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Introduction

This booklet summarizes the Polish Electricity Association (pol. Polski Komitet Energii Elektrycznej,
PKEE) report about the transition of the polish energy sector in the scope of achievements and further
actions in the implementation of the climate and energy policy by the energy sector.

Reducing greenhouse gas (GHG) emissions and the negative impact humans have on the
environment are at the heart of climate policy at global and European Union (EU) levels. The
implementation of an ambitious climate policy places the EU in the role of a world leader in climate
protection, with the long-term goal of achieving climate neutrality by 2050. Poland, which is a Member
State of the EU since 2004, is also committed to achieving these climate goals.

Poland is also actively involved in global initiatives in the field of climate policy by being a party to the
United Nations Framework Convention on Climate Change (UNFCCC) since 1994 and the Kyoto
Protocol since 2002, and ratifying the Doha Amendment and Paris Agreement.

The scope of transformation of the Polish energy sector is much wider and more expensive than in
the majority of EU countries. One of the main reasons behind it is very specific historical conditions
and a high proportion of coal in the energy production mix. Transitioning to renewable energy as a
main source of energy requires not only a technological reconstruction of the energy sector, but also
a significant increase of production of renewable energy for the purpose of replacing fossil fuels in
transport and heat production (among others). Moreover, an additional challenge for the
reconstruction of the energy sector in the upcoming years will be the implementation of the transition
in the conditions of destabilized fuels and electricity markets.

Conducting a swift energy transition in Poland requires full commitment from all interested parties.
Power companies play a crucial role in this process as they are at the forefront of the fuel and energy
transition. The impact of GHG emissions on climate change, care for human health, need for
sustainable development, and minimizing the impact of energy sector on the environment are factors
which motivate energy companies to carry out ambitious actions towards energy transition.
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1. Implementation of the climate policy in Poland

Poland takes an active part in all UN climate protection actions, which is proven by the fact that the
first global obligation of a 6% reduction in GHG emissions was fulfilled in advance!. Further global
obligations were undertaken by Poland as a part of the EU. EU’s ambition is to become a leader in
climate protection actions and the EU was the first to present the ambitious target of achieving climate
neutrality by 2050. The first EU targets for 2020 assumed reduction of GHG emissions by 20% and
for 2030 the target was increased up to as much as 40%. The accumulation of undesirable
phenomena caused by climate change and the need to accelerate the reduction of fuel imports forced
further actions. As a result, the 2030 GHG emission reduction target was increased to 55%?2. To
achieve this target European Commission prepared a proposal for the “Fit for 55” package. Moreover,
because of the Russian invasion of Ukraine in February 2022 and resulting necessity to rapidly
reduce EU Member States’ reliance on imported energy resources, the EU announced a new plan —
REPowerEU, which proposes even higher targets than the “Fit for 55” package.

Summary of goals resulting from EU regulations until 2030

Redukcja emisji GHG Wozrostudziatu OZE Poprawa efektywnosci energetycznej

energia pierwotna energia finalna

> NS MG WD

v A 32% &L 32,5% @ @ 32,5%
40% 1 ; 39% (+ 6,5 p.p. 36% (+ 3,5 p.p.
{ 40% (+ 8 p.p.) % (+6,5p.p.) (*+3,5p.p)

55% (+15 p.p.) 45% ¢+ 5 pp) 41,5% (+ 2,5 p.p.) 38,5% (+ 2,5 p.p.)
b p.

. Wykonanie 2020 rok Cel ,Czysta energia dla wszystkich Europejczykow” . Cel Europejskie Prawo o Klimacie . Cel Fitfor 55” . Cel REPowerEU

Source: Own study based on information and documents of the European Commission pertaining to the “Clean Energy for
All Europeans, “Fit for 55", and REPowerEU.

Poland has met its EU targets for 2020 by reducing total GHG emissions by more than 20%?3.
Moreover, the share of renewable energy sources (RES) in final energy consumption was increased
to approx. 16.1%*%. In relation to the energy efficiency increase, the value of primary and final energy
consumption reached 96.5 Mtoe and 71 Mtoe, respectively, which were close to the targeted 96.4
Mtoe of primary energy consumption and 71.6 Mtoe of final energy consumption.

In the long-term perspective, the energy transition and counteracting climate change in Poland will
be carried out on the basis of strategic documents, most importantly Energy Policy of Poland until
2040 (PEP2040).

1 In 2012 relative to 1990 levels

2 The arrangements to increase the GHG reduction target to at least 55% by 2030 are included in the regulation containing
the European Climate Law, which was adopted in July 2021.

3 Compared to 1990 levels, based on data from EUROSTAT

4 Compared to the 15% target, based on data from EUROSTAT
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Forecast of gross energy mix of Poland according to PEP2040 [TWh]
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Source: Own study based on PEP2040.
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2. Implementation challenges of the transformation

Due to geopolitical conditions until 1990, the Polish economy developed at a much slower rate than
the economies of Western Europe. Achieving economic development close to the EU average will
result in an increase in electricity consumption despite energy savings resulting mainly from the
implementation of measures to improve energy efficiency.

GDP per capita in Poland and EU countries GDP per capita (EU27 = 100) in 2021 according to the
purchasing power parity of the zloty
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Source: Own study based on data from EUROSTAT

The energy sector in Poland, due to historical and geopolitical conditions, was based on fossil fuels
- hard coal and lignite. Nevertheless, the share of energy generated from low- and zero-emission
sources is increasing gradually and consistently, and therefore the emission intensity of electricity

production in Poland is steadily decreasing®.

