more energy inputs and p} duce two
products. They maximize profitability,

products depending upon th
resources and market

This report summarizes the current status of the
modeling and simulation capabilities developed for
the economic assessment of Nuclear-Renewable
Hybrid Energy Systems (N-R HES). The increasing
penetration of variable renewables is altering the
profile of the net demand, with which the other
generators on the grid have to cope.

Six aspects of interaction (interconnections)
between elements of nuclear-renewable hybrid
energy systems are identified: Thermal, electrical,
chemical, hydrogen, mechanical, and information. In
addition, system-level aspects affect selection,
design, and operation of this hybrid system type.
- Throughout the paper, gaps and research needs are
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~ European . -
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NUCLEAR RENEWABLE HYBRID SOLAR
ENERGY SYSTEMS

In this study, we propose a nuclear and renewable
hybrid energy system (NHES) configuration that
combines the nuclear power fleet, PV plants, and
industrial demand response (DR) resources, to
address technical and economic ???

T

Nuclear-renewable hybrid energy systems consider

. [ | opportunities to couple these energy generation
! ‘JEE sources to leverage the benefits of each technology
B to provide reliable, sustainable electricity to the grid
- and to provide low carbon energy to other energy
use sectors. This publication describes the potential
H == - use of nuclear and renewable
i 11 | i '1 = ]]I
I

Clean Power 3 Quadrennia Technoog Reie 2015 TA
— 4: Hrid Nucear-Renewae Energ Systes Figure 4.K.2

- Power Conversion

e General architecture for a thermally coupled nuclear

renewable hybrid energy system, where the nuclear
and renewable generation sources are co-controlled
and managed by a single financial entity but may
not be co-located.
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NUCLEAR RENEWABLE HYBRID SOLAR
ENERGY SYSTEMS

As the figure below illustrates, an integrated energy
system (also known as a nuclear-renewable hybrid
energy system) is a co-managed system that has
three main components: a nuclear subsystem that
produces heat and/or electricity; a renewable
subsystem that produces electricity or heat; and an
industrial subsystem that produces high-value

What you"ll learn. The needs, requirements, design,
and operational aspects of integrated
Nuclear-Renewable Hybrid Energy Systems (N-R
HES); The foundations to analyze, design and
evaluate integrated N-R HES with various
implementation strategies that are optimized based
on energy demand and user requirements;

v/ /(L L]

The Nuclear-Renewable Micro Hybrid Energy

= . |
= ystem (N-R MHES) offers to combine the small
Eé:% [ scale of Nuclear Power Plant (NPP) with Renewable
iigm Energy Sources (RES). The byproduct of the N-R

MHES, the thermal energy, is also used in an
efficient way to support the thermal load, district
- heating, hydrogen production plant, heat engine,

i absorption
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NUCLEAR RENEWABLE HYBRID SOLAR
ENERGY SYSTEMS

This report is one in a series of reports that Idaho
National Laboratory and the Joint Institute for
Strategic Energy Analysis are publishing that
address the technical and economic aspects of
nuclear-renewable hybrid energy systems (N-R
HESS).

According to the projections presented by the
Intergovernmental Panel on Climate Change (IPCC)
[2] and the International Energy Agency (IEA) [3], a
substantial rise in renewable energy and nuclear
capacity is foreseen in order to meet climate
goals.Among renewable energy systems, wind and
solar power are predicted to expand rapidly, mainly
thanks to their low ??7?

To minimize the anticipated shocks to economic,
environmental, and social systems for developing
and least developed countries, the reduction of
Greenhouse Gas (GHG) emissions is mandatory to
a large extend. The nuclear-renewable integrated

system is proficient in optimal energy distribution to
multiple production schemes to reduce GHG
emissions and ??7?
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NUCLEAR RENEWABLE HYBRID SOLAR
ENERGY SYSTEMS

Nuclear-renewable hybrid energy systems are
integrated facilities comprised of nuclear reactors,
renewable energy generation, and industrial
processes that can simultaneously address the
need for grid flexibility, greenhouse gas emission
reductions, and optimal use of investment capital.
This review article summarises various aspects of

nuclear

i

Opportunities and Challenges for
Nuclear-Renewable Hybrid Energy Systems. Mark
T:-D-.-, F. Ruth. November 10, 2021 . American Nuclear
Society 2021 International Topical Meeting on
Probabilistic Safety Assessment and Analysis (PSA
CENER A TION + ESS 2021) JISEA???Joint Institute for Strategic Energy

