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Origins
® |nitiated in 2000
e Authorized and supported by IAEA General Conference resolutions

Basic Characteristics
e Membership based, but participation not limited to members
* Funded mainly from extra-budgetary contributions

e 15 to 20 staff (mainly CFEs from Member States, but some regular P and G
staff) located at IAEA Headquarters

e INPRO Section in the Division of Nuclear Power (since January 2014)



and Fuel Cyclas

INPRO Objectives

* INPRO cooperates with Member States to ensure that
sustainable nuclear energy is available to help meet the energy
needs of the 215t century.

®* To bring together technology holders and users so that they can
consider jointly the international and national actions required
for achieving desired innovations in nuclear reactors and fuel
cycles

* INPRO is part of the integrated services of the IAEA provided to
Member States considering initial development or expansion of
nuclear energy programmes.
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INPRO Membership 2001-2013
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INPRO CONCEPT OF SUSTAINABLITY

v'Brundtland definition of sustainability: Development that meets the needs of the present
without compromising the ability of future generations to meet their own needs.

UN General Concept of Sustainable Development
mcluding sustainable development of
Energy Supply

-

Sustainable Development of
Nuclear Energy

Proliferation Physical
Rezistance Protection

INPRO Ohjectives and Methodology:
Modelling of energy systems
Aszessment using a holistic approach
) Decision on Innovative Nuclear Energy System (INS)

Figure 2.4. Interrelationship of UN concept of sustainability and INFRO.




INPRO METHODOLOGY FOR NUCLEAR ENERGY SYSTEM @ D

Inrovalive Nuclaar Reactons

ASSESSMENT IAEA | SREe

» INPRO Methodology for nuclear energy system assessment - a comprehensive set of
internationally agreed Basic Principles (14), User Requirements (52) and Criteria (125) in
the important areas of economics, safety, waste management, proliferation resistance,
physical protection, environment and infrastructure

» Meeting the INPRO criteria in all of the areas ensures sustainability of nuclear energy
system and its high potential to meet growing energy demand throughout the present

century.
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V. Overview
Architecture of the INPRO Methodology

Basic Principles Basic Principles:
goals for development of

sustainable NES

User Requirements:
what should be done by
designer, operator, industry
and/or State to meet goal
defined in a Basic Principle

. Criteria:
Criteria Assessor’s tools to check
whether a User Requirement

has been met

User Requirements

E-learning
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Early experience with NESA

e © national assessments:

* Argentina, Brazil, India, Republic of Korea as
technology developer; P~

Esa) Using the
stem As oo ffN
SlePROM hdlﬂFARp” ihe

* Armenia, and Ukraine as technology user.

* Results documented in IAEA report TECDOC-
1636.

* 1 multinational assessment (“Joint Study”):

* Canada, China, France, India, Japan, Republic of
Korea, Russian Federation, and Ukraine; p—

System: Bdna
Nuclea E gylf F[Cylwm

* Development of NES of sodium cooled Fast Reactor Closed Nucleal P2 b sectors

5,, ,,,e jntermationsl Project

with Closed NFC. o RS

* Results documented in IAEA report TECDOC-
1639
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NESA: Current efforts

NESA completed in Belarus:

* Full scope assessment of all INPRO methodology areas; IEA TECDOC SERIES
* NES consisting of power plant and waste management facilities; -
* NESA Published in full as TECDOC-1716. ﬂfﬁﬁ‘,?eﬁsﬁﬁifeﬂfﬁh‘e"é?e
. . . System of Belarus
NESA on-going in Indonesia: Arertor b mamator ot

Fuel Cycles /NPHD

* Full scope assessment of two types of reactors and fuel
cycle facilities;
* To be completed in 2014.

NESA on-going in Ukraine:
* Limited scope: economics, infrastructure, waste management;
* To be completed in 2014.

NESA on-going in Romania:
* Full scope assessment of two types of reactors and fuel cycle
facilities;
* To be completed in 2016.
* NESA being started in China, India and Russia
* Limited scope assessments of energy systems with LMFR
NESA to be started in Kazakhstan (2016)

(5} 1AEA
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INTEGRATION OF INPRO TASKS IAEA |

Targeted nuclear energy system PSS Current nuclear energy system

TASK 3. STRATEGIES TASK 1. SCENARIOS

Assess ng(?lear energy system for Analyze Global and regional scenarios of
sustainability (NESA) transition to future sustainable nuclear energy
systems

Modify nuclear energy system based on the
outputs of the assessment Identify the role of cooperation among countries in
making such a transition

Identify desired degree of innovation in Analyze Synergies and ‘win-win’ strategies of
technology and infrastructure collaboration between suppliers and users

