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I. INTRODUCTION 
 
Most of these difficulties in the renewable systems 
can be addressed by providing for a storage facility 
which when installed and operated effectively will 
render the power system highly reliable and dispatch 
able. Seasonal variations and infirm power from wind 
generators also help in making the integration of 
these sources highly challenging, thus, necessitating 
adaption of storage facilities.  
 
Many European countries like Germany have already 
started to deploy large scale energy storage with 
renewable projects. But, in India energy storage is yet 
to be viewed as a serious matter with many myths 
and misconceptions clouding the power sector.  
 
India faces a huge power deficit in many rural areas 
which face power cuts for more than 16 hours a day 
at times. Also, in India the total installed capacity of 
Solar Photo-Voltaic (PV) is relatively low when 
compared to other European countries.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Most of the investment in the power sector is 
focused for development of transmission 
infrastructure and lying of power lines. These factors 
have inhibited the growth of storage in the past 
decade. However, with increased penetration of 
renewable systems in the grid the need to plan in 
advance for storage options has become very 
important. 
 
The last few years have seen a surge of installation of 
battery UPS at a domestic level all over the country 
for storing grid electricity but such systems have not 
been implemented for PV or other renewable 
systems. Large scale hydro storage has been the only 
type of storage practiced in the country over many 
decades. This scenario is poised for a significant 
change to address the issue of increasing wind and 
PV systems which are proposed to be deployed.  
 
With the set renewable energy targets the estimated 
capacity of storage needed is 5 GW by 2020 as per 
the Green Corridor Report by Power Grid 
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Corporation of India Limited (PGCIL). Provisions are 
slowly being made to encourage the use of storage. 
MNRE through the Jawaharlal Nehru National Solar 
Mission has offered higher subsidies for PV systems 
with energy storage. But, still these actions are 
meager in comparison to the efforts that are needed 
to meet the energy storage targets. Thus, Indian 
Power policy makers have to devise policies which 
will encourage manufacturing and deployment of 
energy storage facilitating the renewable energy 
milestones. 
 
Traditionally energy storage in the country is 
showcased by either hydro or diesel power backup 
generators. Tamil Nadu is the first state to see the 
deployment of a 400MW hydro storage project in 
Kadamparai. Further details on operational energy 
storage systems in India can be obtained from DOE’s 
global energy storage database.  
 
However, such projects are geographical and climate 
dependent and cannot be used in most of the places 
within the country. The price of diesel power stands 
between INR 20-30/kWh. Hence, it’s high time to 
look at other forms of energy storage options 
available to be implemented with stand-alone 
renewable systems.  
 
Many energy storage companies like AES and 
Panasonic are targeting India for large scale 
deployment of storage. With extensive talks on 
developing micro grids to electrify the countries 
villages energy storage markets are soon to fire up. 
Thus, research and studies on energy storage 
systems is of high importance and immediate 
implementation. 
 
1. Optimization in Hybrid Renewable Energy 
Systems: 
World electricity demand is rising steadily at twice 
the rate of overall energy usage. The challenge is to 
meet the rising demand with decelerating fossil fuels 
and rising fuel prices. As reported by the World 
Energy Council, the world primary energy demand 
increased about 26% in the past decade and the 
electricity demand alone is predicted to rise about 
81% with 40000 TWh of electric energy by 2040.  
 
About 70% of this growing energy demand will be 
from the developing countries like India and China. 
This huge power and energy requirement cannot be 
met by conventional sources alone. Coal and Natural 

Gas reservoirs are facing rapid depletion and are also 
less favorable for environmental health.  
 
Thermal power generation using coal is a major 
contributor to carbon-di-oxide and other 
greenhouse gas emissions which contribute to global 
warming and ozone depletion. Nuclear power 
provides about 11% of the world's electricity and is 
also proclaimed to be a benign source of electricity 
with cheaper operating costs.  
 
