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Abstract 

Microgrids improve economic benefits and environmental sustainability by utilizing 

distributed generation (DG) from renewable sources like wind and solar. However, there are 

technological difficulties in integrating these technologies, especially when it comes to energy 

quality and voltage regulation. Careful management is necessary to address problems including 

voltage instability, inverter harmonics, and frequency oscillations brought on by low inertia in 

renewable DG systems. Stable operation can be ensured by addressing these issues with 

advanced technologies like as FACTS devices, harmonic filters, and Dynamic Voltage Restorer 

(DVR). Despite the unpredictability of renewable energy sources, real-world case studies from 

California, Denmark, and India demonstrate how well these solutions work to ensure voltage and 

frequency stability. Furthermore, energy storage systems (ESS) like supercapacitors and batteries 

play a critical role in stabilizing voltage and frequency, ensuring reliable microgrid performance. 

Keyword: Microgrids, Energy storage systems, Dynamic Voltage Restorer, and Harmonic 

filters. 

1.   Introduction 

         The demand for dependable and sustainable power solutions is causing a change in 

the structure of global energy networks. Microgrids are essential to this shift because they 

provide flexibility by functioning either independently or in tandem with the main grid. They 

increase energy efficiency with local storage at the point of use and dependability through 

isolated operation [1]. Wind turbines and solar photovoltaics are two examples of large-scale 

renewable energy systems that offer substantial environmental and financial advantages. But 

they also pose problems for the stability and dependability of microgrids. Two major concerns 

are harmonic distortion and voltage management, both of which are essential for preserving 

power quality appropriate for electronic devices. Voltage and frequency stability are also issues 

with power quality that need to be properly controlled. Equipment failures, less productivity, 

higher operating expenses, and occasionally disastrous infrastructure failures can all be caused 

by poor power quality. The inclusion of variable renewable energy sources into microgrids 

exacerbates the problems already faced by distributed generation (DG) systems [2]. Effective 

voltage control is necessary to keep the voltage level constant despite changes in the load. On the 

other hand, variations in power generation may cause systemic imbalances. Additional problems 

arise with DGs that mostly use inverters, especially because of distortions brought on by 

harmonics. Voltage instability is exacerbated by these distortions, which are produced by power 
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electronics. Inverters that connect renewable energy sources to the grid often result in harmonic 

distortions that microgrids with distributed energy systems must deal with. Instead of providing 

any advantages, these harmonics lead to issues including equipment overheating, higher energy 

losses, and communication system interference. These problems demonstrate the necessity of 

efficient mitigating techniques. [3]. 

        In order to prevent harmonic distortion, precise frequency stability must be 

maintained through the use of harmonic filters and sophisticated digital control schemes. Large 

centralized generators control frequency in conventional power systems, but because renewable 

energy sources are intermittent, frequency control becomes more difficult in microgrids with 

dispersed generation. This problem is especially noticeable in systems that depend significantly 

on renewable energy sources, as the fluctuations in energy production lead to instability [4]. 

Because of their reduced inertia, microgrids are naturally more subject to frequency changes, 

which can lead to stability problems brought on by inadequate generation control. Additionally, 

non-linear loads and DG sources inside a microgrid can have a negative effect on power factor, 

which is a measure of how efficiently electrical power is used. A low power factor indicates 

inefficient energy use and can worsen with the presence of reactive power, which inverters 

sometimes generate or absorb. Managing power factors effectively requires advanced control 

techniques [5]. This study aims to achieve two primary objectives. First, it will empirically 

examine the major power quality issues associated with microgrids that integrate DG, providing 

real-world case studies to illustrate these challenges. Second, it will explore advanced mitigation 

strategies, including sophisticated control systems designed to ensure optimal power distribution 

and quality [6]. 

1.1.   Background 

        Microgrids are presently regarded as an essential component of developing 

technological systems, providing increased resilience, dependability, and resourcefulness. 

However, the question of reliability is too significant to ignore. Microgrids' ability to seamlessly 

integrate DG's unique assets with various ESS types—something that larger grids may find 

challenging—enhances their reliability and facilitates the transition to more sustainable power 

scenarios. On the other hand, despite the advantages, the unpredictable nature of renewable DG 

supplies has led to significant challenges in maintaining high-quality power. This variability 

makes it difficult to employ straightforward operational tactics without risking disruptions in 

power delivery [7]. 