Share of energy carriers in electricity production in 2012 and 2020 and the first half of 2022

2012 2020 1 potowa 2022
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Source: Own study based on data from ARE and GUS

Reduction in the production of hard coal and lignite is directly connected with the reduction of their
use by the energy sector. The peak of hard coal extraction in Poland occurred 30-50 years later than
in countries such as France, Great Britain or Germany. These countries have shut down their mining
operations altogether only in recent years, which illustrates the scale of time that Poland needs to
effect changes in the mining sector. Poland is trying to carry out reforms in the mining industry in an
evolutionary manner, while maintaining social protection and creating new jobs. This requires the

transformation to be spread over many years.

5 Poland reduced unit GHG emissions by over 90% relative to the value of Poland’s GDP from 1990 to 2020, according to
data from the World Bank.
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In order to avoid sector barriers to economic growth, it is necessary to maintain a stable supply of
electricity in the required quantities and at acceptable prices.

In recent years, there has been a significant increase in the price of CO2 emission allowances and
energy resources. Between February 2018 and February 2022, the price of the allowances increased
over ten-fold®. Natural gas and hard coal prices multiplied several times in the last two quarters of
2021 due to the accumulation of several events’ relative to prices observed at the beginning of this
year®. The Russian invasion of Ukraine in February 2022 further destabilized energy markets,
especially in Europe, which was heavily dependent on imports of energy resources.

The destabilization of energy commodity markets has led to unprecedentedly high electricity prices
on the wholesale market (mainly due to extremely high prices of natural gas), reaching up to PLN
1,800/MWh. The persistence of such high prices would have catastrophic consequences for the
energy market and end-users, and consequently would lead to an economic downturn.

Increase in the prices of natural gas and CO2 emission  Increase in the prices of natural gas and CO2

allowances and the resulting electricity prices emission allowances and the resulting electricity
in August and September 2022 prices in August and September 2022
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e Sradniowazona miesieczna (BASE, PEAK, OFFPEAK) cena e.e. RDN [PLN/MWh]
Sredniowazona cena gazu ziemnego (TGE - RDNg) [PLN/MWh]
Srednia cena uprawnien do emisji CO2 [PLN/EUA]

Source: Own study based on data from World Bank

To mitigate the effects of extremely high energy prices in 2022 and in forward contracts for 2023, on
6 October 2022, Council Regulation 2022/1854 on an emergency intervention to address high energy
prices was published °(hereinafter referred to as the “Regulation”). The solutions adopted in the
Council Regulation include intervention in the energy market and the activities of its participants,
unprecedented in the history of the EU. It is based on instruments redirecting surplus profits to
protective measures for end-users (establishing a cap on the market revenues obtained from
electricity generation using inframarginal technologies'® or a mandatory solidarity contribution from
surplus profits in the oil, gas, coal and refinery sectors). Efforts to reduce electricity consumption
during peak hours are also essential.

Poland is actively involved in developing intervention solutions at the EU level, while simultaneously
implementing a number of solutions at the national level. In September, the system regulation was

5 Based on data from EEX — The European Energy Exchange.

7 First, increased demand for electricity, especially in China and India. Second, adverse weather phenomena including
droughts in several regions, cold winter in the EU, floods affecting coal production and third, political conditions such as a ban
on Chinese coal imports to Australia

8 According to quotes and indices from ICE Dutch TTF Natural Gas Future, Coal (AP12) CIF ARA (ARGUS-McCloskey) Futures
Shttps://eur-lex.europa.eu/legal-
content/PL/TXT/?uri=uriserv%3A0J.LI1.2022.261.01.0001.01.POL&toc=0J%3AL%3A2022%3A2611%3ATOC

10 According to the content of the Regulation; those using wind, solar, geothermal, hydroenergy from power plants without
reservoirs, biomass, waste, nuclear and lignite, crude petroleum products, peat
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amended, specifying the method of calculating offer prices on the balancing market. The introduction
of this regulation significantly lowered clearing prices on the balancing market, which will directly
reduce the level of market prices in other market segments. Regulations developed at both EU and
national levels are intended to ensure, among other things, the ability to implement protective
measures for the most vulnerable end-users.
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3. Strategic directions of development of Polish energy groups

Poland’s strategic plans are also reflected in the strategies of the largest Polish energy groups, which
assume a significant increase in the share of renewable energy sources and the implementation of
network investments supporting RES integration for the coming years.

Wyhbrane cele strategiczne

esiggniecia neutralnoéei
klimatycznej

Rozwd] OZE w postaci budowy ladowych i

s T morskich farm wiatrowych, szerokiego
rozwoju instalacji fotowoltaicznych, a takze
wsp6lpracy z klientami w zakresie instalacji
prosumenckich,

Brak nowych inwestycji w zakresie
wykorzystania wegla kamiennego
{wydabycie i wytwarzanie energii
elektrycznej). Obecnie eksploatowane
aktywa weglowe majg docelowo zostad
przeniesione do NABE.

&> Priejsciowe wykorzystanie gazu ziemnego,

a w dalszej perspektywie ,zielonych
gazow”, jak zielony woddr czy biogaz.

w zakresie innowacyjnych
technologii/produktéw

Zwigkszenie zdolnosci Grupy w 2akresie
magazynowania energii. Da 2030 roku
planowane jest co najmniej 800 MW w
magazynach energii, ktére prayczynia sig
do 2wigkszenia elastycznosci produkcji ze
#rodet rozproszonych jak i wigkszej
niezawodnosci sieci OSD.

