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Security and reliability of the electricity supply

LTO allows countries to extend the benefits that nuclear power plants provide in terms of fuel

availability and diversity, as well as in terms of ancillary services such as inertia, primary and
secondary frequency control and load following.

More importantly, one of the major security-of-supply concerns in most countries is system
adequacy, or the availability of physical capacity in the mid to long term. This issue is becoming
critical in the context of more ambitious emission targets, and will certainly require the closure
of dispatchable generators such as coal and gas plants in future. In addition, nuclear phase-out
policies will further reduce capacity margins. In Europe, coal and nuclear capacity (40% of
dispatchable generation in 2020) is set to drop 66% (160 gigawatts [GW]) by 2040, according to
stated policies. The higher VRE additions are expected to have a limited impact given their low
capacity factors. Flexibility from interconnectors could also decrease with various countries
simultaneously phasing out dispatchable generators. The prospects of a large-scale deployment
of other flexibility options (e.g. long-term storage, demand response, sector coupling) remains

uncertain. LTO is, on the other hand, part of proven solutions that can enhance electricity
securlty in decarbonisation strategies.
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No major technical showstoppers for longer operations and adaptations

Nuclear facilities are not static assets. During their lifetimes, most of their structures, systems
and_components (SSCs) are replaced as part of normal maintenance procedures and more
extensive refurbishments. These replacements mitigate the impacts of ageing and allow
operators to implement the necessary safety upgrades in accordance with the latest available
regulations, knowledge and operating experience.

There are, however, SSCs for which replacement is considered unfeasible for technical
and/or economic reasons. Consequently, the ageing of these components will ultimately limit
the operations of the plant. Critical life-limiting components are the reactor pressure vessel
(RPV) and concrete containment structures. Depending on economic considerations, some core
internals and cabling systems can also be considered as life-limiting. After several decades of

research and operating experience, the main ageing mechanisms, stressors and associated

dynamics in life-limiting SSCs are now well understood. In practice, this technical evidence has

been combined with ageing management programmes (AMPs) to monitor and ensure that safety
margins remain acceptable during operations, regardless of ageing, in particular for life-limiting
components. The governing frameworks assoclated with L1O programmes also allow for
Internal, periodic re-evaluations and external peer reviews in order to identify potential
shortfalls and provide access to the best international practices.

As a nesultI if utilities imglement enhanced ageing management programmes using readily:
available technical evidence, while Eerforming the necessary repairs and regleu:.c\_rnentsI long-

term_operation should not face any major, generic, technical barriers. Provisions in safety
margins and continuous monitoring through AMPs and research efforts will be needed in order
to properly anticipate and manage the potential technical risks that may arise, especially over
very long operating periods.

Industrial experience also shows that operators use the long outages of LTO refurbishments
to perform additional plant retrofits, such as power uprates, instrumentation and control
upgrades, flexible operations and overall plant modernisation activities. The overall objective is
to adapt the plant to a changing environment while improving the economic value of the LTO
investment.
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4.1.1.Potential life-limiting components and associated ageing phenomena

In the past, life-limiting components of LWRs included the reactor pressure vessel (RPV), vessel
internals, steam generators, main pumps, cables and the concrete structures (NEA, 2000).
Technical advances and new engineering techniques have resulted in the re-classification of
components that were initially considered non-replaceable, with significant industrial experience
demonstrating that steam generators and vessel internals can be replaced (IAEA, 2008z).

Currently, all of the components of LWRs can be replaced, except perhaps? the RPV and
some containment structures (NEA, 2006, 2012b). Nevertheless, economics plays an important
role in the decision-making process to replace some of these components. The economic
attractiveness of a major refurbishment increases with the size of the reactor and the remaining
operating time. As a plant ages, the remainder of the operating time frame may be too short to
ensure recovery of the investment in heavy equipment and components. Market conditions and
future electricity price projections can also condition the final outcome. Some RPV internals and
cabling are typically some of the components that could be considered life-limiting, or not,
depending on economic considerations®.

Based on this evidence, the following SSCs may become life-limiting:

e RPV (LWRS);

e reactor coolant system piping, welds and core internals (LWRs, PHWRs);

e large, civil and concrete structures, such as the containment building (LWRs, PHWRs);

e large sections of the plant’s electrical cable system (LWRs, PHWR).
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