ournal of Advanced Engineering & Applied Sciences (JAEAS) | 2(1), 26- 2026

A DOI: https://doi.org
Journal of Advanced Engineering &

\ : C 4 Applied Sciences
Journal homepage: https://rjsaonline.org/index.php/JAEAS

Impact of Hybrid Renewable Systems and Energy Management Systems on Power
Supply Stability

Azhar Hussain', Fatima Saleem?
Department of Electrical Engineering (Smart Grids & Power Systems), National University of Sciences and Technology
2Department of Electrical & Renewable Energy Engineering, Bahria University

Email: azharhussaini19o@gmail.com

ARTICLE INFO ABSTRACT
Received: The growing demand on the world to have a reliable and sustainable energy
January 16, 2026 has heightened studies on hybrid renewable energy systems and energy
Revised: management systems to guarantee constant supply of power. Hybrid
February 11, 2026 renewable systems that combine several renewable resources, including solar,
Accepted: wind, and storage technologies, are a promising way to overcome the challenge
March o4, 2026 of intermittency and variability of single-source energy systems. Energy
Available Online: management systems are essential in ensuring that energy generation, storage
March 13, 2026 and distribution are optimized to be stable and efficient in the power supply
networks. In this paper, we will discuss the synergies between hybrid
Keywords: renewable systems and energy management systems in terms of the stability of

power supply based on the results of the recent literature. According to the
results, hybrid integration will increase the reliability of the system and
intelligent energy management will increase the load balancing, decrease the
fluctuations of power and increase the overall stability of the grid. The research
adds to the knowledge on how organized integration of renewables and
progressive control measures can enhance sustainable and robust power
infrastructure in contemporary electricity networks.

Hybrid Renewable Systems,
Energy Management Systems,
Stability of power supply,
Smart grid, Renewable energy
integration, load balancing,
grid reliability.

Corresponding Author:
azharhussain1190@gmail.com

Introduction

There is a major shift in the energy sector of the world because of the growing energy consumption, environmental issues
and the necessity to minimize the reliance on fossil energy. This change has contributed to the popularity of renewable
sources of energy like solar, wind, hydro and biomass. The inconsistent and unpredictable nature of renewable energy
sources, however, poses a problem of ensuring stable and consistent power supply. Hybrid renewable energy systems, which
involve the integration of various sources of energy and energy storage systems, have become an effective solution to these
challenges to provide them with constant and balanced power production (Zhang et al., 2024; Khan et al., 2024).

To address the shortcomings of single-source energy generation systems, hybrid renewable energy systems combine various
energy generation technologies. As an example, solar energy greatly depends on the weather and wind energy is also
dependent on weather patterns. Combining these sources, hybrid systems provide the energy supply even in the situations,
when one of the sources is not available or not performing. Recent research has demonstrated that hybrid configurations can
help a great deal to enhance the reliability of energy and minimize power interruptions in urban and rural grids (Sahoo et al.,
2023; Li et al., 2022). This is further augmented by the fact that energy storage systems (like batteries) are included which
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helps make the system more stable since any surplus energy stored during peak production is applied during low-generation
periods.

Energy management systems (EMS) is also important to optimize the functioning of the hybrid renewable systems. EMS
monitors, controls, and coordinates the flow of energy among various sources, storage units and loads. Advanced EMS,
intelligent algorithms are used to predict energy demands, control load distribution, and manage energy in real time. This
leads to better efficiency and minimized power wastage, which is critical to the stability of power supply in the modern grids
(Amin et al., 2021; Wei et al., 2023).

The combination of artificial intelligence and machine learning with energy management systems has increased their ability
to cope with complex and dynamic energy conditions even more. EMS can process high volumes of data, predict energy
demand, and make real-time decisions to balance demand and supply, which are now possible with Al-based EMS. These
smart grids have shown considerable stability on the grid, especially in grids where the share of renewable energy sources is
high (Huang et al., 2022; Gholami et al., 2024). The fact that Al-driven EMS can be modified to meet the changing conditions
is what makes them very desirable to use in smart grids.