Modernizowanie sieci dosytowych w celu
poprawy jakosci energii, niezawodnosci
dostaw oraz zwiekszenia macy
przytaczeniawych dla OZE. Panadto,
rozwijane beda elementy inteligentnej
sieci

Wybrane cele strategiczne

ia neutralnosci

Dzialania w zakresie osiaf
klimatycznej

Zwigkszenie mocy OZE o ponad 500% do

2030 roku, pozwalajace na osiagnigcie

macy zainstalowanej
kd ﬂ © L1GWw LFW,
© 1,4 GW WPV,

« 1,0 GW w MFW w ramach wspétpracy
2 partnerami strategicznymi, jak
réwniet wlasnego developmentu,
Realizacia powyzszych zatozen
pozwoli ograniczyé emisyjnodé
produkcji energii elektryczne; z ok,
750 kg CO5/MWWh w 2021 roku do
ok. 160 kg CO,/MWh w 2030
roku.

W zakresie cieptownictwa —
zastapienie do 2030 roku
istniejacych rédet wytworezych,
opalanych weglem, przez
jednostki nisko- i zeraemisyjne.

):‘
TAURON

Dziatania w zakresie innowacyjnych

nologii/produktéw
Wspieranie zarzadzenia infrastruktura OZE.

Opracowywanie | wdrazanie nowych
technologii wspierajacych , zielong
transformacje” cieplownictwa

technologii
osiagnigcie znaczace] pozycji w gospadarce
wodorowej.

Osiaganie gotowosci do realizacji budowy
nowoczeshego rddla jadrowego
wytwarzajacego energie elektryczng i
cieplo w wysokosprawne] kogeneracji.
Przeprowadzenie transformacji cyfrowej
Grupy TAURON.

Inteligentne rozwigzania dla klientéw.

®

Przeprowadzenie inwestycji majacych na
celu zapewnienie stabilnosci dostaw
energii elektrycznej oraz realizowanie
projektéw zwigzanych z modernizacjq oraz
rozbudows infrastruktury sieciowej, ktére
pozwela na przytaczenie nowych
odbiercdw oraz frédel odnawialnych w
tym wdrozenie 100% inteligentnych
licznikéw do 2030 roku,

W zakresie infrastruktury sieciowej w
ramach systeméw cieptowniczych
ji beda dziatania

stuzace:

* przylaczaniu nowych klientéw,

« zapewnieniu wysokiej niezawodnodci i
jakoéci dostaw ciepta oraz minimalizacji
strat w przesyle ciepfa

Wybrane cele strategiczne

neutralnosci

Dziatania w zakresie osi.

klimatyczne

" Rozwdj OZE poprzez akwizycje, budowe
QEET wiasnych projektéw oraz przy wspétudziale
partneréw biznesowych.
Wydzielenie aktywow zwiazanych z
wytwarzaniem energii elektrycznej w
konwencjonalnych jednostkach weglowych
do NABE ze struktur Grupy.

Wykorzystanie gazu jako paliwa

=] przejéciowego w celu zapewnienia
bezpieczenstwa energetycznego. W
opareiu o juz istniejacy infrastrukture,
niskoemisyjne Zrédta konwencjonalne
beda stabilizowaty rozwijajace sie OZE.

"Enea

Driafania w zakresie innowacyjnych
technologii/produktéw

Rozwdj nowych pakietéw produktowych i
ustugowych, jak na przyktad magazyny
energii, ktére bedg kluczowe dla
zapewnienia stabilnosci OZE i
bezpieczeristwa energetycznego.

Zagospodarowanie elementéw po zuzytych
instalacjach OZE i magazynach energii, jak
réwniez ubocznych produktéw spalania z
sektora przemystowego

@

I

Przeksztatcenie swajej infrastruktury
sieciowe]j w tzw. inteligentng sie¢ (Smart
Grid).

Dostosowanie sieci dystrybucyjnej do
zmian powodowanych przez dynamiczny
warost liczby i macy #rodet
rozporaszonych, w szczegdlnosci poprzez
przebudoweg sieci pasywne]
(jednokierunkowej) w siec aktywnga
(dwukierunkowej).

Wybrane cele strategiczne

Dziatania w zakresie osiagniecia neutralnoéci

klimatycznej

€ Energa | cruramEm

Dziatania w zakresie innowacyjnych
/produktow

Rozwdj OZE [PV, LFW, MFW) — Do 2030
roku przewidywane jest osiagniecie ok, 1,1
GWe mocy zainstalowanej w ladowych OZE
oraz udziat w projektach MFW a mocy ok.
1,3 GWe.

7 Prowadzone dziatania maja przyczynic sie
(.. do redukeji emisji CO,/MWh 0 33% w 2030

roku w poréwnaniu do roku 2013

[m,

Poprawa jakosci obstugi klientdw poprzez
inwestycje takie jak zwiekszenie udziatu
licznikéw zdalnego odezytu (AMI)

ELE] zainstalowanych u klientéw do 100% w

2026 roku czy rozwdj narzedzi IT,

Przeprowadzenie gruntowego programu
cyfryzacji i redukeji kosztow.

Ly

Przebudowa i rozbudowa sieci
dystrybucyjnej w celu poprawy
niezawodnasci dostaw energii elektrycznej,
przytaczaniem #rédet energii elektrycznej,
rosnacymi przeplywami sieci araz
przytaczaniem odbioredw.

Udziat w realizacji nowych mocy w
instalacjach gazowych araz modernizacja
instalacii kogeneracyjnych.
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The supporting members of PKEE appreciate the impact of ESG on their further development. The
ESG aspects are incorporated into the strategies and operation plans of energy companies.

Selected ESG activities of PGE, ENERGA, ENEA and TAURON

PGE

Czy elementy ESG sa
uwzglednione w strategii?

ENERGA

ENEA

TAURON

Czy elementy ESG sg
uwzglednione w planach
operacyjnych?

