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A review: Usage of Different Technologies of Electrical Energy
Storage System Coupled Hybrid Power System

Highlights

e Literature review on the use of various energy storage technologies based on hybrid energy system to provide
electricity.

e Adetailed clarification of energy management strategy, control and optimization techniques.

e Discussion and comparative analysis.

Graphical Abstract

Different energy storage technologies are coupled to the hybrid power system to produce elecugiggnerg ich will
be consumed by users. { )
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In this study, energy storage system is used wi ic @bwer system to cover the energy deficiency depending to

Design &Methodology

Models and several metho d in this paper about energy storage system to solve various issues.

Originality

Energy storage s plied in power systems regarding to their characteristics and benefits. Previous
studies have proved mical storage technology as batteries is mainly used in several fields, because this
type has b tter'to different problems and it is cheaper than other technologies.

storage system with hybrid power system ensure the reliability of the system. Furthermore,
energy stems have been mentioned several merits in the literature as stability between production and
consumpti ssure a good energy management flow, voltage/current regulation, storage energy and frequency
control.

Conclusion

Energy storage technology has proved their combination mainly in the hybrid power system. Hence, hybrid energy
storage system is more efficient to apply in electric power system and response fastly to the required issues.
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ABSTRACT

methods.

Bir Inceleme: Fark
Elektrik Enerjisi De

1. INTRODUCTION

The global increase in demand for fossil fuels, the
resulting rise in prices and the political unrest in several
producing countries make supply partially uncertain.
Energy storage is therefore a geostrategic asset,
particularly in the case of hydrocarbons. Energy storage

*Sorumlu Yazar (Corresponding Author)
e-posta : saib_soumia@yahoo.fr

fflerin entegrasyonunu desteklemektedir. Ayrica aglara giivenlik ve esneklik katmakta,
saglamaktadir. Cesitli ¢aligmalar, farkli enerji depolama teknolojilerinin ¢esitli hibrit

Turkey

ste as renewable
ings security and
rage technologies

pjilerin Kullanim ile
1stem1 Baglantili Hibrit

i enerji depolama teknolojilerinin enerji yonetimi stratejisi, kontrol ve optimizasyon sorunlari
aciklamak amactyla bir genel bakis sunulmaktadir. Makalede daha ¢ok analiz gésterilebilmesi i¢in

is therefore a geostrategic asset, particularly in the case
of hydrocarbons. Energy storage system allows storing
energy produced in the future need, assuring stability
between power production and consumption and
mitigating losses and costs. Electric power production by
renewable energy source need to use an energy storage
system to ensure energy demand without deficiency to
the users. Consequently, energy storage system has
others benefits for the power system such as voltage
[/current stability, control, frequency regulation and



energy management flow. Recently, researchers have
been carried out on employing energy storage system
with incorporating various power systems in different
fields in the aim to generate electric power. This paper
focused on overview to clarify the importance of using
different energy storage technologies specifically with
hybrid energy source take in consideration some factors
as  control flexibility,energy =~ management  and
optimization approaches. Most of studies have been
suggested in the literature by using single or hybrid
energy storage system connected to the hybrid power
source to analyze technic, economic and techno-
economic problems. Different energy management
strategies and more optimization methods have been
applied in the purpose to solve the posed objectives and
select the best solution. Guo et al. [1] proposed a hybrid
power system constituted of solar energy, wind turbine
and thermal storage system to supply power to an electric
heater. An optimization study has been carried out to
decrease energy cost and increase the canals transition, a
multi-objective particle swarm optimization has been
applied to solve the optimization issue. Review studies
have introduced the combination of energy storage
system with hybrid energy system connected to the
electrical network. Therefore, this analysis has been
based on situation, defiance, planning, survey, power
management, control, optimization method
prospective orientation for the electric power system [
7]. Authors in [8, 9] have coupled battery storage systef
with renewable power source in the aim to achjese,the
modeling, energy management operation
optimization problem for the studied energy

storage systems relating by means of
source to feed an autonomous site.
has been focused
incorporation  power
control and optimization
carried-out on combi

em as renewable energy.
ed as result to develop and
tem because the hybridization
em than a single storage system.

energy storage system to feed an AC
review has been introduced concerning
the optimization methods for the studied system. Tebibel
[15] has improved techno-economic optimization
regarding system price, power spend and system
reliability for the windtH2 system under various
constraints. Battery energy system has been included in
the aim to ameliorate the power produced by the
electrolyzer through used a hybrid control algorithm. A
developed energy management strategies have been
introduced in [16-19] for the grid connected hybrid

power system in the purpose to solve the optimization
problem.

Therefore, a model predictive control and recent
algorithms have been applied to reach the best optimal
solution. A multi variable fuzzy control has been
implemented to regulate the power grid frequency for the
thermal power system and energy storage system [20].
Economic criteria is estimated for the storage system
respecting to the cost and life cycle, results obtained have
proved the efficiency of the control method. Authors in
[21] have proposed a new technology of elgetrical energy
storage system as Cryogenic system foRea standalone
modeling. Optimization study based on
economic survey has been taken i jderayj
developed Bayesian m
objectives.

This paper treats a reyi

either to the grid
. Integration energy
ce need to implement
er management process via
ve demonstrated previsiouly
ill clarify in this paper. Hence,
e found for the electrical energy
regarding to the technical, economic or

either to ?e
storage sgste

ration approaches have been offered to select the
lobal optimum value, in this case, a detail
anation of the optimization issue with various
algorithms will showing in the following section. A
comparative analysis is done to accomplish more this
examination for each part of this paper. To enhance more
all the energy storage system problems, it is preferable to
using a hybrid energy storage system for ensuring
reliability, performance and system efficacy.