However, dangers of exposure to radioactive fuel 
and wastage disposals are serious issues that need to 
be addressed. Hazardous emissions occurring due to 
accidental meltdown, poor handling of radioactive 
waste, improper cooling etc. may lead to devastating 
effects on plant, animal and human life in the 
surroundings. Oil is still a limited energy source with 
prices rising day by day. Also a majority of oil 
reserves is concentrated only in certain regions and 
large scale energy dependence on fuel imports 
cripples a nation’s energy strategy. 
 
As economic development of countries is fueled by 
their energy reserves, developed and developing 
countries alike will be competing for limited sources 
of energy. Conventional method of production of 
electricity included energy delivery from the point of 
generation to consumers through a centralized 
system. These centralized power stations are usually 
major sources of water and air pollution.  
 
Moreover, when situated at long distances from the 
target consumers, the system needs to bear heavy 
losses in transmission and distribution of electric 
power. All these factors have urged the world 
governments to look for alternative sources of 
energy to meet future demands and combat 
environmental degradation.  
 
Many government policy measures and financial 
motivations are being provided to drive down the 
investment and operation costs of renewable. 
Abundant availability of renewable sources in India 
enables to strengthen its energy portfolio by 
reducing the dependence on imported fossil fuels. 
Hydro, Solar and Wind are the three prime pillars of 
renewable energy generation in the world today.  
 
Hence, more focus is on development of Solar and 
Wind power generation in India to power up the 
increasing energy demands. Both these technologies 
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have witnessed tremendous developments across 
the globe and are characteristic of abundant 
availability, distributed as well as local generation 
and low/no emissions. They are explored in detail in 
the following sections  

 

 
Fig 1. Distributed generation vs. Conventional 

centralized generation and Microgrid 
 
1.1 Wind Energy: Wind Energy is the energy 
harnessed from blowing wind using wind mills or 
turbines. Initial implementation of wind energy by 
humans involves sails for directing and driving of 
ships. Since the 13th century, wind was used for 
grinding and water lifting in Europe. Late 18th century 
saw implementation of wind power for electric power 
generation and since then wind power generation 
has grown by leaps and bounds.  
 
Technological advancements have developed and 
improvised every sector from turbine design, 
manufacturing, installations to power extraction and 
transmission infrastructure. Today, the annual market 
for wind power grew by 44% according to the Global 
Wind Energy Council GWEC (2015) with nearly 50 
GW annual installations generating wind power. 
Figure 2.1 shows the global cumulative installed wind 
capacity for a timeframe of 17 years.  
 
China, US, Canada and other countries in Europe and 
Africa are expected to exhibit growth in wind sector. 
Though Asia has seen a slight slowdown in the wind 
market in 2012-2013, future policies and 
developments indicate Asian dominance in global 
markets in a continued manner. 
 
2. Solar Energy: Energy radiated by the sun can be 
captured as thermal energy. This thermal energy can 
be used directly or converted into electric energy for 
domestic, transport and industrial purposes. Solar 

ponds can trap solar irradiation as heat energy with 
temperatures rising to about 100º C. Parabolic 
troughs are huge parabolic reflectors to reflect 
sunlight to tubes carrying pressurized water/fluids 
which heats up and makes steam which can run 
turbines to generate electricity.  
 
However, Photovoltaic (PV) systems are the most 
widely spread solar energy conversion systems which 
are used today. PV systems are made of 
semiconductor photovoltaic cells which are used to 
convert solar irradiations incident on it into mobile 
electrons conducting a circulating current. The PV 
cells can vary from few – many square centimeters 
and are basically functioning as a junction diode.  
 
These cells are interconnected to form solar panels 
which generate energy of required capacity. They can 
be easily erected on roof tops and do not need high 
installation costs or large cooling systems. Crystalline 
silicon based cells are the most widely available in 
the market. But, they do have high production costs 
and hence, a lot of effort is being made to reduce 
their costs. Figure 2.4 shows the reduction in costs of 
PV cell in the last two decades. Most countries of the 
world like the U.S, U.K, Germany, Japan, China and 
India have established new plans and missions to 
promote solar power to make it competitive with the 
conventional utility energy. 
 
Some of the advantages of PV power are listed 
below as detailed by Patel (2006) 
 Very short lead times from planning to actual 

implementation of the project. 
 Portability, Modularity and Scalability are the 

very powerful features of this system. 
 Static structure with no large moving parts or 

huge ancillary parts like tower etc for 
installation. 

 High power density with least to no 
maintenance. 

 
2. Optimizations in Hybrid Renewable Energy 
Systems: 
The word “optimize” means to evaluate the best 
solution. Thus, optimization is the process of finding 
the optimal solution of a given problem by 
evaluating the objective function using randomly 
selected inputs from a bounded set of solutions. 
Power Engineering involves decision making and 
problem solving on every level of project design, 
development, construction, operation and 
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maintenance. All of these processes aim to either 
minimize cost or maximize productivity, which in turn 
depend on any number of process variables.  
 
Thus, optimization is a very complex problem solving 
technique which computes the optimum solution set 
of decision variables meantime ensuring that all 
concerned constraints and limitations are met. Every 
optimization problem is unique in the sense that that 
there is no single method/strategy to solve an 
optimization problem.  
 
Hence, many optimization techniques and tools have 
been developed over time, each implementing some 
unique feature for solution finding. Also, different 
optimization problems may yield different results for 
the same problem. 
 

II. LITERATURE REVIEW 
 
Guangli Liu et.al (2020) During the warming season 
in northern China, the operation of combined heat 
and power has caused a lot of wind power outages. 
Hybrid energy storage of electrical and thermal 
energy is an effective means of solving this problem. 
To determine the optimal capacity configuration of 
electric heating in hybrid energy storage, an on-site 
heating structure of an electric heating hybrid energy 
storage system was proposed, and a heating model 
of the hybrid energy storage system under this 
condition was created.  
 
A multi-objective optimization model is created 
based on energy saving, economy and environment, 
and eventually a multi-objective non-dominated 
particle swarm algorithm is used to solve the 
problem. A simulation example verifies the 
effectiveness and feasibility of the method. 
 
Shang Liqun et al. (2018) In order to improve the 
power quality and economic benefits of the 
independent landscape hybrid power system, it is 
necessary to introduce energy storage technology. 
The central technical issue in research into energy 
storage technology is the capacity allocation of 
energy storage system.  
 
This article first defines the mathematical model of 
batteries and super capacitors. Based on the 
additional properties of batteries and super 
capacitors, a capacity optimization strategy for 
hybrid energy storage systems is proposed. Based on 

this strategy, the improved particle swarm algorithm 
is used to optimize the capacity of the independent 
wind and solar hybrid production system, and the 
power supply probability loss (LPSP) and power loss 
probability (LPPP) are used as system operation 
indicators. .  
 
At the same time, a configuration optimization 
model is established that is limited by the LPPP and 
LPSP reliability indicators for independent wind and 
solar hybrid systems with the goal of the full life 
cycle cost of the hybrid energy storage unit. In view 
of the problem of insufficient local search function of 
particle swarm optimization algorithm and easy to 
fall into locally optimal, an improved particle swarm 
optimization algorithm is proposed to solve the 
optimization problem. The results of the case 
analysis show that the optimization model and the 
improved algorithm are correct and effective. 
 
Hou Houcheng et al. (2019) Renewable energy 
such as wind energy and solar energy is very volatile 
and intermittent, and hybrid energy storage plays an 
important role in the current balance and 
fluctuations of the microbalance in renewable 
energy. With a view to island mode of operation for 
the Microgrid, including wind energy, photovoltaic 
systems and typical load, a hybrid energy storage 
optimization configuration method is proposed.  
 
A mathematical multi-objective optimization model 
is proposed based on the charging and discharging 
power and charging state (SOC) of the energy 
storage medium. The model has the lowest average 
annual costs and the smallest fluctuations in the 
production of renewable energy. In view of the 
situation that the remaining capacity of the energy 
storage medium is too low or too high, a power 
correction strategy based on unclear control has 
been designed. Finally, MATLAB programming is 
used to verify the rationality and efficiency of the 
proposed method. 
 