1.2.   Objectives 

This research primarily aims to: 

• Identify and investigate power quality problems in microgrids that integrate DG. 

• Examine case studies and real-world examples that illustrate these challenges. 

• Identify and evaluate various strategies for maintaining appropriate power quality despite these 

challenges [8]. 
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2.   Power Quality Metrics in Microgrids 

The term "power quality" refers to the various factors that determine whether electric 

power is suitable for efficiently powering electrical devices. Poor power quality can lead to 

equipment problems and reduced efficiency, often resulting in higher operating expenses. 

Maintaining power quality in microgrids with DG is crucial because, if unreliable or inefficient, 

both the grid and any connected loads may become ineffective, as shown in figure 1 . Under the 

spotlight of DG integration, this section delves deeper into these key factors, which will be 

examined next [9]. 

Figure 1. Power Quality in Renewable Energy Microgrids Utilizing Energy Storage 

Systems 

2.1.   Voltage Regulation 

Voltage regulation refers to maintaining a stable voltage across the distribution network 

despite changes in load or generation. In microgrids, distributed generation (DG) sources with 

variable outputs, such as solar PV and wind turbines, play a critical role in managing voltage 

fluctuations. These variations can impact grid stability and sensitive equipment, leading to issues 

like sags, swells, and flickers [10]. 
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2.1.1.   Causes of Voltage Fluctuations 

● Intermittent Generation: Due to variables like weather, the electricity generated by renewable 

sources like the sun and wind is essentially inconsistent [11] . 

●  Load Variations: It is accurate to say that sudden changes in load demand could lead to 

voltage instability; this can be brought on by variations in the demand for electricity [12]. 

● Inverter Operation: It should be mentioned that the voltage stability may be considerably 

impacted by the actions of inverters that are connected to DG systems [13] . 

2.2.   Harmonics 

2.2.1.    Harmonic waveforms 

 caused by non-linear loads and power electronic devices like inverters in distributed 

generation systems, deviate from the fundamental frequency of the power system. Harmonic 

distortion can lead to issues such as communication interference, increased losses, and 

equipment overheating [14]. 

2.2.2.   Sources of Harmonics 

● The switching activities of inverters lead to harmonic production. 

● Nonlinear loads, such as computers, LED lighting, and variable speed drives, are significant 

contributors to harmonic distortion. 

● Several DG sources working together with the grid can have the effect of amplifying 

harmonic levels [15]. 

2.3.   Frequency Stability 

Keeping the system frequency within predetermined bounds is a fundamental aspect of 

frequency stability. In traditional power systems, large centralized generators are used to control 

frequency. However, in microgrids with distributed generation, particularly those powered by 

renewable energy sources, frequency control becomes more challenging due to the fluctuating 

and often unpredictable nature of energy generation [16]. 

2.3.1.   Determinants of Frequency Stability 

● Renewable Source Variability: Unbalances result from variations in generation. 

● Inertia: Microgrids are more sensitive than standard grids due to their low inertia, which 

results in poor frequency regulation. 

● Control Strategies: The stability of frequency is greatly influenced by the effectiveness of 

control mechanisms that maintain balance between power generation and demand [17]. 
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2.4.   Power Factor 

The power factor is a measure of how efficiently electrical power is being used. The ratio 

of apparent power (the overall quantity of power in the system) to real power (the power that is 

actively performing work) provides this information. Low power factors in a microgrid indicate 

wasteful use, which is made worse by nonlinear loads and DG sources because of inefficient 

power use [18]. 

2.4.1.   Influence of Distributed Generation on Power Factor 

● Reactive Power Generation: Some DG sources, particularly inverter-based systems, can 

produce or consume reactive power. The power factor may be affected by this. 

● Load Characteristics: The system's power factor is significantly impacted by the kinds of loads 

connected inside the microgrid boundary [19]. 

3.   Effect of Distributed Generation on Power Quality 

3.1.   Solar Photovoltaic Systems 

Microgrids are increasingly incorporating solar photovoltaic systems because of their 

cost-effectiveness and environmental advantages. Their effect on power quality, however, needs 

to be carefully taken into account [20]. 

