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Abstract:

Background: The rising adoption of renewable power systems throughout present-day distribution
systems has produced various obstacles which affect the delivery of stable power with high quality. The
irregular operation of solar and wind power systems creates multiple problems which include voltage
changes and harmonic interference and unstable power grid frequency. Methods: The study used a
quantitative cross-sectional survey framework to assess Al systems optimize power quality for
renewable energy networks which serve American power distribution systems. A total of 185
respondents, including engineers, utility operators, and energy researchers, participated in a structured
questionnaire. Pearson correlation along with descriptive statistics based on percentage analysis to
study the connection between Al adoption rates and power system performance indicators. Results: Al
technology produces a 26% rise in fault detection precision and creates a 20% improvement in load
distribution performance and voltage network stability. Machine Learning stands as the most popular
Al method which receives 28% of usage while Neural Networks follow with 22% usage. Al adoption
creates strong positive connections with power quality and system reliability and fault detection
efficiency according to correlation analysis results r = 0.78, 0.74, and 0.81 respectively. The deployment
of this technology faces three main obstacles which include expensive installation costs that affect 25%
of users and 22% of users struggle to find qualified personnel and 15% of users need to handle security
threats. Conclusion: Artificial Intelligence plays a crucial role in enhancing power quality and reliability
in renewable energy distribution networks.
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1. Introduction

The fast worldwide shift to renewable power plants has brought major changes to the way
current electrical systems operate. The growing use of solar panels and wind turbines and other
distributed power systems has made operations more sustainable yet operators face major
obstacles to keep their electrical systems stable [1], [2]. Distribution networks which operate
with renewable power systems now face rising numbers of problems with voltage instability and
harmonic interference and frequency control issues and uneven load distribution [3]. Power
distribution system needs absolute trust from utilities and grid operators because they must
deliver its electrical energy efficiently. The problems found their solution through Artificial
Intelligence (AI) which became a strong technological answer [4]. Machine Learning operates as
an Al technique which allows systems to learn from data while Deep Learning Neural Networks
and Predictive Analytics work together to achieve system monitoring through intelligence and
power system decision-making in real time and control system adaptation [5]. These
technologies process extensive grid data which smart meters and sensors and devices gather to
identify system abnormalities and enhance operational efficiency [6]. Al operates as a vital
technology which improves power quality and system reliability while cutting down operational
expenses in present-day smart grid systems [7].

The United States has experienced a fast-growing adoption of renewable energy because
of its supportive policies which work together with its expanding technological capabilities. The
power distribution systems experience instability because solar and wind energy produce
intermittent power which creates inconsistent energy output [8]. The power system experiences
voltage changes and frequency deviations when solar radiation and wind speed undergo sudden
shifts [9]. Existing control systems do not provide sufficient capabilities to handle these dynamic
system changes which occur in practice. Grid needs intelligent adaptive systems which operate
wu through Al to maintain its operational stability and achieve maximum efficiency [10], [11].
The research field has shown that Al systems help improve fault detection methods and load
forecasting techniques and energy optimization results [12]. The existing research base requires
additional thorough field studies to track Al system effects on power quality through actual
distribution network operations.

This study solves this problem by studying survey data which 185 American energy sector
workers provided. The research investigates organizations adopt Al technology while studying
their views on its benefits and the difficulties they face during implementation and testing Al
affects power system performance through statistical methods. The research findings will help
scientists develop new smart grid systems which will succeed the current generation. The
combination of Al with renewable energy systems enables utilities to improve their operational
efficiency while maintaining system reliability and achieving superior power quality control. The
research presents specific operational difficulties which need solutions to support the expansion
of artificial intelligence systems throughout the entire energy network.

Materials and Methods
2.1 Data Collection

Primary data were collected through a structured online questionnaire which aimed to
determine Artificial Intelligence affected power quality optimization in American renewable
energy distribution systems. The questionnaire included multiple-choice questions and Likert-
scale statements which asked about Al implementation and power quality results and system
dependability and fault detection performance and obstacles during the deployment process
[13]. The study received responses from 185 participants who worked as engineers and utility
operators and researchers and energy sector professionals. The survey distribution process
reached its target audience through professional network connections and academic reach and
industry-based platforms [14]. Instructions provided to participants established a standard
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procedure which helped them deliver accurate answers that produced trustworthy data from
smart grid system specialists.
2.2 Statistical Analysis

Descriptive statistics together with inferential statistics to analyze all collected data. The
researchers applied percentage analysis as their primary method to present respondent views
about Artificial Intelligence implementation and its effects on power quality and system
reliability and fault detection capabilities [15]. Pearson correlation analysis to study the
connections which exist between different study variables. The standard formula enabled me to
calculate the correlation coefficient which shows well Al adoption connects with power system
performance indicators through its direction and strength [16]. Results were presented in tables
for clarity and interpretation. The method provides a full statistical assessment of Al-based
renewable energy network distribution system enhancements through its complete evaluation
system [17].
2.3 Correlation Analysis

The relationship between Artificial Intelligence adoption and power system performance
variables was analyzed using Pearson’s correlation coefficient [18], [19]. The mathematical
expression is:

Y(X-X)Y-Y)

X _X)PS (Y - V)

Where r represents the correlation coefficient, X is the Al adoption level, and Y represents
power quality indicators such as system reliability, fault detection efficiency, and voltage
stability. The values X" and Y™ denote the mean of respective variables. This method determines
both the strength and direction of relationships among variables in the study [20].

2.4 Ethical Considerations

We followed strict ethical guidelines during their entire research process. The study
allowed people to join freely while everyone who took part received complete information about
the research's academic goals before researchers gathered their data [21]. The research team
maintained full confidentiality because they did not gather any data which could identify
individuals or reveal their private information. Academic study received data access which
stayed restricted for educational research without any organization gaining access to this
information [22]. The research participants could leave the study whenever they wanted without
facing any penalties during any time of their participation. Organization established secure data
storage systems which used proper management techniques to stop unauthorized users from
accessing information [23].
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Results and Discussion
3. Results
3.1 Al Impact on Power Quality Parameters

PERCEIVED AI IMPACT ON POWER
QUALITY (%)
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Figure 1. Perceived Al Impact on Power Quality

The results which show respondents view Artificial Intelligence effects on power quality
measurements within renewable energy distribution systems as Figure 1. Included 185
participants who showed their highest interest in fault detection accuracy through 26% of their
responses which demonstrated their main interest in Al for its ability to perform real-time
system monitoring and fast detection of system faults. Al performs two functions which each take
up twenty percent of its operational time to preserve system balance and provide stable voltage
distribution throughout power distribution systems. Al systems help remove harmonic
distortion from renewable energy systems which improves their power quality and reduces
electrical system noise. The data shows frequency regulation has a 16 percent effect on the
system which stands as the smallest yet still important influence.

3.2 Al Technology Adoption in Smart Grids

Al Technology Adoption in Smart Grids (%)

= Machine Learning = Neural Networks Deep Learning
Predictive Analytics = Fuzzy Logic Systems

Figure 2. Al Technology Adoption in Smart Grids

Artificial Intelligence techniques distribute their usage between smart grid systems and
renewable energy distribution systems as Figure 2. The 185 participants showed that Machine
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Learning stands as the most popular technique because 28% of them used it which proves its
effectiveness for managing extensive power system information and enhancing their decision-
making abilities. The data shows that Neural Networks obtain 22% of usage because they provide
an effective way to model complex nonlinear power system relationships. Deep Learning users
reaches 18% which proves that advanced data-driven methods for pattern identification and
system optimization have become more popular. Predictive Analytics represents 17%,
highlighting its role in forecasting load demand and system behavior under variable renewable
generation. The distribution network operations maintain their dependence on Fuzzy Logic
Systems because these systems make up 15% of the total systems which proves their ability to
handle network uncertainty.

3.3 Renewable Energy Contribution to Power Quality Issues

Table 1. Renewable Energy Impact Distribution

Energy Source Impact Contribution (%)
Solar Energy 30
Wind Energy 25
Hydropower 20
Biomass Energy 15
Hybrid Systems 10

The results which show people believe different renewable energy sources affect
distribution network power quality changes as Table 1. The research found that 30% of
respondents chose solar energy as the main power quality effect because its production depends
on changing weather conditions which generate unstable voltage levels. The data shows that
wind energy produces 25% of power which reveals its changing output levels affect electrical
grid stability. The data shows Hydropower makes up 20% of the system which produces a power
output that remains constant but shows different effects on system performance depending on
specific situations. Biomass energy produces 15% of power which results in stable power quality
because its power generation system operates with basic control mechanisms. The lowest impact
from hybrid systems exists at 10% because their combined design enables them to handle power
fluctuations from their separate power sources.

3.4 Benefits of Al in Distribution Networks

Benefits of Al in Distribution Networks

45

= Improved System Reliability = Enhanced Grid Efficiency
= Reduced Power Losses Faster Fault Detection
= Better Load Forecasting

Figure 3. Benefits of Al in Distribution Networks
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The results in Figure 3 highlight the perceived benefits of Artificial Intelligence in
renewable energy-based distribution networks. The survey of 185 people showed that system
reliability improvement received the highest percentage of 24% because most participants
understood that Al improves grid stability and power delivery reliability. The second highest
percentage of 22% shows Al technology enhances grid performance through its ability to manage
energy distribution and system operations. Control systems which have intelligence help
decrease power loss that reaches 20% because they reduce the amount of power which gets
wasted during transmission and distribution operations. The system shows 18% faster fault
detection because Al systems detect and respond to system problems during real-time
operations which leads to reduced system downtime. Smart grids show 16% better performance
in load forecasting because they have developed superior methods for predicting demand and
managing their resource distribution.

3.5 Challenges in Al Implementation

Table 2. Challenges in Al Implementation

Challenge Response (%)
High Implementation Cost 25
Lack of Skilled Workforce 22
Data Privacy Issues 20
System Integration Complexity 18
Cybersecurity Risks 15

The results presented in Table 2 outline the challenges associated with the
implementation of Artificial Intelligence in renewable energy distribution networks. The survey
revealed that 25% of respondents viewed high implementation cost as the main obstacle which
blocks them from deploying Artificial Intelligence on a large scale. Organizations face a major
obstacle because they do not have enough trained personnel can handle their sophisticated Al
power system operations. The twenty percent of data privacy issues stand for the public's need
to protect both grid information and consumer personal details. Operational integration barriers
between Al systems and existing infrastructure systems reach eighteen percent which reveals
organizations must overcome major challenges to connect these systems without creating
operational disruptions. Smart grid systems with digital connections contain security
weaknesses which make up fifteen percent of the total risk profile.

3.7 Correlation Analysis
Table 3. Correlation Matrix

Variables Al Adoption | Power Quality | System Reliability | Fault Detection
Al Adoption 1.00 0.78 0.74 0.81
Power Quality 0.78 1.00 0.79 0.76
System Reliability | 0.74 0.79 1.00 0.72
Fault Detection 0.81 0.76 0.72 1.00

Correlation matrix shown in Table 3 displays the study variables which include Al
adoption and power quality and system reliability and fault detection efficiency through
participant responses from 185 individuals. The study revealed that all variables showed strong
positive correlations which revealed the existence of an interconnected system between them.
The research shows that Al adoption and fault detection share the strongest correlation with a
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value of 0.81 which demonstrates how Al systems improve distribution network monitoring and
fault detection speed. The data shows that Al adoption strongly affects power quality because it
produces a correlation of 0.78 which proves that Al systems help maintain stable voltage levels
while decreasing power system disturbances. System reliability maintains strong positive
correlations with Al adoption atr = 0.74 and power quality at r = 0.79.

4. Discussion

The study presents a value-based analysis which shows Artificial Intelligence systems
improve power quality in distribution networks that use renewable energy sources. The study
collected answers from 185 American professionals to show how smart grid systems produce
value through their technical progress and their operational and economic and strategic benefits.
The research shows that power systems now treat Al as an essential technology which improves
system performance through better reliability and increased efficiency and environmental
sustainability [24]. The research identified operational reliability enhancement as a major value
outcome because 24% of respondents selected system reliability improvement as their top
priority. The data shows that stakeholders focus on maintaining continuous power supply and
stable system operations more than any other performance metric. Al delivers essential value to
this system because it supports predictive maintenance through real-time monitoring and
adaptive control system implementation [25]. The system's abilities prevent sudden breakdowns
while strengthening grid protection against unexpected situations which mainly occur in
renewable power systems that have unstable output [26].

