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At the turn of the XXI century, the world energy context underwent a significant
change due mainly to the increases in the demand for energy in the developing
countries, a rise in gas prices and increased government support of clean ener-
gies in response to environmental issues. These boundary conditions led rapidly
to renewed interest in nuclear energy worldwide. The phrase “a Renaissance in
nuclear energy” was included in almost all energy forecasts. Unexpectedly, how-
ever, just ten years later the panorama changed once again: unconventional gas
appeared as a new energy source, the world financial crisis hampered invest-
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ment, and the demand for energy fell. This panorama has lowered expectations Agrupados.
with regard to the size of the nuclear energy renaissance to a less houyant but Member of the EU Advisory Group on
more bhalanced scenario of nuclear energy deployment that we could now dub as Energy (AGE).

Management Board.
This article describes how fission nuclear energy has continuously been evolv-
ing to adjust itself to these changing scenarios and, in particular, how it is being
adapted itself to today’s vision of the role of the nuclear energy in the long term.
The analysis in this paper focuses on those programs that could bring opportuni-

ties for Spanish nuclear industry participation.

Starting with the development programs affecting existing reactors already in
operation, the analysis moves on to the new builds of Light Water Reactors (LWR)
Generation lll+, to then address, in two sections, Research Reactors and finally,
the opportunities presented by Generation IV technologies. The development of

fusion technology is not covered in this paper.

EVOLUTION OF THE TECHNOLOGY IN
NUCLEAR POWER PLANTS
IN OPERATION

The evolution of the technology of
the reactors in operation is driven
by the objective of maximizing nu-
clear assets to adjust their costs to
operate in more competitive scenar-
ios. Two areas are the major contrib-
utors here: the extension of the op-
erational cycle up to 60 or 80 years,
and the power uprating and in-
crease in availability of the reactors
by increasing their energy output.
Initiated in the US, the strategy of
renewing licenses for long-term oper-
ation up to 60 years was well devel-
oped and supported by the US Nu-
clear Regulatory Commission (NRC)
and the nuclear industry as a whole.
The Electric Power Research Institute
Long-Term Operation Program (EPRI
- LTOP) got underway in 2009 is now
a large, collaborative research effort
reaching across multiple countries
and entities, among them, Spain.
Spanish industry has closely fol-
lowed and developed capabilities
in all the research activities associ-
ated with the long term operation

defined by EPRI in preparation of
their application to our nuclear re-
actors. Primary system degradation,
advanced welding processes, reactor
surveillance, concrete aging man-
agement, cable aging management,
diagnostics and integrated life-cycle
management are some of the areas of
research in this program. In this con-
text, it is relevant the coordi-
nation effort made by UNESA
providing access to the most
relevant EPRI documentation
for the applicability analysis to
the Spanish NPPs.

In addition to this investiga-
tion and research oriented at a
60-year operation horizon, the
DOE has recently launched the
Light Water Reactor Sustaina-
bility Program to develop the
scientific basis for extending
nuclear power plant operation
life beyond 60 years.

The LWRS Program is di-
vided into four research path-
ways: Materials Ageing and
Degradation, Advanced Instru-
mentation, Information, and
Control Systems Technologies,

SU'S. DOE LWR
Sustainability,

Risk-Informed Safety Margin Char-
acterization and Advanced Light
Water Reactor Nuclear Fuels. De-
scriptions of each of these pathways
follow, together with highlights of
recent results. This program will
offer opportunities for the Spanish
nuclear industry to participate in the
near future.
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The second line for maximizing
nuclear assets is related to the in-
crease of capacity factors and power
uprating. In this respect, the effort
of the Spanish nuclear industry has
been relevant, with very positive re-
sults. The 2012 operating results of
the Spanish NPPs as a whole, with a
load factor of 88.82%, an availability
factor of 89.84%, an operation factor
of 90.60%, non-programmed una-
vailability of 1.33%, and an increase
of 6.4% in nuclear energy generation
over 2011 all evidence the top-level
performance of the Spanish installa-
tions in terms of generation.

This level of excellence in the op-
eration of reactors reflects the com-
mitment of the utilities and is in-
dicative of the skills of the Spanish
nuclear industry supporting plant
operation. This expertise as “opera-
tors” is attractive on the internation-
al market where new contracting
schemes that combine vendors and
operators in joint ventures, for ex-
ample, the BOT contract model, are
being implemented.