2. ENERGY STORAGE TECHNOLOGIES

Storage at the production sites using highly fluctuating
renewable resources (wind, sun), would allow better
management of the network. At the level of consumers
connected to the network, storage would ensure
continuity in the event of a power outage as well as better
sizing of installations. Energy storage mainly concerns
the storage of electricity and heat. Electricity storage aim
to response four main issues: the recovery of excess
energy production in relation to current demand,
compensate energy insufficiency, provide energy to
supply an occasional peak of demand and supply the
energy in the event of failure of the electrical system or
faulty quality of the local network. In these days, direct
storage of electrical energy is not possible, the electricity
is converted into potential energy, which is stored then
recovered and retransformed to be usable. On the other
hand, heat can be stored directly via a specific material
or transformed into chemical energy for example. The
nature of the storage is multiple and function of time



discharge, power and duration required. Several storage
technologies are established to cover the required energy,

which an explanation will be offer in this section. Most

frequently storage technologies are shown in Figurel
with a demonstration of the categorization of each energy
storage system.

Storage technologies divided into indirect storage using
intermediate medium and direct storage like storage in
magnetic field or electric. Numerous process exists for
categorizing energy storage technologies regarding to the
type of storage and the time of discharge. Storage
techniques are divided into two classes: Medium and
low-scale storage and also can serve the network, but also
decentralized production for many applications. These
techniques include storage in mechanical form
(flywheels), in electrochemical form (accumulators and
supercapacitors), in magnetic form, or in the form of
compressed air or hydrogen (fuel cells). A network
manager can use large-scale storage technique. These
techniques include storage as energy gravity (hydraulic
systems), in the form of thermal energy, in the form of
pressure energy (compressed air) and in chemical form
(chemical batteries).
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d the Heat. Massive energy storage is
storage but some mobile batteries can
also store ghergy between little tens of MWh. These
batteries are utilized as an energy reserve. Hydrogen
storage is also beginning to be used outside fuel cells for
vehicles. Other technologies are emerging, particularly
for the storage of electricity in the form of heat [23].

2.1. Mechanical Sorage Mode
Mechanical storage system is generally used to produce
energy in the world. In this technology, the energy is

stored through converting between mechanical and
electrical energy ways. This category includes the most

~Concentrated |

well-known forms of large-scale storage: hydraulic and
compressed air storage. It also includes flywheels
storage. Afterward, a global demonstration concerning
mechanical energy storage classes.
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iance in potential energy among two
ains two water tanks dissociated by a drop.
h surplus of energy is existing, a pump takes water
he lower basin to circulate it into the upper basin.
g consumption peaks, the water by the upper basin
is relaxed to the lower basin and supply a turbine to
produce electricity. The efficiency of this storage mode
can reach more than 75%, has a great duration life and
simple technology, it is vastly applied technology to store
energy in power system. A study has been carried-out in
[24,25] to solve different optimization matters,
containing hybrid energy generator and a pumped hydro
energy storage system.

2.1.1. Compressed Air Energy Storage

This storage technology is considered an axe of
investigation and improvement with an efficiency of 50
%. It is using the excess of energy generated during off-
peak time to compress air at very high compression and
store it in a tank, within peak period, the stored potential
energy is relaxed through extending this compressed air
in a turbine, which leads a generator to produce
electricity. Compressed air energy storage system mostly
discovers its use in large-scale system for peak shearing,
load instable, improves air quality, system steadiness,
regulate of the voltage and frequency [26]. It can be
found other use respecting to greater response time and
capability to smooth power for on and offshore wind
turbine. This storage technology has been used in [27, 28]
to show the advantage of its integration with hybrid
power system to provide energy. The proposed works
have mentioned the profit and performance of use this
storage technology with power system.



2.1.2. Kinetic Storage

Storing energy of this technology is identified as a
flywheel storage mode, which permit temporary store
energy in the form mechanical rotation, an electric motor
is needed to produce electricity. Flywheel energy storage
system has a high efficiency, reliable and is restricted
storage time. It is a convenient for a control and energetic
optimization for a system, it does not allow attaining a
significant duration time of autonomy like batteries and
energy storage by pumping. Several research have
proposed numerous benefits of this storage system ,the
exceptional features as environmental preservation,
improved effectiveness, elevated energy density, short
maintenance cost and further life time [29].The usage of
kinetic energy storage for the larger area is limited by
means of less and upper power density. Furthermore, the
flywheel energy storage can be considered the greatest
significant and durable energy storage technology with
decreasing environmental toxic emission and improved
energy steadiness. A survey has been investigated in [30]
in the purpose to modeling, creation and optimization of
the flywheel storage mode. Besides, to validate this
analysis for the energy storage system, an experimental
achievement has been implemented to prove the
efficiency of the storage system. A Kinetic energy storage
system is coupled with a micro-grid and micro g
turbine in [31] to response to the demand power. @h
importance to use the flywheel storage system for the
suggested paper is to ensure the compensation of t
fleeting power variations, reduce load cha
preserve the voltage of the shipboard DC bus
outcomes demonstrated that the implementat
flywheel storage technology has
objectives required.

2.2. Electrical Storage Mode

Electrical energy storage mo energy

is mode stores

aCity, increasing energy
jcro-grid and responding
2]. An elaborate explanation

This storaggPSystem has known as well as ultracapacitor
or double layer capacitor, it has two conducting
electrodes for storing energy. It has established to be a
good substitute to the common capacitor for several uses
and ordinary batteries. The main benefits of this storage
technology are great peak power output, extra power
density, extended lifetime, charge and discharge
numerous periods than to standard batteries [32].
Ultracapacitor have an upper power density compared to
the batteries and an upper energy density than
conventional capacitor. Energy storage by supercapacitor

is not achieved through charge transfer as batteries but
through electrostatic interaction between the ions of the
liquid electrolyte and the electronic charge on the surface
of the electrode. Supercapacitor has an anode-cathode
structure based on activated carbon, allowing a
considerably high active surface compared to capacitors
traditional and therefore to obtain very high values of
capacities. Moreover, makes the supercapacitor potential
additional to storage elements, ideally complementary to
batteries or the fuel cell. The use of series-parallel
structures of multiple supercapacitor cells achieves high
output voltage and current. Authors in have been

duration period of fuel ce.
objectives reached by eMployi
survey.

2.2.2. Superconducti
(SMES)

The energy"s st
sent int@ a 7Cyj f a superconducting
ergy is stored in the coil in

s, and can be recuperated in

ource for delicate loads or to steady
orks. SMES is used as a current source, it

or cegiain static equipment to improve the operation of
geirical network. Hence, this type of energy storage
system has been clarified in a review study with
integration of renewable energy sources [34].
Application, control and other development respecting to
the combination of superconducting magnet energy
storage have been explained in detail. A techno-
economic optimization problem have been proposed in
[35], a developed algorithm have been applied to find an
optimal solution for the wind renewable energy system
related to superconducting magnetic storage system.

2.3. Electrochemical Storage Mode

Essentially based on the conversion of chemical energy
into electrical energy. Any spontaneous oxidation-
reduction chemical reaction, i.e. accompanied by a
decrease in free energy is conceivable to give rise to an
electric current when it takes place under appropriate
conditions. For this reason, the exchange of valence
electrons must take place through the channel of a circuit
external to the system. Accumulators have a great interest
in current studies for the electrical energy storage in the
range of medium power and limited storage time. They
have a triple advantage as exist industrially, be modular
and to come into action immediately.On the other hand,
they can be installed at the user's locations, which solves
the problem of congestion of transmission lines in peak
periods, reduces the cost of transmission and line losses.
Batteries can be found in lead-acid, lithium-ion, nickel-
cadmium and nickel-metal hydride [36].



2.3.1. Batteries Energy Storage

Batteries (or accumulators) and cells are electrochemical
systems, which store chemical energy and convert to
electrical energy,are reversible and can be in
bidirectional directions. In the first direction, the reaction
converts electricity into chemical energy in order to store
it. In the other, it generates an electric current. Battery
energy storage systems are used to store energy often
from a renewable source for later use during critical
periods. Some of the benefits of these systems including
lower costs, clean energy and less downtime. It is
essential that the electrical integrity of the systems be
properly monitored in order to preserve these benefits.
The merits to use battery energy storage system are
power balancing in the local network, maintaining
voltage, stabilizing frequency, increased  self-
consumption, avoid network expansion, cold start
capability and emergency power supply. Most of
research have applied battery storage mode to solve the
optimization issues connected to several hybrid energy
systems as mentioned in [36, 8, 9, 24].

2.3.2. Flow Batteries Energy Storage

Flow batteries are novel technology include electrolytes,
which are stored apart in reservoirs. Flow battery is
identified by other name like Redox battery in order to it
encompass reduction/oxidation on both sides of é&
membrane. It store energy in the electrolyte itsElff
contrary to the other batteries types such as lead-aci
which the electroactive material is stored i
electrodes. Power generated is depending on t

fire threat and a flexible design
is perfectly possible. Auth

system. An
response to the

n in consideration in
/batteries is used for
power system connected to

release thatpenergy. This chemical reaction is often a
combustion reaction or an oxidation-reduction reaction.
Coal, oil and biomass (wood, vegetable oils, etc.) are
reservoirs of chemical energy because they release
chemical energy through combustion. Electrochemical
cells and accumulators are reservoirs of chemical energy
because they release chemical energy by oxidation-
reduction. Recent works have been based on the chemical
energy storage in different form to convert and store
energy in electrical form. Hence, this mode of energy
storage have been employed in various hybrid energy

system, which is dominated in large field and validated
numerous questions as presented in [40-44].

2.5. Thermal Storage Mode

This storage mode is known as the energy related with
microscopic forms of energy. Thermal energy is stored
as a temperature rise of the storage material. Heat storage
is a flexible solution for the energy transition, easily
stored and can be help many applications such as
providing flexibility to heating networks, efficiency of
industrial processes and smoothing energy production.
Storing heat or electricity makes possibdé to stabilize
energy network and to smooth productio
irregularities due to the progress of renew:
particularly on island or is%ate

storage be able to use in cgyCe

energy
efficiently, permitting electricity

above of period of 24

2.5.1. Sengibl
Sensible is based on increasing the
temperal d to store heat and releasing

rature when needed. Equipments
e technology necessity to have a

bwever, this storing mode is now less
o1, heat storage, it is less difficult than the other

e system, which an optimization problem has been
posed in the purpose to finding an optimal values for the
studied system.

2.5.2. Latent Heat Energy Storage

A phase change materials way is implemented to storing
heat energy. These materials store heat when they have a
phase change, e.g., solid-liquid, liquid-gas or solid-solid
reactions.The  inverse  conversion liberate  the
accumulated energy in the form of heat or cold, with an
efficiency round 60%. An examination has been achieved
in [48, 49], which a latent heat energy storage is
integrated with hybrid and material method systems.
Algorithms have been implemented to solve the
optimization matter.

2.5.3. Thermochemical Energy Storage

It is considered a probably storing mode among the cited
heat storing type, it is based on chemical reactions called
thermochemical. Thermochemical storage is found on
the enthalpy reaction that is substantially greater than the
particular heat or fusion heat. In chemical transformation,
energy is stored in the chemical connections between the
atoms, which produce molecules and contains the energy
related with the orbital states of electrons. This type of
energy storage is applied more in the literature as
presented in [50, 51], a techno-economic investigation
has been realized using optimization algorithms to
response to the objectives demanded for these studies
including PV power plant, material system and



thermochemical energy storage. Each technology has its
own characteristics and should be compared according to
the desired use. In effect, no process is by definition
better than other, it depending on several aspects, which
are technique and safety, CO2 emissions, geographical
site and locality to the power system, congestion surface,
connection to the grid, complete life cycle management,

Table 1. Energy storage technologies comparison

investment and operating costs. Actually, there is no
business model to deal more broadly with the economics
of storage system regarding to the type of storage and its
insertion in the chain between production and users. To
clarify the differences between overall energy storage
technologies, a comparison has been made and indicated
in Tablel.

. Life ;
Storage Efficienc Reaction  Decharge
Te(?rtl?\;ellgeies Power . g Capacity 0 4 i . g Cost
g Time (%) (year) Time
. 0.1-2 1-10 i i 5(ms)-
Mechanical (GW) Long (GWh) 40-95 15-60 10(mig) g
Electrical 0-03 Little 03-30 60-95
(MW) (kWh)
. 0.01-10 . 1kWh-
Electrochemical (MW) Little 10MWh 60-90 Low
. 1(kW)- 10kWh- .
Chemical 1(GW) Moderate 10GWh 20-66 10-2 High
5-250 100MWh- :
Thermal (MW) Moderate 40GWh - - Medium
®
®

The comparison of various storage technologies
Tablel is mentioned the properties of each tech

Table 2. Features of energy storage

f the power system. In the purpose to prove
2y, quality and performance of each storage system
technologies and to apply it dependent to the use. Hence,
the users can take in consideration these arguments to
establish it following to the desired demand.

Tefr:?mgallggies dv tag§\, Disadvantage Limitation Application
\
’ -High efficiency
. -A very fast start-u
“Energy density is then a)r/eturn of P
weak ener
volume of -Difficult to define -Nog)(l)llution
site P .
storage ise fuel is i -A very long - Stationary
ng life time ;jPreusg uetisin lifespan systems
Preserve system stability -ﬁ?]?ncost -Limited storage - Systems
Mec cal -High control of voltage gn time innovants
and frequency . _Fea5|ble water waste -Inertial storage is -Electrical
. - via evaporation :
- Simple for associating to . therefore mainly network
-Enormous size
either significant voltage - used for the
L2 -Non availability of .
transmission plant - regulation and
equipment employed optimization of a
- Weak of storage P
system
competence
-Ensure a long
autonomy life
-Improving power quality - Energy density is -Weak efficacy “Industry
Electrical -Load stabilization weak -Weak determined network
-High power density -Installation is energy Rail

-More lifetime

expensive

- Elevated cost




Table 2 (continue). Features of energy storage technologies

- Replying efficacy in case
of demand deficiency

-Needed equipment
and more cost

- Elevated ratio of
self-discharge

-Electric
vehicles
-Standalone or
hybrid
technology with
energy storage
system
-Supporting
energy demand

- Effectiveness of

. -Smaller duration time
frequency regulation

-Protection problem
depending on the

type

-Good protection -n?a;if:;gz;:izm -Deteriorate may
- Easy enhanced use of . occur caused to t
-Weak energy density . tors
renewable source - Minimize energy full dlscrgtlge
Electrochemical - Lower reliance on the caused to chemical -Compli
network interaction control
;/(I)El)ljlritelsn different - Risk of thermic - Wid - Load
- Lower damage packaging through stabilization
-Non deleterious extreme charging ®
®
-A large compre
- Store energy for extended
time
-Special features Reuse and recover
- Can be used to obtain \Waste - Private
new materials - Constant inputs are industry
- Can produce different required P -Electrical
Chemical types of matter ,which in - Most abundant energy in
many cases satellite

- Flexibility in the use of
the hydrogen produced
- Possibility of reCOyering

-Discharge ratio is
needed

- Adverse effects on
the environment

source of energy
available
- Easily combustible

- Space survey
- Feed engines
and vehicles

Th

-Very polluting

- Problems posed by
nuclear power plants
-Uses non-renewable
energy

-Stream warming
-Life time cannot be
forecast

-Wide storage systems
are demanded

- Unfeasible to store
energy or relaxed it at
a constant temperature

rce of stable energy,
hich adapts to needs
-Protected energy

- Respond quickly to peaks
in consumption

- Quick Start

- Function all the time

- Very powerful and
fast energy

- Easy to use

- It can be stored for
long periods

- Its operation is
inexpensive

- Powerful lever for
energy savings

- Industrial sites
- Solar
underfloor
heating

- Domestic hot
water
production

- Cooling,
refrigeration
and air
conditioning

3. ENERGY STORAGE MANAGEMENT
STRATEGY

Electrical energy storage system represents a main
defiance to permit real penetration obviously dispersed
renewable source. Its increase the protection of system
coupled to the network, probably having decentralized

storage that can be controlled centrally. It not only
provides a technical solution to the network manager to
ensure the production-consumption balance in real time,
but it also makes it possible to make the best use of
renewable source by avoiding load shedding in the event
of overproduction. Energy management is consisting to
use a little energy as possible to provide goods and



services without affecting production, quality or comfort.
Energy management operation has a big part to manage
power flow for different energy system, mainly
renewable energy source including energy storage
system coupled to the electrical network, autonomous
site or micro grid. This strategy operation granted the
efficacy of power transmission to the consumers. Hence,
to confirm the energy management operation, a control
otherwise  optimization  algorithm  have  been
implemented to ensure the energy flow between various
power systems. The target of energy management
operation planning are minimizing the operation cost,
involving energy in the best-qualified manner and also
decreasing the environmental effect.