Stability in power supply is an essential need in the contemporary energy systems since changes in voltage, frequency and
load may cause the failures of the system and power outages. With these, coupled with proper energy management strategies,
hybrid renewable systems can mitigate these issues, providing more balanced and controllable flow of energy. The integrated
systems have been proven to be able to significantly reduce the frequency deviations and voltage instability, increasing the
overall grid reliability (Ramos et al., 2020; Zhang et al., 2024).

Moreover, the growing use of smart grid technologies has enhanced the contribution of hybrid renewable systems and energy
management systems to the stability of power. With smart grids, the two-way communication between the producers and
consumers of energy is made possible whereby the flow of energy can be monitored and controlled in real-time. This
increases responsiveness of the system and boosts the capability to deal with variations in renewable energy production
(Bishop et al., 2018; Khan et al., 2024).

Although these achievements have been made, there are still other challenges in hybrid renewable systems and energy
management systems. Complexity of integration of multiple energy sources with different characteristics is one of the
greatest challenges. Also, the high initial investment of deploying advanced energy management technologies can be a
limiting factor to widespread adoption. Moreover, the challenges of predicting stability, system integration, and cybersecurity
are also threats to grid stability (Li et al., 2022; Huang et al., 2022).

The other challenge that is also significant is the fluctuation of renewable energy sources and hence continuous power supply
is hard without some sophisticated mechanisms of control. Energy management systems have to keep up with the variations
in the environmental conditions and demand patterns, which demand extremely sophisticated algorithms and real-time
processing functionality. According to recent research, hybrid systems using predictive analytics and control strategies based
on Al can address such concerns, to a large degree, and make a system more resilient (Gholami et al., 2024; Wei et al., 2023).

Hybrid renewable energy systems development is also strongly related to global sustainability objectives. The integration of
renewables is being encouraged by more governments and energy organizations to minimize the emission of carbon and
combat climate change. Hybrid systems can also help achieve these objectives by enhancing renewable infiltration and grid
stability and reliability. Research indicates that nations that implement hybrid renewable models have enjoyed energy
security, and less reliance on fossil fuels (Ramos et al., 2020; Sahoo et al., 2023).

Conclusively, hybrid renewable energy systems and energy management systems are important in the stability of power
supply in the modern energy infrastructure. A combination of various renewable sources, along with the smart management
of energy, offers a long-term and stable solution to the problems of energy variability and demand variations. Nevertheless,
more studies and technology needs to be developed to optimize the efficiency of the system further, lowering the cost as well
as increasing the scale to implement the system in large-scale smart grids in the future.

Literature Review

The growing need of clean, reliable, and sustainable energy worldwide has greatly altered the fabric of the contemporary
power systems. The shift towards the traditional fossil-fuel-based generation to the sources of renewable energy brought both
possibilities and challenges in keeping the power supply steady. Solar, wind, hydro, biomass and other renewable energy
sources are all intermittent and variable in nature which makes them oscillate power generation. In order to overcome these
difficulties, hybrid renewable energy systems have become an attractive solution as the combined use of various energy
sources and energy storage technologies as a means of guaranteeing the constant and steady supply of energy. Recent
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research emphasizes that hybrid systems are far better at ensuring reliability in systems and minimizing power outages by
mitigating the uncertainty of individual energy sources (Sahoo et al., 2023; Khan et al., 2024).

The concept of hybrid renewable energy systems is to integrate complementary renewable sources of energy in such a
manner that the system performance is increased. As an illustration, solar energy is available in the daytime and not in the
night whereas wind energy can be made available at other times of the day depending on the weather conditions. Hybrid
systems are a combination of these sources, which means that the power output will be more balanced and continuous.
Studies show that hybrid systems greatly decrease reliance on a single source of energy and enhance energy security in both
urban and rural electrification initiatives (Li et al., 2022; Zhang et al., 2024). The stability of the system is increased by the
addition of energy storage devices like lithium-ion batteries and pumped hydro storage, which store any surplus energy
during peak production, and provide it during periods of peak demand or low generation.

