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ABSTRACT 

With the expanding power request and the persistently creating of sustainable power source advancements, battery energy storage 

systems (BESS) appear to be a critical piece of a keen network, giving numerous advantages, for example, lessening the power 

charge, diminishment of pinnacle request and taking care of the age with the demand side. In this investigation, a battery execution 

display is proposed for a private home with conveyed age from inexhaustible assets. Genuine irradiance and wind speed information 

estimated in two unique times of the year (i.e. summer and winter) have been utilized and mimicked for 24 hours. Battery stockpiling 

is an appropriate arrangement because of the quick reaction and adaptability. Incorporated with a smoothing usefulness, it can charge 

and release to lessen the power vacillations created by PV boards and wind turbine. Reproductions demonstrate that the picked 

moving normal calculation does not require a major battery measure, conveying acceptable outcomes even with a littler battery. 

Further, considering the request energy of the house and the created control, a normal power bend is processed at regular intervals 

keeping in mind the end goal to be traded with the utility framework and limit the power charge. 

Keywords: BESS (Battery energy storage system), HEMS (Home energy management system), Li-ion (Lithium-ion). 

1. INTRODUCTION 

These days, more nations around the globe are turning their thought to a sustainable power source, as these advances are constantly 

creating [19]. Likewise, sustainable power source adds to driving down the CO2 emanations created by non-renewable energy 

sources, which expanded altogether in focus over the previous century. Sustainable power source guaranteed 23% of the aggregate 

worldwide age in 2014 and it is anticipated to hit 45% by 2030. 

This statistic represents solar photovoltaic capacity installations in the residential sector in the United States between 2005 and 2016. 

In 2012, residential sector PV installations reached a capacity of 488 megawatts. 

This figure represents the above format in previous years. 

 

Nowadays, the quantity of introduced wind/PV frameworks expanded and will keep on increasing later on. Besides, the capacity 

frameworks related to photovoltaic and wind vitality are a promising answer for future family units, in boosting the private self-
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utilization, decreasing the lattice costs, control smoothing, top shaving. The present work displays a battery execution demonstrate 

reasonable for ponders identified with conveyed age from inexhaustible assets for private applications. A Lithium-particle battery 

execution show was proposed and parameterized following the Thevenin identical electrical circuit. The model has been approved 

with the trial information directed on the battery cell, reasoning that the proposed electrical model is appropriate for the concentrated 

inexhaustible applications. Two battery sizes are proposed for the investigation, a 3 kW battery, and a 6 kW battery the battery can 

remunerate the high fluctuation of the inexhaustible assets. Coordinated with a moving normal usefulness, it impeccably smoothens 

the created control by charging and releasing after an objective power is given by the moving normal calculation. The reproductions 

demonstrate that the two batteries are all around fit the bill for this application. Further, keeping in mind the end goal to boost the 

use of sustainable power source and limit the power charge, a 15-minute normal power bend is figured considering the house control 

profile and the power delivered. The remained power will be charged/released from the battery. Be that as it may, for this application, 

a 6 kW battery is better prescribed on the grounds that notwithstanding when the generation from inexhaustible assets is diminished, 

a 3 kW battery would surpass its energy constraint. At long last, the undertaking objectives have been accomplished; the displayed 

battery vitality stockpiling framework could give reasonable help to the concentrated sustainable assets applications. 

2. METHODOLOGY 

The fundamental design of the private crossover vitality framework with battery stockpiling. The framework is made out of 17 PV 

modules with an evaluated energy of 360 W each (around 6 kW), a 10 kW wind turbine and a Lithium-Ion battery vitality stockpiling 

framework. The family unit side and the utility side allows the power trade with the general population matrix. In the next 

subsections, the performance of every component of the residential hybrid energy system will be presented. 

In this task, the Lithium-particle battery innovation was considered for demonstrating. An execution display has been created to 

better comprehend the conduct of the battery in various working conditions (condition of charge, stack current). The electrical equal 

circuit proposed keeping in mind the end goal to think about the dynamic execution of the battery is the Thevenin display exhibited 

before. To parametrize the execution show, lab tests have been performed for estimating the battery limit, open-circuit voltage, and 

inward protection. After the parametrization is finished, the model of the battery will be actualized in a reenactment instrument as 

indicated by the deliberate parameters. The electrical parameters of the tried battery cell. Investigations have been directed on a 2.5 

Ah battery cell. The voltage of the battery is 3.3 V. This esteem relates to half SOC, in this manner in the present investigation a 

voltage run between 3 V and 3.6 V will be considered. 