3.1.1.   Voltage Fluctuations 

Voltage fluctuations are caused by variations in solar photovoltaic production in response 

to variations in solar radiation. Quick variations in cloud cover can impact voltage stability and 

result in abrupt reductions or spikes in power generation [21]. 

3.1.2.   Harmonic Distortion 

Photovoltaic systems that use inverters may experience harmonic distortion. A key factor 

in reducing these harmonics is the inverter's quality and control algorithm, as shown in figure 2. 
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Figure 2. Considerations for power quality and reliability. 

3.2.   Wind Turbines 

Another significant DG source for microgrids is wind energy. Wind turbines have unique 

power quality difficulties, similar to those faced by solar photovoltaic systems [22]. 

3.2.1.   Voltage Flicker 

Wind speed variations can alter wind turbine output power, which can lead to voltage 

flickers. This is especially troublesome in places when winds are high. 

3.2.2.   Harmonic Distortion 

Harmonics are produced by the power electronics of wind turbines, particularly those 

with variable speed technology. Appropriate filtration and control are essential for managing 

these distortions. 

3.3.    Cogeneration Systems (Combined Heat and Power - CHP) 

Renewable distributed energy sources are typically less stable than combined heat and 

power systems, which provide both heat and electricity. They still have issues with power quality 

[23]. 

3.3.1.   Synchronization Issues 

To prevent problems with power quality, CHP systems need to be correctly synchronized 

with the grid. Interference can result from any phase, frequency, or voltage mismatch. 
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3.3.2.   Reactive Power Management 

Reactive power will be produced or consumed by the combined heat and power system, 

which will impact the microgrid's overall power factor and voltage stability. 

4.   Case Studies and Evidence 

4.1.   Power Quality and Reliability Challenges in Photovoltaic Distributed Generation 

Rapid variations in solar radiation cause large voltage swings in California's solar 

microgrids. Advanced voltage regulation methods, like Dynamic Voltage Restoration (DVR) 

systems, are employed to lessen these problems. 

4.1.1.   System Configuration 

The microgrid has a 500 kWh battery storage system in addition to 1 MW of solar 

photovoltaic power. Voltage regulation is a major challenge since solar generation is 

intermittent. 

4.1.2.   Data Analysis 

Large voltage changes were observed during moments of peak solar radiation, according 

to data gathered over a month. In order to properly maintain the voltage, The DVR system 

dynamically dispenses or assimilates reactive power as necessitated [24]. 

Table 1: Voltage Fluctuation Metrics in Solar Microgrids. 

The time of Day 

The amount of 

sunlight (W/m²) 

Voltage (V) Action Taken 

08:00 500 230 None 

12:00 500 245 DVR Activated 

16:00 700 235 None 

18:00 200 220 DVR Deactivated 

4.2.   Case Study: Harmonic Distortion in a Microgrid Integrated with Wind Turbines 

In Denmark, a wind-turbine microgrid suffered from harmonic distortion, particularly 

during high wind speeds. Harmonic filters are employed to remove these distortions. 

4.2.1.   System Configuration 

The microgrid has several power electronics interfaces and a 2 MW wind capacity. When 

there is high wind activity, harmonic analysis reveals significant distortion. 

4.2.2.   4.2.2 Data Analysis 

According to measurement data, the installation of harmonic filters reduces total 

harmonic distortion (THD) by roughly 50% [25]. 
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Table 2: Harmonic Distortion in Wind-Integrated Microgrids. 

Wind Speed (m/s) THD (%) Before Filter THD (%) After Filter 

5 2.5 1.0 

10 5.8 2.2 

15 7.3 3.1 

4.3.   Case Study: Frequency Stability in a Hybrid Microgrid 

Variations in the output of renewable energy are causing frequency stability problems for 

India's hybrid microgrids, which are made up of diesel generators, wind turbines, and solar 

photovoltaics. 

4.3.1.   System Configuration 

A 500 kW diesel generator, a 1 MW wind turbine, and a 1.5 MW solar photovoltaic 

system make up the microgrid. Frequency regulation is made more difficult by the erratic nature 

of renewable energy sources. 

4.3.2.   Data Analysis 

The DG source's power output is managed using sophisticated control algorithms. The 

system frequency stays within ±0.1 Hz of the nominal value, and frequency deviation is greatly 

decreased [26]. 