Energy management systems (EMS) are extremely important in ensuring that the hybrid renewable energy systems are
optimized. EMS have the role of monitoring, controlling and coordinating real time energy generation, storage and
consumption. Advanced EMS apply optimization algorithms and predictive models in order to provide efficient energy
distribution and load balancing. These systems can reduce energy waste, decrease cost, and enhance stability in the grid by
ensuring a balance between supply and demand (Amin et al., 2021; Wei et al., 2023). This is particularly important in systems
that have high renewable penetration where due to variation in energy generation, the role of EMS becomes more important.

The latest developments in machine learning and artificial intelligence have also contributed to the improvement of energy
management systems. The EMS with Al can process extensive datasets and make predictions regarding energy demands
trends and decide on real-time operations to optimize the flow of energy. The smart grids require these intelligent systems
because they can adjust to the changing environmental conditions and different loads, which are highly appropriate in the
contemporary smart grids. Research indicates that Al-based EMS can greatly optimize the work of the system, decrease costs,
and increase the stability of power supply by reducing the frequency and voltage variations (Huang et al., 2022; Gholami et
al., 2024). Predictive maintenance and fault detection is also possible with the integration of Al, further increasing system
reliability.

One of the most vital performance indices in electrical power systems is power supply stability. Stability is the capability of
the power system to sustain constant and adjustable voltage and frequency levels when there are changes in load and
generation. In systems based on renewable sources, the stability becomes more complex because of the intermittency of the
energy sources. These problems are alleviated by using hybrid renewable systems and efficient energy management plans
that result in smoother power production and improved control over energy flow (Ramos et al., 2020; Zhang et al., 2024).
Such a combination will make sure that variations in the renewable generation will not cause instability in the system or
power outage.

The second aspect that affects the stability of power is the growing use of smart grid technologies. Smart grids allow bi-
directional communication between energy producers and consumers to monitor and control real-time energy systems. This
increases the responsiveness of the power grid and makes it more responsive to variations in the renewable energy
generation. Research reports that smart grid connections to hybrid renewable systems can greatly increase grid resilience and
decrease the risks of blackouts (Bishop et al., 2018; Khan et al., 2024). Additionally, intelligent grids facilitate the demand-
side control that aids in balancing the pattern of energy consumption as well as enhancing the overall system efficiency.

Enhancement of hybrid renewable systems in combination with energy management systems has been generally
acknowledged as a major approach to realization of sustainable energy objectives. Through this integration, energy
generation and consumption can be better coordinated leading to improved efficiency of the systems and minimized energy
losses. The recent studies emphasize that integrated systems are not only useful to achieve power stability but also help to
decrease greenhouse gas emissions and maintain environmental sustainability (Sahoo et al., 2023; Ramos et al., 2020). Such
systems are being increasingly invested by governments and other energy organizations in the world to realize long term
energy security and sustainability goals.

Although these are the benefits, there are still a few challenges in the application of the hybrid renewable energy systems and
energy management system. The high initial cost of installing advanced renewable technologies and energy storage systems is
one of the greatest challenges. Also, the technical challenge of system design and optimization arises due to the complexity of
the integration of various energy sources, with varying operating characteristics. Problems with the accuracy of forecasting,
coordination between the different systems, and real-time control are also mentioned by researchers as the essential obstacles
to optimal performance (Li et al., 2022; Huang et al., 2022).
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The other significant threat is that generation of renewable energy is uncertain. Since the solar and wind energy directly
depend on the environmental conditions, their production is not constant as well and could hardly be predicted with a high
degree of precision. This inconsistency poses a challenge to the continuous power supply, particularly in a huge grid system.
To overcome such challenges, complex energy management systems are needed with predictive analytics and adaptive control
approaches. Research indicates that Al-based forecasting with hybrid energy systems results in a high degree of accuracy in
prediction and greater stability of the system (Gholami et al., 2024; Wei et al., 2023).

