%

23%

2023E

221.6

7%

145.1

165.2 168.4

143.8

179.2

Poland Germany Italy Netherlands Other EU-27

-5.2%

-7.5%

-6.7%

-4.6%

-13.9%

Lower energy consumption 

in 2020 due to pandemic 

lockdowns

-8.3%

CAGR

’18-’23E
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1) As of 31/12/2022; 2) Gt – gigatons

Source: Polish Geological Institute; Arthur D. Little

Polish production of coal is located in five main areas, with two hard coal extraction 

basins and three lignite production areas

Lublin Coal Basin

• Estimated coal reserves: 10-12 Gt

• Number of operating mines: 1 Annual production

~7Mt

Upper Silesian Coal Basin

• Estimated coal reserves1: 50-55 Gt2 

• Number of operating mines: 26 Annual production

~40Mt

3 Main Production Areas

• Estimated coal reserves: 20-25 Gt

• Number of operating mines: 5 Annual production

~40Mt

Hard Coal Production In Poland

Lignite Production In Poland
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41Source: IJ; Arthur D. Little

Polish demand for hard coal is shrinking, driven by regulations, alternatives and shift 

in household usage, with decreasing competitiveness impacting supply

Demand

drivers

As coal extraction continues in Polish mines, the process becomes 

increasingly difficult and costly. Decreasing competitiveness in relation to 

alternative sources of energy

Shift in household 

usage

Investments in 

alternatives

Low emissions 

regulations

Households, which historically accounted for a significant portion of coal 

consumption, are gradually transitioning their heating systems to natural 

gas and heat pumps, encouraged by subsidies

In line with Polish plans to phase-out coal, the Polish government invests 

heavily in support to roll-out of more environmentally friendly energy 

sources like gas and nuclear

EU and Polish regulations mandate a decrease in coal usage in the 

upcoming years, with the ultimate objective of fully substituting coal with 

energy sources that have low or zero emissions

High

High

Medium

High

Positive Negative

Description

Supply

drivers

Deep dives on 

following slides
ImpactImportance Impact

Decreased 

competitiveness of 

Polish coal

4

3

2

1
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1) MCP Directive - The Medium Combustion Plant Directive

Source: MCP Directive; European Commission; KOBiZE; Arthur D. Little

The EU’s MCP Directive1 will require many small and medium industrial businesses to 

switch from using coal as a primary energy source

The introduction of the MCP Directive means that many industrial energy consumers will be forced to switch from coal to less 

polluting energies, e.g. natural gas systems, which are long-term solution (beyond 2040) as they can also use biomethane 

as a fuel source without significant modifications

ObjectiveDefinition
Process stages 

(compliance dates)

1,500

1,100

400

Current allowed 

emission

Installations 

1-5 MW

Installations 

5-50 MW

-73%

-27%

Significant SO2 reductions, 

depending on the size of 

the combustion plant (vide 

chart on the right)

EU Directive from 2015 

concerning SOx, NOx and 

dust emission in plants with 

a rated thermal input 1-50 

MWth

2025 – installations with a 

capacity

exceeding 5 MW

2030 – installations 

between 1 and 5 MW

Overview of MCP Directive
Required SO2 Emission Reduction

mg/nm3

Natural gas SO2 emissions are ca. 99% 

lower compared with coal

01
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1) Including lignite; 2) Based on principles for the update of EPP 2040, from Mar ‘22; 3) BEiK – Expert Council on Energy Security and Climate

Source: Energy Policy of Poland 2040; IJ; Arthur D. Little

The share of hard coal in the Polish electricity mix is expected to gradually decline, 

as it is replaced by more environmentally friendly alternatives

87%

2010

83%

2012

81%

2014

78%

2016

77%

2018

70%

2020

70%70%

2022

35%

2030F

8%

2040F

Additional natural gas capacity to be 

deployed by 2030 

No more CAPEX on new coal and 

lignite capacity vs PLN 38.2B to be 

deployed into gas capacity

Planned decrease in CO2 emissions 

from electricity generation vs 2021 

levels

Planned decrease in coal and lignite 

consumption vs 2022 levels 

65%

0 PLN

88%

7.5 GW

Historical share EPP2040 forecast

Share of coal1 in Polish electricity mix
2010-2040F, %

Energy Policy of Poland 20402 

– main assumptions

Limited improvement in reducing share of coal in the electricity mix since 2010 will require Poland to significantly intensify 

decarbonization efforts in the coming years in order to meet ambitious goals of the Energy Policy of Poland until 2040

