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Abstract: Nuclear plays a crucial role in the Hungarian electricity system. More than half of the domestic electricity
generation came from nuclear in the first half of 2020. Besides this, the Hungarian nuclear power plant generates 36%
of the domestic electricity consumption, renewable energy (mainly PV) generates another 11%, and Hungary has an
electricity import share of approximately 30%. The electricity consumption in Hungary has a growing tendency,
between 2013-2019, the annual average growth rate was 1,3%. The peak load also increases, the records were broken
several times last year. The current maximum peak load (7105 MW) was reached on 5th of December 2019. Until 2033
about 2500 MW capacity from the current power plant fleet will go offline, but the electricity demand will grow by
approx. 1000MW. To meet electricity demand in a low carbon way, nuclear power will be inevitable for the electricity
system. When looking at European examples we see that low-carbon electricity generation is reached in countries with
high nuclear and/or hydro share in the electricity-generation mix. The Hungarian example shows that with nuclear
power generation more CO; emission can be avoided, than the amount absorbed by forests. Half of the EU Member
States rely on nuclear energy. Currently 9 EU Member States are building or planning to build new nuclear units.
Hungary is one of them. Paks I1. is a capacity replacement project, the two new nuclear units (2x 1200MWe) will on the
long run replace the aging units currently in operation. Paks I1. is Hungary’s biggest project with a capital expenditure
of 12,5 bn euro. It includes an outstanding technical solution as the Russian primary circuit is paired with a Western
European turbine-generator set from GE-Alstom and an also Western European [&C system from the Siemens-
Framatome consortium. In the summer of 2019 construction works of the project started on the construction and
erection base (so called CEB). This area contains about 80 buildings, such as complex for assembly works, concrete
batching facilities, office buildings. Until the end of September 2020 the Paks Il. Project has already obtained 478
licenses, among them major ones like the environmental license and the site license (both effective). With the
submission of the Implementation License Application (ILA) to the Hungarian Atomic Energy Authority on 30th June
2020 the most important licensing procedure started. The main tasks of the next months are to continue with the
construction of the CEB buildings and to carry out soil improvement works and to construct the slurry wall.
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Nuclear plays a crucial role in the Hungarian electricity system

More than half of the domestic electricity generation came from nuclear in the first half of 2020. Besides
this, the Hungarian nuclear power plant generates 36% of the domestic electricity consumption, renewable
energy (mainly PV) generates another 11%, and Hungary has an electricity import share of approximately
30%. (Figure 1)
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Figure (1) Nuclear plays a crucial role in the Hungarian electricity system
Source: MAVIR database 2020

The electricity consumption in Hungary has a growing tendency

e The total gross consumption of electricity (Figure 2) continues to grow and is reaching new records
every year.

e Between 2013 and 2019, the annual average growth rate was 1.3%.
The main reasons for the increasing demand for electricity were GDP growth and continuing
electrification.

TWh

® Other domestic produsction

Source: MVM Paks Nuclear Power Plant Ltd
Figure (2) The electricity consumption in Hungary has a growing tendency

Development of gross peak load

The peak load also increases, the records were broken several times (Figure 3):
e 2019.12.05.-7105 MW

2019.12.04. — 7099 MW

2019.01.23. - 6926 MW

2019.01.08. — 6884 MW

2018.12.19. — 6869 MW
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Figure (3) Development of gross peak load

The electricity consumption in Hungary has a growing tendency, between 2013 and 2019; the annual
average growth rate was 1.3%. The peak load also increases, the records were broken several times last
year. The current maximum peak load (7105 MW) was reached on 5™ of December 2019. Until 2033 about
2500 MW capacity from the current power plant fleet will go offline, but the electricity demand will grow by
approx. 1000MW. To meet electricity demand in a low carbon way, nuclear power will be inevitable for
the electricity system.