Jingnan Zhang et.al (2020) there is high-power 
loads at the end of the ship's mains, and a number of 
actions such as the ship's start and stop, retraction 
and control will seriously affect the DC bus voltage in 
the ship's mains and thereby threaten navigation 
safety. And based on the structural design of the 
hybrid energy storage system in the ship's electricity 
grid, it can be used to reduce the problem of bus 
voltage fluctuations.  
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Therefore, the study of capacity configuration and 
cost optimization of hybrid energy storage systems 
has some reference value and practical significance.  
 
This paper proposes a life-based hybrid energy 
storage system wear model and similar cost model 
and proposes a hybrid energy storage system 
capacity optimization constraint to develop the 
capacity configuration optimization process for the 
hybrid energy storage system. 
 
Xiao Xu et al. (2018) have abundant water 
resources, and the penetration rate of photovoltaic 
systems in some areas is gradually increasing. Due to 
the fluctuations in solar production, hybrid systems 
with energy storage are a promising solution for 
improving reliability. This paper proposes an optimal 
operating strategy for pumped storage (PHS) of PV-
PHS hybrid system based on particulate swarm 
optimization (PSO), which aims to achieve the least 
full-time load loss and improve reliability.  
 
PV-PHS hybrid system. Two options, winter working 
days and summer working days, were chosen to 
examine the best operating strategy based on PSO. 
The results show that the proposed optimal 
operating strategy is a feasible method to achieve 
the minimum full-time load loss. 
 
Yang Rui et al. (2021) aims at energy regulation and 
optimal operating strategy for multi-energy ships. 
First, a coupling model for energy conversion 
between diesel engine, energy storage, new energy 
and load was established to optimize the power 
distribution of the ship's load with multiple energy 
sources. An improved particle swarm algorithm is 
proposed to optimize the planning of multiple diesel 
generators in a multi-energy ship power plant, and a 
strategy to smooth out the full cycle power 
fluctuations of a multi-energy ship based on a virtual 
battery model is proposed.  
 
Finally, a second-order filtering method is used to 
control the hybrid energy storage system to perform 
real-time power supply and smooth power 
fluctuations in the network. The research results 
show that the optimized active power loss of the ship 
power system is significantly reduced, the multilayer 
structure and the operational efficiency of the ship's 
multi-energy ship are significantly improved, and the 
economy, stability and safety of the ship power 
system are effectively improved.  

It can improve the optimal operating technology and 
economical operational management mode for 
multi-energy ships. 
 
Changqing Yu et.al (2019) given the loss of lifetime 
cost of the hybrid energy storage system, an optimal 
economical shipping model is created for the Micro 
grid, which overcomes the difficulty of charging and 
discharging a single energy storage system at high 
frequencies and different depths. First, based on a 
steady-state analysis model of the hybrid energy 
storage system, a basic filter control strategy is used 
to optimize the power and energy distribution 
between the Super capacitor and the lithium battery.  
 
Then, the calculation current counting method is 
used to determine the cost of living of the hybrid 
energy storage system according to the number and 
depth of the charging and discharging cycle.  
 
Finally, by using an improved particle swarm 
optimization algorithm based on natural selection, 
an economical shipping model of a Micro grid with a 
hybrid energy storage system is established and 
solved. The simulation results show that compared to 
a single energy storage system, the operating costs 
of a Micro grid with a hybrid energy storage system 
can be reduced. In addition, the filter control strategy 
can effectively reduce battery charging and 
discharging times and operating costs. 
 
Yang Haiyan et al. (2019) to solve the problem of 
the slow reaction rate of the lead-acid battery's DC 
power supply for high frequency equipment. Based 
on the thorough study of the structure and working 
mechanism of the DC power supply, a new type of 
hybrid energy storage supply system is proposed 
consisting of lithium batteries and super capacitors 
instead of lead batteries.  
 