National Energy and Climate 

Plan 2030 is also being currently 

updated and it is expected to be in 

line with EPP 2040

Ca. 12 GW of coal-fired capacity 

expected to be phased out until 2030

Another ca. 9 GW until 2040

Currently, Polish 

government plans to 

completely phase 

out coal usage by 

2049, but BEiK3 

experts propose 

more ambitious date 

of 2035 

02
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Employment in the hard coal mining industry in Poland
2007-20231, K of FTEs

• Over the last 15 years 

employment in the hard coal 

industry in Poland decreased by 

~35%, primarily caused by:

– Decreasing profitability of 

coal production due to low 

availability of deposits

– Poland’s increasing 

decarbonization efforts

• In addition to the decreasing 

employment, the average 

productivity2 has been also 

decreasing, which affects the 

unit labor costs even more

Comments

1) Employment level at the end of each period; 2) Understood as amount of coal produced per FTE

Source: ARP; Arthur D. Little

Shrinking role of hard coal can also be visible in the number of FTEs employed in the 

Polish mining industry

’08 ’09 ’10 ’11 ’12 ’13 ’14 ’15 ’16 ’17 ’18 ’19 ’20 ’21 ’22 ’23’07

116.4

119.7 118.9

114.1

116.1 115.4

108.8

102.9

92.1
84.6 82.7 82.8 83.3 80.0 77.5 75.5 76.2

-35%

02
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Krakow 
Ban from September 2019

Warsaw 
Ban from October 2023

Wroclaw 
Ban to be introduced in July 2024

Solid fuels, mostly hard coal 

furnaces, are likely to face 

significant decrease over the 

next years

Natural gas is very popular in 

Polish households due to low 

CAPEX and high reliability

District heating applicable to 

most MDUs in Poland

Source: GUS; Arthur D. Little

Household demand for hard coal is expected to steadily decrease, especially given 

progressing bans on coal-fired furnaces in Polish cities

29%

57%

7%

7%

2015

31%

51%

11%

7%

2018

52%

28%

14%

6%

2021

100% 100% 100%

Heating sources in Polish households
As of January 2024, % share of households

Bans on coal-fueled systems in 

Polish cities

Other heating sources mostly 

include heat pumps and 

electricity which are expected 

to significantly increase 

Outlook for the future evolution

03
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1) PSCMI-1 – Polish Thermal Coal Market Index 1; 2) ARA M+1 – European hard coal futures price index (month ahead)

Source: Source: Eurostat; ARE; GUS;ARP; Stooq; Arthur D. Little

Polish coal consumption ’18-23E has declined with a CAGR of 7%, due to production  

decline and lower exports

Production

Chart

Import

Chart

Export

Chart

Change in storage

Chart

61.5

58.6

2018

45.8

39.4

2023E

120.1

85.2

-7%

51.3

58.6

2018

34.7

38.8

2023E

109.9

73.5

-8%
15.7 15.5

2018 2023E

0%

2.2

1.6

2018 2023E

-6%
3.4

2.8

2018 2023

-4%

0

20

40

60

80

Jan-18 Jan-20 Jan-22 Jan-24

PSCMI-1 ARA M+1

Hard coal Lignite

Lignite is 

consumed directly 

by the nearby 

mines and 

therefore is not 

stored, imported 

nor exported 

Deep dives on each segment on following slides

Consumption (Mt) Price (PLN/GJ)
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Coal consumption in Poland
2018-2023E, Mt

• With the transition from coal-

based economy in Poland, 

consumption slightly declines in 

favor of less polluting energy 

sources

• As a result of Covid-19 

pandemic, the consumption in 

2020 declined significantly, 

however it experienced a 

rebound in 2021 due to increase 

of economic activities in the 

country

• The key question is how to 

replace lignite coal in the energy 

mix, which is expected to run out 

in the ’30s

Comments

Source: ARP; ARE; Arthur D. Little

2018-2023E consumption of both hard coal and lignite in Poland decreased, with 

lignite declining at a faster rate of 7.6% p.a., while hard coal decreased by 5.7% p.a.

61.5

58.6

2018

55.4

50.4

2019

52.5

46.1

2020

56.6

52.6

2021

53.4

54.8

2022

45.8

39.4

2023E

Hard coal

Lignite

120.1

105.8
98.6

109.2 108.2

85.2

Energy 

consumption

[PJ]

472 409 445375 427

1,795 1,632 1,5121,515 1,667

Lignite

Hard coal

-5.7%

CAGR

’18-’23E

-7.6%

-6.6%

332

1,352
Lignite has 

~3x lower 

calorific value 

than hard coal

Consumption

Import
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Coal domestic production in Poland
2018-2023E, Mt

• Operating Polish mines face 

production cuts as hard coal 

extraction becomes more 

challenging, while investments in 

the development of new 

methods and mining sites is 

limited

• Another reason for coal 

production to decline is shift in 

energy mix not only for electric 

production but also for 

households which shift their 

heating sources from coal to gas 

and heat pumps

Comments

Source: ARP; GUS; Arthur D. Little

Domestic coal production declines following the shift in energy mix and increasing 

difficulties to extract coal from Polish mines, both for hard coal and lignite

51.3

58.6

2018

49.6

50.3

2019

42.1

46.0

2020

42.4

52.4

2021

40.5

54.6

2022

34.7

38.8

2023E

Hard coal

Lignite

109.9

99.9

88.1
94.8 95.1

73.5

CAGR

’18-’23E

-7.5%

-7.9%

-7.7%

Consumption

Production Import
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Hard coal import
2018-2023E, Mt

• Until the embargo in 2022, Russia 

was the largest exporter of hard coal 

to Poland with over 60% share 

• Imported hard coal is not widely used 

for electricity, 20-30% of imported 

resources are utilized by households, 

with the rest being used mostly by 

heating plants

• In a result of the war in Ukraine, 

Polish and European prices of hard 

coal surged, which led to government 

intervention to import hard coal from 

Kazakhstan and South Africa to meet 

winter demand

• As of 2023 the government does not 

plan to continue imports of such scale

Comments

Source: ARP; ARE; Euracoal; Arthur D. Little

Hard coal import increased in recent years, fueled by the surge in prices of domestic 

hard coal following the war in Ukraine
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Hard coal export
2018-2023E, Mt

• Between 2018 and 2020, there 

was a decrease in Polish hard 

coal exports. However, following 

the Covid-19 pandemic, energy 

consumption in Europe rose, 

leading to a higher demand for 

hard coal. Heightened European 

demand, coupled with rising 

shipping costs, contributed to an 

increase in Polish hard coal 

exports during 2021 and 2022

• As of 2022, the largest export 

markets for Polish hard coal 

included Germany, Ukraine and 

Czech Republic

Comments

Source: ARP; ARE; Forum energii; Euracoal; Arthur D. Little

Polish hard coal export rose in a result of post-pandemic economic rebound and 

increased shipping prices, which led European countries to look for local suppliers
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Hard coal storage changes
2018-2023E, Mt

• Changes in hard coal storage 

are the effect of balancing 

domestic usage, production and 

foreign trade 

• In 2021, a sudden decrease in 

stored hard coal was the effect 

of low imports and post Covid-19 

pandemic economic rebound, 

which resulted in increased 

domestic consumption and 

export

• Increased storage causes 

delayed payments and financial 

problems for Polish mines, as 

they continue their operations 

while consumption sites utilize 

already stored resources 

Comments

Source: ARP; Forum energii; Arthur D. Little

The amount of stored hard coal fluctuated in recent years, with sudden decline in 

2021 and gradual build up afterwards
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Hard coal prices
2018-2023, PLN/GJ

• As a market index ARA M+1 is 

characterized by a much higher 

volatility than regulated and 

partially steered by government 

PSCMI-1 prices

• In winter season of 2021 as gas 

prices in Europe rose, demand 

for cheaper alternatives surged, 

increasing also prices of ARA 

M+1, the trend intensified in 

2022, following Russian invasion 

of Ukraine 

• PSCMI-1 prices also 

experienced rapid increase in 

2022 due to inflation pressures 

and unmatched production to 

demand for hard coal

Comments

Source: ARP; Stooq; NBP; Arthur D. Little

Geopolitical instability in recent years introduced rapid changes to previously stable 

prices of hard coal both on Polish and European markets

0

5

10

15

20

25

30

35

40

45

50

55

60

65

Jan-18 Jul-18 Jan-19 Jul-19 Jan-20 Jul-20 Jan-21 Jul-21 Jan-22 Jul-22 Jan-23 Jul-23 Jan-24

PSCMI-1 ARA M+1

Polish coal 

index for 

electricity use

Rotterdam 

coal futures 

contract

Consumption Price

Production Import Export Storage

3 COAL USAGE IN THE ENERGY TRANSITION 



GLOSSARY AND SOURCES

4



54

Abbreviations and definitions (1/3)

ARA Y+1/M+1 European hard coal futures price index (year/ month ahead)

BEiK Expert Council on Energy Security and Climate

Capture price Average electricity price that a RES project achieves throughout a given period of time

CDGU Controllable Distributed Generation Units

CCGT Combined Cycle Gas Turbine

DA Day Ahead

DSR Demand Side Response

Duck curve
Graph of power production over the course of a day that shows the timing imbalance between peak demand and solar 

power generation. When plotted on a graph the lines and curves form a distinctly duck-like shape.

Dunkelflaute A period of time in which little or no energy can be generated with wind and solar power

EPP2040 SC_3 Poland's Energy Policy until 2040, priority Social Challenges in theme SC 3 safe, clean and efficient energy

FCR Frequency Containment Reserve

FRR Frequency Restoration Reserve

FSRU  Floating Storage Regasification Unit

Utilized sourcesName Definitions
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Abbreviations and definitions (2/3)

KSE Polish Power System (Krajowy System Elektroenergetyczny)

LCOE Levelized Cost of Electricity

MCP Directive The Medium Combustion Plant Directive

nCDGU non-Controllable Distributed Generation Units

OCGT Open cycle gas turbine

PH Pumped hydroelectricity

PRSP 2032 Transmission System Development Plan to 2032

PSCMI_1

Polish Thermal Coal Market Index 1, weighted average of transactions executed on the Polish thermal coal market, 

invoiced in a given calendar month

PSE Polish transmission system operator (Polskie Sieci Elektroenergetyczne S.A.)

PV Photovoltaics

RES Renewable energy sources

SMR Small modular reactor

SRMC Short-run marginal cost

TGE Polish Power Exchange (Towarowa Giełda Energii)

Utilized sourcesName Definitions
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Abbreviations and definitions (3/3)

TGE gaz BASE RDN The price of natural gas in Poland on the Day-Ahead Market (spot)

TTF M+1 European forward gas price index (for the following month), for the Dutch Title Transfer Facility hub

URE Energy Regulatory Office (Urząd Regulacji Energetyki)

Utilized sourcesName Definitions
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Sources (1/2)

Industrial Development Agency (Agencja Rozwoju Przemysłu, ARP)

Agencja Rynku Energii (ARE)

Energy.instrat

Euracoal

European Network of Transmission System Operators for Electricity (ENTSOE)

European Network of Transmission System Operators for Gas (ENTSOG)

Eurostat

Gas Storage Poland 

Gaz System

GK ORLEN

Statistics Poland (Główny Urząd Statystyczny, GUS)

Instytut Jagielloński

Investing.com

European Comission

Sources
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Sources (2/2)

The National Centre for Emissions Management (Krajowy Ośrodek Bilansowania i Zarządzania Emisjami, KOBiZE)

International Renewable Energy Agency (IRENA)

International Monetary Fund (IMF)

National Bank of Poland (Narodowy Bank Polski, NBP)

Polish Geological Institute (Państwowy Instytut Geologiczny)

Polish Coal Market (Polski Rynek Węgla)

Polskie Górnictwo Naftowe i Gazownictwo (PGNiG)

Stooq

Polish Power Exchange (Towarowa Giełda Energii, TGE)

Energy Regulatory Office (Urząd Regulacji Energetyki, URE)

Źródła
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Appendix - Potential developments of Polish energy generation mix

Potential development of Polish 

energy mix

Detailed analysis of electricity 

prices
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Possible electric capacity mix 

evolution in Poland, GW

• Subject to the factors identified 

earlier, our modelling shows that 

Poland’s electricity generation 

mix can evolve into 3 scenarios

• Scenario 1:

− Based on cleaner fossil fuels 

(gas, hydrogen) and nuclear 

sources, with around 38% 

share of renewables in the 

long term

− In the scenario, emissions 

reductions by 2040 

(compared to 2005) can 

reach 76% for the fossil and 

nuclear mix

Comments

Source: IJ model

Potential development of Polish electricity generation mix - scenario based on 

cleaner fossil fuels and nuclear sources (Scenario 1)