TASK 2. INNOVATIONS
Develop Roadmaps for transition to future

Collaborate on selected topics of innovative :
sustainable nuclear energy systems

nuclear technology and infrastructure

TASK 4 DIALOGUE FORUM

Discuss with technology holders and users on implementation of all INPRO projects
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I A éA and Fuel Cyclas

INPRO Structured Approach
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Analytical Framework B

WORLD MODELS

—
One Group @ \ f
(a) Homogeneous (b1) Heterogeneous (b2) Heterogeneous
Non-Synergistic Synergistic

Most analyses treat world as single technology group

Assumes all follow the same strategy and use the same facilities
GAINS Framework also supports breaking world into three separate nuclear strategy
groups following different fuel cycle strategies

NG1 starts with LWRs, transitions to a closed fuel cycle with fast reactors

NG2 maintains an open fuel cycle with LWRs and HWRs

NG3 starts with no reactors, develops LWRs & minimal fuel cycle infrastructure

NG1:NG2:NG3 = 0.4 : 0.4 : 0.2 with further sensitivity studies

(5)1AEA -
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Major findings (GAINS)

WHICH MODEL WOULD THE WORLD FOLLOW? ECONOMIC STUDY
Conclusions:

» For small programmes of the fast reactors/closed nuclear fuel cycle deployment the economic benefits
from their introduction would be substantially lower than the amount of investments needed for RD&D,
licensing and deployment.

» Only a few countries in the world with large nuclear energy programmes (30 GW(e) for fast reactors)
can bear the burden of the technology development for fast reactors/closed nuclear fuel cycle.

» Therefore, global nuclear energy system would follow a heterogeneous world model, at least, within the
present century.

Return of RD&D, demonstration and construction investments
for innovative reactor technology (FR)
New capacity 1 GWelyr,

yr
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Fig.1. Return of RD&D and construction investments for
the INS of 10 GWe
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Benefits of cooperation among countries in L INPRO
fuel CyC|e baCk_end IAEA and Fued Cyclas

SYNERGISTIC HETEROGENEOUS CASE: MINIMIZED SPENT FUEL ACCUMULATION

»Although few (NG1) countries will master fast reactor/fuel cycle technologies, all other
countries (NG3 and NG2) could benefit from this if they follow synergistic approach in fuel cycle
back-end, by sending their SNF to NGL1 for reprocessing and used in fast reactor programmes

» Progressive accumulation of SNF on a regional and global scale could be mitigated or even
reversed to limit the inventory of such fuel to MA and FP, or even only FP if MA are further
incinerated in FR or dedicated transmutation systems

3500
== TR&FR-CFC (heterogeneous synergetic model)

3000 | e TR&FR-CFC (heterogeneous separate model)
2500 | ====BAU-TR, OTC (homogeneous model) n
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Task 2: Innovations INPRO

Activities for 2014 - 2015

2.1. Dissemination of good practices in enhancing collaboration in innovations to
support sustainable NES.

2.2. Collaborative Project Review of Innovative Reactor concepts for prevention of
Severe accidents and mitigation of their Consequences (RISC).

2.3. CP on Transportable NPP phase Il. case study for the deployment of factory
fuelled small sized reactor (postponed).

2.4. Collaborative Project Nuclear Fuel and Fuel Cycle Analysis for Future NES
(FAWNI=S)]

2.5. Collaborative Project Waste from Innovative types of Reactors and Fuel
Cycles (WIRAF).

2.6. Study on cooperative approaches to the back end of nuclear fuel cycle: drivers
and legal, institutional and financial impediments
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INPRO training on & e

Inrovalive Nuclaar Reactons

Nuclear Energy Sustainability IAEA | "o

http://www.laea.org/INPRO/News/2014-04-25-inpro.html

Using WebEXx, a web conferencing service, proved to be an easy,
efficient and effective way of providing lectures and communicating
with the audience.

v' During the Spring Semester 2014, experts
from the INPRO Section provided online
trainings for students and faculty
members of the Obninsk Institute for
Nuclear Power Engineering (INPE) of the
National Research Nuclear University
(MEPhAI), Russian Federation.

v' Other Member States, such as e.g.
Armenia, have already requested similar
training activities in their countries.

The purpose of this innovative online training was to familiarize
groups of undergraduate, graduate and PhD students as well as
% 'Q teaching and research staff with INPRO Methodology for NESA and
%%j‘j} IAEA GAINS analytical framework for nuclear energy scenario modelling
———
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THANK YOU!

Please, go for more detail to:
http://www.laea.org/INPRO/
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CP Synergistic Nuclear Energy Regional Group g%} INPRO
Interactions Evaluated for Sustainability (SYNERGIES) 1aea | ===
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