Przyktad celu w zakresie
E Srodowiska
(Environment)

Osiggnigcie neutralnosci
klimatyczne] najpdzniej do
2050 roku

Polityka bioréznorodnosci —
usystematyzowanie podejscia

Dziatania na rzecz
efektywnosci energetycznej

Dazenie do minimalizaciji
zuzycia wegla kamiennego i
osiggniecie neutrainosci
klimatycznej do 2050r.

Przyklad celu w zakresie
Spoteczenstwo
(Social)

Sprawiedliwa transformacja

Budowanie $wiadomosci
spolecznej, obywatelskiej,
konsumenckiej
i ekologicznej

rozwdj wspdlpracy ze
spotecznosciami lokalnymi
(ruchy miejskie i samorzady)

Wspieranie dziatan na rzecz
dobra publicznego oraz
efektywny i transparenty dialog

Przyktad celu w zakresie
tad Korporacyjny
(Governance)

Bezpieczenstwo
teleinformatyczne

Opracowanie polityki
klimatycznej, Identyfikacja
ryzyka fizycznego
i regulacyjnego dot. zmian
kKlimatu

Nowoczesny, transparentny i

etyczny tad Organizacyjny na

wszystkich szczeblach w calej
GK ENEA

Zarzadzanie Grupg TAURON
przy zachowaniu tadu
korporacyjnego, cele

zarzadcze powiazane z ESG

Centrum Rozwoju Kompetencji,
ktore tworzy mozliwosci
przekwalifikowania
pracownikom zwigzanych z
weglem brunatnym, gidwnie na
specjalnosci zwigzane z OZE

Przykiad projektu w
zakresie ESG

Realizacja celéw ESG zostata
wiaczona do Karty Celéw
menedzerskich

Ogdlnopolskg kampania
edukacyjna #BattykDlaPokolen,
ktorej celem jest zwrocenie
uwagi na zagrozenia dla
ekosystemu Morza Baltyckiego
ze strony zatopionej amuniciji i
broni chemicznej z okresu Il
Wajny Swiatowej

Inwestycje w OZE w ramach
realizacji Zielonego Zwrotu
TAURONA, w tym na terenach
poprzemystowych

Source: Own study based on CSR reports of supporting members of PKEE

According to the government program, the acceleration of investment processes is to be achieved,
among other things, through structural changes in the energy sector, including the spin-off of coal
assets and their concentration in the National Energy Security Agency (pol. Narodowa Agencja
Bezpieczenstwa Energetycznego, NABE). NABE will conduct activities related to maintenance and
management of current coal assets, enabling Polish energy companies to accelerate investments in
low- and zero-emission energy sources as well as transmission and distribution infrastructure. NABE
will relieve the energy sector of the burden on financial markets related to the possession of a coal
portfolio and facilitate acquisition of the necessary capital on the financial markets.

NABE is to contain over 70 coal-fired units that are currently owned by PGE Polska Grupa
Energetyczna S.A., ENEA S.A., TAURON Polska Energia S.A., and ENERGA S.A. (which is currently
owned by PKN ORLEN S.A)). Coal assets are to be purchased by PGE Goérnictwo i Energetyka
Konwencjonalna S.A. (PGE GIEK), which will then be transformed into NABE. According to the
approved schedule, NABE will be functional by the end of 2022.

PKEE 2022
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4. Opportunities and challenges in the field of
emission electricity sources development

REN and low

The development of RES is one of the key aspects of Poland’s energy transition, supporting both the
achievement of climate goals and the improvement of energy security. PEP2040 assumes a
significant increase in RES generation capacity — by 2040, 40% of electricity is to come from RES,
which is an increase of over 23 percentage points relative to 2020. According to the assumptions for
the PEP2040 update, the share of RES in electricity production may increase up to 50% by 2040.

Example of an RES development project carried out by ENERGA

Farma Fotowoltaiczna Gryf
Budowa elektrowni PV o mocy 20 MW

zagospodarowanie terendéw juz
wykorzystywanych do wytwarzania

typu OZE w Grupie Orlen.

Przyktad projektu w zakresie
transformacji energetycznej

stanowi przykfad pomystu na dodatkowe

energii elektrycznej. Rozwoj PV w Polsce
stanowi kluczowy element rozwoju tego

Osiagniete ySci w celow
polityki klimatyczno-energetycznej UE

taczna moc 20 ww

Roczna produkcja
zielonej energii 20 000 mwn

Aspekt wyrozniajacy

Rozwdj instalacji OZE o réznej
dyspozycyjnosci obnizajacy ich wptyw
na bilansowanie energii elektrycznej
wprowadzanej do sieci.

& Energa | crupaEmmem

Source: Own study based on data from ENERGA

Example of an RES development project carried out by TAURON

Budowa Farmy fotowoltaicznej PV
Mystowice (etap )

Farma fotowoltaiczna o mocy 37 MW (z
perspektywa rozbudowy) bedzie
produkowaé energie elektryczna z
wykorzystaniem promieniowania
stonecznego. Konstrukcja nosna
posadowiona bezposrednio do podtoza
skladowiska odpadéw paleniskowych w

transformacji energetycznej

Przyktad projektu w zakresie

Myslowicach, na powierzchni ok. 50 ha.

Osiagnigte korzysci w zakresi lizacji celéw
polityki klimatyczno-energetycznej UE

Roczna produkcja
zielonej energii 39 000 wwn

Roczna redukcja
COZ 30 000 ton

Aspekt wyrézniajacy

Budowa instalacji na terenach
niewykorzystanych gospodarczo nalezacych
do Grupy TAURON — przywrécenie funkeji
gospodarczych. Projekt PV Mystowice to
czeéé szerszego programu budowy instalacji
PV na terenach poprzemystowych.

W 2020 roku rozpoczeta prace pierwsza
farma w ramach programu (moc 5 MWp)
zrealizowana w miejscu, gdzie znajdowata
sie Elektrownia Jaworzne I.

