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Nuclear — the Only Source that Meets all the Challenges 0

ROSATOM

Affordability of electricity GHG emissions free &

environmental friendly
Fighting with “energy

hunger” of growth

Meeting UNFCCC targets
regions

Social & economical benefits
Giving the boost growth and
supporting sustainable development
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Nuclear Power Brings More than Just Energy
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Additional gains from nuclear energy development

. Job creation
Growth of demand in Electricity export

other sectors of opportunities
economy

Industry and . - =, e Development of
construction sector S science and
development | ’: education

Social infrastructure

development Tax payments growth

Country’s reputation
growth at regional
level

Energy security
development
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Rosatom Integrates Facilities Throughout the Whole Value
Chain of Nuclear Energy ROSATOM

Key Activities of Rosatom*

Research and
development

15 research organizations

Conversion
and enrichment

TVEL
Tenex

Power equipment
NPPs engineering
& construction and setvices

NIAEP - ASE Atomenergomash
Rusatom Overseas Rusatom Service

Gas centrifuges
manufacturin e
g Spent nuclear  power
fueltreatment  Generation
* Boxes include names of
NUKEM Technologies {(ey Rosatom subsidiaries
in the relevant sector
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Capacity Building: Innovations for Development
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Markets Products/Services

Natural uranium Natural uranium

Conversion and enrichment

. UF6, EUP
services

Fuel assemblies

Nuclear fuel Nuclear fuel components

Nuclear steam supply system

Power machine engineering After-sale services

Equipment for power engineering

Heat

Electricity and power Electricity

NPP construction
and servicing

Market for RAW and SNF
management and nuclear facility
decommissioning

NPP power units After-sale services for power units

N RAW and SNF management
Decommissioning

Medical equipment,

R AR ARV R AR VA

Isotopes . . ; .
radiopharmaceuticals, engineering
Radiation technologies : .
Linear accelerators Irradiation centres
Inspection Systems
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Rosatom Nuclear Innovations Target Variety of Applications 6
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Nuclear Icebreaker Fleet
- #1 nuclear fleet in the world
- Assures stable functioning of Northern Sea Route

Fast Reactors (Gen IV)

- #1 fast neutron reactor in the world

- #1 operating fast neutron reactor in the world
- Broad development programme

Small and Medium Size Reactors

- Variety of different designs with referent parameters

- #1 floating NPP in the world is being built

- #1 successful public-private partnership for developing SMR

Nuclear Medicine

- Isotope production (curable 2 kinds of cancer, earlier diagnostic)
- Cyclotrons

- RFP laboratory
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International Cooperation in Nuclear Science and Technology
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; IPRO

Key markets and
foreign partners
(160 cooperation
agreements)

Partners
* China

* India

* South Korea

* Japan

* Vietnam

* France

* Germany

» Czech Republic
* ltaly

* USA

* Argentine

Knowledge Management
Fast Reactors

Education
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Global Nuclear Power Challenges and Objectives 6
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Elimination of severe accidents

Severe accidents threats requiring public evacuation or
relocation
Non-proliferation Enhancement of non-proliferation

through elimination of Pu & %3°U

0O : Iati ¢ extraction, U enrichment and fissile
nN-going accumulation of spent materials transportation
fuel, long-lived radioactive _ _
Ultimate solution of the radwaste
wastes e :
problem through radiation-equivalent

closed nuclear fuel cycle

Limited fuel resources Closed NFC with unlimited fuel

resources

Capital-intensive NPPs Economics improvement due

to complex in situ location
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Russian Nuclear Power Innovative Technology 6
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XXI century nuclear reactor must address the following goals

Elimination of the NPPs severe accidents
Technological enhancement of non-proliferation
Fuel base expansion

Spent fuel & radwaste ultimate solution
Economics improvement

5 goals as one

The Breakthrough (PRORYYV) Project: from demonstration of separate
Innovative technologies to the integrated world class solution

The content of this presentation is for discussion purposes only, shall not be considered as an offer and doesn’t lead to any obligations to Rosatom and 9
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PRORYV (Breakthrough) PROJECT - 6
Practical Response to the Challenges of the Paradigm oo

Elimination of the NPPs

severe accidents

Reduction of the risk of
proliferation

Waste reduction

Fuel base expansion

Economics
improvement

Native Safety

 Exclusion of severe accidents: no events that might require
evacuation or relocation of local population & offsite emergency
response

In-situ Closed Fuel Cycle
* No extraction and Pu separation from U, no U enrichment, ultimate
phasing out pure Pu&?3°U and using non-enriched U as fuel feed

Actinides Burning in the Closed Cycle
* All long-living actinides left in the regenerated fuel to be “burnt” in
reactors

Fast Reactors Concept and Equilibrium Cycle
* Enriched U or Pu required only for the first feed
* Further cycles on regenerated fuel and 10% of natural/depleted U

CAPEX&OPEX

* lower capital costs (simpler safety and heat transfer systems)

* reduced risk of substantial capital losses in case of severe accidents
* no Pu-containing materials outside the site = looser security systems
 extended access to the nuclear fuel resources

» cost reduction in fighting the greenhouse gases releases
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PRORYYV Project: In Line with Principles & Goals
of Global International Initiatives and Trends
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58th [AEA General Conference

22.-26 September 2014, Vienna Intérnational Centre, Vienna

“The important role of fast reactors and related fuel cycles for the long term
sustainability of nuclear power has long been recognized. The achievable
positive breeding ratio and the multi-recycling of the fissile materials obtained
from the spent fuel from fast reactors allow full utilization of the energy potential
of uranium and thorium. This technology guarantees energy supply for
thousands of years and greatly enhances the sustainability of nuclear power
by reducing high level and long-lived nuclear wastes.”

IAEA General Conference GC(58)/INF/4,

Item 16 of the provisional agenda (GC(58)/1, Add.1 and Add.2)
Nuclear Technology Review 2014

Report by the Director General

U235 for 1% feed i

=

u23s
natural/depleted

for further cycles m“w

GEXIJ

o ABOUT

What's New

GIF 2013 Annual Repart

Upcoming Events

News & Events

[nternational EEEFIMIIC M 3
Forum-” == DEEE

ORGANISATION PARTNERS TECHNOLOGY RESOURCES

The Generation IV International Forum (GIF) is 2 8
co-operative international endeavour organised to carry out

the research and development (R&D) needed to establish the GaN e
feasibility and of the next
nuclear energy systems

GIF PRESENTATIONS »

The Generation IV International Forum has thirteen
Members which are signatories of Its founding document, the GiF
Charter,

The goals annp{en ny GIF pmvlueﬂ the basis for identifying and GIF FACTS AND GRAPHS »
selecting six nuclear energy systems for further development. The
six selected sys'ems Emp\ay a vanely of reactors, energy
conversion and fuel cycle technologles. Thelr designs feature
thermal and fast neutron spectra, closed and open fuel cycles and
awide range of reactor sizes from very small to very large.
Depending on their respective degrees of technical maturity, the
Generation IV systems are expected to become avallable for
commercial introduction around 2030-2040

i "‘31r

“Gen |V fast reactor designs will represent a radical rethink of current technology.
In particular, the objective is to extract and recycle not only the bred Pu-239 but
also the other (so-called minor) actinides that are produced in the fuel by nuclear
transformation. This "full actinide" recycling will be a key attribute of Gen IV fast
reactor systems and associated fuel cycles, as it will reduce the radiotoxicity and
heat generation of the ultimate waste for disposal and increase overall proliferation
resistance of the fuel cycle.”

Official Web site of the Generation IV International Forum
https://www.gen-4.org/gif/icms/c_40275/gen-iv-reactor-design
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Step-by-Step Into the Future 6
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¢ Partnership relations and configuration of the project international
management

¢ Project Design Completion

¢ Demo complex construction

¢ Patent protection of technology components

¢ Demo complex operating parameters assessment
e Terms of licensing

¢ Worldwide advertising and sales

PROPYV Project Provides Opportunities for Mutually
Beneficial International Cooperation
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Sharing Skills and Knowledge for Sustainable Development 6
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Rosatom Human Capital Development Opportunities

_____________________________________________________________________________________________

. personnel training '

. » Education and training of foreign students in Russia within Rosatom group
. educational centers or using Rosatom partner universities facilities, N

providing wide range of educational opportunities: |
« BA i
« MA
| « vocational education |
| « training on NPP facilities |

. Special trips of foreign students for visiting Rosatom facilities and !
. educational centres

. « Partnership with local universities in creation of special programmes for ;

____________________________________________________________________________________________

Rosatom key educational facilities

National { Center for Wi
HVIAY

Research % M%@M Professional @

Nuclear

2 X Advancement
University = www.mephi.ru www.scicet.ru
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New Opportunities in CNFC Education Q
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Course structure: Main specialized courses to be developed

: : : and taught by Rosatom specialists
¢ pasic courses in accordance with
educational standards, ( )
e general course on CNFC technologies + \ Fast Reactors
specialized courses with focus on CNFC . .
specializations (independent modules), Neutron Physics

A 4

e special on-site courses according to

graduation thesis topics and specializations . Fuel

of students. (

Liquid Metal Coolant

Radiochemistry

SNF disposal

Safety

Pilot master degree programme: (

Nuclear physics and technologies \ CNFC economics, INPRO

Up to 25 people
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Use Knowledge to Collaborate on Innovations 6
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1 Get top-management support

ROSATOM
shares 2

the knowledge |Ma—

KNOWLEDGE MANAGEMENT
in the HI-Tech Companies

3 Create and develop NKM team

4 Involve staff of various departments

I — |

P ——— |

—
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KM Integrated into Business Processes
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MISSION

v

v

v

STRATEGIC GOALS

- _

Natural

Feeypm———

Financial

Oraduction and NFC ‘Operation of NPPs and Generation
technology . of alactricity
-

-
Innovative
Maw, ~angineering
~
.
Labour T S
NWE Asomilot NAS
| I E—
~ L -

Lo s L e L

Mission and values

STRATEGIC INITIATIVES

- E
———— ——— RUB 529.2 billion |«

v 172.2 billion kWh | .

Strategy o

(GROUPS OF KM
PROCESSES

Management of
expert
communities

Management of
scientific and
technical
content

Management of
IP rights
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Thank You for Your Attention!

Natalia Belenkaya
Project Leader, Innovation Management

E-mail: NVBelenkaya@rosatom.ru
Phone: +7 (499) 949-42-79
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