The benefits of hybrid storage technology in DC 
power supply system are introduced in detail. At the 
same time, the control of energy optimization of the 
new DC power supply is also discussed. Realize the 
dynamic energy sharing between the lithium battery 
and the super capacitor. At the same time, a dynamic 
limiting method with lithium battery based on super 
capacitor SOC is used to dynamically limit the 
charging and discharging power of the battery and 
improve the life of the battery. Finally, the superior 
performance of the proposed new DC power supply 
is confirmed by simulation. 
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Zeng Xiaohua et al. (2019), as an energy storage 
device for hybrid electric vehicles (HEV) compared to 
batteries, super capacitors have the advantages of 
higher power density and longer life cycle. However, 
when super capacitors with the same power level are 
used instead of batteries, fuel consumption becomes 
more sensitive to changes in control parameters 
because the super capacitors store much less energy 
and the state of charge (SOC) is sensitive to current.  
 
In this article, the control parameters of the power 
distribution hybrid vehicle with super capacitors are 
optimized to achieve better fuel economy. First of all, 
a power-splitting hybrid electric vehicle model and 
similar control strategy is established in the MATLAB 
scripting environment to facilitate analysis and 
application of optimization algorithms. Second, three 
key control parameters are determined according to 
the power-sensitive properties of the SOC, and their 
impact on fuel consumption is analyzed.  
 
Third, an improved particle swarm optimization 
algorithm (IPSO) is proposed, which overcomes the 
disadvantages that particle swarm optimization falls 
into "local optimization" and improves optimization 
efficiency. To take full advantage of the fuel economy 
of hybrid electric vehicles, segmentation of the 
driving cycle is also being considered. IPSO is used to 
optimize three key control parameters during a 
segmented adaptive world transient vehicle cycle.  
 
Finally, the optimal results are applied to the 
hardware-in-the-loop test to verify the effectiveness 
of the proposed optimization method. Compared to 
the fuel consumption before optimization, the fuel 
saving rate for the city section reached 9.20%, the 
fuel saving rate for the driving section reached 
6.40%, and the fuel saving rate for the highway 
section reached 5.40%. 
 
Su Xiangjing Su et al. (2020) to improve the 
operation of the unbalanced active distribution 
network and solve the planning of battery energy 
system (BESS) planning and integration of solar cell 
systems on the roof (PV), the research proposed a 
two-step optimal control strategy, based on 
combination of advance BESS scheduling and QV 
real-time control.  
 
Specifically, a multi-objective planning optimization 
model for the day ahead is first proposed, the goals 
of which are mains loss, voltage deviation, load curve 

deviation and VOF deviation. The direct current flow 
(DLF) method and the particle swarm optimization 
(PSO) algorithm together solve the above BESS pre-
planning problem. On this basis, given the 
powerlessness of distributed BESS and PV converters, 
real-time Q-V suspension control is introduced to 
handle local voltage violations caused by load and 
PV prediction errors.  
 

III. METHODOLOGY 
 

1.Electrochemical Reactors For Energy Conversion 
And Storage: 
The interest in electrochemical reactors stems from 
the fact that energy can be converted from one form 
to another, which is more necessary for storage and 
transport (e.g., hydrogen, ammonia or synthesis. gas 
(fuel oil production)) (Using renewable energy In 
electrochemical cells, electrochemical processes can 
be used to produce fuel or to increase the weight of 
chemicals.  
 
Various systems based on existing electrolytes have 
been proposed Liquids and solids. The main 
advantages of strong electrolyte systems are the 
reactants and chemicals produced by the electrolyte. 
The electrolyte membrane separating products can 
use a variety of operating conditions to adapt to 
chemical reactions / special electrochemistry.  
 