- N
TAURON

Source: Own study based on data from TAURON

Additionally, the development of new areas such as offshore wind farms (OWFs) or nuclear
technologies will initiate building up of the value chain for these sectors, which will support creation
of new jobs and development of competences of Polish workers. This will support implementation of

the concept of just transition.
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Example of a project by PGE in relation to Offshore Wind Farm development

Osiagniete korzysci w zakresie realizacji celow

DRI polityki klimatyczno-energetycznej UE Aspekt wyrozniajacy
Projekt MFW realizowany w dwdch Zastosowanie kabla eksprortowego o
fazach: Baltica 2 i Baltica 3, polegajacy na tacznamoc 2544 ww napigciu 275 kV po raz pierwszy na

wybudowaniu i praekazaniu do Swiecie w inwestycji MFW i uzycie
eksploatacji morskiej farmy wiatrowej Uniknigta
wraz z przytaczaniem jej do Krajowego emisja COZ
Systemu Elektroenergetycznego.

Najwieksza morska farma wiatrowaw
polskiej czesci Morza Baltyckiego, to /\
wspdlna inwestycja PGE i @rsted, do PGE

ktérej realizacji uzyte zostanie 181 turbin

wiatrowych rozmieszczonych na obszarze
582 km?.

nowoczesnego typu fundamentu TP

8 013 600 ton less monopile”,

Przyktad projektu w zakresie
transformacji energetycznej

Source: Own study based on data from PGE

The rapid development of weather-dependent RES could give rise to challenges related to
discrepancy of RES-based electricity generation and final energy consumption, as well as challenges
related to its transmission, storage or reservation. The development of distributed energy sources
changes the nature of distribution network operations through two-way power flows and the need to
address fluctuations in network performance. It is therefore necessary to direct adequate sources for
the expansion and reconstruction of networks, development of long and short term energy storages
and infrastructure supporting network management.
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5. Opportunities and challenges in the field of electricity
transmission and distribution

Development of transmission and distribution networks is an important element of the transition of
the power system in Poland. Without further development of the networks supported by adequate
investment outlays, it will not be possible to increase the share of renewable energy sources or
introduce nuclear energy to the system. As a result, this can be a barrier for energy transition in
general.

Support in operation of the transmission network and development of cross-border electricity flows
will be possible thanks to development of interconnections such as, among others, “Harmony Link”
between Poland and Lithuania. Due to the planned further significant development of cross-border
connections and new energy sources (including offshore wind farms and nuclear power plants)
located in the northern part of Poland, investments in the transmission network will be necessary to
enable connection of large facilities and transmission of energy from the north to the south. In total,
the investment costs for development of transmission networks can reach up to 7 bn EUR,

Changing the country’s electricity system from a centralized model based on one-way power flow
from large sources to consumers to a model with a significant share of distributed generation sources
requires transition into active networks enabling two-way power flow. Distribution networks will have
to operate in a more flexible manner while maintaining stable operating parameters and enabling the
connection of new distributed energy sources. This requires significant reconstruction and expansion
of the grid. Such investments will require significant financial outlays borne by both distribution
system operators and entire energy groups. The largest of these, i.e. PGE, TAURON, ENEA and
ENERGA, intend to allocate half of their investment outlays to projects in this area according to their
strategic documents. As part of these measures, apart from reconstruction of the network, installing
smart meters, digitization, and automation of the network and of network services is planned.

Example of a project by ENEA in relation to distribution networks

Zwigkszenie potencijatu sieci Osiagniete korzysci w lizacji celow
getycznej ENEA Op polityki Klimatyczno-energetycznej UE

w celu odbioru energii z OZE

Aspekt wyrézniajacy

W wyniku realizacji projektéw Smart Grid
wdrozone zostang funkcjonalnosci

Dodatkowa zdolnos¢ wers -
inteligentnej infrastruktury

Celem projektu jest zwigkszenie . s 2
mozliwosci przytaczenia zrédet przyiaczama OZE do S|e,CI 422 Mw elektroenergetycznej, w tym:
wytwarzania energii elektrycznej OZE elektroenergetycznej funkcja dynamicznej rekonfiguracji sieci

dla zoptymalizowania funkcjonowania

poprzez budowe oraz przebudowe sieci A
sieci,

elektroenergetycznej, przy jednoczesnym . . _
utrzymaniu parametréw dostarczanej Roczna rEdqua coz 990 504 ton z‘;":g: li‘%?;::‘e]'p(zeipr:y;:rronv?;ﬁle
energii oraz minimalizowaniu ryzyka z'rgdlari\i rozprojszor;yrrl\i).
wystapienia awarii i przerw w dostawie

energii (zniesione zostang istotne bariery

dla rozwoju energetyki odnawialnej). Enea

Przyktad projektu w zakresie
transformacji energetycznej

Source: Own study based on data from ENEA

Outlays for the implementation of investments in the distribution sector may reach as much as 30
billion EUR'? by 2030. For the implementation of such large investment programs in such a short
time, additional financial support utilizing national and EU funding is necessary as well as allowing
the use of simplified procedures for obtaining the required permits.

11 Based on data from PSE
12 Based on data provided by Polish Power Transmission and Distribution Association (PTPIREE) on the Charter of Effective
Transformation.
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6. Opportunities and challenges in the field of district heating

District heating in Poland, similarly to the energy sector, has developed based on the use of fossil
fuels. Currently the most commonly used source of renewable energy is biomass, which accounts
for almost 10% of total heat production, with the remaining sources representing less than 1% of
share in the heat generation structure.

