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Abstract: In power systems, energy storage systems are of great importance in preventing the supply­

demand imbalances of electrical energy and daily fluctuations in the load curve. The amount of energy 

produced by renewable energy sources is constantly changing due to their significant dependence on 

environmental conditions. Today, ali modern energy systems require energy storage for many reasons 

such as supply reliability, system stability, more effıcient use of energy resources, minimizing 

transmission / distribution network problems and costs. This study examines the most up-to-date storage 

techniques used in power systems and makes an assessment of their effıciency. Thus, it is aimed to 

provide a more accurate power balance in load planning and help to realize an effective unit 

commitment in energy. 

Keywords: Renewable Energy Sources, Energy Storage Systems, Supply Reliability, Distribution 

Network 

1. Introduction 

Energy storage systems and its contribution to the power system are among the current study 

topics. Although there are many studies and researches on the application of different storage 

technologies on power systems, a very limited part of these studies has been implemented. Some of the 

main reasons for the limited number of applications to be implemented are stated below. 
• It is diffıcult to determine / verify the economic benefıts of storage technologies in use due to 

the excessive availability of production resources used to meet the supply-demand balance in 

the traditional power system and the interconnected structure of this system. 
• Lack of practical experience, insuffıciency of tools used in price optimization, determination / 

valuation of the benefıts of storage technology at the planning stage (formation and decision 

stages of market models) 

Energy Storage Systems can be connected from the distribution and transmission level as well as 

integrated into the network from the low voltage distribution level. Energy Storage Systems signifıcantly 

affect the active-reactive power flow and voltage profile. Energy storage systems can also be used as an 

uninterrupted power supply in order to prevent energy cuts and ensure energy continuity. Similarly, 
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energy storage systems can support the loads while these effects occur in order to protect the loads 

against disruptive effects such as voltage collapse or rises and malfunctions in the network. 

2. Applications of Energy Storage Systems 

There are various energy storage technologies used in power systems today. In the process of 

determining the most suitable among these technologies, many parameters such as cost, lifetime, 

reliability, size of the storage system, storage capacity and environmental impact should be carefully 

examined. During the evaluation of all these parameters, the total benefıt of the energy storage system 

is an important criterion to be considered. 

Energy storage technology: it has great potential to improve electrical power systems, increase 

electricity generation from renewable energy sources, and offer altematives to petroleum-derived fuels 

in the transportation sector. In energy storage technologies, parameters such as power storage capacity, 

energy capacity, discharge time, effıciency and durability are the most important parameters to be 

considered in the planning phase. Cost, effıciency, and response time in the selection of energy storage 

systems. ete. parameters also play an active role. So, storage systems; it should be chosen according to 

the needs of the network. Storage systems are used as a resource for the balanced loading of the network, 

to achieve a flexible structure and at the same time to ensure the integration of more renewable 

generation resources. When analyzed locally, it enables the development of distribution network 

management systems, reducing costs and increasing effıciency. it will increase the use of intermittent 

wind and solar power plants while increasing the stability and flexibility of the grid [1]. The structure 

showing the benefıts of storage technologies commonly used in power systems is shown in Figure 1 

below. 

Difficulties 

Pri ce Fi u ı:iuations Less usage Congestior, Security Dirty power 

::ıc:.:tv 1 
Fuel Pıoduc:tion Tran::ımi:s:sion Distri bution End 

lnvestment inı 

Pri ce Fi u ı:tu.ations 
Asbitıage Highe, l!sstıe Stability Poweı Qu al ity 

Benelils 

Figure 1. Benefıts of energy storage systems 

There are benefıts of energy storage systems for each of the electrical grid stages given in Figure 

1 and are basically listed below: 

• lts Contribution to the Generation System: The use of the energy stored during peak times 

during the day when the demand for power is high will help reduce the generated power and 

therefore the traditional generation facility investments. In addition, it is an important issue to 

leave the loads in the system as spare reserves for emergencies. Storage units are also used for 

frequency control according to network conditions. 

• lts Contribution to Transmission and Distribution System: it is extremely important for the 

system that the elements on the transmission system are synchronous. Storage systems: it 
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supports the stable operation of the transmission system. it can also be used for voltage 

regulation for both transmission and distribution system. In addition, the integration of storage 

systems allows postponement of additional investments in transmission and distribution 

systems. Thus, optimum use of capital can be achieved. 
• Energy management system: Storage systems come into play at peak times and prevent the 

network from being strained during these times. At the same time, it acts as an uninterruptible 

power supply by intervening in central malfunctions and prevents customers from running out 

of energy [2]. 
• Integration ofRenewable Energy Resources: With the integration ofrenewable energy sources 

into the grid, production costs have started to decrease signifıcantly. The intermittent generation 

of solar, wind and wave energies require the grid to be flexible in terms of demand. The 

intermittent generation of renewable energy sources also forces network equipment when the 

production amount is higher than consumption. For this reason, unnecessary loading of system 

elements can be prevented by storing energy when the production amount is high. 