3.1. Energy Management Techniques

Several management approaches,controls and algorithms
have been presented in the literature based for example
on some reasons as users, electrical grid supervisors,
providers. Conventional and innovative management
methods have the most applied in the recent years in the
aimto solve the control issues of power systems based on
direct and indirect techniques.

3.1.1. Indirect Management Methods

This method is known as Indirect Load Control, it incite
managers to change their energy manners. Each user
manages his own energy accomplishments (s

provider, contribution, electrical energy material, etc
but grid supervisors or agents can indirectly control us
loads. Indirect load control methods can be subdjwifed i
four main groups. Noted that, operators in t
rules or contracts do application of thes
methods. It incite consumers to change i

First group w Second group

These methods are
applied in particular
widely with a view to
solving the problems
relatd to  peak
consumption for peak
hours.

Fourth group |

Are the methods based on
the fact that in the
electricity market the price
of electricity has a dynamic
character.These methods
that allow the user to face
different prices in the
electrical market and take
responsibility  for  these
purchase decisions.

Third group

This is an indirect
action , the result of
which depends from
the customers
sensitivity to high
prices.

These methods are
essentially based on
financing aids in

order ti facilitate the
penetration of new
technologies.

Figure 3. Diagram of the indirect management method [52]

3.1.2. Direct Control Methods (DLC)

These methods are the set of control that permits network
agents and users to directly perform load management
movements in order to realize good control intentions.
Management techniques classification is based on

various features as load category, calculation time needed
and treated data. Subsequently,a flowchart of the
different DLC methods are indicated in Figure 4 [52].

Direct control methods (DLC) /

¥

Preventive management
methods

—  Expertsystems '
Artificial Neural I
| Network (ANN)

Real-time management N
methods

i

Sendor based
methods

1 Fuzzy systems ) .. Multi-agent
—»_ (Fuzzy logic) techniques

ro$pective days. Variations in
tions in usage or even weather
most used data. In this context,
echniques are exist such as Artificial
and learning systems (fuzzy logic),

sion methods is related strongly on the outcomes
gfon and the forecasting capacity to adapt to
uncertainties [53].

Real-Time Management Methods

Innovation of these methods permit to regulate the loads
straightly with fast response period in actual period. The
involved techniques have been implemented in numerous
sectors as illumination systems. Novel approaches have
proposed, which in the first part there are a straight
approaches based on the use of detectors. This technique
allows to ameliorating the goodness of management
services with a view to satisfying the user’s requirements
or optimizing energy utilization. In the other hand,
straight management methods are based on Multi-agent
techniques. These techniques are very wide speared to
construct an independent supervision system. It consider
the material and operators of the system as a set of agents.
Each agent deeds separately and interferes with the other
regarding the overall limitations specified through the
system [53].

3.2. Literature Review On Previous Analysis

In recent years, energy management process in energy
storage system focused on microgrids or an autonomous
mode has been discussed more in the literature and
increasing its development on this research area. In [53,
54], the authors have presented an investigation based on
the renewable energy source combined hydrogen energy
storage. Energy management process have been applied



through using different control and methods. A battery
energy storage technology has been applied in [55-57]
combined to a micro grid and renewable energy sources.
To ensure an efficient power management operation
between micro grid and power sources, control methods
have been employed to achieving the objectives desired.
A developed energy management process have been
introduced in [58, 59] to response to the energy demand
and avoid any issues during the power produced to
supply either to the micro grid either to the load. Battery
and supercapacitor energy storage systems have been
used to managing the proposed energy strategies. In [60],
the authors have suggested a tidal turbine energy
producer connected to the microgrid, an energy storage
system as supercapacitor is used to store energy and
ensure power flow management. An intelligent power
management has been suggested for the hybrid energy
system to enhance and sleek the power generation flux.
A study is carried out [61] based on direct current micro
grid related to a photovoltaic system with battery/fuel cell
for storage energy. Various energy management
strategies have been applied and compared to reach the
aim required. An improved PI controller has been used
to managing the power for the investigated energy system
[62].A hybrid optimization method has been
recommended to solve some issue regarding to the hybrid
power system, which a comparison has been done

several optimization methods and energy managemey
operations in order to give the best result.

Table 3. Summary of the energy management methgd

He et al. [63] have offered a study based on the building
coupled to the energy systems, a sophisticated energy
management method has been carried out to assess the
menace price of process and a survey has been done for
different system model to obtain the best riskiness
economic price. An enhanced genetic algorithm based on
optimal Pareto has been offered to solve the optimization
objectives and managing the energy flux between hybrid
energy storage system and power system [64].The
proposed algorithm has confirmed its efficacy and
performance in the system management strategy and
system economy. The authors in [65] h
real time management method with respe
power variation through the batte
energy and minimize the @s
management strategy ha$®been

for the hybrid power
the energy in different sectors.