Larger district heating systems are generally supplied with heat from combined heat and power
(CHP) sources, but there are still many systems powered by water boilers that can be replaced by
CHP sources. Increasing the share of high-efficiency cogeneration makes it possible to use primary
energy more efficiently and thus to reduce GHG emissions. Transitionally, further reduction of GHG
emissions may take place by replacing coal-fired units with those fuelled by natural gas. In the long
term, fossil fuels used in cogeneration systems will be replaced by renewable gases such as green
hydrogen or biomethane.

Example of a project by ENEA in relation to the development of the district heating sector

O = Budowa biomasowego bloku Osiagniete korzysci w zakresie realizacji celow S

'ﬁ 2 kogeneracyjnego polityki klimatyczno-energetycznej UE Y

t o

ﬁ E Projekt obejmuje budowe catkowicie \J\é\«'pc!;aieniei jednostki w ukfad*
7] nowej jednostki z wykorzystaniem H odzysku ciepia oraz pompy ciepfa, co

2 o J,J s yrorzy . . Ro_czna p_rndl'Ikc_j_a 423 809 MWh poprawi sprawnos¢ wytwarzania

3 2 istniejacej infrastruktury, ktéra bedzie uelonel energii trodia

% _2 stanowila podstawe wytwdrcza w :

"E_!' 'g‘ systemie cieplowniczym miasta Bialystok.

o P i ¢

o E qzwell Fagwalﬁanto'wacr d.ustawe ciepta .

8 0 mieszkaricom, jak réwniez ograniczy Enea

-E 2 generacje ciepta w jednostkach

& ‘-_.“.' weglowych na terenie Elektrocieptowni

Bialystok i Cieptowni Zachéd.

Source: Own study based on data from ENEA

The district heating sector is facing many challenges in the field of energy transition. It is necessary
to almost completely reconstruct heat supply sources, reconstruct the network to enable cooperation
with distributed sources, mainly weather-dependent RES.

It should be emphasized that the planned legislative changes as part of the “Fit for 55” package®®
involve, among other things, stricter requirements for the recognition of a given district heating system
as energy-efficient. According to the draft amendment to the Energy Efficiency Directive'# from 2021,
the first tightening of the requirements will take place in 2026, and then in 2035, 2045, and 2050.In
accordance with the European Commission’s (EC) proposal, from 2050 an efficient district and
cooling heating system should be powered only by heat from RES and waste heat, however heat
from RES must be equal to at least 60%. At the same time, the draft amendment provides for the
introduction of a direct CO2 emission factor for high-efficiency cogeneration units (based on fossil
fuels) of 270 gCO2/KWh, which means coal-fired sources could not be considered as high-efficiency
cogeneration units (the emission factor of coal-fired units per unit of energy in fuel was approx. 340
gCO2/kWh?%). As a consequence of the this situation — in agreement with the EC’s proposal — district
heating systems that are based upon coal-fired cogeneration units, from January 1 January 2026 will
not be able to obtain or maintain the status of energy-efficient district heating and cooling system
(according to the EC’s proposal, from 2026 the minimum share of high-efficiency cogeneration in the
system must be equal to at least 80% for the system to be considered energy-efficient).

13 As part of the proposal for a Directive of the European Parliament and of the Council on energy efficiency (recast)
(COM/2021/558)

14 Draft amendment to the Directive of the European Parliament and of the Council on energy efficiency (recast)
(COM/2021/558)

15 Based on data from KOBIZE for 2019.
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Companies whose systems do not obtain the status of an efficient district heating and cooling system
will not obtain support from public funds (EU or national) for network infrastructure projects. The
participation of such funds is necessary for the implementation of investment activities related to the
reconstruction of district heating systems. In view of the above, it is paramount to continue efforts
that aim to ease these requirements or to introduce exemptions for Member States with a very high
share of coal in district heating.
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7. Opportunities and challenges in the fields of energy storage as
well as hydrogen projects

Weather-dependent RES will have an increasing share in the Polish energy mix. Consequently, in
order to enable further development and use of RES, it will be necessary to invest in energy storage
solutions.

Large-scale short-term storage facilities can store large amounts of energy from large-scale sources
(nuclear power and partly OWFs) for peak consumption periods. Another function of such storage
facilities will be to store energy generated cyclically, but only for a part of the day (e.g. photovoltaic
(PV) sources), ensuring an almost constant power supply to large loads (e.g. batteries or
electrolysers). Currently, pumped storage power plants (PSPs) have the largest share in such
storage facilities, but further development of this technology is limited due to the small number of
suitable locations for PSP construction. Battery storage technologies, which are constantly being
improved, have significantly higher development potential.

Example of a project by PGE in relation to the development of large-scale energy storage

Komercyjny Hybrydowy Magazyn Energii
Elektrycznej

Osiagniete korzysci w zakresie realizacji celow o
polityki klimatyczno-energetycznej UE Eepe DR Y
Innowacyjna instalacja hybrydowa {aczaca

Projekt majacy na celu pofaczenie istniejgcej
technologie magazynowania mechaniczng

elektrowni wodnej ESP Zarnowiec o mocy 716 Redukcja 700 ton ektrohemt i

MW z Bateryjnym Magazynem Energii emisji SOx :vevi:dcrzicmzmlcima’ F:sza ajaca na
. N S petnego katalogu ustug

Elektrycznej o mocy nie mniejszej niz 200 MW systernowych.

i pojemnosci ponad 820 MWh. Uniknigta

Uzyskana dzieki temu innowacyjna instalacja emisja CO,. 1 min n

hybrydowa, o pojemnoici ponad 4,6 GWh,
odpowiadata bedzie mocy najwiekszych
konwencjonalnych blokéw energetycznych

w Polsce. Realizacja projektu jest uzaleiniona
od pozyskania zewnetrznych irodet
finansowania

PGE

*warto$¢ w ciagu 10 lat pracy G

Przykiad projektu w zakresie
transformacji energetycznej

Source: Own study based on data from PGE

Small-scale energy storage (mainly battery-powered) should be developed especially by energy
consumers with PV sources with the highest energy consumption during non-insolation hours. Such
warehouses can also be installed in MV/LV or HV/MV network nodes as collective for many
prosumers. Such an arrangement of storage facilities limits the two-way power flows in the
distribution networks and may reduce the expenditure for their expansion.

