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Background: The global integration of distributed renewable energy systems 

(DRES) is pivotal for achieving sustainability goals. However, the inherent 

intermittency and variability of sources like solar and wind challenge grid stability 

and efficiency. Power electronics, governed by sophisticated control strategies, are 

essential to mitigate these issues, yet their implementation faces significant 

barriers. 

Objective: This study aims to investigate the awareness, application, and 

perceived effectiveness of control strategies in DRES. It further seeks to identify 

the critical challenges hindering their adoption and explore the future role of 

emerging technologies in this domain. 

Methods: A quantitative research approach was employed, utilizing a structured 

online survey disseminated to 300 professionals in the renewable energy sector, 

including engineers, researchers, and academics. Data was collected on 

demographics, awareness, practical application, implementation challenges, and 

future prospects, and analyzed using descriptive statistics. 

Key Findings: The results indicate a high level of awareness (68.3% agreement) 

and strong consensus on the importance of control strategies for system stability 

and efficiency. Advanced algorithms (e.g., model predictive control) are viewed 

favorably over conventional methods. However, major implementation barriers 

were identified, including the high cost of advanced controllers (60% agreement), 

a lack of technical expertise (63% agreement), and regulatory challenges. 

Respondents expressed strong optimism (70% agreement) that emerging 

technologies like AI and IoT will transform future control strategies and accelerate 

the renewable energy transition. 

Conclusion: While the critical role of advanced control strategies is widely 

recognized, their potential is currently constrained by economic, technical, and 

regulatory hurdles. To unlock this potential, concerted efforts in research & 
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INTRODUCTION 

The increasing need of sustainable energy 

systems has placed renewable energy systems as 

an essential element of the energy mix across 

the world. The reliance on fossil fuels, which 

has been traditional in energy generation, has 

been questioned due to the issue of climate 

change, carbon emission, and the extinction of 

natural resources [1]. Solar photovoltaic, wind 

and small-scale hydro have been emerging as an 

attractive source of distributed renewable 

energy systems that have emerged as promising 

alternatives to the conventional energy models. 

These systems allow the generation of energy 

around the use point, minimization of losses 

during transmission and dec-centralization of 

the power systems [2]. However, the uncertainty 

and intermittency of a renewable source is a big 

challenge in terms of providing a stable efficient 

and reliable power supply. Power electronics are 

also at the centre of dealing with these 

challenges, and in this context, effective control 

strategies design and implementation has been 

of significant concern [3]. 

Power electronics are needed to connect the 

renewable energy sources to the electrical grid 

so that power is properly converted, regulated, 

and conditioned. Distributed systems which 

involve combining more than a single 

renewable source should be able to handle 

abrupt variations in the voltage, frequency and 

load demand using power electronics [4]. In the 

absence of strong control measures, the stability 

of renewable systems suffers, and this could 

bring about instability, damages of equipment, 

and ineffective use of energy [5]. Since the 

penetration of renewable is still growing, the 

study of the development of highly 

sophisticated control methodologies is now 

 

 

receiving much attention and thus it is a critical 

field of study as well as a practice. 

The importance of the control strategies is not 

only the stabilization of the distributed 

renewable energy systems but also the 

improvement of the efficiency in general. With 

the use of sophisticated control algorithms, 

operators are able to optimize converters and 

inverters, balance power flows and guarantee 

that the grid is compliant [6]. Even though they 

are still significant, traditional control 

techniques are usually incapable of handling 

the nonlinear and dynamic characteristics of 

renewable systems [7]. This has led to more 

advanced techniques, including model 

predictive control, fuzzy logic and adaptive 

strategies. These strategies enable the dynamism 

of the systems to adhere to the fluctuations in 

the availability of resources and the demand of 

the loads in order to integrate seamlessly into 

the existing power networks [8]. 

One more aspect of the control strategies in 

distributed renewable systems is connected with 

the fact that it allows to prolong the equipment 

life [9]. Power electronic equipment, e.g. 

converters, inverters, when exposed to unstable 

operating conditions are exposed to the effects 

of thermal stress and wear. With effective 

control systems, the pressure of equipment is 

minimized and hence the maintenance costs are 

reduced as well as making renewable projects 

more economically viable [10]. This renders 

renewable energy more appealing to the 

stakeholders such as governments, industries 

and consumers, as they are environmentally 

friendly as well as economically favorable. 

These advantages notwithstanding, there are 

still serious difficulties in the application of 
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control strategies. The high price of advanced 

controllers is considered to be one of the most 

urgent problems. Some enhanced algorithms 

demand faster processors, sophisticated 

hardware and advanced software, which 

becomes costly to implement on large scales so 

as to be applied in developing economies. The 

other difficulty is the shortage of qualified 

personnel to design, work on these systems, and 

their maintenance [11]. As a result of increased 

growth in the renewable industry, there is an 

increase in the workforce training and capacity- 

building needs. In addition, the concept of 

distributed renewable energy also adds to the 

technical and regulatory challenges in the form 

of introducing them into the existing grid 

infrastructure. The protocols, policy structures 

and compliance standards are not standardized 

in time with the technological advancements 

and tend to pose an impediment to the 

innovations that are present. 

These issues may be addressed using new 

technologies. Combining the concepts of 

artificial intelligence, machine learning, and 

Internet of Things platforms into the renewable 

energy systems is capable of transforming the 

control strategies [12]. Predictive maintenance 

technology and real time optimization and 

smart forecasting of the energy demand and 

supply are made possible by these technologies. 

Renewable energy systems would achieve higher 

efficiency, resilience, and adaptability using 

insights that are generated by AI and using 

more sophisticated power electronics [13]. The 

blockchain technology also currently being 

studied will be used in the decentralized system 

of managing energy, which will ensure the 

privacy and safety of distributed networks. 

