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Does concentrating solar power with thermal energy storage occupy a niche? e

persistent nichein an idealized highly reliable least-cost electricity sysf
variable renewable resources.

How does thermal energy storage work? ' %
Thermal energy storage provides a workable solution to this challenge. In a concentrating solar power (CSP)
system, the sun's rays are reflected onto a receiver, which creates heat that is used to generate electricity
that can be used immediately or stored for later use.

Are concentrated solar power and thermal energy storage more expensive than PV?

Consequently,the role of concentrated solar power (CSP) and thermal energy storage (TES) relative to
photovoltaics (PV) and batteries has not been clearly evaluated or established for such highly reliable,100%
renewable systems. Electricity generation by CSP is currently more costlythan by PV 1. Introduction

What is thermal energy storage (TES)?

CSP plants with thermal energy storage (TES) can overcome the intermittency of solar and other renewables,
enabling dispatchable power production independent of fossil fuels and associated CO 2 emissions.
Worldwide, much has been done over the past several decades to develop and validate what are now viewed
as "conventional" CSP-TES solutions.

What is the goal of a solar energy storage system?

The goal is to enable cost-effective production of hydrogen, ammonia, liquid fuels such as gasoline, diesel, jet

fuel, and solid fuels. This topic area will support technology development for thermal energy storage systems
which can be driven by concentrated solar thermal energy input.
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Thermal energy storage (TES) Concentrating
solar-thermal power (CSP) plants utilize TES to
increase flexibility so they can be used as "peaker"
plants that supply electricity when demand is high;
as "baseload" power plants that provide solar
electricity around the clock; or as continuous

sources of solar industrial process heat

Concentrated solar power (CSP) is a promising
technology to generate electricity from solar energy.
Thermal energy storage (TES) is a crucial element
in CSP plants for storing surplus heat from the solar
field and utilizing it when needed. Based on the
recent report by IEA, the roadmap of the CSP
concluded the following: it is expected by 2050
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What is concentrating solar-thermal power (CSP)
technology and how does it work? CSP
technologies use mirrors to reflect and concentrate
sunlight onto a receiver. The energy from the
concentrated sunlight heats a high temperature fluid
in the receiver.
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NREL's capabilities in concentrating solar power
(CSP) include modeling and optimizing solar
collectors, developing solar thermal energy storage,
and boosting conversion of solar thermal energy
into electric power, industrial steam, and chemical
fuels. NREL scientists and engineers pursue R& D
and support clients and partners with research in

The unique feature of CSP is the ability to store
heated material in an inexpensive and efficient
thermal energy storage system. The stored thermal
energy can be tapped between sunset and sunrise
or during cloudy weather to provide renewable
electricity on demand. In addition to providing
electricity, CSP technologies are also moving into

The prediction of the techno-economic
performances of future concentrated solar power
(CSP) solar tower (ST) with thermal energy storage
(TES) plants is challenging. Nevertheless, this
information
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Solar Energy Technologies Office Fiscal Year 2022
Concentrating Solar-Thermal Power Research,
Development & Demonstration funding program ???
developing next-generation plant designs that will
operate at high efficiency with low-cost thermal
energy storage. Solar Energy Technologies Office

Outdoor Cabinet Energy Storage System

Fiscal Year 2020 funding program ??? improving
CSP

and concentrated solar thermal energy, and can be
used for heat-to-heat, heat-to-electricity,
electricity-to-heat, and electricity-to-electricity
(bidirectional electricity) applications [2, 5, 6].
Thermal energy storage for augmenting existing
industrial process heat applications makes a much
more attractive economic casebecause the energy

This study opts for Concentrated Solar (CS) as the
heat source for SOECs, recognizing the challenges
posed by the unstable and intermittent nature of
solar radiation, which leads to decreased cell
lifespan and potential failure. To address these, a
Thermal Energy Storage (TES) system is
introduced, demonstrating its capacity to extend
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A potential answer to the world's energy issue of

B g balancing energy supply and demand is thermal
[ I ""..'[ I energy storage (TES). During times of low demand,
~== ! excess clean energy can be stored and released

later using TES systems [1].The International
Energy Agency (IEA) [2] claims that TES can

“ increase grid stability and dependability while also
, being a cost-effective ???
% ’
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- ':TTT' .HJ Afterwards, NEXT-CSP European project (high
e pa 1l temperature concentrated solar thermal power plant
4 .., " e—— ; : : :
W &:Et with particle receiver and direct thermal storage)
i started at 2017. Thermal energy storage intends to
" =

— i provide a continuous supply of heat over day and
night for power generation, to rectify solar irradiance
fluctuations in order to meet demand

|

The development of alternative methods for thermal
energy storage is important for improving the
efficiency and decreasing the cost of concentrating
solar thermal power. We focus on the underlying
technology that allows metal hydrides to function as
thermal energy storage (TES) systems and highlight
the current state-of-the-art materials that can
operate at ???
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In solar thermal energy, all concentrating solar
power (CSP) technologies use solar thermal energy

SUPPORT REAL-TIME ONLINE
MONITORING OF SYSTEM STATUS

from sunlight to make power. A solar field of mirrors
concentrates the sun's energy onto a receiver that
traps the heat and stores it in thermal energy
storage till needed to create steam to drive a turbine
to produce electrical power.