Example of a project by TAURON in relation to the development of small-scale energy storage

Model funkcjonowania energetyki o w celéw
U — {:] j 2.0 - sig polityki klimatyczno-energetycznej UE Aspekt wyrbtniajacy
w2 y sieci elektr . .
] Sposéh pracy urzadzen polegajacy na
§ &  cCelem projekuu jest zbudowanie i Wzll;gst ilogci rozﬁrnsmn\fchkzmdel m°zI'was.c'zri:;i‘::‘::feﬁ'l'al:" ‘I'I“’_Z pracy.
. o - . wykorzystujgcych energet WS )
5 & poerestowane iaini plotarowel e e e o wy ot v achiontary
£ mikrosieci obejmujace] lokalne irodta CO, w okresie eksploatacji mikrosieci; Sterowanie Zrédtami wytwérezymi
@ . " . dukuj 2
_;_u_ = energ,u (w gtéwnej mierze te produkujace Zbadanle innowacynego sposobu ‘a.k‘m. jak fg‘.ow°|‘a|!(aj _turbllw »
g & energie elektryczng z OZE) oraz zarzadzania rédlami OZE, ktory wiatrowe o pionowej osi obrotu, silnik
= E skupionych wokét nich odbiorcéw tej umozliwia wykarzystanie ich w gazowy, tak by wspétpracowaly z
3"! o energii. Dla zapewnienia stabilnodci nowatorski sposab i pozwala zwigkszyd magaz\.-hne[:: energli |kpr.::n:3wafv w
= £ zasilania odbioreéw energii w obrebie atrakeyjnosé tych technologii. ruarr:zczer?e' rosiect jako jedno
- g mikrosieci dodatkowo zabudowane sg & B

m.in. magazyny energii.

TAUROMN

Large-scale long-term storages (for periods counted in weeks and months), can accumulate large
amounts of energy, mainly for periods of low production in wind and PV plants. In the future, the role
of such storage facilities may be played by power-to-gas-to-power systems — for example, by

Source: Own study based on data from TAURON
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producing hydrogen from electricity generated in wind, PV or nuclear power plants, hydrogen storage,
or electricity production in a hydrogen-fired gas unit.

Example of a project by ENERGA in relation to the development of hydrogen technologies

Wdrozenie celow strategii wodorowej Osiagniete korzysci w zakresie realizacji celéw

Grupy Orlen do 2030r. polityki klimatyczno-energetycznej UE Aspelt wyrézniajacy
Strategia Grupy Orlen do 2030 r. zaklada Umotliwienie transformacji polskiej gospodarki Wdrozenie i rozwdj technologii elektrolizeréw.
budowe zrownowazonego portfela w kierunku zeroemisyjnej.

obszaréw biznesowych, dla ktérych

wodor jest istatnym elementem.

Strategia Wodorowa ma na celu

zapewnienie Grupie Orlen pozycji lidera

w Europie Srodkowej. Strategia zaktada @ Energa | GRUPA LTI
dziatania w 4 abszarach tj.: (1) mobilnoéé,

(1) rafineria i petrochemia, (lI1) przemyst

i energetyka oraz (IV) badania i rozwdj.

Przykiad projektu w zakresie
transformacji energetycznej

Source: Own study based on data from ENERGA
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8. Just transition

Despite enormous changes in the sector and a reduction in employment by approx. 80% since 1989,
Poland still has a long way to go in transforming the mining sector. According to estimates of the
Joint Research Center, over 200,000 people work in mining and directly related industries at the EU
level*s. More than half of them work in Poland.

Projected employment in the hard coal mining sector in Poland until 2040 [in thousand persons]

78
pracownicy administracyjni i pozostali
36 L .
kad -tech
I kadra inzynieryjno-techniczna
11 robotnicy
2019 2030 2040

Source: Own study based on IBS and ARP data

A smooth and quick transformation towards climate neutrality requires a comprehensive approach to
ongoing changes, which also means addressing problems of energy poverty and the need to
reconstruct the economies of entire regions.

Territorial Just Transition Plans have been prepared for areas most vulnerable to the effects of the
energy transition. These documents indicate the roadmap for moving away from fossil fuels with
perspectives till 2030 and 2050. They also list the resulting challenges in the social, economic and
environmental areas. The preparation of Territorial Just Transition Plans was supported by PKEE
members. TAURON was actively involved in the development of the Western Lesser Poland
Territorial Just Transition Plan by joining the working team preparing this document. In turn, PGE
actively supported the process that led to the European Commission recognizing in 2022 the £.6dz
Voivodeship as one of the regions supported by the Just Transition Fund.