References Energy storage type E ement methods Purposes
FuzZyliggieLontrol predictive _petarmine the benchmark current of
control ; h_eurlstlc_and energy storage system
[53,54] Hydrogen techn metaheuristic algorithms, L .
stochastic and others -Investigation on various  energy
approaches management control algorithm
-Control of charge/discharge of
Fuzzy logic, real time batte_ry and pow«_ar rov_v )
[55-57] Batt management method,stockastic - Efficacy the microgrid operation

model predictive control

-Decreasing power flux
-Realizing energy equilibrium

attery /Supercapacitor

Cuckoo search-neural network,
VMS-ST-QF load frequency
division

-Improving power flow between
batteries and supercapacitor

-Determine the values of SOC
- DC bus voltage regulation

-Using up and low boundary
frequency to divide load input

[60] Supercapacitor Intelligent power management  -Sleek power generation variation
-Enhance the durability of the battery
. system
[61] Fuel cell/Battery Centralized energy management Reliability

-Decrease the hydrogen consumption




Table 3 (continue). Summary of the energy management methods

Fuel cell/ Battery/

PI controller and other used

-Increasing system competence
-Mitigate hydrogen ingestion
-Increasing duration time of the

[62] . . energy source
Supercapacitor energy management strategies
- Reduce effort on energy system
-Maintain DC bus voltage within its
reference
Thermal energy system -Estimate menace price of operation
[63] and virtual energy Worst conditional value at risk  -Obscurity of supply gnergy source
storage and load are taken in ¢ i
- Reliability
Genetic algorithm based on
[64] Battery /Hydrogen/heat optimal Pareto
[65] Battery /Flywheel Real time managemdt

4. ENERGY STORAGE SYSTEM CONTROL

Combination of the power system mainly renewab®
energy source coupled to an electrical grid’
autonomous site need to use an electrical energy storage

management, stability between energy prod
consumption and decrease losses and costs.
energy storage system remains an esse
complementary solution, which answ

putes to the ability to satisfy the
e and also to prevent supply cuts.

e to loads, also effects on round trip
this context, control strategy has a straight
effect on the economic feasibility of the energy storage
system, its optimal location and sizing, defines the
services they provide, its lifespan and competence.
Control system is considered the core of the renewable
energy system, which produce data and transmission via
different constituents system. Guaranting energy storage
mode from the overload and helps it to perform within
specified limits. Control systems are increasingly
advanced and rapid development offers a multitude of
new solutions. Select the appropriate control methods are

er system and the storage system
ansitory comportment. Generally, control
uted to energy storage system are
lassical and developed control techniques.

elly, this technique has described two methods
as start/stop and PID controllers. Start/Stop
controllers are the simplest type of controllers, featuring
Start/Stop control action designed to provide general
purpose PID controller functionality, but at a price
suitable for applications.Contrariwise, PID (proportional,
integral, derivative) controller as depicted in Figure 5 is
a control technique that improves the performance of a
subservience, i.e. a closed loop system or process. PID is
the most regulator widely adapted in the industry because
it is very simple to set up, effective in reducing errors for
most real nonlinear systems, its corrective qualities apply
to multiple physical quantities and it is relatively robust
to variations in process parameters. These controllers
have applied for various energy systems regarding on
their merits and the obtained result based on the previous
literature.

4.1.2. Developed Control Technique

Developed control approach have been invented to
response to the classic methods problems and attain a
precise solution. Therefore, diverse control techniques
have been created and implemented to the different
electrical energy storage systems. Most of the control
methods have used in the previous works regarding to
their performance, efficiency, robustness are model
predictive controllers, adaptive controller, optimal
controller, neural network and fuzzy logic controllers.
Afterwards, a detail demonstration based on the previous
studies respecting to these control approaches and others



advanced controls are suggested in the following part.
Model predictive controller as shown in Figure 6 have
used mainly in the most previous studies due to their
efficiency and performance.

I Proportional |
I Differential |

PID Controller
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Feedback

Figure 5. PID controller scheme
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the stability between the production and the demand. A
schematic diagram is explaining the management of the
energy flow between the energy sources (producer) and
the demand (load, grid) as illustrated in Figure7.Usually,
integration of renewable energy system must be
controlled through three modes of flux management as
centralized control, distributed control and hybrid
centralized-distributed controls [66,67].
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This contrgl typ
or more @tes remotely. It agrees a

e system under this control

rce is composed, moreover, set of the
transmitted to the centralized principal

gFids [67]. In this controller, energy management
system can be modified in case of another energy
component is inserted. Consequently, it is important to
describe a supple, dependable, exposed and accessible
energy management system. The centralized control can
be presented some merits respecting to increase its
mobility and convenience, better efficiency, reduce
greatly the number of hours needed to managing and
operating system. Although, this control has an
inconvenient of the large calculation time and deficiency
constituents [68-70].

Distributed Control Mode

Distributed control system is made up of a network of
smaller controller distributed throughout the system. This
allows for greater flexibility and redundancy in the
system, can be easily expanded or reduced to meet the
needs of a particular application. This makes it well
suited for use in a variety of different industries. Contrary
to the centralized control system, which has a single
central controller that manages all the control-command
functions of the system. Distributed control systems
(DCS) consist of multiple controllers that control the
subsystems or units of the overall installations.
Communication networks connect the control elements
to each other and the system is designed to manage,
monitor and control the operation of a process. In
addition, the most benefits of DCS are high level of
safety, makes system management and maintenance



easier while providing increased security, reliability and
efficiency. Hence, this control is known as a multi agent
system, which has been used for combination of energy
system, re-establishing, reorganizing and energy
management process [66,67]. In spite of these better
features, distributed control system is considerably more
complex and difficult to manage, which is introducing a
demerit .Further, the network can quickly saturate,
securing  sensitive data is complicated and
implementation is difficult.