Possible electricity supply mix 

evolution in Poland, TWh
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Possible electric capacity mix 

evolution in Poland, GW

• Scenario 2:

− In between scenarios 1 and 

3, reaching a 59% share of 

renewables

− In the scenario, emissions 

reductions by 2040 

(compared to 2005) can 

reach 83% for the in-between 

mix

Comments

Potential development of Polish electricity generation mix - scenario with limited 

development of renewable energy sources (Scenario 2)

Possible electricity supply mix 

evolution in Poland, TWh
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Possible electric capacity mix 

evolution in Poland, GW

• Scenario 3:

− Based on renewables 

(reaching 73% share by 

2040)

− In the scenario, emissions 

reductions by 2040 

(compared to 2005) can 

reach 89% for the renewable 

mix

Comments

Potential development of Polish electricity generation mix - scenario based on the 

fast development of renewable sources of energy (Scenario 3)

Possible electricity supply mix 

evolution in Poland, TWh
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Appendix - Detailed analysis of electricity prices

Detailed analysis of electricity 

prices
Potential development of Polish 

energy mix
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• Gas SRMC (based on spot gas 

price and CO2 costs) has been 

one of the main drivers of the DA 

power prices in Poland since 

end of 2021

• Coal-based SRMC (ARA or 

PSCMI 1) was less impactful in 

setting the directions and levels 

of the DA prices in the last two 

years

• DA prices are also driven by 

other fundamental factors which 

affect the instantaneous supply-

demand balance in the power 

system

Comments

1) SRMC – Short-run marginal cost

Source: ARE; ARP; Investing.com; PSE; TGE; IJ

Between late 2021 and early 2023, Polish DA power prices showed strong correlation 

with volatile natural gas prices; the effect weakened throughout the rest of 2023
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DA power prices (PLN/MWh) & outages (forced and planned) (GW)
2021-2023

• Outages and DA prices show a 

strong positive Pearson 

correlation coefficient (0.79)

• Higher outages result in a tighter 

system (capacity scarcity) and 

drive prices up

Comments

Source: PSE; IJ

Apart from SRMCs, outages of generation capacity are another significant driver of 

DA power prices in Poland

DA power prices & outages 

(forced and planned), 2021-2023
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Hourly DA power prices & RES share
September 2023, PLN/MWh

• Highest PV output around noon, 

with shoulder periods in the 

morning and late afternoon

• The pattern creates a “duck 

curve” shape of power prices 

when PV generation is strong 

(late spring, summer, early 

autumn)

• The “duck curve” effect of PV 

also impacts the power demand, 

leading to numerous technical 

challenges in power system 

operations (incl. frequency and 

voltage stability & thermal units’ 

flexibility)

Comments

1) CDGU – Controllable Distributed Generation Units; 2) nCDGU – Non-Controllable Distributed Generation Units

Source: PSE; IJ

Hourly DA power prices in Poland are becoming more and more impacted by the 

growing share of renewables, with PV-driven “duck curve” having a particular impact
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Daily DA power prices & RES share
January 2023, PLN/MWh

• Days with high wind generation 

output experience lower DA 

prices than days with low shares 

of wind output

• The daily impact of wind 

(compared to hourly impact of 

PV) stems from the 

characteristic of these natural 

resources

• PV output is more variable 

across hours, while wind output 

levels generally changes more 

from one day to another

Comments

Source: PSE; IJ

While PV lowers DA prices on an hourly basis, the impact of wind generation is 

particularly pronounced in the daily resolution
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Forward electricity prices in Poland
on the backdrop of forward SRMC, 2015-2023, PLN/MWh

• Gas SRMC (based on forward 

gas price and CO2 costs) has 

been the main driver of the 

forward power prices in Poland 

since end of 2021

• SRMC based on ARA coal has 

been tracking closely to gas 

SRMC throughout 2023, after a 

year of detachment in 2022

• SRMC based on the Polish 

Steam Coal Index for power 

producers (PSCMI_1) remained 

above the power price 

throughout 2023

Comments

Source: ARE; ARP; Investing.com; Stooq; TGE data; IJ

Contrary to DA prices (driven by a bigger number of fundamental factors), forward 

power prices in Poland are predominantly driven by estimated forward SRMCs
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