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ABADL Administratia Bazinald de Apa Dobrogea Litoral / Agency for Dobrogea
Litoral Water Basin

ANAR Administratia Nationala Apele Roméane / National Agency for Romanian
Water

ANDR Agentia Nationala pentru Deseuri Radioactive / National Agency for
Radioactive Waste Management

ANPM Agentia Nationala pentru Protectia Mediului / National Agency for
Environmental Protection

ANRE Autoritatea Nationala de Reglementare in domeniul Energiei / National
Energy Regulatory Authority

BOP Balance of Plant

CA Condition Assessment

CANDU Canada Deuterium—-Uranium

CDF Core Damage Frequency

Cl Cladire Integrata / Integrated Building

CNCAN Comisia Nationala pentru Controlul Activitatilor Nucleare / National
Commission for Nuclear Activities Control

CNE Centrala Nuclearelectrica / Nuclear Power Plant

CNU Compania Nationala a Uraniului / National Uranium Company

CO2 Carbon Dioxide

COP Conference of the Parties

CR Cladire Reactor / Reactor Building

CSAN Cladire Servicii Auxiliare Nucleare / Nuclear Auxiliary Services Building

CT Calandria Tube

CTRF Cernavoda Tritium Removal Facility

CIRTS Commissioning / Return-to-service

D20 Deuterium Oxide (heavy water)

DBE Design-Basis Earthquake — the earthquake for which the safety systems

are designed to remain functional both during and after the event, thus
assuring the ability to shut down and maintain a safe configuration.

Deterministic Analysis

Aims to demonstrate that a facility is tolerant to identified faults / hazards
that are within the "design basis", thereby defining the limits of safe
operation

DICA Depozit Intermediar de Combustibil Ars / Intermediary Spent Fuel Storage
EC European Commission

EPC Engineering, Procurement and Construction

EU European Union
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EY Ernst & Young SRL

FTE Full Time Employee

FFMEA Functional Failure Modes and Effects Analysis

GHG Greenhouse Gas Emissions

HELB High Energy Line Breaks

HVAC Heating, Ventilation and Air Conditioning

ISCIR Inspectia de Stat pentru Controlul Cazanelor, Recipientelor sub Presiune
si Instalatiilor de Ridicat / State Inspectorate for the Control of Boilers,
Pressure Vessels and Lifting Installations

ISR Integrated Safety Report

JRC Joint Research Centre — the European Commission’s science and
knowledge service

KPI Key Performance Indicator

LTO Long-Term Operation

LRF Large Release Frequency

NPP Nuclear Power Plant

NSP Nuclear Side of the Plant

NSR Non-Safety Related

OEM Original Equipment Manufacturer

PDC Programmable Digital Comparators

Probabilistic Analysis

Aims to provide a realistic estimate of the risk presented by the facility; this
can also be used to confirm the validity of the deterministic safety
assessment

PLEX Plant Life Extension

PLiM Plant Life Management

PT Pressure Tube

RB Reactor Building

RCW Recirculating Cooling Water System

RSN Raport de Securitate Nucleara / Nuclear Safety Report

SDG Standby Diesel Generators

SDE Site Design Earthquake - An engineering representation of the effects, at
the site, of a set of possible earthquakes, with an occurrence rate based
on historical records not greater than 0.01 per year (with a minimum level
of 0.03 g). The SDE is always a more probable event and therefore has a
lower intensity than the DBE. Only one earthquake, the SDE or the DBE,
is assumed to occur during the design life of the NPP.