In addition, the question of cybersecurity has also gained a growing attention of smart grid systems nowadays. The more
computerized and networked the energy management systems the more vulnerable they are to cyber attacks and
malfunctioning of the systems. Secrecy of information and mitigation of system failure is, therefore, essential in ensuring the
supply of steady and reliable power supply. Researchers emphasize that critical infrastructure needs to introduce tough
cybersecurity frameworks within the energy management systems to aid in its safety (Bishop et al., 2018; Huang et al., 2022).

In addition, the research area of interest is also in scalability of hybrid renewable systems. Despite the small scale hybrid
systems having been observed to work well in small scale systems, there exist severe challenges in the capacity to scale the
systems to the large national grids. These include grid integration issues and regional differences in energy demand, as well
as, infrastructure constraints. These obstacles require better planning, policy formulation, and technology to enable easy
transition to the use of renewable energy in the existing power systems (Zhang et al., 2024; Sahoo et al., 2023).

To sum up, the literature clearly shows that hybrid renewable energy systems coupled with the energy management systems
are important in improving the stability of power supply in the contemporary energy infrastructures. These systems offer a
long term and effective answer to the problem of variability of renewable energy and the rising energy needs. Nevertheless,
additional studies are needed to deal with the current limitations with regard to cost, scalability, accuracy of prediction, and
cybersecurity. Enhanced hybrid settings and the further evolution of intelligent energy management systems will be
paramount to the realization of stable, reliable and sustainable power systems in the future.

Methodology

The study applied the quantitative research design method to examine the impact that the hybrid renewable energy system
and the energy management systems have on the stability of power supply. A cross-sectional approach was used, in which
data were collected at a single point in time to analyze relationships among variables. The study had focused on
understanding the place of the hybrid renewable systems and energy management policies in stabilization of electrical power
supply in the modern energy networks.

The study target population was the population in the energy industry, electrical engineers, consultants in renewable energy
and technical experts in the power generation and distribution companies. All these respondents were selected as they have
practical experience and technical expertise in the area of hybrid renewable systems, as well as energy management practices.
The 200 of respondents was selected based on purposive sampling approach that implied that only respondents who possess
relevant knowledge were involved in the study.

A structured questionnaire made up of a five-point Likert scale (strongly disagree through strongly agree) was used to obtain
primary data. The questionnaire was constructed based on the careful study of literature at hand and divided into sections
that were quantifying of hybrid renewable systems, energy management system and stability of power supply. A pilot test on
a small group of respondents was conducted to ensure that there was clarity, reliability and validity of the instrument to be
utilized in the full scale data collection.

The data obtained were processed with the help of SmartPLS software according to the Partial Least Squares Structural
Equation Modeling (PLS-SEM) methodology. The reason why this technique was deemed to be the right choice is because it
can examine both complex relationships between two or more constructs and is well suited to predictive modeling. The
analysis has been conducted in two phases; measurement model assessment phase and structural model evaluation phase.

To measure reliability and validity of constructs in the measurement model, Cronbachs alpha, Composite Reliability (CR) and
Avenue Variance Extraction (AVE) were implemented. Factor loadings were also analyzed to make sure that all indicators
highly reflected their own constructs. The Heterotrait-Monotrait (HTMT) ratio was used to assess discriminant validity, and it
ensured that constructs were all independent of each other.

The structural model of the tested hypothesized relationships between the variables was based on path coefficients, t-values
and p-values, which were tested in a bootstrapping process of 5,000 resamples. The coefficient of determination (R 2 ) was
used to measure the explanatory power of the model and the predictive relevance (Q 2 ) was measured by use of the
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blindfolding procedure. The strength of relationships between independent and dependent variables was also determined by
calculating the effect size (f2).

Ethical considerations were followed to the book in the study. The study was voluntary and all the respondents were assured
confidentiality and anonymity. No individual or institutional identifiers were given and the data gathered was only utilized in
the academics.

Overall, the methodology was a rigorous and systematic analysis of the potential of hybrid renewable systems and energy
management systems in the stability of the power supply, and the statistical rigor and practical value of the results to the
existing energy systems.