The value dimension of fault management efficiency stands as a vital factor because it
receives the highest impact score from correlation analysis which shows r = 0.81 between Al
adoption and fault detection. The system provides strong operational value because it shortens
downtime periods while it protects workers from danger and it allows for rapid emergency
responses. The speed of fault detection in utility operations directly leads to lower economic
damages and better service experiences for customers [27]. Al distribution network
management systems deliver precise technical outcomes which generate financial benefits
through their operational activities [28]. The research shows that energy efficiency together with
loss reduction represents an essential value factor because 20% of participants selected power
loss reduction as their primary advantage. Al-based optimization system learns to distribute
electrical loads through its active network management which reduces power transmission
losses. The system generates permanent economic value for utility providers because it
decreases their operating expenses while it enables superior power distribution efficiency. The
system achieves 22% better grid efficiency through its optimized operations which advance
sustainable energy management goals.

The strategic value of Al becomes evident through its ability to support renewable energy
integration at an operational level. Solar and wind power systems generate most of the power
quality problems which reach 30% and 25% respectively. Al systems maintain grid stability
through their adaptive forecasting and control mechanisms which enable renewable source
growth without creating power system issues [29]. The system enables national and global
sustainability targets to succeed because it supports advanced energy markets including the
United States [30]. However, the value realization of Al is moderated by several constraints. The
high cost of implementation at 25% creates the main obstacle which prevents immediate
financial viability for deploying this system on a large scale. The shortage of qualified personnel
at 22% creates an operational barrier which prevents Al systems from reaching their full
potential because these systems need experts to handle their implementation and upkeep. The
combination of data privacy concerns which total 20% and cybersecurity threats at 15% creates
trust issues that prevent business growth and block long-term market acceptance. The current
obstacles show that Al provides significant value in both theory and practice but its complete
potential requires solving fundamental organizational and system-based problems [31].
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Conclusion

Artificial Intelligence delivers major improvements to power quality when renewable
energy systems operate in American distribution networks. The system uses Al to detect faults
better while keeping its systems operational and maintaining stable voltage levels and enhancing
total grid performance. The system shows strong positive relationships which prove its
operational efficiency in smart grid systems. Large-scale implementation of this technology faces
multiple obstacles which include its expensive initial setup and insufficient trained personnel
and security vulnerabilities in digital systems. Al as their fundamental technology which enables
them to deliver sustainable energy through their reliable and efficient distribution systems.

References

[1] C.]. Khare, H. Verma, and V. Khare, “Optimal Power Generation and Power Flow Control
Using Artificial Intelligence Techniques,” in Elsevier eBooks, Elsevier, 2021, pp. 607-631.
doi: 10.1016/b978-0-12-820004-9.00028-0.

[2] P.W.Khan,Y.Byun,S. Lee, D. Kang, ]. Kang, and H. Park, “Machine Learning-Based Approach
to Predict Energy Consumption of Renewable and Nonrenewable Power Sources,” Energies
(Basel)., vol. 13, no. 18, p. 4870, 2020, doi: 10.3390/en13184870.

[3] K. W.Kow,Y.W. Wong, R. K. Rajkumar, and R. K. Rajkumar, “A Review on Performance of
Artificial Intelligence and Conventional Method in Mitigating PV Grid-Tied Related Power
Quality Events,” Renewable and Sustainable Energy Reviews, vol. 56, pp. 334-346, 2015, doi:
10.1016/j.rser.2015.11.064.

[4] Y.S. Afridi, K. Ahmad, and L. Hassan, “Artificial Intelligence Based Prognostic Maintenance
of Renewable Energy Systems: A Review of Techniques, Challenges, and Future Research
Directions,” Int. J. Energy Res.,vol. 46, no. 15, pp. 21619-21642, 2021, doi: 10.1002/er.7100.

[5] L.ChengandT.Yu, “A New Generation of Al: A Review and Perspective on Machine Learning
Technologies Applied to Smart Energy and Electric Power Systems,” Int. J. Energy Res., vol.
43, no. 6, pp. 1928-1973, 2019, doi: 10.1002/er.4333.

[6] K. T. Chui, M. D. Lytras, and A. Visvizi, “Energy Sustainability in Smart Cities: Artificial
Intelligence, Smart Monitoring, and Optimization of Energy Consumption,” Energies
(Basel)., vol. 11, no. 11, p. 2869, 2018, doi: 10.3390/en11112869.

