Role of the owner-operator in
optimizing the cost of electricity
generated by a nuclear power plant.
Based on the experience of
Rosenergoatom

POCOHEPIOATOM

INEKTFOIHEFTETWYECKWIA OUBW3WOH POCATOMA

Report at Atopmexpo 2014 International Forum
June 10, 2014

CONFIDENTIAL AND PROPRIETARY
Any use of this material without specific permission of McKinsey & Company is strictly prohibited

McKinsey&Company




MSW-RDM023-20140610-AG1wm-r

Project's financial indicators (LCOE) are achievable through project time
and cost management

Levelized cost of electricity (LCOE)
USD/MWh in Russia

M Operating expenses "1 Penalties, reputation risks,
M Fuel additional costs
"] Financing costs

B Capital expenditures

Time (20-
30%)

Costs (70-
80%)

Coal CCGT Hydro NPP NPP
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Management of project schedule and costs is the role of the owner,
performed by the Rosenergoatom (REA) Concern

Status quo

\

The overall performance of a new NPP
project depends on individual
performance of each of Rosatom'’s

divisions in reducing their share of LCOE

Target

The owner is the key element in an NPP
project — managing project costs and
schedule, the owner ensures economic
viability of the project
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Decisions affecting the cost and schedule of NPP construction are taken
throughout the project life cycle

Decisions affecting the cost and schedule of NPP construction

Adoption of the project budget and schedule
Implementation of the project budget and schedule

Estimating the project budget and schedule v

. . Procurement of Construction
FEED ::na\;zstment 523:::::; gt’ion Contracting Detailed design zzi:rement @i equipment and and
materials commissioning
Documents = Cost gstimation = Feasibility = Cost gstimation . Total estimation _ Actual schedule and costs
affecting time = Baseline ' stuc.iy = Baseline construction schedule Revised construction schedule,
o construction = Project level 3 level 3
schedule master plan
. = Engineering = Engineering = Engineering company General Contractor General Contractor
Action owners company company
- = Engineering = Site decision * Engineering Selecting the Engineering Selection of Selecting = Estimating the
Decisions (. o (. :
affecting decisions at the deC|§|ons type of decisions contractors equipment actual scope of
the costs FEED phase: outside the contractor at the Calculation of modifications performed work
power FEED phase: contract implementation work cost Selecting = Monitoring
generation auxiliary Selecting phase conversion equipment productive time
technology, buildings and general Changes in factors vendors and productivity
safety, infrastructure, contractor construction Using of workforce
construction construction Defining the documentation optimization and machines
technology, technology scope Review of levers
operation = Assumptions and price of baseline prices
about baseline contract and indices
prices and
indices
Decisions = Engineering LI D Engineering Selecting Managing the Managing the Managing = Network
affecting decisions at the decv_smns general deaqlmes of_ deadlines procurement schedule
the schedule FEED phase: outside the contractor detailed design of work deadlines management
power FEED phase: Defining documentation procurement Supplier due = Estimating the
generation construction contract terms Selecting the diligence actual scope of
technology, technology Planning the approach to Monitoring performed work
construction schedule work sourcing production = Monitoring
~ technology schedule productive time
\\ Initiation of and productivity
supplies of workforce and
Manufacturing machines
quality
management
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REA has had a limited impact on costs and schedules
of NPP projects in recent years

. REA decides REA has no effect

Functions of REA related to costs and schedule management in different phases of NPP projects and the impact on key decisions

Estimating the project budget and schedule N Implementation of the project budget and schedule 3
Engincern Procurement of Procurement of Conataend
FEED Investment case 9 9 Contracting Detailed design works (sub- equipment and I
documentation n commissioning
contractors) materials
L
Action owner General Designer (GD) REA General Contractor (GC)

* RA selects
Planning * GD prepares a network schedule for design and estimate G
eneral . .
documentation (often lacking necessary detail) Contractor Socm‘;:?sps?;iisng gim;gg;k schedule of procurement, construction and
REA approves key elements of the GD's schedule (e.g. ;
K .lppt Y (eg REA enters into B Rea approves key elements of the GC's schedules (e.g. level of detalil, key
ey milestones) agreement milestones)
with GC
L = RA prepares a = RA decides the * RAsets an .
(procesees and coniract priing policy industy b contractos
p template = REA is not procurement :
methodology) * Nia * N/a * Nia : * N/a h REA is not
0 BEA is not involved standard involved
- involved REA sets the

[ maximum price

Motivation

= RA sets deadline and cost related KPIs for GC who directly reports to RA

= GC and/or GD set target dates and coordinate prices with sub-contractors / vendors
REA pays for services / equipment in accordance with contract terms

Coordination

ke «  GD manages sub-contractors on a daily basis * GC manages sub-contractors on a daily basis at the construction site and interacts

with suppliers of equipment and materials

management) e EEA is not involved in coordination of activities on a daily * Na REA is not involved in coordination of activities on a daily basis at a construction
¢ asis site and is interacts with equipment manufacturers upon request
I REA participates in daily meetings of NPP construction REA patrticipates in
Control - REA is responsible for the quality of studies, design office regular meetings
solutions and deadlines; but = REA monitors compliance of documentation for the supplied = REA performs ac-
- Deadlines are not controlled systematically = N/a equipment ceptance of works
- Quality is controlled by formal criteria = GC prepares reports for regular meetings =  GC monitors
= GC monitors equipment delivery deadlines and performs performance of
acceptance control sub-contractors

. REA participates
in procurement
commission
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A strong Owner organization builds up key functions, 73 of them

according to

Work streams

one analysis

Function groups

Overall project

Investment case

Sharing of owner responsibilities
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management

Investment planning

Contract management

Cost management

Long-term planning

Licensing
Engineering Management of desigh documentation
management

Management of detailed design

documentation
Procurement Procurement of long-lead items
management

Procurement standard equipment
Managem.e i Management of sub-contractors
construction and
commissioning

Detailed planning and control

Sub-contractor performance management

Construction control and safety monitoring
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REA implements improvement initiatives which focus

on economic performance of NPP projects
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SELECTIVE

Examples of REA initiatives improving economic performance of NPP projects

Procure-
Engineerin i ment of sl
FEED IS documen- Contracting DEt?"ed equipment tion ar]d Operation
case - design commis-
tation and N
. sioning
materials
= (Creation of a FEED for Centralized procurement * 18-month fuel
VVER-TOI project of cables for existing cycle
* Development of VVER-TOI and new NPP * Diagnostics
project's FEED (ensuring of OPEX
target parameters)
L L

Optimization of the related
project of Kursk NPP based
on VVER-TOI project based
on Akkuyu NPP optimization
experience

Aligning construction
management of
Novovoronezh NPP-2 with
target deadlines

Development and implementation of owner functions in building NPPs in Russia
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ILLUSTRATION: FEED
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1. The main goal of the VVER-TOI project’'s FEED is to ensure the project's
excellence in key technical and economic indicators

€ HrackH €ICHNP @@ wmacm A A

ABWR AP-1000 APR-1400 ESBWR EPR VVER-TOl Advanced
Parameters 1350 MW 1170 MW 1400 MW 1550 MW 1600 MW 1255 MW technology
Efficiency, 35.5-37.2 32.9-35.3 35.0-36.5 33.0-35.6 35.0-37.0 3X.X >35
gross percent
Availability, percent >87 >90 90 >87 >90 XX >85
Construction of the first 43 36 48 35 54 X0 <40
power unit from first
concrete to start-up,
months
Probability of reactor core 1.6*(10)7 5*(10)7 2.3*(10)® 3.2*(10)8 6.1*(10)7 X.9*(10)” <X.X*(10)7
melting
Specific area of 47 .4 49.8 57.9 46.5 57.4 4X.8 —
unalterable part, m?/MW
Specific CAPEX in USA 4484 4121 4590 3244 4244 3XXX <3000
(NC) (estimated by B&R
including contingencies),
USD/kKWh, net
Cost of electricity, 0.0240 0.0230 0.0259 0.0211 0.0253 0.0XX <0.0200

USD/kWh

Source: AEP; VNIIAES McKinsey & Company | 7



ILLUSTRATION: RELATED PROJECT
2. After revision of the project, optimization potential was identified along

three initiatives
Rubles, sanitized

Reduction potential
by type of initiatives

Baseline
assessment

Technical
levers

Commercial
levers

Update

Team
assessment
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‘ EXAMPLE: AKKUYU PROJECT

M Bascline estimate [ | Team assessment M Discussed optimization potential

Expenses Effect Optimization example
. XX Optimization of the lay-out and reduction of
Site _ | construction site by 32% as well as
preparation XX reduction of excavation by 56%
XX Optimization of study costs by 24% based on
Study < @ the benchmarking
XX with best practices
Optimization of the cost of long-lead items
by 9% thanks to itemized benchmarking
Equipment | A @@L oo
Optimization of the cost of typical NPP
equipment by 6%
Construction Reduction of the cost of 60 buildings (~76%
q of construction costs) also by reviewing the
an . physical scope and prices for materials
installation and manpower
Project "nQ0 Optimization of project management costs by
management ]‘XX 38% based on best practices
X :
Other "Qo Reduction of other expenses by 8% by
expenses 1 reducing the calculation base
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2. Optimization of NPP layout helps achieve saving in site preparation and
construction costs |[EXAMPLE: AKKUYU PROJECT

B Axkuyu PC model || Updated cost

Original layout Improved layout

Construction site area _ @
PPt Thousand m?

1 Excavated earth
{ Million m3

Site preparation costs
Rubles

Construction costs
Rubles

Examples of layout optimization initiatives

Observations! Initiatives'

Distance between units, m

@) The distance between Power Units 1

Too much distance and 2, 3 and 4 reduced
between buildings m 165 | | 146 | | 145 | 445 [ 110_]_[_100_L_ @ The distance between machine hall
and pump station reduced

Akkuyu Flamanville Wolsong Kori ~ Watts Bar Hanul-6 Ling Ao 4

Fenced site, sqm

e Administrative and other general

Other facilities do not 148 | [128 | [119 | [ 94 ] buildings combined
have optimal layout m 94 58l =54 © Location of other auxiliary buildings
Akkuyu  Grave-  Kori Flaman- Hanbit  Paluel  Hanul - 6 changed according to the new layout

lines ville

1 Not exhaustive
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ILLUSTRATION: RELATED PROJECT

2. Lower price for materials sourced in the area of NPP construction
\EXAI\/IPLE: AKKUYU PROJECT

Rubles

Construction cost of optimized Akkuyu NPP

buildings

Akkuyu PC project

VVER-TOI project

Cost reduction thanks
to lower prices Turkey

Additional costs due to
scope increase (seismic)

Optimized cost

_

MSW-RDM023-20140610-AG1wm-r

° Percent of cost saving

Key personnel
Y costs
S

O
= Machinery
and equipment

1 Reduction of the cost of work and materials does not include a 12% increase of the physical scope due to higher seismic requirements
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ILLUSTRATION: CONSTRUCTION AND COMMISSIONING
3. REA strengthens the role of the owner in the management of key events

during construction and commissioning phases

NV NPP-2 project: milestone sequence and deadlines

MSW-RDM023-20140610-AG1wm-r

EXAMPLE: PROJECT
NOVOVORONEZH NPP-2

Energizing power units
(temporary solution)

Open reactor run
(temporary scheme)