Table 3: Frequency Stability Data in Hybrid Microgrid 

Time of 

Day 

Solar Output 

(kW) 

Wind Output 

(kW) 

Frequency 

(Hz) Control Action 

09:00 500 300 49.9 Diesel Generator Off 

12:00 1200 600 50.1 Solar Curtailment 

15:00 700 400 50.0 None 

18:00 200 100 49.8 Diesel Generator On 

5.   Mitigation Strategie 

A diversified strategy is needed to guarantee power quality in DG microgrids. The power 

quality problems mentioned above can be successfully resolved with the following tactics [27] 

5.1.   Advanced Control Systems 

Microgrid controllers and other advanced control systems are essential for stabilizing 

power flows and regulating them dynamically. These systems orchestrate the operations of their 

DG sources and storage units through real-time data integration [28]. 
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5.1.1.   Microgrid Controllers 

The intricate gadget that manages the functioning of every component in a microgrid is 

called a microgrid controller. Manage storage systems, optimize power flow, and make sure 

power quality metrics fall within reasonable bounds. 

5.2.   Demand Response 

Demand response initiatives encourage customers to modify their consumption habits, 

which helps to balance supply and demand. This preserves voltage and frequency stability while 

lowering network load. 

5.3.   Power Electronics 

Connecting distributed energy to the grid requires power electronics like converters and 

inverters. Modern power electronics enhance voltage management and lower harmonics. 

5.3.1.   Inverter Design 

Modern inverters include sophisticated control algorithms that increase efficiency and 

reduce harmonic distortion. Active filtering and pulse width modulation (PWM) are often 

employed methods. 

5.3.2.   FACTS Devices 

5.4.   FACTS devices, like STATCOM and UPQC, improve power quality through reactive 

power compensation and dynamic voltage support. 

5.5.   Energy Storage Systems 

For microgrid stabilization, energy storage devices (ESS) like batteries and 

supercapacitors are crucial. In order to stabilize voltage and frequency, it stores excess energy 

during periods of high output and provides energy during periods of low production. 

5.5.1.   Battery Energy Storage 

In microgrids, battery storage systems (BESS) are frequently utilized. helps to maintain 

power quality by reacting swiftly to variations in generation and load. 

5.5.2.   Supercapacitors 

Supercapacitors are appropriate for applications needing quick power bursts because of 

their high power density and quick response times. They frequently work in tandem with 

batteries to offer a complete energy storage solution. 
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5.6.   Grid-Support Technologies 

Power enabling technologies, such as UPQCs, DVRs, and STATCOMs, enhance power 

quality by mitigating issues like voltage sag and harmonic distortion, ensuring a stable and 

efficient power supply. 

5.6.1.   Dynamic Voltage Restorers 

In order to preserve voltage stability, a DVR injects or absorbs reactive power. very good 

at reducing voltage spikes and dips brought on by sporadic DG power sources. 

5.6.2.   Unified Power Quality Conditioners 

UPQC allows for complete network quality management by combining the capabilities of 

several power quality devices, including: B. DVR and active network filters. It can concurrently 

address issues with reactive power compensation, harmonic distortion, and voltage regulation. 

6.   Conclusion 

Using distributed generation to manage microgrid power quality is a difficult but doable 

undertaking. The special difficulties of different distributed energy supplies must be 

acknowledged in order to provide a dependable, stable power supply, and some cutting-edge 

mitigating techniques must be put in place. To further enhance quality, it is advised that future 

studies investigate the combination of machine learning and artificial intelligence for dynamic 

control and predictive maintenance. 

References 

[1] M. H. J. Bollen and F. Hassan, Integration of Distributed Generation in the Power System. 

Wiley-IEEE Press, 2011. 

[2] R. H. Lasseter and P. Paigi, Microgrid: A Conceptual Solution, in IEEE Power Electronics 

Specialists Conference, 2004. 

[3] N. Hatziargyriou, Microgrids: Architectures and Control. Wiley-IEEE Press, 2014. 

[4] IEEE Standards Association, IEEE Power Quality Standards and Guidelines, 2020. 

[5] F. Pilo, G. Pisano, and G. Soma, Optimal Coordination of Energy Resources with a Two-

Level Management Structure for Microgrids, IEEE Trans. Ind. Electron., vol. 58, no. 10, pp. 

4593-4603, 2011. 