Hybrid Control Mode

Hybrid control system is the combination of the
centralized and distributed control systems. Various
energy systems are coupled renewable energy sources
through hybrid control operation. Centralized control
method is implemented in each band and distributed
control technique is exercised to manage and organize
each band. In hybrid control mode, centralized control is
attained the local optimization for each band and the
distributed control is realized the global optimization for
several band of energy systems. This clarifies decrease in
calculation time for the principal controller and other
controllers. Also reduces the issue of individual point
failing in energy system integration [66].

4.2. Survey On Previous Studies

In recent years, various surveys have been suggeste‘ﬂ
the literature, treating the principal features of the energf
storage control. A certain of recent review are short

regarding to the several implemented control
in different energy storage technologies. Previ
in [72-76], authors have introduced di
strategies to response to the require
applications and to ensure the

wind turbine system an
batteries in the objegti and regulate
stem. Ghavidel
rugged control to

management of the

erdy §ora0e technologies based on the highlighted

systems (FC/Battery/SC) have been offered in [79],
which a type-2 fuzzy controller has been applied to
control the energy management operation of the system
and attain the system reliability. An improved control
named nonlinear adaptive has been implemented in [80],
in the purpose to protect the battery technology and
regulate the current and voltage of the battery storage
system. Hence, a novel energy storage management
process is performed to ensure the power flux for the
hybrid power system to provide energy to an autonomous
site. A fuzzy logic controller have been usgd in [81, 82]
to control the grid frequency in the ai assure the
steadiness of the energy systems used in th
controlled other factors dependjmg, to t
systems with battery energy sigra
al.[83] have proposed anﬂdapti
the voltage and supervisi
of batteries, therefore, 4

ethod has been
storage system.
based on various

strategi erformance of the used
operatio e studied system. Majority of
research redictive controllers for

and energy storage technologies
se studies are to improve some
0 the proposed energy system
yj6us control techniques have been
d, for the hybrid energy system related to the
[89].A comparative analysis have been
$hed for the suggested controllers in the purpose to
galiz€ some control respecting to the voltage, frequency,
steadiness and energy management operation.
To clarify more this literature review appropriate of the
used several control methods in storage system, Table 4
demonstrate the highlighted approaches employed in
energy storage technologies for some references with
regard to the control method, used system and a
description based on the applied controllers. These
control techniques are selected due to their robustness,
performance, efficacy and contain less error.

proaches
ControNpfethod Applied system Demonstration reference

-Reliability

Rugged control PV/Battery/Superc- -Increase the performance of the hybrid 78]

(LMI,PSO,GA) apacitor energy system
-Control the energy converters

Hybrid electric -DC bus voltage control
Type-2 Fuzzy vehicule -System reliability
controller (HEV)/fuelcell/ -Energy management control [79]
Battery/Supercapa-

citor




Table 4 (continue). Energy storage technologies based on the highlighted control approaches

-Energy management control is required

Non-linear adaptive

between wind turbine and energy storage

Wind turbine/Battery [80]
controller system
-Current and voltage control
. Battery and Thermal  -Frequency control
Fuzzy logic controller energy storage -Steadiness of system [81.82]
-Reduce system cost
Model predictive Various energy storage  -DC bus voltage control
. - [18,84-88]
control system technologies -Assure competence and efficiency
-Energy management operation control
Fuzzy logic, Artificial -System steadiness
Neural Network, PV/Wind/Fossil- -Energy management operation is achieved 89]
Sliding mode and PID fuel/Battery -Voltage regulation

controllers

-Energy preserving

5. ENERGY STORAGE SYSTEM BASED ON
THE OPTIMIZATION METHODS

In the respect to solve different optimization problems
based on the energy storage system technologies, various
optimization methods have been implemented in the aim
to get the optimal solution. Almost of the works
presented in the literature have resolved economic or
techno-economic optimization issues apropos to the
energy storage system regarding to the use, type, Q@,
location and sizing. For this reason, a survey study wij
offer in this section concerning energy storage systef

of the energy storage system connected to the
optimization problems have solved, using
optimization algorithm called lightni
results obtained prove the efficiency of th

has proved
uested aims and

as solved other optimization
red to a various methods in the aim
effectiveness of the proposed
rid optimization method has been
[94] based on the hybrid energy system
coupled to the grid. A novel survey has suggested in the
purpose to select the optimum price, taken into
consideration energy strategy operation, riskiness and
reliability for the hybrid energy system. A forecast study
has been proposed in [95] to demonstrate the economic
model of the energy system producer combined with
hybrid storage system. A global optimization approach

optimum value concerni
an optimization i estigated a hybrid

ting renewable sources

amined in [97-99], different energy
s hybrid energy storage systems have

energysystems to select the optimal values regarding to
Re_pOsed optimization problems. Simulation results
obtained prove the competence and robustness of the
used optimization methods. Vahid et al.[100] have
introduced a conception of a building containing hybrid
renewable energy system and hybrid energy storage
system. An iterative optimization method has been
utilized to find the optimal model solution for the hybrid
system considering price, reliability, sizing and energy
management process. Furthermore, other searches have
taken into account these factors to be optimized and to
select the optimal worths in [101,102] for different
hybrid energy systems including energy storage system.
Enhanced and hybrid optimization approaches have been
implemented in the purpose to attain the best
configuration energy system and resolve the intended
optimization matters.

A summarized of the previous studies concerning the
optimization of the energy storage technologies coupled
to the energy systems are presented in the Table 5. An
explanation is focusing on the familiarized references in
view of contribution of the proposed work,
implementation of the optimization method and using of
the energy storage system.