SFB Spent Fuel Bay

SNN SN Nuclearelectrica S.A.
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SR Safety Related

SSC Structures, Systems and Components
TLAA Time Limited Ageing Analyses

Ul Cernavoda NPP Unit 1

u2 Cernavoda NPP Unit 2

us Cernavoda NPP Unit 5
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atm atmospheres

b, bn, bin. billion

CAD Canadian dollar

EUR, € Euro

kw kilowatt

I/s liters per second

m, mil. Million

m2, sgm square meters

m3 cubic meters

mCA metri coloana apa / meters of water column
mdMB Meters above Baltic Sea level
mm milimeters

Mtoe million tonnes of oil equivalent
MWh megawatt-hour

rpm rotations per minute
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Executive summary

SN Nuclearelectrica S.A. is registered as a state-owned company reporting to the Ministry of
Energy, with 82.49% of the shares owned by the Romanian Government and 17.5% of the
shares listed on the Bucharest Stock Exchange since November 2013.

The main activity fields of SNN are focused on the generation of electrical and thermal power,
manufacturing of nuclear fuel and processing of uranium concentrate. SNN also coordinates the
investment-development activities and the human resources training and optimization.

SN Nuclearelectrica S.A. has two subsidiaries — Cernavoda NPP (operating Units 1 and 2 and
the auxiliary services) and FCN Pitesti, the Nuclear Fuel Plant (manufacturing nuclear fuel for
Cernavoda NPP Units 1 & 2), as well as Feldioara branch, the Uranium Concentrate Processing
Facility.

Cernavoda NPP Unit 1 is a 706.5 MWe Pressurized Heavy Water Canada Deuterium Uranium
(CANDU) type 600 reactor that has been in commercial operation since December 1996, with
the current 10-year operating license expiring in 2023. Key components were designed for a
lifetime of 210,000 hours of operation at rated power which, at a capacity factor of ~80 %, yields
a 30-year economic operational lifetime. Owing to design improvements implemented since
commissioning, as well as judiciously performed operation and maintenance, Unit 1 has operated
at a higher capacity factor of ~90%. Unit 1 will reach 210,000 effective full power hours in late
2023, after approximately 26.6 years of operation since commissioning and about 3.4 years
before reaching its design lifetime of 30 years. SNN intends to continue to operate Unit 1 past
the 210,000 effective full power hours, (yet limited to 245,000 effective full power hours), a
process known as Plant Life Extension.

In light of these technical aspects, SN Nuclearelectrica S.A. is considering extending the life of
Unit 1 by undertaking a comprehensive refurbishment project capable of ensuring the long-term
safe operation of the plant up to an additional 30-year cycle. This forms the main objective of the
project.

The investment is in line with Romania’s electricity needs, given that electricity demand is
forecasted to grow on medium-long term, whereby significant investments will be necessary to
bridge the gap between generation and demand. Nuclear energy can prove a long-term cost-
efficient solution capable of covering continuously growing electricity needs, while also
decarbonising the energy sector. Nuclear energy has near to zero greenhouse gas emissions in
the generation phase and can be a substantial contributor to climate mitigation objectives by
substituting traditional fossil fuels with a “climate-neutral energy” source.

Moreover, Romania’s National Energy and Climate Plan specifically highlights the prospect of
overhauling Cernavoda NPP Unit 1, thereby ensuring a sustainable transition towards a low-
carbon electricity generation and covering between 5% to 10% of Romania’s electricity demand
during the next three decades.
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In addition to the main objective, the secondary objective of the project encompasses the
modernization and enhancement of Cernavoda NPP equipment, thereby aiming to increase the
operational safety beyond the current minimum requirements. Combined, the two objectives may
be expected to contribute to:

fulfilment of the electricity demand growth;

electricity price affordability for population and businesses;

reduction of electricity import;

increased stability of the grid by providing a reliable base load coverage;

development of radioactive waste handling and storage facilities that will be used for
Cernavoda NPP long-term operation (Units 1 and 2) and possible expansion (Units 3 and 4).

Extending the life of installed capacity avoids the need for the much greater capital investment
in new assets, shortens and simplifies the licensing process, eliminates the need for training and
authorizations of personnel on new, complex, station systems and utilizes the existing
infrastructure. The project is also expected to contribute to the further development of the
Cernavoda area by supporting local businesses through an increase demand for goods and
services.