EVOLUTION OF TECHNOLOGIES IN THE
NEW CONSTRUCTION OF NUCLEAR
REACTORS

Construction of the new generation
of LWRs known as Gen III+ has be-
gun. 36 new reactors in 15 countries
are now being built. Russia, China,
Korea, India, Europe and United
States have programs under which
Generation III+ reactors, of vari-
ous technologies, mainly PWR and
BWR, are under construction. In re-
sponse to the increased nuclear en-
ergy deployment foreseen at the end
of the XX century, vendors began
developing evolutionary reactors.
Thanks to this effort, the ESBWR
GE-Hitachi; ABWR GE-Hitachi; AP-
1000 Westinghouse Electric Compa-
ny; EPR AREVA; APR-1400 Korea
Electric Power Corporation; APWR
Mitsubishi Heavy Industries; AES-
2006 VVER, Rosatom are examples
of the available Gen III+ reactors
that will most likely be in operation
in the next decade, bringing to the
nuclear industry additional exper-
tise in licensing new processes, pro-
ject organization and construction
models, passive system behavior,
advanced engineering and CAD de-
sign tools, etc.

The participation of the Span-
ish nuclear industry in most of the
above developments has been and
continues to be relevant. Starting
with the Spanish Advanced Reactor
Programme launched 20 years ago,
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Spanish industry is being involved
in most of these new built programs,
either in design activities, in pro-
curement or in EPC contracts for
packages.

The participation of Empresari-
os Agrupados in the Design Cer-
tification of the GEH ESBWR per-
forming design activities, licensing
reports such as the Design Control
Document and Responses to NRC
Additional Information Requests;
in the technology evaluation of the
different reactor technologies for
specific site applications; and in the
development of engineering design
packages supporting EPC contrac-
tors for New Build proposals are rel-
evant examples of this participation.

EVOLUTION IN THE RESEARCH
REACTORS TECHNOLOGY

Apart from the use of the nuclear
energy for electricity production,
there are several areas of develop-
ment supporting the commercial
reactors and other applications of
nuclear energy. These areas refer to
the basic research supporting the
technological development of Gen
I+ and Gen IV.

In the 1950s, Research Reactors
were a tool to demonstrate the via-

bility of the use of nuclear energy for
energy production. These research
reactors, normally located at the
universities and research centers,
are now being dismantled due to a
lack of use for the purpose for which
they were built. Nevertheless, there
are today strong drivers to deploy
research reactors. These drivers are

for supporting evolutionary and
advanced reactors development
Gen III+ and Gen IV, and to sup-
port nuclear energy applications
different from electricity produc-
tion, mainly for medical applica-
tions. The production of isotopes is
one of the major applications.

One example of research reactor
development in which the Span-
ish industry is involved is the Jules
Horowitz Reactor (JHR), that will be
built and operate in the framework
of an international cooperation be-
tween several organizations.

With an investment of about 750
million Euros, JHR is expected to
start operating in 2016. The reactor
is a pool type reactor. The maxi-
mum thermal power is 100 MW.
This power is dissipated via the
primary and the secondary circuit
to the external cold source during
irradiation; the core, the primary

Gen llI+ RPV Support Design performed by Empresarios Agrupados.
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circuit and experimental rigs, are
completely enclosed in the Reactor
Building. The Reactor pool is con-
nected to several storage pools and
hot cells located in the NAB through
a water block. Material investiga-
tion, isotope production, spent fuel
behavior experiments, hot cell and
laboratories development are major
missions that the JHR will tackle for
the international community.

Spanish industry is providing
inkind contribution to the JHR that
will be compensated by rights to
use the reactor for future research.
This work is instrumented through
a CEA-CIEMAT agreement. A rele-
vant part of the scope of the in-kind
contribution of Spanish industry
covers the design and manufactur-
ing of the three Primary Heat Ex-
changers. Empresarios Agrupados
is responsible for the design, and
ENSA is responsible for the man-
ufacturing. Two other companies,
Tecnatom and Socoin, are contrib-
uting with the experiment simula-
tion platform. Similar opportunities
could arise in the future.