To investigate and model the battery, it has been subjected to several tests: capacity measurement, open-circuit voltage measurement, 

and internal resistance measurement, under different current rates (C-rates) and a constant temperature. To examine the execution 

and ability of a battery, a limit estimation test is required. Considering that the limit depends generally on the temperature and the 

current, the test must be conveyed for various current rates. In this task, the temperature has been viewed as steady and five diverse 

C-rates have been utilized (i.e. C/2, 1C, 2C, 3C, and 4C). The limit estimation takes after the methodology introduced, measured 

values for both charging and discharging experiment. 

Open-circuit voltage is a vital parameter to be considered when fabricating a battery show. The open-circuit voltage is additionally 

subject to the activity states of the battery (i.e. SOC, temperature). Another angle that ought to be mulled over amid the OCV versus 

SOC test is the unwinding time. It has been watched that the OCV relies upon it amid the unwinding test, subsequently the more 

extended the rest time, the more exactly. The goal of the test is to determine the OCV vs. SOC characteristic of the battery at a 

temperature. This characteristic will be used in building the performance model of the battery, therefore an accurate measurement 

is important. 

The interior protection estimation is an essential test since it gives data about the battery dynamic conduct. With a specific end goal 

to decide the EEC parameters of the model, a half breed beat control portrayal (HPPC) technique has been taken after. The inward 

protection of the battery was controlled by applying charging and releasing current heartbeats for the whole SOC interim with 5% 

SOC determination (i.e. 5%-95% SOC), with various C-rates (i.e. C/10, C/2, 1C, 2C, 3C, 4C). The test connected to the battery cell 

involves back to back accusing and releasing beats of a span of 18 seconds and an unwinding time between beats of 15 minutes. 

More often than not, a battery cell is reproduced utilizing a proportionate electrical circuit displayed by extensive query tables 

speaking to every component of the circuit, as it was likewise exhibited. The electrical graph of the circuit utilized as a part of this 

venture. The open circuit voltage is SOC subordinate and the EEC parameters are SOC and load current ward. The segments of the 

equal electrical circuit, each piece containing query tables populated with the information obtained in the past area. This approach 

is superbly reasonable for display approval and confirmation, having the capacity to reproduce the terminal voltage. In any case, for 

this examination, a model which reproduces power will be balanced later. 

3. APPLICATIONS 

A. Smoothing of Power 

Moving mists or changing in the breeze speed conduct can respect a fluctuating yield control, as it can be found. Moreover, these 

variances can cause control quality issues or other framework insecurities. Hence, before being infused into the utility matrix, the 

power should be smoother. The proposed arrangement keeping in mind the end goal to smoothen the power is the reconciliation of 

the battery with a power smoothing calculation. In this paper, a basic moving normal usefulness (MAF) has been utilized to smooth 

out the boisterous flag. The calculation computes the normal of a given arrangement of information in a settled window estimate, 

the window is moved along the arrangement and it depends on the condition beneath. The smoothing calculation is arranged to 

ascertain a reference control flag of the delivered control that the framework will endeavor to track. The power distinction between 

the power reference and the created power will be utilized to control the charging and releasing of the BESS. 
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B. Energy Blocking 

Energy storage systems have the flexibility to operate within the electricity market, and could improve the value of renewable 

energy. The typical power profiles of the residential home, for every period of the year/week, after the produced power has been 

extracted from the demand. The positive power curve corresponds to the power to be delivered and the negative power curve 

corresponds to the excess power. The scope of this application is to minimize the amount of energy bought from the utility grid and 

sell a part of the excess production. The proposed scheme is to calculate a 15-minute average (the red curve), representing the power 

that will be exchanged with the utility grid. The positive curve means that the power is bought and the negative curve means that 

the power is injected into the grid. The simulations will be conducted with a 3 kW and a 6 kW BESS. 

4. CONCLUSION 

In the current study, a Lithium-ion battery has been modeled for a residential home with distributed generation from renewable 

resources. Battery energy storage systems are a suitable solution for renewable energy applications, due to their fast response and 

flexibility. An accurate and comprehensive Li-ion battery performance model was proposed and parameterized for estimating the 

battery dynamic behavior. The model has been validated by comparing the simulation results with experimental data on Lithium-

ion cell. The close accordance between the experiments and simulations shows that the proposed electrical model is satisfactory, 

being able to predict the voltage response within 3% error.  

Battery energy storage systems have a short time response, being able to compensate the high variability of renewable resources. 

Therefore, BESS is used together with a moving average algorithm, to smoothen the power output by charging/discharging the 

battery in order to have a smoother power into the grid. Two different cases with respect to the MA algorithm time window have 

been analyzed, i.e. 5-minute and 15-minute window interval. Additionally, different periods of the year have been analyzed, since 

the PV production largely differs from winter to summer. Simulations with two different batteries show that the moving average 

strategy does not require big battery sizes, a 3 kW battery being able to smoothen the power fluctuations as well as a 6 kW battery. 

For all cases, the target power is correspondingly followed, with errors that do not exceed 1%. Furthermore, the battery has a greater 

cycling during summer, i.e. 3 full equivalent cycles, compared to only one full cycle during winter. 

5. FUTURE WORK 

The finishes of this undertaking lead to a few propositions for the future work.  

           • Studies with irradiance and wind speed information for one year. 

           • Studies with various battery innovations or other vitality stockpiling advancements. 

           • Battery lifetime examination. 

6. REFERENCES 

[1]. Zhou, W. Li, K. W. Chan, Y. Cao, Y. Kuang, X. Liu, and X. Wang, “Smart home energy management systems: Concept, 

configurations, and scheduling strategies,” Renew. Sustain. Energy Rev., vol. 61, pp. 30–40, 2016.  

[2] IEA, “Photovoltaic power systems annual report 2015.”  

[3] Energinet.dk, “Danish national transmission system operator.” [Online]. Available: energinet.dk.  

[4] Energistyrelsen, “Danish Energy Agency.” [Online]. Available: ens.dk.  

[5] Energinet.dk, “Annual Report 2015,” p. 72, 2015.  

[6] G. Winkler, “Intelligent energy management of electrical power systems with distributed feeding on the basis of forecasts of 

demand and generation,” 16th Int. Conf. Exhib. Electr. Distrib. (CIRED 2001), vol. 2001, no. CP482, pp. v4-31-v4-31, 2001. 

[7]S. Weitemeyer, D. Kleinhans, T. Vogt, and C. Agert, “Integration of Renewable Energy Sources in future power systems: The 

role of storage,” Renew. Energy, vol. 75, pp. 14–20, 2015.  

[8] NEEP, “Opportunities for Home Energy Management Systems (HEMS) in Advancing Residential Energy Efficiency Programs,” 

no. August 2015 

[9]M. Chen and G. A. Rincón-Mora, “Accurate electrical battery model capable of predicting runtime and I-V performance,” IEEE 

Trans. Energy Convers., vol. 21, no. 2, pp. 504–511, 2006.  

[10] M. R. Jongerden and B. R. Haverkort, “Which battery model to use?,” IET Softw., vol. 3, no. 6, p. 445, 2008.  

[11] O. Erdinc, B. Vural, and M. Uzunoglu, “A dynamic lithium-ion battery model considering the effects of temperature and 

capacity fading,” 2009 Int. Conf. Clean Electr. Power, ICCEP 2009, pp. 383–386, 2009.  

[12] M. Swierczynski, D. I. Stroe, A. I. Stan, R. Teodorescu, and D. U. Sauer, “Selection and performance-degradation modeling 

of limo2/li 4ti5o12 and lifepo4/c battery cells as suitable energy storage systems for grid integration with wind power plants: An 

example for the primary frequency regulation service,” IEEE Trans. Sustain. Energy, vol. 5, no. 1, pp. 90–101, 2014.  

[13] V. Johnson, “Battery performance models in ADVISOR,” J. Power Sources, vol.   

[14] H. He, R. Xiong, and J. Fan, “Evaluation of lithium-ion battery equivalent circuit models for the state of charge estimation by 

an experimental approach,” Energies, vol. 4, no. 4, pp. 582–598, 2011.  

[15] F. M. González-longatt, “Circuit Based Battery Models : A Review,” 2Do Congr. Iberoam. Estud. Ing. Electr., p. , 2006.  

[16] A.-I. Stan, M. Swierczynski, D.-I. Stroe, R. Teodorescu, S. J. Andreasen, and K. Moth, “A comparative study of lithium ion to 

lead acid batteries for use in UPS applications,” Telecommun. Energy Conf. (INTELEC), 2014 IEEE 36th Int., pp. 1– 8, 2014.  

[17] I. Snihir, W. Rey, E. Verbitskiy, A. Belfadhel-Ayeb, and P. H. L. Notten, “Battery open-circuit voltage estimation by a method 

of statistical analysis,” J. Power Sources, vol. 159, no. 2, pp. 1484–1487, 2006.  

[18] A. I. Stroe, M. Swierczynski, D. I. Stroe, and R. Teodorescu, “Performance model for high-power lithium titanate oxide 

batteries based on extended characterization tests,” 2015 IEEE Energy Convers. Congr. Expo. ECCE 2015, pp. 6191–6198, 2015.  

 [19] IRENA, Planning for the Renewable Future. 2017. 

file:///C:/Users/omak/Downloads/www.IJARIIT.com