The life-limiting components of CANDU reactors are the fuel channels and feeder pipes. In
addition to rectifying these key components (i.e. performing a retubing), the prolonged outage
and defueling of the reactor provides a unique opportunity to perform works on structures,
systems and components that require similar conditions for repairs / replacement to enable a
new cycle of operation. The detailed safety and operational review of the entire unit indicated
degradation due to aging as the principal cause, despite ongoing aging management programs.
To accurately ascertain the current condition of the Unit 1, which will naturally lead to the
corrective actions necessary for long-term operation, the unit was be subjected to two processes:

a global condition assessment of the plant and its structures, systems and components;
a design review to ensure relevant mandatory and enhancement design change needs are
identified.

The recommendations stemming from these two processes were analysed by station experts
and approved by management. Subsequently, these recommendations were used to compile a
lists of refurbishment activities, which in turn will serve the long-term operation and development
of refurbishment project scope, respectively. In essence, the proposed work was classified as:

Must / mandatory or recommended;
Safety or non-safety related (for design changes exclusively).

From this list, the must / mandatory items represent the minimum scope of U1 refurbishment,
while recommended items are expected to increase margins for safety, reliability, operability and
maintainability. To this end, three refurbishment scenarios are proposed, with a comparison as
per the table below.
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Scenario 1 - "mandatory" (total nominal cost without financing of 1.89 bin. euro,
equivalent to a total overnight cost of 1.81 bin. euro)

Key activities included:

Retubing activities;

Associated infrastructure for the refurbishment project;

Activities classified as Must Do as a result of Condition Assessments;
Safety Related Mandatory Design Changes;

Non-Safety Related Must Design Changes.

Scenario 1 ensures that the unit benefits from all the necessary upgrades and modifications to
satisfy the licensing requirements and prepare it for the second life cycle of operation. It
delineates specific activities which ensures that future plant operating parameters remain
unchanged, in addition to preserving the capacity factor for the second life cycle at the same
level as in the first life cycle. The design changes known to improve nuclear safety at this moment
in time and are also identified, which ensure alignment with present nuclear safety standards.
Lastly, the minimum reliability targets required to maintain economic efficiency at the expected
level are included (i.e. to sustain SNN’s commercial viability).

This scenario’s refurbishment Capex amount allows all the analyzed key financial indicators to
fulfill the targets indicated by SNN, with values well above these targets.

Scenario 2 — "enhanced safety" (total nominal cost without financing of 1.93 bln. euro,
eguivalent to a total overnight cost of 1.85 bin. euro)

Key activities included:

Activities included in Scenario 1 — "mandatory";
Safety Related Recommended Design Changes.

Scenario 2 builds on Scenario 1, inferring that it contains all activities from the first scenario in
addition to Safety Related Recommended Design Changes. These latter improvements augment
the nuclear and conventional safety envelope of the unit, noting that the work is deemed not
mandatory to the long-term operation of the plant but, if carried out, would ensure that Unit 1
becomes more robust from a nuclear safety standpoint and closer to the design / configuration
of Unit 2. The alignment of the two units reduces the reliability target obligation when dealing
with two units of different configurations. Furthermore, considering that additional safety related
design improvements from this scenario may emerge as mandatory from future revised norms
and / or standards, the implementation of Scenario 2 not only avoids future potential associated
burdens (market and supply chain constraints) but also allows SNN to continue building a
positive public image by demonstrating proactivity in the nuclear safety area. Overall, Scenario
2 demonstrates SNN’s commitment on improving nuclear safety by promoting it ahead of
production in conjunction with enhanced barriers to leaks / releases, increased reliability, and
improved operating configuration.

While keeping the same forecasting assumptions used to model Scenario 1, the refurbishment
Capex amount estimated in this second Scenario also allows all the analysed key financial
indicators to fulfil the targets indicated by SNN.
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Scenario 3 — "good to have" (total nominal cost without financing of 2.09 bin. euro,
equivalent to a total overnight cost of 2.01 bin. euro)

Key activities included:

Activities included in Scenario 2 — "enhanced safety";
Non-Safety Related Recommended Designh Changes;
Recommended work resulting from Condition Assessments.