Start of commissioning
on the first RO system

Project priorities

Start of enclosure Start of cold

1
1
1
1
: | sealing and hot run Start of FP
| 08.X|X.1X 18.XIX.1X 07.X|X.1X 1 07.X|X.1X 21 .XIX.1X 14.XIX.1X
1
: e o [ N J [ ] . [ [ J [
1
1
I 15.XX.1X 15.XX.1X :
1
1 . Supply of treated water !
I ?;]a;mg)(temporary from NV NPP (temporary :
: scheme) I
o o e e e e e e e — e e 2
Normal operation
power building Reactor building  Auxiliary reactor
(10UBA) (10UJA) building (10UKC)
35680888
: --
10kV unit switchgear ToRV POB
01-02UBG [=[=]=]=]=]
( ) switchgear (05UBG)
220kV i
GIS Al
(OOUAD) P ih
=]
Central Backup gt 5 =]
control aux distribution lg - 8
room e/ ftransfor- it m | B ¥
(00UAC) mer (0OUNA) Water treatment plant S o
(04UBG) B
é, I (00UGD) D ©9Q ©
=} ——
lee| =
=] = B B i
Q ! Oil warehouse Treated water pipeline from
o i (00UEK) NV NPP
Start-up boiler | b i
7 (OOUTH) E e ump station
A (O0UEL)

Generator is

connected
Start of EP to the grid
24.XX.1X 22.XX.1X

| |

[ [

Facilities reviewed by McKinsey

I:l Auxiliary consumption

|:| Heating
|:| Supply of treated water

DCS commissioning and
open reactor run

=== Pipelines

McKinsey & Company | 11



ILLUSTRATION: CONSTRUCTION AND COMMISSIONING
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3. The management hierarchy enhances the efficiency of owner interaction

with EPC contractor, sub-contractors and suppliers

|EXAMPLE: PROJECT NOVOVORONEZH NPP-2

NV NPP-2 meetings hierarchy Chairman Frequency Participants Targets of the team
. . = CEO * Biweekly = Senior management of Preparation
Management First meeting REA, NV NPP, AEP, = Review of the status of the
meeting vSvas on . OEK, ATE, and critical path
eptember 4 '
P VNIIAES and major * Review of problems and
sub-contractors

Site meetings
= Deputy CEO = Monthly

for capex = Supervisors of NV NPP

(shop managers),

managers of AEP in

NV, OEK, ATE and sub-

* Project manager/® Weekly contractors in NV
station manager -

Monthly meeting

Weekly meetings

' = Shop = 1-2times = Leaders and action
. managers of a week owners from
Toplc.:al NV NPP-21 contractors
ek * GC (Moscow
AEP) project
directors
= = Shop * 4-5times * Workersfrom
. managers of a week contractors (e.g.
SETy SR NV NPP-2 supervisors)
meetings

1 If necessary, the meeting can be lead by project manager / station manager

finding debottlenecking
solutions, elimination of
obstacles (often artificial)

= Preliminary discussion with
REA and AEP to coordinate
available options

* Preparing draft orders
Assistance

= Detailed presentation of the
work status
(events/buildings/contractors)