[7] S.S. Ali and B. ]. Choi, “State-of-the-Art Artificial Intelligence Techniques for Distributed
Smart Grids: A Review,” Electronics (Basel)., vol. 9, no. 6, p. 1030, 2020, doi:
10.3390/electronics9061030.

[8] L.Yavuz A. Onen, S. Muyeen, and I. Kamwa, “Transformation of Microgrid to Virtual Power
Plant: A Comprehensive Review,” IET Generation, Transmission & Distribution, vol. 13, no.
11, pp. 1994-2005, 2019, doi: 10.1049/iet-gtd.2018.5649.

[9] W.Zhouy, C. Lou, Z. Li, L. Lu, and H. Yang, “Current Status of Research on Optimum Sizing of
Stand-Alone Hybrid Solar-Wind Power Generation Systems,” Appl. Energy, vol. 87, no. 2, pp.
380-389, 2009, doi: 10.1016/j.apenergy.2009.08.012.

[10] Y. Yoldas, A. Onen, S. Muyeen, A. V Vasilakos, and \.{I}. Alan, “Enhancing Smart Grid with
Microgrids: Challenges and Opportunities,” Renewable and Sustainable Energy Reviews, vol.
72, pp. 205-214, 2017, doi: 10.1016/j.rser.2017.01.064.

[11] M. Liao and Y. Yao, “Applications of Artificial Intelligence-Based Modeling for Bioenergy
Systems: A Review,” GCB Bioenergy, vol. 13, no. 5, pp. 774-802, 2021, doi:
10.1111/gcbb.12816.

[12] Y. Wu et al, “Towards Collective Energy Community: Potential Roles of Microgrid and
Blockchain to Go Beyond P2P Energy Trading,” Appl. Energy, vol. 314, p. 119003, 2022, doi:
10.1016/j.apenergy.2022.119003.

[13] E.Grover-Silva, R. Girard, and G. Kariniotakis, “Optimal Sizing and Placement of Distribution
Grid Connected Battery Systems through an SOCP Optimal Power Flow Algorithm,” Appl.
Energy, vol. 219, pp. 385-393, 2017, doi: 10.1016/j.apenergy.2017.09.008.

136 | INNOVATIVE: INTERNATIONAL MULTI-DISCIPLINARY JOURNAL OF APPLIED TECHNOLOGY  www.multijournals.org


http://www.multijournals.org/

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

J. F. Bermejo, J. F. G. Fernandez, F. O. Polo, and A. C. Marquez, “A Review of the Use of
Artificial Neural Network Models for Energy and Reliability Prediction: A Study of the Solar
PV, Hydraulic and Wind Energy Sources,” Applied Sciences, vol. 9, no. 9, p. 1844, 2019, doi:
10.3390/app9091844.

M. Pérez-Ortiz, S. Jiménez-Fernandez, P. Gutiérrez, E. Alexandre, C. Hervas-Martinez, and S.
Salcedo-Sanz, “A Review of Classification Problems and Algorithms in Renewable Energy
Applications,” Energies (Basel)., vol. 9, no. 8, p. 607, 2016, doi: 10.3390/en9080607.

N. Ghadami et al, “Implementation of Solar Energy in Smart Cities Using an Integration of
Artificial Neural Network, Photovoltaic System and Classical Delphi Methods,” Sustain.
Cities Soc., vol. 74, p. 103149, 2021, doi: 10.1016/j.scs.2021.103149.

S. Agostinelli, F. Cumo, G. Guidi, and C. Tomazzoli, “Cyber-Physical Systems Improving
Building Energy Management: Digital Twin and Artificial Intelligence,” Energies (Basel)., vol.
14, no. 8, p. 2338, 2021, doi: 10.3390/en14082338.

L. Abualigah et al, “Wind, Solar, and Photovoltaic Renewable Energy Systems with and
without Energy Storage Optimization: A Survey of Advanced Machine Learning and Deep
Learning Techniques,” Energies (Basel)., vol. 15, no. 2, p. 578, 2022, doi:
10.3390/en15020578.