16 Mandras, G., and Salotti, S. 2021. Indirect jobs in activities related to coal, peat and oil shale: A RHOMOLO-IO analysis on
the EU regions. JRC Working Papers on Territorial Modelling and Analysis No. 11/2021, European Commission, Seville,
JRC127463
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Regions to be covered by support as part of Just Transition Fund

Wielkopolska wschodnia

(podregion koniriski) |

t 6dzkie
(podregiony piotrkowski ——--——-—-———;
i sieradzki) e

Dolnoslagskie |
(podregion watbrzyski)

Goérny Slask
(podregiony bielski, bytomski, gliwicki, - Matopolska Zachodnia
katowicki, rybnicki, sosnowiecki i tyski) (podregion oswiecimski)

Source: Own study based on Partnership Agreement with Poland for the implementation of the 2021-2027 Cohesion Policy

7 Final support from the Just Transition Fund may take place upon approval of the Territorial Just Transition Plan.
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9. Financing the energy transition

Possibility to cover the investment gap using EU and state budget funds [in billion EUR]

77
69

15

22

7*

25%%

Luka inwestycyjna Mozliwe srodki finansowe UE i budzetu panstwa
do przeznaczenia na transformacje energetyczna

Instrument Odbudowy i Zwiekszania Odpornosci

Polityka Spdjnosci, Fundusz Sprawiedliwej Transformacji i React EU
Fundusz Modernizacyjny

Fundusz Tranformacji Energetyki

Source: Own study * till 2030 ** till 2031

According to PEP2040, the value of investment outlays in the production, transmission and
distribution of electricity and district heat until 2030 was estimated at 53 bn EUR. Additionally, taking
into account the changing market environment, including rising EU’s ambitions in terms of the pace
of energy transition, these outlays may increase significantly. The estimated costs of the energy
transition in the field of electricity, district heating and the necessary protective measures by 2030
may amount to as much as 135 bn EUR?®,

Given the scale of investment challenges related to the energy transition, these activities cannot be
implemented only with the use of funds from energy groups and potential investors; they also require
support from national and EU funds. The estimated investment potential of energy companies and
private investors existing in Poland indicates that the shortfall may reach at least 77 bn EUR.

Along with its ambitious climate policy goals, the EU allocated funds in its 2021-2027 budget for
supporting the energy transition and created mechanisms using funds from the EU emissions trading
system. It is worth nothing that only part of the available funds will be available to the energy sector
because a significant pool of funds will be directed to other entities involved in the energy transition.
However, even the full use of support from EU instruments will not make it possible to cover the entire
investment gap. Therefore, in order to cover the expenditure it will be necessary to, inter alia, search
for additional sources of funding at both national and EU levels.

In this context, effective planning and a reliable approach by EU decision-makers and the European
energy sector to the issue of the energy transition are of key importance, as the implementation of
such broad measures will require significant efforts with a long-term impact on both the industry and
the economy as a whole.

18 EY study
19EY estimation based on PSE analyses and reports of energy companies
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Summary

1. Poland is an active participant of climate protection actions both globally and in the EU.
As a signatory to the UN Climate Convention, Poland fulfilled its global obligations to
reduce GHG emissions, and as a member of EU achieved its 2020 climate targets.
Currently it continues to implement further reduction plans with full commitment.

2. The EU aims to achieve climate neutrality by 2050, becoming a global leader in this field.
Simultaneously, pursuit of this goal allows for a reduction in energy resource imports,
especially hydrocarbons. The EU’s operational targets are set for 2030 and 2050.
Currently, work is underway to set more ambitious targets for 2030, with the GHG
emissions reduction target set to increase from 40% to 55%.

3. The historical conditions of the Polish energy sector established the domination of coal
technologies in the process of electricity generation. Domination of coal in the energy
generation mix results in significantly higher costs of the transition towards climate
neutrality and increases the time needed to reach its targets compared to other EU
countries.

4, The electricity sector in Poland supports the EU in reaching its climate targets by making
an important contribution towards the EU targets through investments in RES and other
technologies that reduce GHG emissions, improving energy efficiency and reducing
pollutant emissions.

5. The instability in the global energy commodity market that has lasted for over a year has
led to a several-fold increase in prices, especially of natural gas and hard coal. When the
situation began to stabilize, Russia’s invasion of Ukraine destabilized the market again,
raising gas prices to never-before-seen levels. This situation forces the acceleration of
the reduction of dependence from imported energy resources, especially from Russia.
The EU has developed REPowerEU — a plan which assumes that further increase in the
use of RES (by increasing the target regarding RES share in final energy consumption)
will play a significant role in decreasing fuel imports.

6. The destabilization of fuel and electricity markets and high prices of CO2 emission
allowances under the EU ETS are a threat towards the economic growth of the EU
countries, extend the phenomenon of energy poverty and slow down the pace of energy
transition. Both the EU and individual Member States are undertaking initiatives to lower
fuel and electrical energy prices and introduce protective measures for the most
vulnerable consumers.

7. For the rapid and effective implementation of the transformation of the energy sector, it
is necessary to master new low- and zero-emission electrical energy generation
technologies. It is important to conduct research and development work in a wide range
S0 as to minimize the risk of development barriers for these technologies. Moving away
from coal in the energy sector, as well as mine closures, will have a significant impact on
employment and will cause social changes in mining regions, where over 100,000
people?® work directly in the mining coal sector. Conducting a just transition of mining
regions and reducing energy poverty will require significant financial outlays as well as
protective measures.

8. By 2030, the financial resources of Polish energy groups and other investors, as well as
the funds available under EU instruments, may not be sufficient to cover the total

20 Data from 2018 based on Mandras, G., and Salotti, S. 2021. Indirect jobs in activities related to coal, peat and oil shale: A
RHOMOLO-I0 analysis on the EU regions. JRC Working Papers on Territorial Modelling and Analysis No. 11/2021, European
Commission, Seville, JRC127463
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investment outlays for the energy transition, both in the generation and distribution
segment. It is necessary to search for further sources to support investment financing.

9. Further effective transformation of the energy sector requires the use of all available
resources to stabilize electricity prices as soon as possible. In the conditions of economic
recession and growing energy poverty, there is a risk that the energy transition may be
slower or even stops altogether.
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