= Ensuring transparency of
efforts in priority areas

Execution of orders

* Recording key actions in
minutes

= Control of the target effect of
meeting decisions

McKinsey & Company | 12



ILLUSTRATION: CONSTRUCTION AND COMMISSIONING

3. Staff training and development is a special focus area

Novovoronezh NPP-2

Paviov
Alexey
Engineer, Electrical Shop

Molodtsov
Anton
Engineer, Reactor Shop

i
Nikishov
Alexander
Engineer, Construction
Supervision

Beloyarsk NPP

Razva
Anton
Engineer, Thermal C&l

Pugach
Alexander
Foreman, Safety

Samodelkin

Pavel

Engineer, Construction
Supervision

=
g

Rostov NPP

Sudarev
Evgeniy
Reactor Operator, Reactor Shop

Makeev
Evgeniy
Engineer, Thermal C&l

Yanin
Alexey
Deputy Head, Construction

MSW-RDM023-20140610-AG1wm-r

EXAMPLE: PROJECT
NOVOVORONEZH NPP-2

Leningrad NPP-2

Arbuzov
Nikolay
Foreman, Thermal C&l

Mukhin
Oleg
Engineer, Reactor Shop

Zaitsev
Maxim
Engineer, Thermal Shop

Naumov

Andrey

Deputy Head of Project
Management, Construction

Fertov

Anatoliy

Engineer, Construction
Supervision

Kovalenko

Andrey

Engineer, Construction
Supervision

Sadyrov

Marat

Engineer, Construction
Supervision
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ILLUSTRATION: NPP OPERATION MSW-RDM023-20140610-AG1wm-r
4. OPEX reduction should be ensured in all controlled sources

Billion RUB
XXX XXX
ExpensesD._

2010 2013

& Proportion in total costs || Controlled

2010 2013 Percent expenses
Billion Billion
Structure RUB Percent RUB Percent
iWages ] xx €& xs €5D |
L .. . - S x5 €Z® | 1personnel and Py
__| Operating — Social benefits | xx €X» x3 @&P | benefits
expenses —[ Other personnel expenses | x1 €» x1 €X» |
—[ Maintenance services | x7 €X» x> €& |
—{_Purchasing electrity inthe wholesale market® | X0 @& X1 €D | imaintenances L X5 2
—| Spare parts | X,3 @ ]
—| Feedstockand materals® | X9 €X» x8 @&P | i Feedstock and materials €&
—[ Purchased electricity | .. xs €&
—[ Property insurance | x3 €& xo €& |
—Propertytax | x2 €» X7 @XP | IVAssets X1 )
[ Services (excl. maintenance) | X0 €X» xs €&
—[ SNFiradioactive waste handing | X3 @& <
—[ Payments to power marketservices | X9 @&» xs €
—{ Otheroperating expenses | = x0 €X» xs €T

— Nuclear fuel

— Depreciation

— Income tax

Provisions

NPP development | m X,8 m

NPP decommissioning I X,

Physical security | x8 € x9 €

Safety | x4 € X7 €8P

Radioactive waste disposal | P X1 )

__| Nonoperating

expenses

:
:

1 Data for 2013 2 Excluding nuclear fuel and spare parts
3 For contractual obligations

4 Electricity is reflected only in the margin and cost of production (0.5 bn)
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ILLUSTRATION: NPP OPERATION — MAINTENANCE
4. Maintenance can be reduced thanks to detailed planning and initiatives
with equipment vendors

MSW-RDM023-20140610-AG1wm-r

Days

NPP upgrade maintenance operations

Time extension

<

Reducing time thanks to better maintenance planning

* Detailed planning of operations, resources and

material requirements

* Simulation of maintenance operations using

scale models

* Development of design changes of equipment
and temporary elements to reduce duration of
installation and preparatory operations

ou S
" 510 ¢ 73-68
____________ I_________'-_:
510 o 66-58
< )
Pessimistic Planned items  Approved Improving Possible target  Equipment Possible
scenario not supplied maintenance  maintenance maintenance design maintenance
schedule planning deadlines optimization deadlines
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ILLUSTRATION: NPP OPERATION — PERSONNEL
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4. Personnel costs may be reduced by sharing best practices between

Rosatom plants

Headcount by category, per one reactor

Employees
VVER-1000 RBMK
XX
XX
XX XX XX

Baltic RosNPP KInNPP Best Kursk
NPPP practice NPP

LenNPP SmINPP Best

practice

1 Accounting, Finance, Human Resources, Production, Procurement, Transportation

2 Safety and Reliability, Engineering Support, Production and Quality, Radiation Protection

3 Including AER branches

4 Operation of the main equipment (turbine, reactor, chemical plant, ventilation, plant support systems)

] Support!
] Other operating staff?
M \aintenance staffe

= Key operating staff*

B Electrical
equipment

= Each type of reactor (NPP)
has a headcount potential
according to internal
benchmarks

Sharing experience
between power plants can
save hundreds of millions
annually
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