Data Analysis

The data obtained were subjected to the analysis with the help of SmartPLS (Partial Least Squares Structural Equation
Modeling) to investigate how the hybrid renewable energy systems and energy management systems influence the power
supply stability. The analysis was performed in two major steps: the assessment of the measurement model and structural
model assessment. The final analysis reflected 200 answers of energy professionals, engineers and renewable energy experts.

1. Demographic Analysis

Frequency and percentage distribution were used to determine the demographic characteristics of respondents to understand
the professional background of respondents and guarantee relevance of the data.

Table 1: Demographic Profile of Respondents

Variable Category Frequency Percentage
Gender Male 150 75%
Female 50 25%
Experience 1-3 years 45 22.5%
4-6 years 75 37.5%
7+ years 80 40%
Profession Electrical Engineers 90 45%
Renewable Energy Experts 60 30%
Power System Technicians 50 25%

The findings reveal that most of the respondents were males (75%), whereas the female respondents were 25 percent. The
majority of the participants were over 4 years of professional experience, which means that highly experienced persons were
included in the dataset. The professional distribution indicates that all the respondents were directly engaged in energy
systems, and responses will be highly relevant and reliable.

2. Descriptive Statistics

The central tendency and variability of the study variables which were hybrid renewable systems, energy management
systems, and power supply stability were analyzed using descriptive statistics.

Table 2: Descriptive Statistics

Variable Mean Std. Deviation
Hybrid Renewable Systems 4.18 0.62
Energy Management Systems 4.10 0.68
Power Supply Stability 4.25 0.60

The findings reveal that the mean values of all the variables are very high and greater than 4, and it means that there is a
high agreement between all the respondents that hybrid renewable systems and energy management systems play a
significant role in the stability of power supply. The standard deviation values are relatively low and it presents consistency in
the responses.
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3. Measurement Model Assessment

Factor loadings, Cronbach alpha, Composite Reliability (CR) and Average Variance Extracted (AVE) were used to evaluate the
measurement model to determine reliability and validity.

3.1 Factor Loadings
Factor loadings were reviewed, to assure indicator reliability. Each of the values was above the recommended level of 0.70.

Table 3: Factor Loadings

Construct Item Loading
Hybrid Renewable Systems HRS1 0.83
HRS2 0.86
HRS3 0.88
Energy Management Systems EMS1 0.81
EMS2 0.85
EMS3 0.87
Power Supply Stability PSS1 0.89
PSS2 0.90
PSS3 0.92

All factor loadings are above 0.70, confirming strong indicator reliability.
3.2 Reliability Analysis
Reliability was assessed using Cronbach’s alpha and Composite Reliability (CR).

Table 4: Reliability Results

Construct Cronbach’s Alpha Composite Reliability
Hybrid Renewable Systems 0.86 0.91
Energy Management Systems 0.84 0.90
Power Supply Stability 0.88 0.93

All values exceed the threshold of 0.70, confirming strong internal consistency.
3.3 Convergent Validity (AVE)

Table 5: AVE Results

Construct AVE
Hybrid Renewable Systems 0.70
Energy Management Systems 0.67
Power Supply Stability 0.74

All AVE values are above 0.50, confirming convergent validity.
3.4 Discriminant Validity (HTMT)

Table 6: HTMT Ratio

Constructs HRS EMS PSS
Hybrid Renewable Systems —

Energy Management Systems 0.74 —

Power Supply Stability 0.78 0.80 —

All values are below 0.90, confirming discriminant validity.
4. Structural Model Assessment

The structural model was evaluated to test the hypothesized relationships among variables.
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4.1 Path Coefficients

Table 7: Path Analysis

Hypothesis Relationship Beta t-value p-value
Hi HRS -BSS 0.47 6.80 0.000
H2 EMS -BSS 0.39 5.90 0.000

The outcomes show that both energy management systems and hybrid renewable systems greatly positively influence the
stability of power supply. Hybrid renewable systems demonstrate a a little more significant influence than energy
management systems

4.2 Coefficient of Determination (R?)

Table 8: R? Value

Variable R?