[6] R. H. Lasseter, Smart Distribution: Coupled Microgrids, Proc. IEEE, vol. 99, no. 6, pp. 1074-

1082, 2011. 

[7] V. Akhmatov, Analysis of Dynamic Behavior of Electric Power Systems with Large 

Amounts of Wind Power, IEEE Trans. Energy Convers, vol. 20, no. 2, pp. 429-438, 2005. 

[8] A. V. Shalukho, I. A. Lipuzhin, and A. A. Voroshilov, Power Quality in Microgrids with 

Distributed Generation, in 2019 Int. Ural Conf. Electr. Power Eng. (UralCon), Oct. 2019, pp. 

54-58. 



 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــوم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No. 1. \ 2025  ISSN: 2616 - 9916 

 

55 
 

[9] G. Van den Broeck, J. Stuyts, and J. Driesen, A Critical Review of Power Quality Standards 

and Definitions Applied to DC Microgrids, Appl. Energy, vol. 229, pp. 281-288, 2018. 

[10] A. A. Alkahtani et al., Power Quality in Microgrids Including Supraharmonics: Issues, 

Standards, and Mitigations, IEEE Access, vol. 8, pp. 127104-127122, 2020. 

[11] Mlilo, N., Brown, J. & Ahfock, T. Impact of intermittent renewable energy generation 

penetration on the power system networks – A review. Technol Econ Smart Grids Sustain 

Energy 6, 25 (2021). https://doi.org/10.1007/s40866-021-00123-w.  

[12] A. V. Shalukho, I. A. Lipuzhin, and A. A. Voroshilov, Power Quality in Microgrids with 

Distributed Generation, in 2019 Int. Ural Conf. Electr. Power Eng. (UralCon), Oct. 2019, pp. 

54-58. 

[13] N. Klaes, N. Goldschmidt, and J. Fortmann. 2020. "Voltage Fed Control of Distributed 

Power Generation Inverters with Inherent Service to Grid Stability" Energies 13, no. 10: 

2579.  https://doi.org/10.3390/en13102579.  

[14] Y. Varetsky, V. Konoval, M. Seheda, and O. Pastuh, Studying Voltage Fluctuations in 

Microgrid with Hybrid Renewable Energy System, in 2019 IEEE 6th Int. Conf. Energy 

Smart Syst. (ESS), Apr. 2019, pp. 239-242. 

[15] A. Sanal, V. Mohan, M. R. Sindhu, and S. K. Kottayil, Real Time Energy Management and 

Bus Voltage Droop Control in Solar Powered Standalone DC Microgrid, in 2017 IEEE 

Region 10 Symp. (TENSYMP), July 2017, pp. 1-6. 

[16] V. Aashish, B. Dominic, N. H. Harshavardhan, S. Jagatheesh, and V. Sudhagar, Voltage 

Stabilization of Solar Powered DC Microgrid, J. Electr. Eng. Technol. (IJEET), vol. 12, no. 

3, pp. 185-190, 2021. 

[17] M. E. Ali, S. M. Yehia, M. E. S. Abou-Hashema, A. M. Mohamed, and N. A. E. Amer, 

Power Quality and Reliability Considerations of Photovoltaic Distributed Generation, 

Technol. Econ. Smart Grids Sustain. Energy, vol. 5, no. 1, 2020. 

[18] M. Eltamaly, Y. S. Mohamed, A. H. El-Sayed, A. M. Mohamed, and A. N. A. Elghaffar, 

Power Quality and Reliability Considerations of Photovoltaic Distributed Generation, 

Technol. Econ. Smart Grids Sustain. Energy, vol. 5, pp. 1-21, 2020. 

[19] E. H. Mayoral et al., Power Quality in Renewable Energy Microgrids Applications with 

Energy Storage Technologies: Issues, Challenges and Mitigations, IntechOpen, 2021. 

[20] C. Castro Martins, M. Sperandio and D. Welfer, "Cloud Variance Impact on the Voltage 

and Power Flow of Distribution Networks with Photovoltaic Generators," in IEEE Latin 

America Transactions, vol. 19, no. 02, pp. 217-225, February 2021, doi: 

10.1109/TLA.2021.9443063.  