N. Mlilo, ]. Brown, and T. Ahfock, “Impact of Intermittent Renewable Energy Generation
Penetration on the Power System Networks: A Review,” Technology and Economics of Smart
Grids and Sustainable Energy, vol. 6, no. 1, 2021, doi: 10.1007/s40866-021-00123-w.

K. Reddy, M. Kumar, T. Mallick, H. Sharon, and S. Lokeswaran, “A Review of Integration,
Control, Communication and Metering (ICCM) of Renewable Energy Based Smart Grid,”
Renewable and Sustainable Energy Reviews, vol. 38, pp. 180-192, 2014, doi:
10.1016/j.rser.2014.05.049.

G. Kear, A. A. Shah, and F. C. Walsh, “Development of the All-Vanadium Redox Flow Battery
for Energy Storage: A Review of Technological, Financial and Policy Aspects,” Int. . Energy
Res., vol. 36, no. 11, pp. 1105-1120, 2011, doi: 10.1002/er.1863.

S. K. Rathor and D. Saxena, “Energy Management System for Smart Grid: An Overview and
Key Issues,” Int. J. Energy Res., vol. 44, no. 6, pp. 4067-4109, 2020, doi: 10.1002 /er.4883.

F. Al-Turjman and M. Abujubbeh, “IoT-Enabled Smart Grid via SM: An Overview,” Future
Generation Computer Systems, vol. 96, pPp- 579-590, 2019, doi:
10.1016/j.future.2019.02.012.

T. Lan, K. Jermsittiparsert, S. T. Alrashood, M. Rezaei, L. Al-Ghussain, and M. A. Mohamed,
“An Advanced Machine Learning Based Energy Management of Renewable Microgrids
Considering Hybrid Electric Vehicles’ Charging Demand,” Energies (Basel)., vol. 14, no. 3, p.
569, 2021, doi: 10.3390/en14030569.

A. T. Hammid, M. H. B. Sulaiman, and A. N. Abdalla, “Prediction of Small Hydropower Plant
Power Production in Himreen Lake Dam (HLD) Using Artificial Neural Network,” Alexandria
Engineering Journal, vol. 57, no. 1, pp. 211-221, 2017, doi: 10.1016/j.aej.2016.12.011.

S. Shivashankar, S. Mekhilef, H. Mokhlis, and M. Karimi, “Mitigating Methods of Power
Fluctuation of Photovoltaic (PV) Sources: A Review,” Renewable and Sustainable Energy
Reviews, vol. 59, pp. 1170-1184, 2016, doi: 10.1016/j.rser.2016.01.059.

Z. Jun, L. Junfeng, W. Jie, and H. Ngan, “A Multi-Agent Solution to Energy Management in
Hybrid Renewable Energy Generation System,” Renew. Energy, vol. 36, no. 5, pp. 1352-
1363, 2010, doi: 10.1016/j.renene.2010.11.032.

D. P. Tabor et al., “Accelerating the Discovery of Materials for Clean Energy in the Era of
Smart Automation,” Nat. Rev. Mater., vol. 3, no. 5, pp. 5-20, 2018, doi: 10.1038/s41578-018-
0005-z.

F. Pelletier, C. Masson, and A. Tahan, “Wind Turbine Power Curve Modelling Using Artificial
Neural Network,” Renew. Energy, vol. 89, pp. 207-214, 2015, doi:
10.1016/j.renene.2015.11.065.

137 | INNOVATIVE: INTERNATIONAL MULTI-DISCIPLINARY JOURNAL OF APPLIED TECHNOLOGY  www.multijournals.org


http://www.multijournals.org/

[30] M. D. S. Rahman, “Does Openness to Trade Have a Positive Impact on Economic Growth?
Empirical Evidence from Bangladesh,” SSRN Electronic Journal, 2021, doi:
10.2139/ssrn.4209667.

[31] H. Sun, C. Qiu, L. Lu, X. Gao, J. Chen, and H. Yang, “Wind Turbine Power Modelling and
Optimization Using Artificial Neural Network with Wind Field Experimental Data,” Appl.
Energy, vol. 280, p. 115880, 2020, doi: 10.1016/j.apenergy.2020.115880.

138 | INNOVATIVE: INTERNATIONAL MULTI-DISCIPLINARY JOURNAL OF APPLIED TECHNOLOGY  www.multijournals.org


http://www.multijournals.org/