Electricity import share in 2019 was 27.56 % on average (Figure 4)
e The yearly import share in electricity consumption in 2019 was 27.56%.
e There were periods, when it was above 50%.
e Hungary has one of the largest electricity import-share in Europe.
e The cross-border electricity transmission capacity exceeds the required level by far.
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Figure (4) Share of electricity import in electricity consumption in 2019 (daily data)
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Future of the current power plant capacities
Figure (5)
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Figure (5) Nuclear power will be inevitable for a low carbon emission electricity system

Low-carbon electricity generation in Europe is reached in countries with high nuclear and/or hydro
share in the mix

CO, intensity of electricity generation in 2019

Nuclear
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Spurce: ENTS0-E and Agora Energiewende
*Switzerland’s data are from 2018

Figure (6) Main objective: decarbonisation

Means to achieve: nuclear, renewables and energy efficiency

ICEEE-2020 33



Installed electricity generation capacities in Hungary and their envisaged future
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Figure (7) Data of the Hungarian electricity system Source: MAVIR, 2018: Data of the Hungarian electricity system

When looking at European examples we see that countries reach low-carbon intensity of the electricity
generation with high nuclear and/or hydro share in the electricity-generation mix. The Hungarian
example shows that with nuclear power generation more CO, emission can be avoided, than the amount
absorbed by the Hungarian forests (covering more than 20% of the territory of the country).

Until 2033:

e  ~2500 MW capacity will go offline
e Demand up by ~1000MW
e ~5000 MW would be missing between peak load and available capacity

With nuclear power, Hungary avoids more CO, emissions yearly, than the amount absorbed by forests

Public electricity and heat production, petroleum refining s oo
Transport I s
Other sectors (households, commercial and institutional sector, _ 1740
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Source: Hungarian Meteorological Service: National Inventory Riport 1985-2018

Figure (8) Total CO, emission of Hungary by sectors, 2018

Without nuclear power in Hungary CO, emissions of the domestic power plants fleet could be two
times higher.
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Half of the EU Member States rely on nuclear energy. Currently 9 EU Member States are building or
planning to build new nuclear units. Hungary is one of them. Paks II. is the capacity replacement project,
the two new nuclear units (2x 1200MWe) will on the long run replace the aging nuclear units currently
in operation. Paks II. is the Hungary’s biggest project with a capital expenditure of 12,5 bn euro. It includes
an outstanding technical solution as the Russian primary circuit will be paired with a Western
European turbine-generator set from GE-Alstom and an also Western European I1&C system from the
Siemens-Framatome consortium. In the summer of 2019 construction works of the project started on the
construction and erection base (so called CEB). This area contains about 80 buildings, such as complex for
assembly works, concrete batching facilities, office buildings.

Until the end of September 2020, the Paks II Project has already obtained 478 licenses, among them major
ones like the environmental license and the site license (both effective). With the submission of the
Implementation License Application (ILA) to the Hungarian Atomic Energy Authority (HAEA) on 30th June
2020 the most important licensing procedure started. Meanwhile, on 20" of November 2020 the Hungarian
Energy and Public Utility Regulatory Authority issued the Implementation License (a license that differs
from the one to be issued by the HAEA). The main tasks of the next months are to continue with the
construction of the CEB buildings, with the detailed design and to carry out soil improvement works and to
construct the slurry wall.

Nuclear in Europe

Figure (9) Location — Paks 1. site

Half of EU Member States rely on nuclear energy
Member States building / considering new units: France, Slovakia, Finland, Hungary, Czech
Republic, Bulgaria, Poland, Slovenia, Romania (UK, Turkey, Belarus)
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Figure (10) EU Member and nuclear energy
Paks II., a capacity replacement project

Paks II. - Hungary’s biggest project, also unique in Europe
e Two new nuclear units, 2x VVER-1200

12.5 bn EUR investment

Separate minister responsible for the project

Advanced safety systems

Load-following capability

High annual load factor

Implementation License Application (ILA) — submitted on 30/6/20

A megalapozé és kiegészits, il
valamint a héttérdokumentumok

egyiittesen -
283000 &=

A
OLDALT TESZNEK Kl.

f

28,3.

A dokumentscid 566 csomag A/4
méretd fénymasoldpapirt jelent, ami
egymdsra helyezve egy 28,3 meter,
magas .torony” lenne, ez kb. egy
tizemeletes hdz magassdga.*

* A dokumenticidl o Poks . Zrt. elekirontkus dion nydftis be o haidsdghoz.

e Submitted to the Hungarian Atomic Energy Authority on 30 June 2020
o JLA: 283 000 pages
e Until 30th September 2020, the Paks II. has already obtained 478 permits
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Key characteristics of the III+ Gen VVER-1200 power unit

Reactor type Pressurized water reactar
Thermal output ca. 3220 MW

Electrical output ca. 1200 Mw*

Fuel U-235, max. enrichment 4.95%
Number of primary loops 4

Number of steam-generators 4

Coolant temperature at reactor outlet 328.9°C

Coolant temperature at reactor inlet 298.2°C

Primary pressure 16.2 Mpa

Secondary pressure 7 Mpa

Safety systems active and passive safety systems
Designed lifetime min. 60 years

Availability factor =90%

Plant efficiency 37%

House load consumption 7.1%

Time required for maintenance (for a 7- 4 % 16 days; 2 x 24 days; 1 x 30 days
year cycle)

Demand for operating personnel (in terms | 0.42 person/MWe

of electrical output)

*Based on the turbogenerator system planned for use, the rated electrical output of new Paks units will be 1262 MW
Source: Implementation Licensing of the new nuclear power unit, comprehensible summary

An outstanding technical solution
e Russian primary circuit is paired with a Western European turbine-generator set and I & C system

e aturbine-generator set from GE-Alstom
e main and upper-level I & C from Siemens-Framatome

framatome PRESS RELEASE

RASU JSC and Framatome-Siemens consortium
sign contract to supply automated process control
systems for Hungarian Paks-2 Nuclear Power Plant

) o Systess JSC RASU JSC1 2 sutskdiary of
radon, ard e Frascoerman comonum wemerk wgred an

WOIND, SEING AND COMMESINN INMAMST BrOSE &0 ysines S Mo Paks
Nuclea Power Plart Unts £ and € located n central Mungay . This swasd was based on the resudis of a
cempetine call fof beds

The docurrest wis signed by CEO of RASU JBC Andsei Butie, Maraging Decter of Frasatome GrtH
Sarvien Faferanp. Vioe President Sales Nutear BC of Semers AG Jers Kong. and Commercial
Sabes Ohoctar Nudhedr 180 of Shemeni A3 Jenrs Bosieimam

Azcordng 1© e Mgres agrosrett ha Framatome-Siertens commorium Wil manufacisre and SLpsly
Me SQUPTAN 130 SANINYST PIICEYS SONTYE Systenrs. 34 wel 3s conduct 25 camfcation and
Guskicatons, nchding camplancs with micrmation seosrty requTeTerts

Framatome bs prowd 3 provide auomaed
parmer, Semens,” said Fridéds Leee, ¢

o system for Pakos2
W VDR PrRsdeT N ¢
S0 30d e IrsTumentaton an IEness Unt 3t Framan o performing
Fecle have Cean commancring auicmatcn systams  muckear power pas in Russa for many years
Vi Paks 2, we ale delfghvied 10 use Our expertise i 18C for VWER reectons in Evroge and odd % &
ong et of sucoessdal proects with Mosaion

www.framatome.com
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Schematic design of VVER-1200
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Source: Paks II. Ltd.
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case of accident

Source: Paks Il. Ltd.
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Safety systems - 2

Hydrogen combiner Core catcher
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Hidrogenrekombimator

. In case of a severe accident it protects
hydrogen concentration low the base plate from the molten core

Source: Paks II. Ltd.

Site, CEB and visualization of the new and old units

Source: Paks II. Ltd
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VVER-1200 unit - main buildings

-

Turbine building Building for water
, extraction

Containment

Safety building

Safety diesel generator
building

v : 1 4 "
' e\ o ' Control buildi
Radioactive waste - ‘o S o DRI
treatment and storage \%

building ‘ \

Technology service

< - building
& Aucxiliary building

o o

-

Source: Paks II. Ltd.

B Under construction [ Obtained license I Under licensing
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Building construction starting date: 20t of June 2019

Sourte: Paks 1. Zrt,

Source: Paks Il. Zrt.
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Most recent pictures - 1

Visualisation of the concrete testing laboratory Visualisation of the metal structure and storage workshop

Figure (11) Buildings 6.1, 6.2, 5.5 and 5.6
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Visualisation of the sand
blasting, painting and
anticorrosion works building

11

[T

and amenity building

Visualisation of the painting
workshop

Figure (12) Buildings 8.1.1, 8.1.2 and 8.1.3

Visualisation of the solvents and paints storage Visualisation of the material storage

Figure (13) Buildings 8.3 and 8.4
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