Scenario 3 is the most comprehensive. It builds on Scenario 2, inferring that it contains all
activities from the second scenario in addition to Non-Safety Related Recommended Design
Changes and recommended work resulting from Condition Assessments. The additional work
does not need to be carried out as part of the refurbishment project, but doing so during the
refurbishment outage, may have a positive impact on the future operation schedule of the unit.
Scenario 3 ensures further alignment of Unit 1 to Unit 2 in terms of design / configuration, thereby
consolidating the benefits associated with this strategy. Scenario 3 may also provide an
increased robustness against deficiencies, either by a lower probability of occurrence, or by a
reduced response time, which however, could not be technically quantified as of the date of the
present study. Thus, while Scenario 3 (compared to Scenario 2), may help reduce human errors
and associated risks, it is likely to increase the complexity and inherent risk of the refurbishment
process by adding new activities so any long-term net financial benefit is also correspondingly
difficult to quantify. This is because the contribution of the additional activities in the third scenario
concerning the capacity factor as well as OPEX / CAPEX improvements may fall within the error
band associated to the estimation, and therefore cannot be deemed to have a positive (direct)
financial impact at this stage.

The OPEX and CAPEX amounts, as well as net annual production profile estimated for the
second life cycle are assumed to remain unchanged between the three scenarios. This
hypothesis is applied in the absence of a known methodology capable of accurately calculating
any positive financial impact associated with the implementation of the second or third scenario
(both consisting of improvements, but mostly producing value of a non-financial nature).
Additionally, we highlight that the maximum output of the unit (706.5 MWe) will not change,
irrespective of the refurbishment activities performed. This is a direct consequence of the unit
being restricted from a technical and regulatory perspective at full power.

This approach is in line with the Company’s request and logic that the Scenarios simulations
should be run in order to assess the impact on the financial indicators under the assumption that
all three Scenarios would result in the same long-term financial performance of the SNN’s Units
(i.e. a “what-if” analysis type, targeting the same LTO results under different Project Capex levels
that would be needed to achieve it). Consequently, the three should not be viewed as LTO
scenarios simulations, but as flexed refurbishment Capex estimations for achieving a similar
operational/financial performance post-refurbishment.

In order to model the future financial performance at both Unit 1 level and at SNN level, we
constructed forecasts for both units operated by SNN for the period 2021 - 2070. As agreed
together with SNN, the financial model start date (i.e. the reference date relevant for cash flows
and feasibility study KPIs computations) is 01-Jan-2021 due to the availability of audited full
financial statements. Apart from the last audited financial statements of the Company and other
historical financial & operational data relevant as of 31-Dec-2020, the model uses specific
information provided by the Client and certain market data available to us up to 12-November-
2021 (e.g. SNN’s U1 condition assessments, refurbishment offers, SNN’s internal estimations /

10
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forecasts, forward looking electricity and fuel prices, cost of capital estimates) as specifically
identified throughout the present study.

Criteria Scenario 1 Scenario 2 Scenario 3
mandatory enhanced safety good to have
Technical Unit 1 life extension for an | Unit 1 life extension for an | Unit 1 life extension for an
additional cycle of up to 30 | additional cycle of up to 30 | additional cycle of up to 30
years years years
Safety Compliance with safety Compliance with safety Compliance with safety
requirements requirements, with an requirements, with an
increased margin for increased margin for
safety safety
Performance | Unit 1 operation as per the |Unit 1 operation as per the | Unit 1 operation as per the

first lifecycle

first lifecycle

first lifecycle, with an
increased margin for
reliability, operability and
maintainability

Economic and
financial

1.89 bin. euro nominal
Capex (without cost of
financing)

8.1% Project IRR

16.3% SNN-level equity
IRR?