Table 5.Summary of the energy storage system based on the
optimization methods

Using of the storage

Optimization methods Contribution Reference
technology
-Minimize system cost
. . -Reduce duration time of energy storage
Lightning search Battery energy storage svstem [89]
algorithm (LSA) system y. )
-Finding the best process of the energy
storage system charge /discharge
-Energy waste and voltage variation are
checked
. Battery energy storage o
Non-dominated ysystegr]%/ % Location of the batteries is®la
sorting genetic L . 0,91]
algorithm 11 Battery/Supercapacitor -Energy storage system sizi
energy system - Increase yearly gain
-Reduction of the wipd limita%jon
i system
ggggngeg dii?{g: Pumped storage hydro- [92]
(ISSR) power station (PSHS)
o
® al process of hybrid
Stochastic p-robust Battery/Fuelcell energy . .
optimization (SPRO) system simple method for preservative [93]
L tg/obtain its menace-detest operation
The effectiveness of using battery
chnology for the economical mode
-Determine the optimal model of the
proposed energy source
Global mixed-integer -System cost of each element is considered,
linear programming attegy/ s Sogen ENErBY  taken into account electricity generation [94]
(MILP) and heat recuperation
-Energy management process has been
applied based on energy storage system
-Minimize the cost of providing hydrogen
-Decrease the installations of  energy
. systems
Hybrid hydrogen storage -Reduce the overall yearl rice, also
1@l ger system/Battery energy : yearly price, [95]
system hydrogen price
-Balance the fluctuation and season
variance of renewable sources through
hybrid energy storage system
-Minimize price
-Enhance reliability
lterative Battery /PEMFC energy  -Regulating system sizes and energy [99]

systems

management operations

-Control the energy produced by the power
sources through the batteries




Table 5 (continue). Summary of the energy storage system based on the optimization methods

Optimization
Algorithm (ISSOA);
Harmony Search
Improved Salp
Swarm -Simulated
Annealing (HS-SA)

Battery/Hydrogen energy
system , Battery energy
system

-Selection the best

configuration

-Reduce system prices for each components
of the hybrid systems

-Decrease the size of the hybrid energy
systems considering the system accuracy

hybrid  system

[100,101]

6. DISCUSSION

This review paper suggests an inclusive survey on several
problems concerned to the hybrid energy system based
on the energy storage system for on/off grid-connected
mode. Majority of matters are concerned about to select
the best energy system configuration integrating energy
storage system, efficient control methods, optimal of size
and system cost, a competent energy and management
operation and choose a confident optimization technique
and all of these criteria are cited in the previous parts.
Energy storage system has been demonstrated to be
feasible using for the efficient of the energy system such
as renewable energy source. Integration of renewable
energy source can be coupled in three-configurations in
DC combined, AC combined, or hybrid attached systems.
Exigence of energy storage system in power system and
ability of energy storage selection are also presented ¥
this paper. Storage system has a great role in
integration with power system mainly for the renewabfe
energy system because it can cover the
intermittent produced by this energy source.

chemical, electrochemica
mentioned in Figure.

pack and application of
have been illustrated in

Table 2 to sing of the storage system
Combj ource generator and energy
sto to be controlled, which energy flow

Ppe implemented to ensure balance
and consumption.  Energy

techniques, these methods have explained clearly in the
previous parts. Several energy management methods
have applied in previous studies to managing system
operation for different hybrid energy systems and energy
storage systems as indicated in Table3. Thus, various
control techniques have been used to solve regulation
problems as (stability, current, voltage, frequency,
converter, inverter, state of charge and discharge of
storage energy) related to the hybrid energy system and
storage system. Mostly of the control techniques have
been applied in the literature and more used in several

area due to their performance, efficacy,
robustness are MPC, fuzzy logic, ne§

liability and
network,
of these
highlighted controllers arg, i
Optimization review has l#@en éx3

¢ literature to
to the desired
. Generally, the
8o technlcal and economlc

select the optimal sd
problems under gdi

nergy storage system, system
ucing the emission of dioxide
pest configuration energy system,
of the system through several indexes
PSP, DPS, LLP, DOD, EENS,...etc.) and

7. CONCLUSION

In this review paper, a study has carried out of hybrid
energy system as renewable and conventional energy
systems coupled to the energy storage system. Energy
storage system has several technologies, in each
technology has own characteristics, specifically essential
in storage mode which contain three modes are short-
medium-long. Energy storage system has been used in
various applications and areas in the aim to achieve
power supply and energy storage in case of power
intermittence. Integration of energy storage system with
hybrid energy source, load and grid need to be controlled
and managed. Furthermore, this paper is suggested a
comprehensive  concept concerning the energy
management process and control techniques applied to
different storage systems to response to the objectives
required. Hence, almost of the searches in the literature
have offered more studies with highlighted controllers
like predictive control, fuzzy logic, neural network,
adaptive control and PID. The selected controllers have
significant features to implement in the recent and
previous works in the different systems regarding to their
competence, robust, efficacy, performance and have a
less error. Optimization matters of the energy storage
technology combined hybrid power source has also
posed in this review. Solving optimization problems have
been implemented through different approaches
(traditional-modern-hybrid), these techniques have been



responded to several issues such as sizing, cost,
reliability, life cycle time and energy management
operation for the storage system.

In conclusion, the importance of using energy storage
system in the electric energy system area is increased day
by day due to its technical and economic features. For
this reason, energy storage technology has a benefit to
give an effect positive to the hybrid power system.
Accordingly, hybrid energy storage system is very
crucial and more advantageous to apply in electrical
power system due to its efficiency, reliability, control and
flexibility. Future work will be concentrating to develop
a new study based on the hybrid energy source coupled
to the hybrid energy storage system in the purpose to
solve the optimization issues.
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