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Development of electricity supply industry

* There were two decisive elements impacting the power supply industry:
o Application of the Rankine cycle in electrical energy production,
o The use of alternating current for transmission of electricity.

» During last 150 years electrical energy has become a crucial factor in the
existence of the societies and operation of economies.

 Electrical energy must be continuously supplied: 24 hours per day and 7
days a week, in 8760 hours during a year.

 To the 90-ties of XX century the power supply systems, their operation and
development depended only on technical and economic factors.

» The decisive role was played by engineers and economists, but not politicians.

« Energy Transition imposed on the Member States of the European Union is the
implementation of economic interests by the legal regulations resulting from the
political decisions.




Energy transition - old and new technologies

« Conventional energy production technologies embrace: lignite and hard coal
power stations, natural gas plants and nuclear installations.

« Convectional power plants are always dispatchable, what means, that they are
able to operate independently on external conditions including, in particular,
weather.

 Dispatchability requires storage of input fuels or energy.

 Energy Transition aims at the replacement of always dispatchable plants by
renewable energy sources.

» Operation of renewables is limited in time and dependent on weather. They are
not able to replace the fully dispatchable power plants.

» There are some hopes directed to hydrogen technologies as they can store
hydrogen as a fuel for electricity generation. However, the physical features of
hydrogen known for 150 years indicate on wishful thinking.




Power sector

e Crude oil. Polish oil fields are limited. Over 90% of oil must be imported,
however the import directions are quite diversified,

e Natural gas. Poland extracts around 5 bcm of natural gas which represent
about 30% of the total energy consumption reaching 18 bcm per year.

e Around 40% (10 bcm) is imported from Russia through Yamal pipeline.

e The LNG can be imported through the LNG Terminal in Swinoujécie
(5 bcm)

e Around 6 bcm can be supplied by Germany (virtual and physical reverse
via Yamal pipeline).

e \When Baltic Pipe starts operation, the import capacity will be increased
by additional 10 bcm.




Conventional generation

« Hard coal and lignite. The substantial hard coal fields are located in
Poland in Lubusz basin and Upper Silesia basin. Lignite is located in
Greater Poland, Lower Silesia and near Konin. Many of the identified coal
basins are not being exploited and there are no such plans.

« Coal fields are the basis for electrical energy production in Poland.

« Hard coal fields are estimated to be sufficient for Polish energy sector
for the next 50-100 years.

« Hard coal can be imported.

* Nuclear energy. There are currently no nuclear power plants in Poland.

* The polish nuclear power plan is being implemented since 2009 which
indicates the difficulty related to this investment.

 Barriers: high investment costs and lack of social acceptance.




Nuclear energy

« Majority of the currently existing plants were constructed parallelly to the
nuclear weapon programs.

* Energy production in nuclear plants is 2-3 times more expensive Iin
comparison to conventional power stations.

« Even minor failure can lead to the disastrous events: Chernobyl and
Fukushima.

« Currently there is no long-term storage for radioactive waste (the EPR
reactor of 1T600MW produces 40 tonnes of radioactive waste a year).

« Radioactive waste is currently stored in the oceans, uranium mines or in
the spent fuel pools at the reactor sites.

« Other promising technology: nuclear fusion (ITER).




Small modular reactors (SMR)

« Small reactors do not benefit from small scale effect:

> they are very expensive, comparing the cost per unit of installed power ($/MW), so
the demand is low ;

» low demand does not allow for industrial prefabrication which could reduce costs.
« Two largest problems of SMRs are: high costs and security issues.
* Frequent leakages appear during tests.
« SMR are no alternative to large-scale nuclear plants.

» Currently there is no SMR technology that could be easily employed - the
existing designs need further improvement.

» The technology development is being strongly subsidised by the US, UK,
Chinese and Canadian governments.




Bierman P,

»,The US Army tried portable
nuclear power at remote bases 60
years ago — it didn’t go wel”
www.theconversation.com



http://www.theconversation.com/

Nuclear power plants in Europe

The Austrian constitution bans this technology.

Among 27 EU countries, 13 do not have any nuclear power plants.

power plants when the existing plants decommission.

expensive.

Currently, in Europe there are 3 plants under construction:

Germany closes remaining three nuclear reactors in December 2022.

Majority of the European countries are not planning to refurbish their nuclear

The decommissioning of the power plant can take 50 years and it is very

Power construction expected predicted cost
Country type (MW) began comissioning (mld Euro)
Finland Oikiluoto 3 EPR 1600 2005 2021 12
France Flamanville EPR 1650 2007 2022 (??) 15
England Hinckey Point C 2*EPR 1600 2018 (??7?) 25-35

Slovakia, Hugary and Bulgaria plan to refurbish existing plants

New 2*WWER 1200 MW plant has been constructed in Ostrowiec (Belarous)
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Renewable Energy Sources (RES) technologies

In Poland, RES have been subsidised:

» Green Certificates — until 2017

* Feed-in Tariffs — since 2017

Types of RES:

* on-shore & off-shore

» photovoltaic panels and solar thermal collectors
* biomass & biogas

* tides & waves

* geothermal energy

« landfill and sewage treatment gas

11




Hours of effective operation

REMARK - for RES, two parameters are
important:

1.

Number of hours when the RES
operate at their rated capacity (table)

RES energy efficiency:

1. WIND - the use of wind’s kinetic
energy arriving at the disk area:
40% (theoretical max= 59%)

2. PV — Multicrystalline (blue): 19%;
single crystal (black) at theoretical
maximum: 31%

Technology
Operating Hours
Year = 8760 hours

on-shore wind
off-shore wind

solar (North and
Central Europe)

solar (South Europe)

nuclear
lignite
hard coal

gas

Annual
Operation
Hours
(theoretical)

2500
4500
1000

2500

8000
7000
7000
7000

Annual
Operation
Hours
(practical)

2000
5000
850

2000

7000
6000
5000
4500
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Renewable Energy Sources (RES)

* RES provide around 15% of electrical energy in Poland.

« The RES share will be growing and should reach 32% in 2030 on average due to
the EU energy policy.

« Renewable energy can be only a supplement for continuous energy delivery as it
is not dispatchable and depends on weather conditions.

« Renewable energy is too intermittent to contribute to the power balance
-> the RES barely contribute to the energy security.
« The RES have negative impact on electrical networks:

 transmission of large amount of energy is required from areas of energy
production to those of consumption;

« PV in distribution grid increase voltage and cause uncontrolled energy flows;
 transmission and distribution grid requires strong development.
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Polish power sector

* Low interconnection capacity: only 10% of Polish energy demand can be
imported.

« Grid is not sufficiently developed, and energy sources are not effectively
scattered.

* The energy flow from the north (energy supply area) to the south (high
energy demand) is often problematic.

* The problems will deepen after 5900 MW of off-shore wind wiill
commission in 2030 (and next 5000 MW until 2035).

* Another plant: nuclear power plant cannot be constructed on the north.

* In April, on-shore wind farms were centrally switched off because of their
overproduction (to maintain security of supply).
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Polish power system
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Energy security

* Energy security: the continuous supply of energy and fuels at an
affordable price.

* The continuity of supply must be maintained 24 h/day 7 days a week
regardless weather conditions.

» Affordable price: the economy remains competitive, and the society does
need to limit its consumption of other goods.

 Energy security is verified by power and energy balances.

« Power balance is maintained when the highest demand (usually during a
cold February evening) is satisfied by the dispatchable power plants.

* Energy balance is maintained when the demand and production are
balanced thorough the year.
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Power balance and energy balance

energy balance

power balance

gas

nuclear
energy
demand
power
demand
hard coal +
lignite gas

nuclear
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Report on energy security monitoring (2021)

» Majority of power generating assets have been commissioned in the XX
century.

* Over 73% of boilers and almost 68% of turbo generators are over 30
years old.

» Ageing infrastructure is a challenge for energy security.

* The Report of Ministry for Climate indicates a need for the construction of
8000-10 000 MW of dispatchable power units to 2030

« Only two gas power units of 1400 MW in the Dolna Odra power station
are under construction.

« Construction time: gas — 5-6 years, coal — 8-10 years, nuclear installations
— 10-20 years.
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Loss of load expectation (according to the Report)
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High electricity prices in 2021 and 2022

High electricity prices which occurred in 2021 and the beginning of 2022 result

from:

« Speculation in the trade of CO2 allowance in the European Emission Trade
System causing the increase of the allowances’ prices from about € 10/MWh in
2018 to over € 80/MWh in 2021. It means that the prices of electrical energy
produced by convectional power stations have raised from PLN 280/MWh
(€ 62/MWh) to PLN 550/MWh (€ 122/MWh).

« Reduction of hard coal mining in Poland due to the decarbonization program.

» A lack of realistic plans for the construction of new dispatchable power
plants.

* The increase of demand for electricity after the first waves of the Covid
pandemic. It is a short term impulse leading to the rise of electricity prices.

* The prices in forward contracts for 2022 and 2023 indicate permanent increase
of electricity prices.
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High electricity price reasons (1)

The analysis of electricity prices as presented above indicates:

* Electricity prices in December 2021 were five times higher and the

production costs counting for near PLN 600/MWh (€ 130/MWh)
even taking into account costs of CO2 allowances.

* Lower electricity prices are observed in forward contracts for
January and February 2022 but they are still higher twice than the
cost of electricity generation.

* For March and April 2022 prices in forward contracts approach the
costs of electrical energy generation.

* It indicates the high electricity prices are stimulated by fears of
shortages in electricity delivery.
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High electricity price reasons (2)

The fears of shortages in electricity supply are justified as:

* There is no program for construction of new dispatchable power plants. Due to the
Report of Ministry of Climate and Environment there is a need for construction of 8000-
10000 MW in new fully dispatchable power plants to 2030. Only, two power plans are
under construction with the total rated power of 1500 MW in Dolna Odra power stations.

* Nuclear power plants, if they are constructed, can be commissioned no earlier than
after 2038-2040 what does not affect the negative balance of demand and supply of
electrical energy

* Poland has limited resources of natural gas counting for about 25% of the total
demand. The increase of natural gas supply is limited by capacities of international gas
connection and poor development of domestic gas pipe system.

« Only coal power stations, if we like them or not, can ensure energy security and
continuous electricity supply. The alternative is black-out.

 However, the decarbonisation program leads to the elimination of lignite and hard coal as
fuels in electricity production. 5




Perspective for Energy Transition

The entire elimination of fossil fuels from electricity production is unlikely as

only such fuels are able to guarantee energy security of continuous supply of
electricity to the public and the economy.

There is no alternative to fossil fuels from security of supply point of view.

The possible applications of hydrogen in large scale electricity production will be
limited.

RES can supply more electricity but they are not able to guarantee continuous
electricity supply

Energy Transition will increase the costs of living and industry production in
particular in the countries as Poland without high technologies allowing for the
production of renewables installations.

Program for offshore wind farms will cost PLN140 billions to 2035. Over 95% of this

investment will be transferred to more developed member states of the EU. .




Costs (overnight) of Energy Transformation in Poland

(€ billion)
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Business: Energy Transition

* Energy Transition is a new business for the technically developed countries by the
imposing the legal regulations that create forced demand for new technologies.

* In the 90-ties of XX century, developed countries of the Western Europe undertook
and attempt to impose limitations of CO2 emission by a system of international
agreements — Kyoto protocol, Climate Summits (Conference of the parties).

* Despite 23 Climate Summits, the countries outside the European Union agreed for
only vague declarations without binding obligations.

« Such binding obligations have been imposed on the EU member states.

« Such obligations cause the transfer of economic assets from less technically
developed Member states to more developed countries.

« Additionally, because of the offshore wind farms program costing PLN 140 billion to
2030, Poland each year transfers PLN 8 billion to owners of onshore wind farms who
invested before 2015 and currently their operation costs ranges about 20% of the
revenue.

2/




What next?

 Despite the Energy Revolution (Energiewende) coal consumption and CO2
emissions are increasing in Europe and worldwide

* In Germany, the leader of Energy Transition, the CO2 emission increased
in 2021 by 33 million tons (5%). The forecasts indicate further increase of
CO2 emission 5-10% in 2022, as the increasing use of lignite power
stations replacing the decommissioned nuclear plants.

* The increase of CO2 emission does not affect business of Energy
Transformation.

« The competitiveness of the EU economy will be reduced as results of
Energy Transition.

 Whether climate neutrality can be achieved or not the Energy
Transition will be continued as it is a business for the developed the
EU countries.




Power supply industry - critical
infrastructure

 Power supply industry was and still is the critical infrastructure
similarly as railways or roads.

* This infrastructure ensures the functioning of the societies and economies
In each external and provides the continues supply of electricity: 24 hours

per day and 7 days a week.

 The main elements of the critical infrastructure embrace transmission
and distribution power lines and always dispatchable power plants.

* Whatever are other targets for the power supply industry, its reliable
operation is imperative for the societies and economies.
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