Mracrnee IS 2. Concentrated Solar Power (CSP) Plants 7 2.1
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Working principle of CSP system 8 2.3 Current CSP
technologies for power production 9 3. Global
Status of CSP 14 3.1Background 15 3.2 Global
CSP: Installed cost, thermal storage, capacity
factor, LCOE 16 3.2.1 Installed cost 16

In this paper, particles-based thermal energy
storage (TES) system for concentrated solar power
(CSP) is presented and applied to different CSP
plant-layout sce. Development of Solid Particle
Thermal Energy Storage for Concentrating Solar
Power Plants that Use Fluidized Bed Technology.
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Photo shows Graphite Energy's thermal energy
storage unit. Vast Solar is currently working on a
concentrated solar thermal project for a "major

global food company" with a "couple of
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L—_Tﬂq The Solar Energy Technologies Office Fiscal Year
=== i i
o 2021 Photovoltaics and Concentrating
- 2—1“‘ ’I ’l .
1 ;—-ﬂ—“ Solar-Thermal Power Funding Program (SETO
- s ‘-%Et i ‘ FY21 PV and CSP) funds research and
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development projects that advance PV and CSP to
help eliminate carbon dioxide emissions from the
energy sector.. On October 12, 2021, SETO
announced that 40 projects were ???

All concentrating solar power (CSP) technologies
use a mirror configuration to concentrate the sun's
light energy onto a receiver and convert it into heat.
The heat can then be used to create steam to drive
a turbine to produce electrical power or used as
industrial process heat.. Concentrating solar power
plants built since 2018 integrate thermal energy
storage systems to ???
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M EEEEESEE o By integrating thermal storage, the system can
deliver consistent and reliable energy, even when

solar radiation is not available. Our research and
development efforts have demonstrated the
potential of the FPR technology to significantly
reduce greenhouse gas emissions in heavy
industries.

A novel Pumped Thermal Energy Storage (PTES)

system thermally integrated with a Concentrating
Solar Power (CSP) plant is proposed and
investigated. The two sections operate with the
same working fluid, share several components and
can operate simultaneously or independently of
each other.

This gigantic solar thermal energy storage tank
holds enough stored sunlight to generate 1,100
MWh/day from stored solar power. In solar thermal
energy, all concentrating solar power (CSP)
technologies use solar thermal energy from sunlight
to make power. A solar field of mirrors concentrates
the sun's energy onto a receiver that traps
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? Solar thermal however has an important
advantage over solar PV: cheap energy storage,"
explains Eckhard L?pfert, the Chair of IEC TC 117,
the IEC committee which prepares standards for
solar

Subterranean thermal energy storage system for
concentrating solar power Researchers in the
Stanford School of Sustainability have patented a
sustainable, cost-effective, scalable subsurface
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energy storage system with the potential to
revolutionize solar thermal energy storage by
making solar energy available 24/7 for a wide range
of industrial

This funding program seeks to develop and
demonstrate the production of fuels using
concentrating solar thermal (CST) energy to deliver
heat to the system. Additionally, the program will
research low-cost embodiments of thermal energy
storage charged by CST dispatchable electricity
production or continuous use in specific industrial
heat applications.
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These concentrating solar-thermal power projects
will be reviewed as part of SETO's 2022 peer
review. In addition, the project team will size the
tanks to achieve a low cost of solar thermal energy

storage per gallon, and the solar steam will be able
to ??7?
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Solar energy increases its popularity in many fields,
from buildings, food productions to power plants and
other industries, due to the clean and renewable
properties. To eliminate its intermittence feature,
thermal energy storage is vital for efficient and
stable operation of solar energy utilization systems.
It is an effective way of decoupling the energy
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Solar Salt NaNO 3-KNO 3 222 1.75 1.53 756
Properties of Salts *Experimental determination 9 T.
Wang, D. Mantha, R. G. Reddy, "Thermal stability of
the eutectic composition in LINO 3???NaNO
3???KNO 3 ternary system used for thermal energy
: storage," Solar Energy Materials and Solar Cells,
— Vol. 100, pp. 162-168, 2012.
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NREL researchers integrate concentrating solar
power (CSP) systems with thermal energy storage
to increase system efficiency, dispatchability, and
flexibility. NREL researchers are leveraging
expertise in thermal storage, molten salts, and
power cycles to develop novel thermal storage
systems that act as energy-storing "batteries."

Concentrating Solar Power. Concentrating solar
power (CSP) is a dispatchable, renewable energy
option that uses mirrors to focus and concentrate
sunlight onto a receiver, from which a heat transfer
fluid . carries the intense thermal energy to a power
block to generate electricity. CSP systems can store
solar energy to be used when the sun is
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