The two systems of production are based on oxygen 
ions or protons to carry the electrolyte. Can be 
controlled by carefully selecting m ba to control the 
catalytic electrode or catalytic / electrode mixture, by 
carefully controlling the circulation of oxygen or 
proton ions and battery life considered for the type 
of electrochemical reactor given the equipment, 
production, design and dimensions.  
 
In general, the material is characterized by reduced 
oxidative stress or low temperature resistance at high 
temperatures. Choices and answers are often 
competitive. For reaction situations, unwanted 
responses can be easily identified. In addition to the 
general standard for thin material transfer and high 
ion reduction for temperature and chemical control, 
reinforcement equipment is also required. 
 
2. Methodologies for Battery Evaluation In BMS: 
Based on the above analysis, it can be seen that the 
evaluation of the battery characteristics is one of the 
weakest links in the BMS, but it has a significant 
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impact on the performance of the BMS. Electric 
vehicle users are particularly concerned about the 
safety and reliability of the power system. The most 
important question is whether they will run out of 
batteries on the way. These issues include the 
evaluation and forecasting of EV SOC, SOH, SOL 
batteries. 
 
3. State of Charge (SOC): 
The SOC state of charge (SOC) is critical, but not 
measurable given current sensor technology. The 
current efficiency ratio with the highest dose can be 
expressed as SOC [25], calculated by formula (1): 
 

SOC =1- 


 

 
Among them is power, Cn is the ultimate battery 
capacity. The SOC is a reflection of the residual 
residue available in the battery. It is used to 
determine the distance an electric vehicle drives and 
to indicate the time when the combustion engine 
should be switched off or off in a hybrid vehicle [26]. 
Due to the natural chemical reaction of the battery 
and various external loads, the maximum battery 
capacity will gradually decrease over time.  
 
Uncertainty about these factors will lead to improper 
and unreliable performance of the battery. The most 
straightforward method of SOC estimation is the 
Coulomb method, which uses Coulomb as a tool to 
represent the energy in a battery. This method 
calculates the capacity of the battery by injecting the 
current output to the battery.  
 
The SOC can be obtained by referring to the 
confirmation point when it is fully charged. However, 
this reference point (or origin) will change due to 
battery age and Coulomb performance. Therefore, 
the reference point must be compensated when 
operating in real conditions, and the SOC assessment 
value must be updated under various measurement 
strings. 
 
4. State of Health (SOH): 
SOH defines the state of the battery, ranging from 
internal behavior (such as loss of numerical capacity) 
to external behavior (such as harsh conditions) [12]. 
Unlike SOC, SOH does not have a clear definition. 
The general definition of SOH is a reflection of the 
health of a battery and its ability to provide 
exceptional performance compared to newer 
batteries.  

SOH in electric vehicle applications is used to 
indicate the ability to travel a long distance or 
distance. SOH is a unique characteristic of hybrid 
engine applications, such as the starting power 
generated by regenerative brakes. Researchers and 
manufacturers use the percentage of numerical 
capacity as a threshold for batteries [17].  
 
If the capacity drops to 80% of the initial life after a 
charge cycle, it is defined as a battery failure. 
However, the research has identified various criteria 
or indicators to define SOH based on the 
characteristics of the battery, test equipment and 
various applications combine attenuation and 
attenuation abilities as health characteristics.  
 
A decrease in capacity means a decrease in the 
mileage of a fully charged battery pack, and a 
decrease in power means a decrease in speed 
capacity. Both operations are managed with an SVR 
(Autoregressive Support Vector Regression) model to 
evaluate the SOH. Here, the current damage is due 
to the increase in the impedance of the battery 
during the aging process.. 
 
5. State of Life (SOL): 
SOL is also called surviving life (RUL). Accurate SOL 
prediction helps to prevent and maintain failure, 
thereby extending its lifespan. However, prior to 
Energies 2011, the work of SOL predictions was 
limited. The increasing demands on the reliability of 
batteries, especially in military products, have 
promoted the development of the most advanced 
algorithms. 
 