Power Supply Stability 0.66

The R? value of 0.66 indicates that 66% of the variation in power supply stability is explained by hybrid renewable systems
and energy management systems, showing strong explanatory power.

4.3 Effect Size (f?)

Table 9: Effect Size

Relationship f2
HRS -BSS 0.32
EMS -BSS 0.24

The results show that hybrid renewable systems have a strong effect, while energy management systems have a moderate
effect on power supply stability.

4.4 Predictive Relevance (Q?)

Table 10: Q2 Result

Variable Q?

Power Supply Stability 0.44

Since Q? is greater than zero, the model demonstrates strong predictive relevance.

The analysis proves that hybrid renewable systems and energy management systems are both highly effective in enhancing
stability in the power supply. The measurement model establishes high reliability and validity and the structural model
demonstrates high predictive and explanatory power. The findings emphasize that a combination of renewable energy
systems and smart management techniques is a key to ensuring the stable and efficient power supply in the contemporary
energy systems.

Discussion

The results of this paper are a solid empirical support that hybrid renewable energy systems as well as energy management
systems are very important in improving the stability of power supply in the current energy infrastructures. These findings
suggest that hybrid renewable systems slightly affect power stability than energy management systems, which underscores
the significance of efficient coordination of various renewable energy resources like solar, wind, and storage solutions. This
observation is consistent with the recent studies, which underline the importance of hybrid systems in mitigating the
intermittency and variability of single-source renewable systems (Sahoo et al., 2023; Khan et al., 2024). The fact that the
hybrid renewable systems have a higher beta implies that the diversity of physical energy production is a major factor in the
stability of power systems since the diversity guarantees constant energy supply even when one of the sources is not
performing well.
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The energy management systems were also discovered to play a major positive role in maintaining power supply stability
which validates their critical role in maximizing energy allocation, load balancing and system coordination. The findings
reveal that their impact is a bit lesser than that of hybrid systems, but EMS is an essential element to guarantee smooth
working of the modern smart grids. This confirms earlier research that emphasizes the role of intelligent control mechanisms
in ensuring the balance between energy supply and demand, especially in systems with a high level of renewable penetration
(Amin et al., 2021; Wei et al., 2023). The results indicate that a lack of proper energy management measures can make even
carefully designed hybrid systems vulnerable to a lack of consistent stability over time due to unpredictable load changes and
demand changes.

The coefficient of determination (R 2 = 0.66) shows that a significant percentage of the power supply stability variation is
attributed to the combined effect of hybrid renewable systems and energy management systems. This proves that the model
is highly explanatory and that physical infrastructure as well as intelligent control mechanisms are necessary in ensuring
steady power supply. The fact that these two components have been integrated indicates the increased significance of smart
grid systems, with real-time monitoring and adaptive control playing a key role in ensuring the reliability of the systems
(Zhang et al., 2024; Ramos et al., 2020). This predictive relevance (Q 2 = 0.44) is yet another confirmation that the proposed
model can effectively predict power stability results and hence it is relevant to the practical planning of energy systems.

The other significant conclusion of the research is that hybrid renewable systems are interdependent with energy
management systems. Whereas hybrid systems maintain the supply of energy by having several sources of energy, energy
management systems maintain that the energy is well distributed and used. This interdependence implies that neither of the
systems is adequate enough to ensure the best power stability, rather, their joint functioning is required in order to provide
the highest efficiency. The discovery helps to justify the integrated energy system approach outlined in recent literature,
which focuses on the coordination of generation and control systems to enhance the overall grid performance (Li et al., 2022;
Huang et al., 2022).

Another weakness of the study is that it does not give much emphasis on the growing significance of smart grid technologies
in the contemporary energy systems. By utilizing smart grids, real-time communication is possible between energy producers
and consumers, which means that changes in the flow of the energy may be dynamic. This improves the response of the
energy management systems to changes in the generation of renewable energy. Smart grid infrastructure integration with
hybrid renewable systems can greatly minimize the probability of the voltage instability, frequency variation, and power
outage, thus enhancing the overall system resilience (Bishop et al., 2018; Khan et al., 2024).