1.93 bin. euro nominal
Capex (without cost of
financing)

7.9% Project IRR

16.3% SNN-level equity
IRR?

2.09 bIn. euro nominal
Capex (without cost of
financing)

7.3% Project IRR

16.0% SNN-level equity
IRR?

Sustainability

Strong social and cultural
impact with significant
social-economic and
cultural benefits

Strong social and cultural
impact with significant
social-economic and
cultural benefits, with
increased indirect
employment compared to
Scenario 1 due to
additional activities to be
performed

Strong social and cultural
impact with significant
social-economic and
cultural benefits, with
increased indirect
employment compared to
Scenarios 1 & 2 dueto
additional activities to be
performed

Risk

During refurbishment
baseline risk level
Post-refurbishment

baseline risk level

During refurbishment

baseline risk level, with
increased risk on
"Program and/or project"
and "Contract
management” compared
to Scenario 1 due to
additional activities to be

During refurbishment

baseline risk level, with
increased risk on
"Program and/or project"
and "Contract
management” compared
to Scenarios 1 & 2 due to
additional activities to be

11
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Criteria Scenario 1 Scenario 2 Scenario 3

mandatory enhanced safety good to have

performed (especially in performed (especially in
cost overruns and delays) | cost overruns and delays)

Post-refurbishment Post-refurbishment

baseline risk level, with baseline risk level, with
reduced risk on "Safety |reduced risk on "Safety
and/or market regulatory |and/or market regulatory

and legal environment and legal environment
risk" due to increased risk" due to increased
margin for safety margin for safety and on

"Station performance”
due to increased margin
for reliability, operability
and maintainability

*SNN-level equity IRR is measured against a 12.9% threshold that was communicated to us by SNN in
respect to the company’s market capitalization as of 31-Dec-2020 (i.e. RON 5.4 bn), in line with the
preliminary results of the financial analysis part of our engagement completed in H1-2021. Considering
the market cap evolution of SNN in 2021, both the equity IRR threshold as well as the implied equity IRR
returned by our analysis may be materially different if computed in respect to a different date. For example,
considering SNN’s market cap as of mid-September 2021, we expect the implied equity IRR to fall between
11% and 12% (hence, still above the 10% cost of equity estimated based on comparable companies).

Taken together, Scenario 2 — "enhanced safety” (total nominal cost without financing of 1.93 bin.
euro, equivalent to a total overnight cost of 1.85 bin. euro) is proposed as the recommended
scenario because it provides:

Unit 1 life extension for an additional cycle of up to 30 years;

Unit 1 operation as per the first lifecycle;

Compliance with safety requirements, with an increased margin for safety;

Optimal balance between plant operational performance, financial performance,
refurbishment and post-refurbishment risks.

The entities responsible for implementing the investment are SN Nuclearelectrica S.A. and CNE
Cernavoda Branch, respectively. All project activities will be mutually accomplished as per
Division of Responsibilities that will be specifically defined.

12
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Unit 1 refurbishment project will be a landmark investment made by SN Nuclearelectrica S.A.
and is expected to span over a period of approximatively 12 years (143 months). The project is
structured in three phases as summarised below:

Phase 1 “Re-authorization of Unit 1 / Identification and setting the scope of refurbishment” is
scheduled to last for 54 months and is expected to run from September 2017 to March 2022,
with the following key activities included:
pre-project organizational work;
activities necessary to provide for the operation of Unit 1 beyond the prevailing 210,000
effective full power hours of operation and extendable to ~245,000 effective full power
hours of operation through the ongoing plant life extension project;
defining the scope and preparation of the feasibility study.
Phase 2 “Preparations for refurbishment” is scheduled to last for 57 months and is expected
to run from April 2022 to December 2026, with the following key activities included:
engineering work;
procurement of equipment;
engineering, procurement, construction contracts;
obtaining necessary authorizations.
Phase 3 “Plant outage and refurbishment” is scheduled to last for 32 months and is expected
to run from January 2027 to September 2029. The third phase implies shutting down the
reactor and performing the refurbishment.