The success of the global sustainability targets 

puts the burden of devising and enforcing the 

most effective control strategies. Since nations 

are keen on becoming carbon neutral and 

increasing the volume of renewable energy 

sources, the stability and reliability of the 

distributed systems become one of the high- 

priority concerns [14]. The control not only 

boosts the accomplishment of the system, but it 

has a direct influence on more than this i.e. 

energy security, affordability and accessibility. 

Academic, industry, and policymakers need to 

work together to address the current issues and 

make strides in implementing the newer 

methods of control [15]. 

The paper will make its contribution to this 

ongoing debate by articulating deliberations of 

awareness, application, challenges, and future 

outlook of the control mechanisms of power 

electronics in distributed renewable energy 

networks. To obtain the information about a 

number of various stakeholders, such as 

engineers, researchers, and practitioners, 

quantitative method will be applied. The 

research article gives a detailed picture of the 

prevailing situation and gives valuable 

information on the areas where research, policy 

intervention, and technological innovation 

should be developed further by looking at their 

reactions. The final objective is to make the 

control techniques more empowered with a 

view of coming up with more reliable, effective 

as well as sustainable energy future. 

 

Literature Review 

Importance of Control Strategies in 

Renewable Energy Systems 
Distributed renewable energy systems need 

control methods to be included in their 

operation. The variability of these systems is 

also inherent because of the varying resources 

such as the solar and wind [16]. Control 

equipments help stabilize voltage, frequency 

and power quality to enable renewable energy 

to be a dependable energy source to the grid. 

Moreover, they enable efficient use of energy 

available, and changes are not likely to affect 

efficiency and safety. 

 

Traditional Control Approaches 
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The traditional approaches to control 

renewable systems have been the proportional- 

integral-derivative (PID) controllers. These 

controllers are appreciated as they are simple 

and durable such that they present an 

economical solution to numerous applications 

[17]. Nevertheless, they do not have the 

elasticity to manage complicated nonlinear 

dynamics and abrupt fluctuations in renewable 

generation. Although they remain applicable in 

some situations, classic methodologies are not 

applicable with the modern large-scale 

distributed systems [18]. 

 

Advanced Control Techniques 
In an attempt to solve these dilemmas, superior 

methods have been devised. The benefit of 

model predictive control is that it provides 

predictive control and the system can be based 

on future predictions to achieve optimal 

performance [19]. In the same way, adaptive 

control techniques allow the systems to vary 

parameters in a dynamic fashion, and this 

allows them to respond to sudden variations in 

generation and load rapidly. The methods in 

artificial intelligence, such as fuzzy logic, neural 

networks, etc., offer additional possibilities of 

intelligent decision-making in uncertain 

conditions [20]. These sophisticated methods 

have been found to be better than the 

traditional methods, in particular in the 

management of complicated distributed 

networks. 

 

Enhancing Equipment Efficiency and 

Lifespan 
It will also be important to use the control 

strategies in order to lengthen the life time of 

the power electronic devices. As part of the core 

of the renewable system converters and 

inverters are exposed to serious thermal and 

electrical loads [21]. Inadequate control leads to 

a high level of wear and tear to raise the 

maintenance costs and impair  the  overall 

efficiency [22]. The high-tech solutions 

eliminate these stresses and the devices work 

under the best conditions. This also enhances 

the reliability in addition to the lowering of the 

overall ownership expenses of the renewable 

projects. 

 

Integration Challenges 
On this advantage, there are several difficulties 

that are involved in the application of advanced 

control measures. The first limitation is the 

exorbitant cost of the sophisticated form of 

controllers particularly in the emerging 

economies that have fewer resources. Another 

serious problem is the technical expertise 

because sophisticated techniques cannot be 

properly designed and operated without skilled 

specialists [23]. Additionally, used in 

combination with existing grid infrastructure, it 

introduces compatibility complexities, 

standardization and compliance. These issues 

constrain the size of advanced control solutions 

[24]. 

 

Role of Emerging Technologies 
There is an opportunity to control renewable 

energy systems with new opportunities provided 

by emerging technologies, including artificial 

intelligence, machine learning, and Internet of 

Things platforms [25]. AI and ML can develop 

a better forecasting precision, anticipate the 

malfunction of equipment and optimize real- 

time decision making [26]. IoT allows 

connectivity and exchange of data, allowing 

distributed systems to operate as smart grids 

[27]. Although blockchain technology is still in 

its early stages, it can be applied to decentralized 

management of energy, which improves 

transparency and trust. 

Future Prospects 
The future of the control strategies in the 

distributed renewable energy systems is bright. 

As more research and investment is done, more 

sophisticated means are likely to be cheaper and 
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more popular. Academia, industry, and 

policymakers will be of vital importance in the 

fight against integration. Moreover, as the world 

is becoming more and more in need of 

renewable energy, the significance of proper 

control would only rise [28]. As control 

strategies will be instrumental in ensuring the 

future of renewable energy by guaranteeing the 

stability of the system, improving its efficiency, 

and and helping sustainability objectives [29]. 

 

Objectives 

 To investigate the knowledge and awareness on 

control strategies on distributed renewable 

energy systems. 

 To examine how well the conventional and 

modern control measures can improve system 

performance. 

 To establish the key challenges and obstacles to 

control strategy implementation in various 

renewable applications. 

 To look into the future and the input of the 

emerging technologies to the development of 

the control strategies. 

Problem Statement 

The issues that triple integration of distributed 

renewable energy systems into existing power 

networks are the variability, intermittency and 

technical constraints. 

The backbone of such systems is power 

electronics, but unless proper control strategies 

are in place, stability, efficiency and reliability 

would be lost. