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In France, the COSI6 software can simulate 
prospective scenarios of nuclear energy evolution. 
Nuclear scenarios focused these last years on the 
development of SFR technology. However, SFR are more 
expensive to build than thermal reactors. In case SFR 
would not become economically competitive in the next 
decades, MOX spent fuels would pile-up in the backend of 
the fuel cycle, unless alternative solutions of plutonium 
management in PWR were found. In this study, advanced 
EPR (European Pressurized water Reactor) fuel designs 
are applied to enable plutonium multi-recycling and 
stabilization of all spent fuel: CORAIL refers to fuel 
assemblies containing LEU and MOX rods, and MIX 
(also called MOXEUS) to assemblies where fuel rods are 
composed of plutonium mixed with enriched uranium. 

Scenarios results reveal that introducing MIX and 
CORAIL in EPR by the middle of the century can lead to 
a fast stabilization of spent fuel and plutonium 
inventories. With respect to open cycle, more minor 
actinides (MA) accumulate (about +70%), but the 
production of transuranic elements (Pu + MA) remains 
almost 3 times less. Furthermore, all high-level wastes 
are now packaged for long-term storage. 

Besides, spent fuels still contain significant quantities 
of fissile uranium. In MIX scenarios however, this 
uranium may be enriched and easily recycled into 
dedicated EPR for efficient natural uranium savings. In 
this case, the resource balance is significantly better than 
in open cycle (-30%). Multi-recycling in PWR appears 
therefore to be a viable temporary solution, allowing for 
spent fuels and wastes management until we expect the 
running out of natural uranium. 
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�6�F�H�Q�D�U�L�R�� �V�W�X�G�L�H�V�� �D�U�H�� �X�V�H�G�� �L�Q�� �)�U�D�Q�F�H�� �W�R�� �H�[�S�O�R�U�H
�S�R�V�V�L�E�O�H�� �S�U�R�V�S�H�F�W�L�Y�H�� �G�H�Y�H�O�R�S�P�H�Q�W�V�� �R�I�� �Q�X�F�O�H�D�U�� �H�Q�H�U�J�\����
�:�L�W�K�L�Q�� �W�K�L�V�� �I�U�D�P�H�Z�R�U�N���� �V�F�H�Q�D�U�L�R�V�� �D�U�H�� �E�X�L�O�W�� �Z�L�W�K�L�Q�� �W�K�H��

�O�L�P�L�W�V�� �R�I�� �F�R�Q�V�H�U�Y�D�W�L�Y�H�� �F�U�L�W�H�U�L�D�� �G�H�I�L�Q�H�G�� �D�Q�G�� �Y�D�O�L�G�D�W�H�G�� �Z�L�W�K��
�W�K�H�� �)�U�H�Q�F�K�� �L�Q�G�X�V�W�U�\���� �(�'�)���� �2�5�$�1�2�� �D�Q�G�� �)�5�$�0�$�7�2�0�(����
�7�K�H�V�H���F�U�L�W�H�U�L�D���P�D�N�H���W�K�H���V�F�H�Q�D�U�L�R���U�H�D�O�L�V�W�L�F���D�V���U�H�J�D�U�G�V���W�R���R�X�U��
�F�X�U�U�H�Q�W�� �N�Q�R�Z�O�H�G�J�H�� �R�I�� �V�D�I�H�W�\���� �U�H�J�X�O�D�W�L�R�Q���� �W�H�F�K�Q�R�O�R�J�\�� �D�Q�G��
�F�R�V�W�V���� �7�K�H�� �&�2�6�,���� �V�R�I�W�Z�D�U�H�� �G�H�Y�H�O�R�S�H�G�� �E�\�� �&�(�$�� ���5�H�I���� ��������
�Z�K�L�F�K�� �U�H�O�L�H�V�� �R�Q�� �W�K�H�� �&�(�6�$�5�������� �L�U�U�D�G�L�D�W�L�R�Q�� �D�Q�G�� �H�Y�R�O�X�W�L�R�Q��
�V�L�P�X�O�D�W�L�R�Q���F�R�G�H�����L�V���X�V�H�G���W�R���V�L�P�X�O�D�W�H���W�K�H�V�H���V�F�H�Q�D�U�L�R�V���D�Q�G���W�R��
�H�Y�D�O�X�D�W�H�� �W�K�H�P�� �Z�L�W�K�� �U�H�V�S�H�F�W�� �W�R�� �X�U�D�Q�L�X�P�� �D�Q�G�� �S�O�X�W�R�Q�L�X�P��
�P�D�Q�D�J�H�P�H�Q�W���� �I�X�H�O�� �U�H�S�U�R�F�H�V�V�L�Q�J�� �D�Q�G�� �Z�D�V�W�H�V�� �S�U�R�G�X�F�W�L�R�Q��
�Q�R�W�D�E�O�\����

�1�X�F�O�H�D�U�� �V�F�H�Q�D�U�L�R�V�� �I�R�F�X�V�H�G�� �W�K�H�V�H�� �O�D�V�W�� �\�H�D�U�V�� �R�Q�� �W�K�H��
�G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �6�)�5�� �W�H�F�K�Q�R�O�R�J�\���� �,�Q�� �W�K�H�� �Q�H�[�W�� �G�H�F�D�G�H�V���� �D��
�S�U�R�J�U�H�V�V�L�Y�H���G�H�S�O�R�\�P�H�Q�W���R�I���6�)�5���R�I���L�Q�F�U�H�D�V�L�Q�J���S�R�Z�H�U���P�D�\��
�R�F�F�X�U�� �L�Q�� �)�U�D�Q�F�H�� �W�R�� �U�H�F�\�F�O�H�� �W�K�H�� �S�O�X�W�R�Q�L�X�P�� �I�U�R�P�� �W�K�H�� �V�S�H�Q�W��
�3�:�5�� �0�2�;�� �I�X�H�O�V�����5�H�I���� �������� �,�Q�G�H�H�G���� �3�X�� �L�Q�� �/�(�8�� �V�S�H�Q�W�� �I�X�H�O��
�L�V�� �F�X�U�U�H�Q�W�O�\�� �U�H�F�\�F�O�H�G�� �L�Q�W�R�� �0�2�;�� �I�X�H�O�� �D�V�V�H�P�E�O�L�H�V���� �E�X�W�� �W�K�H��
�O�R�Z���J�U�D�G�H�� �S�O�X�W�R�Q�L�X�P�� �W�K�D�W�� �0�2�;�� �V�S�H�Q�W�� �I�X�H�O�V�� �F�R�Q�W�D�L�Q��
�F�D�Q�Q�R�W���E�H���U�H�F�\�F�O�H�G���L�Q�W�R���Q�H�Z���0�2�;���I�X�H�O�����3�X���F�R�Q�W�H�Q�W���L�Q���Q�H�Z��
�3�:�5�� �I�X�H�O�� �L�V�� �O�L�P�L�W�H�G�� �I�R�U�� �V�D�I�H�W�\�� �U�H�D�V�R�Q�V�� ���5�H�I���� �������� �Z�K�H�U�H�D�V��
�V�X�F�F�H�V�V�L�Y�H���U�H�F�\�F�O�L�Q�J�� �V�W�H�S�V�� �P�D�N�H���3�X���F�R�Q�W�H�Q�W���L�Q�F�U�H�D�V�L�Q�J���D�V��
�L�W�V���I�L�V�V�L�O�H���J�U�D�G�H���I�D�O�O�V���G�R�Z�Q�����7�K�H�U�H�D�I�W�H�U�����L�Q���W�K�H���Q�H�[�W���F�H�Q�W�X�U�\����
�6�)�5�� �W�H�F�K�Q�R�O�R�J�\�� �P�L�J�K�W�� �E�H�� �D�S�S�O�L�H�G�� �W�R�� �V�W�D�E�L�O�L�]�H�� �W�K�H�� �3�X��
�L�Q�Y�H�Q�W�R�U�\�����D�Q�G���X�O�W�L�P�D�W�H�O�\���W�R���F�O�R�V�H���W�K�H���I�X�H�O���F�\�F�O�H�����5�H�I������������

�+�R�Z�H�Y�H�U���� �6�)�5�� �D�U�H�� �H�[�S�H�F�W�H�G�� �W�R�� �E�H�� �P�R�U�H�� �H�[�S�H�Q�V�L�Y�H��
�W�K�D�Q�� �W�K�H�U�P�D�O�� �U�H�D�F�W�R�U�V�� ���5�H�I���� �������� �,�Q�� �F�D�V�H�� �6�)�5�� �Z�R�X�O�G�� �Q�R�W��
�E�H�F�R�P�H�� �H�F�R�Q�R�P�L�F�D�O�O�\�� �F�R�P�S�H�W�L�W�L�Y�H�� �L�Q�� �W�K�H�� �Q�H�[�W�� �G�H�F�D�G�H�V����
�0�2�;���V�S�H�Q�W���I�X�H�O�V���Z�R�X�O�G���S�L�O�H���X�S���L�Q���W�K�H���E�D�F�N�H�Q�G���R�I���W�K�H���I�X�H�O��
�F�\�F�O�H���� �D�O�W�K�R�X�J�K�� �D�W�� �D�� �P�X�F�K�� �V�O�R�Z�H�U�� �S�D�F�H�� �W�K�D�Q�� �/�(�8�� �Z�R�X�O�G��
�Z�L�W�K�R�X�W�� �0�2�;���� �X�Q�O�H�V�V�� �D�O�W�H�U�Q�D�W�L�Y�H�� �V�R�O�X�W�L�R�Q�V�� �R�I�� �S�O�X�W�R�Q�L�X�P��
�P�D�Q�D�J�H�P�H�Q�W���L�Q���3�:�5���Z�H�U�H���I�R�X�Q�G�����,�Q���W�K�L�V���V�W�X�G�\�����W�K�H���X�V�H���R�I��
�D�G�Y�D�Q�F�H�G���(�3�5�����(�X�U�R�S�H�D�Q���3�U�H�V�V�X�U�L�]�H�G���Z�D�W�H�U���5�H�D�F�W�R�U�����I�X�H�O��
�G�H�V�L�J�Q�V�� �L�V�� �S�U�H�V�H�Q�W�H�G�� �W�R�� �H�Q�D�E�O�H�� �S�O�X�W�R�Q�L�X�P�� �P�X�O�W�L���U�H�F�\�F�O�L�Q�J��
�D�Q�G�� �V�W�D�E�L�O�L�]�D�W�L�R�Q�� �R�I�� �D�O�O�� �V�S�H�Q�W�� �I�X�H�O���� �7�Z�R�� �3�:�5�� �D�V�V�H�P�E�O�\��
�G�H�V�L�J�Q�V�� �D�U�H�� �V�W�X�G�L�H�G�� �L�Q�� �W�K�L�V�� �S�D�S�H�U���� �&�2�5�$�,�/�� �U�H�I�H�U�V�� �W�R�� �I�X�H�O��
�D�V�V�H�P�E�O�L�H�V�� �F�R�Q�W�D�L�Q�L�Q�J�� �/�(�8�� �D�Q�G�� �0�2�;�� �U�R�G�V���� �D�Q�G�� �0�,�;�� �W�R��
�D�Q�� �D�V�V�H�P�E�O�\�� �Z�K�H�U�H�� �I�X�H�O�� �U�R�G�V���D�U�H�� �F�R�P�S�R�V�H�G�� �R�I�� �S�O�X�W�R�Q�L�X�P��
�R�[�L�G�H���P�L�[�H�G���Z�L�W�K���H�Q�U�L�F�K�H�G���X�U�D�Q�L�X�P���R�[�L�G�H�����5�H�I������������
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�3�O�X�W�R�Q�L�X�P�� �P�X�O�W�L���U�H�F�\�F�O�L�Q�J�� �L�Q�� �3�:�5�� �U�H�T�X�L�U�H�V
�P�D�L�Q�W�D�L�Q�L�Q�J�� �W�K�H�� �3�X�� �F�R�Q�W�H�Q�W�� �L�Q�� �Q�H�Z�� �I�X�H�O�V�� �E�H�O�R�Z�� �D�� �V�D�I�H�W�\��
�O�L�P�L�W���� �F�X�U�U�H�Q�W�O�\�� �G�H�I�L�Q�H�G�� �W�R�� �������� ���5�H�I���� ������ �E�\�� �D�S�S�O�\�L�Q�J��
�F�R�Q�V�H�U�Y�D�W�L�Y�H�� �P�D�U�J�L�Q�V���� �,�Q�� �W�K�L�V�� �F�R�Q�W�H�[�W���� �Q�D�W�X�U�D�O�� �X�U�D�Q�L�X�P��
�U�H�V�R�X�U�F�H�V���� �Z�K�R�V�H�� �D�Y�D�L�O�D�E�L�O�L�W�\�� �M�X�V�W�L�I�L�H�V�� �S�R�V�W�S�R�Q�L�Q�J�� �6�)�5��
�G�H�Y�H�O�R�S�P�H�Q�W���� �P�D�\�� �E�H�� �X�V�H�G�� �W�R�� �F�R�P�S�H�Q�V�D�W�H�� �I�R�U�� �W�K�H��
�G�H�J�U�D�G�D�W�L�R�Q�� �R�I�� �W�K�H�� �I�L�V�V�L�O�H�� �T�X�D�O�L�W�\�� �R�I�� �W�K�H�� �S�O�X�W�R�Q�L�X�P���� �$��
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