= =2 Analysis 2.

g = = —— This module introduces global energy scenario and
1'_, el 2 hﬂm the role of Hybrid Energy Systems. Detailed

i —T; A l technical descriptions about the

gTE ..‘j r Nuclear???Renewable Hybrid Energy Systems with
L A e case studies are provided.AVAILABLE IN

ADDITIONAL UN LANGUAGESTarget audience:
Young professionals, stakeholders, and new

entrants to the area.
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NUCLEAR RENEWABLE HYBRID SOLAR
ENERGY SYSTEMS

The International Atomic Energy Agency is
launching a new Coordinated Research Project
aimed at increasing understanding of the role,
performance and impact of nuclear-renewable
hybrid energy systems in meeting current and future
energy demand. The three-year project is intended
to support the development of data and analysis,
with the goal to ??7?

Coordination of clean energy generation
technologies through integrated hybrid energy
systems, as defined below, has the potential to
further revolutionize energy services at the system
level by coordinating the exchange of energy
currency among the energy sectors in a manner that
optimizes financial efficiency (including capital
investments

National Renewable Energy Laboratory (NREL)
under REopt Projects optimizes Nuclear Renewable
Hybrid Energy Systems (NRHESS), where they use
this report model to optimize the design and
operational schedule of several different

i
[
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&
B
el
-
=
|
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B
3

nuclear-renewable hybrid energy systems as
illustrated in Fig. 11.6. Download : Download
full-size image; Fig. 11.6.
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NUCLEAR RENEWABLE HYBRID SOLAR
ENERGY SYSTEMS

Mraxeee IS Nuclear-renewable hybrid energy systems (N-R
e HESSs) are defined as co-managed systems that link
a nuclear reactor that generates heat, a thermal

power cycle for heat-to-electricity conversion, at

least one renewable energy source, and an
industrial process that uses thermal and/or electrical
energy. N-R HESs have the potential to generate

This hybrid mix of energy sources, including
nuclear, and products is called nuclear renewable
hybrid energy system (NRHES). As the renewable
energy sources as well as the demands and market
prices of the products are variable in nature, a
typical installation of NRHES should consider the
most effective combination of sources and products
to (a

Nuclear - renewable hybrid energy systems (HES)
consider opportunities to couple these resources to
leverage the benefits of each technology and their
mode of operation on the system to provide reliable,
sustainable, and affordable electricity to the grid and
to provide low emission energy to other energy use
sectors.
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NUCLEAR RENEWABLE HYBRID SOLAR
ENERGY SYSTEMS

e EEEEESSE L OOUCT NFORMATION: A key motive for nuclear-renewable hybrid energy
systems is the efficient alternative use of the heat
generated when it is not needed for electric power
production due to low net demand conditions. Heat
from nuclear reactors is a key focus point; however,
renewable sources such as solar energy in

concentrated solar power systems, biomass, and

hybrid energy systems research. The resulting DOE
Hybrids Task Force, which is responsible for this
report, consisted of representatives from the Office
of Energy Efficiency and Renewable Energy
(EERE), the Office of Electricity (OE), the Office of
Nuclear Energy (NE), the Office of Fossil Energy
(FE), and the Advanced Research

Nuclear-renewable hybrid energy systems (NHES)
are a potential solution for current generation
challenges, but design and dispatch optimization for
these systems remains challenging particularly
when stochastic effects, long time horizons and
nonlinear modeling are needed. This work presents
a multi-scale method for combining the design and
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NUCLEAR RENEWABLE HYBRID SOLAR
ENERGY SYSTEMS

The findings of this paper suggest that an integrated
nuclear-renewable hybrid energy system could be

‘i\\\\\\\\\l\lIIIINHIHUIIIIIIIIMW

the best solution to make ocean-going ships free
from all kinds of emissions, and it is technically and
economically feasible. This study also shows that
microreactors are a competent candidate to replace
fossil fuel-based generators in marine

Cyce Life Nominal Energy P Grade
28000 200kwh P55

Cogeneration, the deployment of
nuclear???renewable hybrid energy systems for
non-electric applications, was also discussed.
Nuclear power plants produce a large amount of
heat which can be both converted into electricity
and directly used for other energy purposes.
Cogeneration merges the production of usable heat
and electricity into a single
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