Energy storage devices provide technical gains in many areas. Expectations in using storage 

devices in the distribution system are generally; improvement of the tensi on profile, peak time shifting, 

reduction of line loads, and reduction of losses [3]. 

The technical contributions of storage devices in distribution networks are listed in detail below [ 4]: 
• Regulating the load curve by activating storage devices in case of network overload and 

reducing the energy consumption used from the distribution network 

• If used with distributed generation resources that are dependent on natural conditions, 

ensuring that the time to benefıt from these resources is increased 
• Reducing the investments in network elements to be made by re-evaluating the 

distribution system structure as a result of the change of direction of energy consumption 
• Ensuring that operating effıciency is increased in unreliable grid connections or when 

diesel fuel generators with low consumption and storage devices are used together. 

The biggest obstacle to the high prevalence of renewable energy sources is that it has a fluctuating 

power output characteristic that changes with time. Most of the renewable energy sources cannot provide 

continuous and stable energy. A potential imbalance situation can occur between load demand and 

energy sources. Energy storage systems are an effective solution to eliminate these negative effects of 

renewable energy sources and to keep the network voltage and frequency values within acceptable 

limits. In Figure 2, wind and solar power plants and load profıles of the grid are shown [5,6]. Each 

energy storage technology has certain features, considering criteria such as cost, power, response time 

and storage capacity as specifıed in Table-1. 
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Table 1. Comparison of energy storage systems [7] 

Storage Technology Advantage Disadvantage UsageArea 

Pumped water based High capacity, low Need for large and private Time shift energy applications, Integration 

storage unit energy cost space oflarge powerful renewable energy sources 

Compressed aır Time shift energy High capacity, low unit Need for large underground area, additional 

based storage applications, energy cost fuel cost, Integration of large powerful 

renewable energy sources 

Hydrogen No environmental Low effıciency, high cost, Integration of renewable energy sources, 

impact storage units problems electric vehicle applications 

Battery Matured Negative environmental Portable devices, electric vehicles, small 

technology, high effects, high production cost, powerful renewable energy systems 

power and energy medium or low cycle life 

density 

Flywheel High power Low energy density, high Power quality applications 

density, fast cost 

response time, high 

cycle life 

Super capacitor High power Low energy density, high Electric vehicles, power quality 

density, fast cost applications 

response time, high 

cycle life 

Superconducting High power Low energy density, high Power quality applications 

magnetic storage density, fast cost, 

response time, high 

cycle life 
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Figure 2: Wind, Solar and network load profıles 

In addition to the specifıed technical contributions, storage devices are used in energy exchange 

and provide economic benefıts. 

The most effıcient application of energy storage systems (EDS) is the application called 

"intermediate gain" (arbitrage). With this application, excess energy from the grid or from renewable 

energy sources is stored in the time peri od when the unit price of electrical energy is low ( energy demand 

is low) and the stored energy is used to meet the demanded energy in the time period when the unit price 

of electrical energy is higher ( energy demand is high). Thus, fınancial gain can be achieved by taking 

advantage of the tariff difference. Energy storage systems prevent the capacity overrun of the 

transmission and distribution network and delay investments by preventing additional investment costs. 

The arbitrage application defıned as intermediate earnings is visually shown in Figure 3. 
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Figure 3: The effect of storage devices on daily load curves 
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2.1. Placement of Storage Devices in the Distribution Network and Financial Benefıts 

It is necessary to have hourly, daily, monthly or annual load profile information of the region to 

be studied in order to determine the most suitable points in terms of the placement of the storage devices 

in the electricity distribution network. According to the results of the load flow and load profile analysis 

to be made in the fırst stage, weak areas within the system should be determined by using parameters 

such as stress profile, equipment loading and loss analysis. It would be appropriate to use storage devices 

in weak areas within the area where it is planned to be placed, as it will technically contribute more. 

According to the results of the analysis, suitable locations can be selected in order to support regions 

with low voltage profile and high network load or due to their physical (geographic) location while 

selecting weak areas in the current system [8,9]. 

In the power system analysis to be made, the analyzes should be repeated for the maximum and 

minimum load profile conditions, different storage device capacity or different combinations if more 

than one storage device will be applied. Optimum values should be selected according to the control 

parameter in order to obtain maximum effıciency from the storage devices modeled at the points to be 

applied. In order to determine the charge and discharge status of the storage devices, the voltage profile 

of the selected control point and the loading of the equipment should be considered [10-12]. 