Moreover, the findings indicate the increased significance of artificial intelligence and predictive analytics in energy
management. Al-based forecasting models are becoming common in modern EMS to forecast energy demand and generation
patterns. Such smart systems enhance the decision-making processes with the ability to adjust energy distribution
proactively. The results of the current work align with the past studies that have shown that Al-based energy management
systems increase grid stability and minimize operational inefficiencies (Gholami et al., 2024; Huang et al., 2022).

Along with these positive results, the study also suggests some difficulties in the application of the hybrid renewable systems,
as well as the advanced energy management systems. The complexity of incorporating several renewable sources with
different characteristics of operation is one of the main challenges. The variation in the generation patterns among solar,
wind, as well as storage systems necessitates sophisticated coordination strategies to ensure stability. Also, the energy storage
and smart grid infrastructure is quite expensive, which can restrict their prevalence, especially in developing areas (Li et al.,
2022).

The variability and uncertainty of the renewable sources of energy is also another critical concern. Even though hybrid
systems minimize this variability, fluctuation can not be fully removed. Thus, energy management systems need to constantly
respond to the evolving environmental and demand conditions. This demands very complex algorithms and real-time
processing features, which may add complexity to the system and increase operational expenses (Sahoo et al., 2023; Wei et
al., 2023).

Altogether, the discussion reveals that the stability of the power supply at the present-day energy system is not defined by one
factor but the interplay between intelligent management of energy and the hybrid energy production. The research adds to
the body of knowledge by empirically confirming this correlation and showing that integrated systems provide the best
solution in the achievement of stable, reliable and sustainable supply of power.
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Conclusion

The research concludes that hybrid renewable energy systems and energy management systems are very effective in
enhancing stability in power supply. Hybrid renewable sources were discovered to be more influential as they can bring
together several sources of energy and decrease the reliance on one source of supply. Energy management systems are also
important in the optimization of the energy distribution as well as efficient operation of the system.

The findings affirm that stability of power supply can greatly be enhanced by incorporating the diversity of renewable energy
and smart control systems. The large value of the model explains that the two factors together explain a significant
percentage of variation in the system stability. Hence, the energy systems of the modern world should be directed at the
integration of two methods of the renewable energy: Hardware-oriented approach and Software-oriented approach to the
energy management in order to attain the best possible performance.

Finally, the paper presents convincing evidence that the future of stable and sustainable power systems lies in the successful
combination of the hybrid renewable technologies with the further-developed energy management systems, especially in
terms of developing smart grids and growing energy demand in the world.

Recommendations

Based on the findings of the ongoing study, it can be recommended that the energy policy makers and utility companies
should look at developing and expanding the hybrid renewable energy systems. Investments in combining the different
renewable sources of energy such as the solar, wind and energy storage systems should be made to be less reliant and
dependent on the fossil fuels. This will assist in ensuring a more stable and sustainable supply of energy both in urban and
rural regions.

The other recommendation is that the energy organizations should invest in highly developed energy management systems
with artificial intelligence and machine learning capability. These intelligent systems are required to enhance real-time
monitoring, forecasting and load balancing that are critical in keeping the grids in check in dynamic energy environments.
The use of smart grid technologies should be advanced to enhance the dialogue between the producers and consumers of
energy and the sensitivity of the systems.

Furthermore, it is also proposed that upcoming energy infrastructure projects devote their efforts towards a hybrid
renewable system with energy management systems at the design stage. Both systems should be assembled co-ordinately as
opposed to individual parts to make the best out of them in order to maximize efficiency and performance. Such a hybrid
solution will help to reduce the amount of energy loss, improve the stability of the system and boost the overall quality of
power.

It would be advisable that more research be done in the area of other aspects such as energy storage efficiency, cybersecurity
of smart grids and real-time optimization algorithms as a solution to the stability of the system even further. The fact that
researchers should consider the massive empirical studies and models that rely on simulations in order to demonstrate the
outcomes of research in terms of multiple environmental and operational conditions is also important.
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