[21] S. H. Qazi and M. W. Mustafa, Review on Active Filters and Its Performance with Grid 

Connected Fixed and Variable Speed Wind Turbine Generator, Renew. Sustain. Energy Rev., 

vol. 57, pp. 420-438, 2016. 

[22] F. Blaabjerg and Z. Chen, Power Electronics for Modern Wind Turbines. Morgan & 

Claypool Publishers, 2006. 

https://doi.org/10.1007/s40866-021-00123-w
https://doi.org/10.3390/en13102579


 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــوم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No. 1. \ 2025  ISSN: 2616 - 9916 

 

54 
 

[23] A. Mishra, P. M. Tripathi, and K. Chatterjee, A Review of Harmonic Elimination 

Techniques in Grid Connected Doubly Fed Induction Generator Based Wind Energy System, 

Renew. Sustain. Energy Rev., vol. 89, pp. 1-15, 2018. 

[24] M. R. H. Mojumder, M. Hasanuzzaman, and E. Cuce, Prospects and Challenges of 

Renewable Energy-Based Microgrid System in Bangladesh: A Comprehensive Review, 

Clean Technol. Environ. Policy, vol. 24, no. 7, pp. 1987-2009, 2022. 

[25] I. Das and C. A. Cañizares, Renewable Energy Integration in Diesel-Based Microgrids at 

the Canadian Arctic, Proc. IEEE , vol. 107, no. 9, pp. 1838-1856, 2019. 

[26] S. T. Blesslin et al.,  Microgrid Optimization and Integration of Renewable Energy 

Resources: Innovation, Challenges and Prospects, in Integration of Renewable Energy 

Sources with Smart Grid, pp. 239-262, 2021. 

[27] N. Hosseinzadeh et al., Voltage Stability of Power Systems with Renewable-Energy 

Inverter-Based Generators: A Review, Electronics, vol. 10, no. 2, p. 115, 2021. 

[28] D. Khani, A. S. Yazdankhah, and H. M. Kojabadi, Impacts of Distributed Generations on 

Power System Transient and Voltage Stability, Int. J. Electr. Power Energy Syst., vol. 43, no. 

1, pp. 488-500, 2012. 

 

 

 

 

 

 

 

 

 

 

 

 



 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــوم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 33, No. 1. \ 2025  ISSN: 2616 - 9916 

 

55 
 

تحدين جهدة الطاقة الكهربائية في الذبكات ذات الجهد المنخفض من خلال عمل صيانة تنبئية وتحكم 
 ديناميكي

 عماد جدعان عبدالدادة

 جامعة القادسية ،كلية الهندسة، قدم الالكترونيك والاترالات
emad.alshebaney@qu.edu.iq*:  

 خلاصة 

الذبكات الرغيرة عمى تحدين الفهائد الاقترادية والاستدامة البيئية من خلال الاستفادة من التهليد السهزع من  تعسل
مرادر متجددة مثل طاقة الرياح والطاقة الذسدية. ومع ذلك، ىشاك صعهبات تقشية في دمج ىذه التقشيات، وخاصة عشدما 

الدقيقة ضرورية لسعالجة السذاكل بسا في ذلك عدم استقرار الجيد، وتهافقيات  يتعمق الأمر بجهدة الطاقة وتشظيم الجيد. الإدارة
العاكس، وتذبذبات التردد الشاجسة عن انخفاض القرهر الذاتي في أنظسة التهليد السهزع الستجددة. يسكن ضسان التذغيل 

. DVRومرشحات التهافقيات، و، FACTSالسدتقر من خلال معالجة ىذه السذكلات باستخدام تقشيات متقدمة مثل أجيزة 
وعمى الرغم من عدم القدرة عمى التشبؤ بسرادر الطاقة الستجددة، فإن دراسات الحالة الهاقعية من كاليفهرنيا والدنسرك واليشد 
تهضح مدى نجاح ىذه الحمهل في ضسان استقرار الجيد والتردد. علاوة عمى ذلك، تمعب أنظسة تخزين الطاقة مثل السكثفات 

 قة والبطاريات دورًا حاسسًا في تثبيت الجيد والتردد، مسا يزسن أداء الذبكة الرغيرة السهثهق بو.الفائ

 . ة: الذبكات الرغيرة، وأنظسة تخزين الطاقة، ومُعيد الجيد الديشاميكي، والتهافقياتدالالكمسات ال
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