The current results should be compared with the parameters to be determined such as voltage 

profile, equipment loading and reduction of losses, ete. obtained as a result of power system analysis. 

According to the criteria to be determined, it should be evaluated whether the application of the storage 

device is technically suffıcient. These criteria must meet the expectations that may arise if storage 

devices are implemented. For example, if a storage device is applied, it can be determined such as 

improving the voltage profile by 2%, reducing equipment loads and losses by 20% [13-15]. 

The application points where the storage device application situation is considered to be 

technically suffıcient should alsa be evaluated economically. If storage devices are applied, a profıt will 

be gained from the reduction of equipment losses. Considering the earnings, the storage device must 

cover the investment cost. In addition, as a result of storing energy when the price of energy is low and 

selling it according to the needs of the grid when the price is high, a gain will be obtained on the sale 

price of the energy [16]. 

The use of storage devices in electrical networks has more than one contribution, both directly 

and indirectly. These benefıts are classifıed under two main headings as technical and general benefıts. 

üne of the technical effects of storage devices is to reduce technical losses in the network. Especially 

considering the distribution networks, any improvement that can be made in technical losses will save 

fınancially by reducing the amount of energy lost (therefore not sold). The use of storage devices 

contributes not only to the distribution network but alsa to the national economy when electrifıcation is 

considered. Examples of these benefıts in general terms are the gain from the tariff with peak time 

shifting and investment delay (delay or delay) [17-20]. 

While determining the optimum size and location of storage devices, the expected benefıts from 

these devices increase, while the prices of storage devices should be minimized [21]. 

To give an example of international practices; Instead of building a new line, distribution system 

operators in Italy can show the solution of the detected problems as a result of a cost-benefıt analysis 

showing that the application ofa storage device is the lowest cost way. In Belgium, with the widespread 

use of storage devices, it may be allowed to use the intermediate earnings to be obtained as a result of 
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storing energy at low hours and selling it at high hours, as long as it does not change the existing 

competition in the market. 

Conclusion 

Energy storage systems are of great importance in order to ensure the supply-demand balance of 

electrical energy and to prevent fluctuations in the load curve. The fact that renewable energy sources 

are far from consumption centers and cannot produce continuously increases the importance of energy 

storage systems. Today, all modem grid systems require energy storage for many reasons such as supply 

reliability, system stability, more effıcient use of energy resources, minimization of transmission / 

distribution problems and costs. When the applications of energy storage systems in the world are 

examined, it is seen that they are used for support purposes, especially in order to regulate the voltage 

regulation in the distribution network. Storage systems are activated during peak times, preventing the 

distribution network equipment from being strained during these times. In addition to this situation, it 

prevents customers from losing energy by being activated in case of malfunction. It contributes to the 

optimum use of the budget by postponing investments as it helps to reduce the peak values by supporting 

overloads that occur during peak hours. It is seen that battery-powered storage systems can be suitable 

for increasing the integration ofwind and solar power plants in our country. 

Owning and operating energy storage devices by distribution companies can be arranged 

according to the purpose of use. The ownership and business ownership of storage devices by 

distribution companies may be restricted in applications that will provide advantage from price. Only 

storage devices with a specified small capacity and distribution network operators may be allowed to 

have generation licenses. Ownership and operation should be managed by private individuals, as large 

capacity storage devices will have more advantages over price. However, if the distribution company is 

to be used for the purpose of regulating the voltage profile of the storage devices, reducing equipment 

loads and losses and delaying investment, it can be allowed to own and own business without any 

restrictions. Allowing distribution network operators to own and operate storage devices will optimize 

their role in the system and make investments. By adding storage devices to the distribution network, 

total investment costs will be reduced due to shifting of peak times. The results will be more promising 

as the price of storage devices decreases in the future. Other benefits of storage devices can be 

considered to increase the reliability of the distribution system and reduce power quality problems. 

Interim gain will increase as more effıcient storage device technology is used. However, the intermediate 

gain value will be significantly less than the installation and maintenance costs of the storage device. 

Currently, storage devices are in a position to compete economically only for the gain from energy. 

Therefore, according to the current costs of storage devices, no investor will install energy storage 

devices only to gain intermediate profits. In order to obtain maximum gain, it should be operated in the 

most optimum way according to each load situation. Another obstacle to the development of storage 

technologies is that the value of energy storage devices in future electrical systems is not understood. In 

order to encourage energy storage devices, changes in electricity markets should be aimed at reflecting 

the value of these devices to the system in the best way. The essential value of storage devices is the 

value of the entire system that increases energy system effıciency and should only be evaluated with an 

approach that takes into account altematives such as interconnection and ancillary services. 