Implementing the Unit 1 refurbishment project requires effective and comprehensive project
management at SNN level. This includes identifying the requirements, addressing various
stakeholder needs, concerns and expectations and balancing competing project constraints (e.g.
scope, quality, schedule, budget, resources and risk), as further detailed in the study.

From a regulatory perspective, the Unit 1 refurbishment project and the related construction
works regulated by Law No. 111/1996 will need to be authorized by CNCAN, through the
operating authorization and, as the case may be, design authorization, site authorization,
construction and installation authorization, commissioning authorization. Corresponding
authorizations for the quality management systems will also be required. Other construction
works which are regulated by Law No. 50/1991 will only be performed after the prior issuance of
a building permit by the competent administrative authority.

In addition, the Unit 1 refurbishment project will be subject to the observance of certain technical
criteria listed within the urban planning certificate issued for its purpose, as well as requiring
various authorizations indicated therein (e.g., urban utilities and infrastructure, such as water
supply, sewerage, power supply, sanitation; fire safety, civil protection, population health permits
and authorizations). Furthermore, the following will need to be obtained from the competent
authorities, among others: environmental agreement and environmental authorization,
respectively, water management permit and water management authorization.

Any other authorizations that are required during the process of obtaining the authorizations
described above and/or that condition the approval of the technical solutions of the Project, shall
be planned and obtained by the beneficiary in due time for the lawful performance of the works.

In terms of risk management, the main categories and risks in relation to Unit 1 refurbishment
project were identified and analyzed. Subsequently, a series of proposed measures were
defined.

13
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For the post-refurbishment timeframe, the management system should include at least the
following actions to ensure a safe commercial operation of the nuclear power plant:

establish the need for personnel to safely perform their work in compliance with documented
business processes, thereby supporting the operation of the plant at high safety and
commercial standards;
create a safety culture and subsequently implement decisions that satisfy the desired
balance between:

safety;

commercial aspects;

corporate reputation performance;
accommodate the applicable statutory, regulatory and licensing requirements;
take advantage of relevant industry standards and best practices;
incorporate a set of management principles that are at the center of a business process
model through the following structures:

Governing Document Structure;

Business Process Structure;

Organisation Structure.

The operation and maintenance of the refurbished unit will be performed by means of the same
procedures and processes used to maintain the high level of reliability seen in the first cycle of
operation. Where design changes require new or modified operational, engineering or
maintenance procedures, these will be carried out by means of the established and prescriptive
departmental instructions. These new documents will stipulate any specific training, maintenance
techniques, spare parts, cautions / concerns, or special conditions. The resources necessary for
the operation and maintenance of the unit are not expected to increase as a result of the
refurbishment.

In conclusion, EY findings reveal that Unit 1 Refurbishment Project is considered feasible as all
target KPIs are met under the recommended scenario (Scenario 2 — "enhanced safety" with a
total nominal cost without financing of 1.93 bin. euro, equivalent to a total overnight cost of 1.85
bin. euro) and SNN management expectations are respected.

14
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1. General information regarding the investment project
Investment project name Cernavoda NPP Unit 1 Refurbishment

Investor SN Nuclearelectrica S.A.
65 Polona, 1% District, Bucharest 010494
tel. +40 21 203 8200, fax: +40 21 316 9400

email: office@nuclearelectrica.ro

Beneficiary SN Nuclearelectrica S.A.
65 Polona, 1% District, Bucharest 010494
tel. +40 21 203 8200, fax: +40 21 316 9400
email: office@nuclearelectrica.ro
CNE Cernavoda Branch
2 Medgidiei, Cernavoda 905200, Constanta
tel. +40 241 801 001, fax: +40 241 239 266

email: corespondenta@cne.ro

Elaborator Ernst & Young SRL
15-17 lon Mihalache, 1% District, Bucharest 011171
tel. +40 21 402 4000, fax: +40 21 310 7193




