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C2A SUMMARY

B The GRUS model

B What is desirable ?
== Global nuclear energy prospective scenarios

= FRS are essential

= FRS with ambitious features

B What is feasible ?
== depending on Plutonium and Uranium availability

B Conclusion

Technical Workshop on Fuel Cycle Simulations | PAGE 2
Paris July 6t 2016



GRUS

“Gestion des ressources en uranium avec
STELLA’”

so in English

“Uranium resources management using STELLA
software”
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C2A MAIN FLOWS TAKEN INTO ACCOUNT IN GRUS
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C22A  PRINCIPLE OF THE SIMULATION IN GRUS
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C2A HOWIS THE SIMULATION PERFORMED?

We define:

The initial conditions of stocks (material stocks, number
of each kind of reactors, capacities of factories).

The key parameters of the model (technical
characteristics of reactors, investment and operating
costs of a reactor, process costs, resource prices).

The electricity demand versus time

Every year we calculate the need in new capacity

U The simulation will determine the nuclear fleet
which will meet the demand in electricity according to the
availability of the resources and diverse costs.
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SUMMARY

B What is desirable ?
== Global nuclear energy prospective scenarios

= FRS are essential

= FRS with ambitious features
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NUCLEAR SCENARIOS OF THE WORLD ENERGY

OUTLOOK UP TO 2040
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Scenarios up to 2040 : slightly lower previsions after Fukushima
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C24a |IASA SCENARIOS: GLOBAL ENERGY ASSESSMENT
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DE LA RECHERCHE A LINDUSTRIE

IIASA SCENARIOS UP TO 2100
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DE LA RECHERCHE A LINDUSTRIE

GLOBAL NUCLEAR SCENARIOS

IAEA 2010 High growth scenario

80000

[IASA 1998 Scenarios

Lot of organisations making
energy forecasting

Different time horizon (2035,
2050, 2100)

Different assumptions
(demographics, GDP, energy
intensity, political decisions)

Different models

Various objectives (CO2 content,
deployment of hydrogen as an
energy carrier ...)

Technical Workshop on Fuel Cycle Simulations

Production (Twh)

40000

20000

2010 2030
-

2050

2070

2090

== |EQ 2010
==y |EQ 2011
#—WEO 2011 New Policies
+==\WEQ 2011 Current policies
we==WEO 2011 450 Scenario
#==WEO 2011 Low Nuclear Case
=—p==WEQ 2010 New Policies
e \WWEQ 2010 Current Policies
et \WEQ 2010 450 Scenario
#— AIEA 2010 Low Growth
== A|EA 2010 Moderate Growth
#— AIEA 2010 High Growth
== WNA 2010 Low
==@==\WNA 2010 High
= [IASA 2007 A2r
& 1IASA 2007 B1
1IASA 2007 B2
IIASA 98 A2
o [IASA 98 A3
m—[IASA 98 B
IIASA 98 C2
==te==WETO H2 Reference Case
=== \WETO H2 Carbon Constraint
e \WETO H2 H2 Case
=== ETP Baseline Scenario
== == ETP Blue Map Scenario
o ETP No CCS Scenario
=== ETP High Nuclear Scenario
= ETP High Renewables Scenario
e ETP 3% Discount Rate Scenario
=== Shell Scramble

' Shie Il Blueprints

Paris July 6t 2016

| PAGE 11




C2A ELECTRONUCLEAR PRODUCTION
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NUCLEAR POWER TO BE INSTALLED
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AVAILABLE QUANTITIES OF URANIUM

We consider the available quantities of natural uranium as
limited
& A study case to clearly define the issues related to the necessary

resources
B Four values are considered for a parametric study
- ~ identified conventional uranium resources = pessimistic view
- ~ conventional resources + 4 Mt extracted from phosphates
%, realistic view
- = optimistic view
- = very optimistic view

B \When the committed uranium (i.e. taking into account the needs of
operational reactors throughout their service lives) exceeds one of the limits

In question, only FRs can be deployed
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C2A « DEMAND AND NUCLEAR PRODUCTION »
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DEPLOYMENT OF EPRs ONLY

A3 Scenario
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SUMMARY

B What is feasible ?
== depending on Plutonium and Uranium availability
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FR INSTALLED CAPACITY TAKING INTO ACCOUNT PU

AVAILABILITY
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CZA 1IASA B SCENARIO

== PWR only, open cycle
= PWR only, MOX & ERU
== deployment of 20% FR

— =16 Mt Conventional resources

=== deployment of self breeder FR

— deployment of FR with BG= 0.3 - = 38 Mt (+ 22 Mt unconventional resources)
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Committed Uranium: future uranium consumption
for the already installed reactors for their remaining life time
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DE LA RECHERCHE A LINDUSTRIE

PWRs AND Pu-FRs
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Cea A3 SCENARIO, PWRs AND PU-FRs
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C2Aa C2 SCENARIO, PWRs AND Pu-FRs

——Limit 10 Mt; PWR only ——Limit 20 Mt; PWR only —— Limit 40 Mt; PWR only ——Limit 80 Mt; PWR only
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SUMMARY

B Conclusion
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C2A CONCLUSION 1/2

A large increase of the nuclear installed capacity in the
prospective scenarios (up to 2100 from 5 to 20 times that of today)

& a challenge for nuclear technology

Constraints on uranium resources?

% Nuclear is not sustainable with only LWRSs
& The fourth generation is therefore essential

Constraints on Plutonium availability

& The installation rate of the FR fleet is limited by the
Pu availability
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C2A CONCLUSION 2/2

Importance of uranium resources
& importance of mining exploration

Importance of research on the fourth generation of
reactors
% FRs with highly performing technological
characteristics (breeding gain, core size, cooling time, FRs
started up with enriched uranium...)

Will nuclear be able to develop
as the prospective scenarios foresee?
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Thank you for your attention
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