EVOLUTION OF THE NEXT GENERATION
OF FISSION REACTORS

The GEN IV/GIF initiative,
launched by USA in 2000, was the
pillar for the consolidation of sever-
al initiatives of advanced technolo-
gies existing at that time around the
world at the laboratory level. GIF
has made it possible to join the ef-
fort and create an industrial forum
capable of selecting the most prom-
ising technologies and defining de-
ployment strategies. The main driv-
ers of these Gen IV reactors are an
increase in use of the fission resourc-

s (U, Pu, Th, etc.) and optimizing
the management of nuclear waste.
Europe’s participation in GIF has
allowed focusing the EU research

program towards its contribution to
the Generation IV reactors.
Sodium-cooled  Fast  Reactor
(SFR), Very High Temperature Re-
actor (VHTR), Supercritical Water
Cooled Reactor (SWCR), Gas-cooled
Fast Reactor (GFR), Lead-cooled
Fast Reactor (LFR) and Molten Salt
Reactor (MSR) are the technologies
being considered as Gen IV reac-
tors. Over GIF’s 13-year existence,
the results of basic research and
small-scale experiments have been
shared among the members. Now,
it is time to build the Demonstra-

tors. The international community
is proposing to contribute to this
new phase, proposing the construc-
tion of several installations. In pre-
paring the Horizon 2020 program,
Europe is attempting to embark
on the construction of prototypes.
Three main initiatives, among oth-
ers, are being considered in the EU
Strategy Energy Technology Plan
(SET-Plan): ASTRID (Advanced
Sodium Technology Reactor), AL-
FRED (Advanced Lead Fast Reac-
tor), MYRRHA (Multi-purpose Hy-
brid Research Reactor for High-tech
Applications).

The most advanced initiatives are
the MYRRHA project supported by
the Belgium Government and open
to collaboration, and ASTRID, sup-
ported by the French Government
to be built in CEA (France). ASTRID
is a 600 MWe reactor with fast spec-
trum. Preliminary studies started in
2010, and conceptual design studies
are now under way. Construction
will start in 2020, and the reactor is
expected to be in operation in 2025.
The reactor is the result of interna-
tional collaboration between Rus-
sia, India, USA, Japan, Europe, Ko-
rea and China. The Spanish nuclear
industry could participate through
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the EU Framework Program Hori-
zon 2014-2020, now in preparation.
MYRRHA is a flexible research re-
actor of 100 MWth coupled to an ac-
celerator. The linear accelerator will
deliver a high density high-energy
proton beam of 600 MeV to the LBE
(Lead Bismuth) spallation target.
The installation will be built
by the Belgium Nuclear Research
centre (SCKCEN) in Mol with an
estimated budget of 960 million
euros. Construction on the facility
is expected to begin in 2015, with
commissioning by 2023. SCKCEN
has recently decided to launch the
related Front End Engineering Ac-
tivities (FEED). For this purpose,
a consortium in which Empresari-
os Agrupados is participating has
been selected to perform this FEED
phase. Civil design, the electrical
distribution system, HVAC, fire pro-
tection, containment, and the Beryl-
lium doping system are part of the
activities assigned to Empresarios
Agrupados in this project.

CONCLUSIONS

After 50 years of use, nuclear ener-
gy has proven its value as an energy
source and its possible contribution
in all long term scenarios is beyond
question. Thanks to its continuous-
ly technology evolution, the nuclear
energy is mature and innovate.

The nuclear industry has evolved
in response to the changing scenari-
os, always with a long-term perspec-
tive. This article has focused on the
recent developments in nuclear ener-
gy to be more competitive, to better
use nuclear fission resources, and to
optimize the management of nuclear
waste.

The investment required for this
development is shared between
governments and industry. As this
article states, the nuclear industry is
supporting extensive modernization
programs of the reactors currently in
operation and of the advanced LWR
of Gen III+, while the Research and
the New Technologies of Gen IV are
being supported more by Govern-

W

mental organizations. As a result of
these investments, the nuclear in-
dustry now has many opportunities
to participate in these developments.

The Spanish nuclear industry has
always responded to new challenges
and is thus involved in almost all of
the international nuclear programs
described in this article. Its participa-
tion in the life extension programs,
power uprating, research reactors,
and advanced reactors described in
this article are evidence of this in-
volvement.

Nevertheless, the level of Spanish
participation and investment in these
nuclear programs is currently not on
a par with our industry’s capabilities
and the excellence of the Spanish
NPPs in operation. One of the prima-
ry goals of the Spanish institutions
and nuclear industry should be to
increase its involvement. Initiatives
similar to the Advanced Reactor Pro-
gramme launched 20 years ago upon
joint government and industry effort
should be convenient.

La SOCIEDAD NUCLEAR ESPANOLA convoca un
concurso para elegir el logotipo de conmemoracion
de su 40° Aniversario en 2014, que sera utilizado en los
actos de celebracion y en los documentos editados por la SNE
durante ese ano.

Pueden participar los socios individuales, sus familiares
directos y los empleados de los socios colectivos de la SNE.

El plazo de envio de logotipos finaliza el 8 de
noviembre de 2013.
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