6. Hybrid Flow Battery (HFB): 
In a microbial cell (HFB), one active substance is 
stored in an electrolyte cell, or the other is stored in a 
liquid electrolyte and placed on the surface of a tank. 
Thus, a hybrid flow battery combines the 
characteristics of a conventional secondary battery 
and a flow battery: the capacity of the battery 
depends on the size of the electrochemical battery.  
 
A common example of HFB is Zn-Ce and the 
common Zn-Br2 structure is common in both cases, 
the negative electrode contains Zn2+ ions in the acid 
solution. During the sealing process, Zn is placed at 
the electrode or Zn2 + is returned to the solution 
during the release process. The electron cell 
membrane per battery is a membrane image (usually 
a microorganism or ion exchange membrane).  
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This helps prevent the bromine from reaching the 
right electrode, which can react with the zinc, causing 
the battery to stagnate. To further reduce the release 
of bromine and reduce its vapor pressure, 
"exploitation agents" with good electrolytes are 
added. They react with bromine to form an aqueous 
solution to dissolve or reduce the free Br2 in the 
electrolyte.  
 
The electrodes operating on Zn-Br2 batteries are 
based on carbon-based materials. Sales of Zn-Br2 
hybrid batteries developed by ExxonMobil in the 
early 1970s have been achieved by many companies. 
In the United States, ZBB Energy or Premium Power 
sells Zn-Br2 vacuum pump devices with a capacity of 
up to 1 mW / 3 mWh for large applications.  
 
There is also a 5 kW / 20 kWh systems for local 
power storage in the pipeline. In Australia, Redflow 
Ltd. developed the Zn-Br2 system for power storage 
applications. The Zn-Br2 battery can be discharged 
100% daily without damage, and can be recharged 
more than 2000 times. 
 
7. Supercapacitors: 
Super capacitors are electrochemical devices. Unlike 
batteries, super capacitors store power through 
charge separation, whereas batteries store energy 
through the chemical processing of electrode 
devices. Super capacitors, also known as super 
capacitors, continue to evolve and mature in energy 
storage technology, even though they are still in the 
shadow of rechargeable batteries.  
 
And The names "super" and "super" reflect the fact 
that the capacitance levels of these devices are much 
higher than those of traditional capacitors (called 
"electrolytic capacitors", etc.), And the more useful 
but less popular name is "electrochemical double" 
Capacitor, which reflects the source of very high 
specific capacitance in the double electrochemical 
layer formed by the electrode-electrolyte interface.  
 
For this reason, the super capacitors is an original 
"symmetric" device based on 2 identical electrodes, 
each electrode having a network of carbon particles 
This latter device provides a very high surface area to 
provide a suitable specific energy value.  
 
This parameter is still a major problem for super 
capacitors, because despite its unique power (full 
device power up to 1 kg-kilowatts), most storage 

applications require more than 10 Wh kg-1 special 
energy (usually a lot)), Super capacitors are often 
difficult to store more than 5 Wh kg-1. 
 

 
Fig 2. A schematic view of an electrochemical 

double-layer capacitor, based on a symmetrical 
carbon-carbon device. 

 
IV. CONCLUSION 

 
This article provides an in-depth examination of the 
many control techniques used to combat HESS. The 
authors discuss the various control mechanisms 
utilized in autonomous and grid-connected micro 
grids. Recent publications about HESS are evaluated 
rigorously and distinguishing qualities of each 
control techniques.  
 
Additionally to that, a full examination of the 
advantages and disadvantages of intelligence 
additionally, traditional control approaches are 
discussed. As HESS is a value-added feature that has 
been utilized in real-time applications. The world 
over is evaluated and debated.  
 
Finally, there is a a route for future researchers to 
follow while doing their studies This section defines 
the terminology used in this area and discusses the 
primary issues associated with the deployment of 
HESS.  
 
Therefore, This article enables scholars and 
practitioners to have a better understanding of 
comprehensive concept for implementing control 
technology for improved coordination of ESS that 
comprise the HESS, therefore propelling penetration 
of renewable energy sources into the grid. 
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