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Chapter 21

Thermal Energy Storage for Solar
Energy Utilization: Fundamentals
and Applications
Kai Wang, Zhen Qin, Wei Tong and Chenzhen Ji

Abstract

Solar energy increases its popularity in many fields, from buildings, food pro-
ductions 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 demand and generation, while plays an important
role on smoothing their fluctuations. In this chapter, various types of thermal
energy storage technologies are summarized and compared, including the latest
studies on the thermal energy storage materials and heat transfer enhancements.
Then, the most up-to-date developments and applications of various thermal
energy storage options in solar energy systems are summarized, with an emphasis
on the material selections, system integrations, operational characteristics, perfor-
mance assessments and technological comparisons. The emerging and future trends
are finally outlined. This chapter will be a useful resource for relevant researchers,
engineers, policy-makers, technology users, and engineering students in the field.

Keywords: thermal energy storage, solar energy utilization, sensible heat storage,
latent heat storage, thermochemical heat storage, heat transfer

1. Introduction

Currently, energy, environment and sustainable development are the major
concerns to the countries all over the world. The long term usage of fossil fuels (e.g.,
coal, oil and natural gas) has caused environment pollutions and greenhouse effects.
The resulting global climate change and resource exhaustion can seriously threaten
human survival and development. Renewable energy sources, including solar,
wind, hydro, geothermal, etc. [1], have been increasingly attractive to many coun-
tries for their natural advantages on sustainability and cleanliness. Solar energy is
considered as one of the most promising renewable energy sources, because of its
abundance and easy-access to the most parts of the world. However, due to the
intermittency in availability and constant variation of solar radiation, the output of
a solar energy system is highly fluctuating if no or small inertia (thermal or electri-
cal) is included. This poses strong needs for energy storage in solar energy systems
to store energy at high solar irradiances for later uses whenever there is a demand
while solar irradiance is not enough. With the energy storage systems associated to
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Chapter 24

Performances Analysis
of a Micro-Grid Connected
Multi-Renewable Energy Sources
System Associated with Hydrogen
Storage
Salah Tamalouzt, Nabil Benyahia,
Abdelmounaim Tounzi and Amar Bousbaine

Abstract

This work highlights the modeling and simulation of a micro-grid connected
renewable energy system. It comprises of wind turbine (WT) based on doubly fed
induction generator (DFIG), photovoltaic generator (PV), fuel cell (FC) generator,
a Hydrogen tank, a water electrolyzer used for long-term storage, and a battery
bank energy storage system (BBESS) utilized for short-term storage. In this paper,
a global control strategy and an energy management strategy are proposed for the
overall system. This strategy consists in charging the BBESS and producing hydro-
gen from the water electrolyzer in case of power excess provided from WT-DFIG
and photovoltaic generators. Therefore, the FC and the BBESS will be used as a
backup generator to supply the demand required power, when the WT-DFIGs and
the PV energy are deficient. The effectiveness of this contribution is verified
through computer simulations under Matlab/Simulink, where very satisfactory
results are obtained.

Keywords: AC and DC micro-grid applications, multi-renewable energy sources,
energy management system, hybrid energy storage system, hydrogen production
and storage, doubly fed induction generator, direct active and reactive powers
control, local reactive energy compensator

1. Introduction

A growing interest in renewable energy resources (RESs) has been observed
these last years. The alternative energy sources (AESs) are non-polluting, free in
their availability and continuous. These advantages make this type of energy
attractive in remote locations and for microgrid applications [1, 2]. To experience
the best benefits of these sources, many energy sources can be used for hybrid
energy generators systems, including wind turbine (WT), Hydro-electric power
(HEP), photovoltaic panels (PV), Fuel Cells (FC) and micro-turbines [1 –38]. Nev-
ertheless, the major RESs used and reported in the literature are WT and PV [1–33].
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