2UDO�3UHVHQWDWLRQ���)XOO�7H[W�3DSHU ���

V 
INESEG 

References 

International Engineering and Natura/ Sciences Conference (IENSC 2020) 

5-6 November 2020, Dicle University, Diyarbakır, Turkey 

[ 1] Tür Mehmet Rıda (2020). Reliability Assessment ofDistribution Power System When Considering 

Energy Storage Confıguration Technique. IEEE Access, 8, 77962-77971., Doi: 

1O. 1109/ ACCESS.2020.2990345 

[2] Özdemir Ö.,Çalıker A.Koç İ."Yenilenebilir Enerji Kaynağindan Beslenen Elektrik Guc Sistemleri 

İcin Hibrit Enerji Depolama Teknolojileri",ICCI 2014 

[3] Koç İ. M., "Akıllı Şebekelerde Enerji Depolama Uygulamaları ve Standartların İncelenmesi", Enerji 

Verimliliği, Kalitesi Sempozyumu ve Sergisi, Haziran, 2015 

[ 4] Kozak M., Kozak Ş., "Enerji Depolama Yöntemleri", SDU Intemational Technologic Science, Vol. 

4, No 2, pp. 17-29, 2012 

[5] "Electricty Storage", The Institution of Engineering and Technology, 2012 

[6]1. Oyuk, M. Johnson, J. Vetrano, K. Lynn, W. Parks, R. Handa, L. Kannberg, S. Heame, K. Waldrip 

and R. Braccio, "Grid energy storage," U.S. Department ofEnergy, U.S.A, 2013 

[7] lbrahim, H., Ilinca, A. and Perron, J., "Energy storage systems-Characteristics and omparisons", 

Renewable and Sustainable Energy Reviews, 2008. 

[8] Çalıker A., Özdemir E., "Modem Enerji Depolama Sistemleri Ve Kullanim Alanlari", Enerji 

Verimliliği, Kalitesi Sempozyumu ve Sergisi, Mayıs, 2013 

[9] "The Role of Bulk Energy Storage in Facilitating Renewable Energy Expansion" Facilitating energy 

storage to allow high penetration of intermittent renewable energy project, September 2012 

[ 10] M.R. Tür, et al., (2017). Impact of Demand Side Management on Spinning Reserve 

Requirements Designation. Intemational Journal ofRenewable Energy Research, 7(2). 

[ 11] Tür Mehmet Rıda, Bayındır Ramazan (2019). Project Surveys for Determining and Defıning 

Key Performance Indicators in the Development of Smart Grids in Energy Systems. Intematıonal 

Joumal Of Smart Grıd, 2(3), 103-107. 

[ 12] Eklas H., Mehmet Rida T., Sanjeevikumar P., Selim A., Imtiaj K. Analysis and Mitigation of 

Power Quality Issues in Distributed Generation Systems Using Custom Power Devices, IEEE 

Access, Volume: 6, (2018) 

[ 13] Connolly D., "An investigation into the energy storage technologies available, for the 

integration of altemative generation techniques", November 2007 

[14] Baker, J., "New technology and possible advances in energy storage", Energy Policy, 

36(12):4368--4373, 2008 

[15] Michael P., Thomas M., Raquel G., Gabriel G." European Regulatory and Market Framework 

for Electricity Storage Infrastructure", Intelligent Energy Europe, June 2013 

[ 16] Haisheng C, Thang N, Wei Y, Chunqing T, Yongliang L, Yulong D," Progress in electrical 

energy storage system: A critical review. "Elseiver 2009 



2UDO�3UHVHQWDWLRQ���)XOO�7H[W�3DSHU ���

View publication stats

V 
INESEG 

International Engineering and Natura/ Sciences Conference (IENSC 2020) 

5-6 November 2020, Dicle University, Diyarbakır, Turkey 

[ 17] Shobole Abdulfetah Abdela, Baysal Mustafa, Wadi Mohammed, Tür Mehmet Rıda (2020). 

An Adaptive Protection Technique for Smart Distribution Network. Elektronika ir 

Elektrotechnika, 26(4), 46-56., Doi: 10.5755/j0l.eie.26.4.25778 

[18] Ribeiro PF, Johson BK, Crow ML, et al. Energy storage systems for advanced power 

applications. In: Proceedings of the IEEE 2001; 89: 1744-56 

[ 19] IEEE Std. 2030.2"Guide for the Interoperability of Energy Storage Systems Integrated with the 

Electric Power Infrastructure"2015 

[20] IEEE Std 2030.3"IEEE Standard Test Procedures for Electric Energy Storage Equipment and 

Systems for Electric Power Systems Applications"2016 

[21] IEEE 1547 "National Standard for Interconnecting Distributed Generation", September 2003 

https://www.researchgate.net/publication/354374791



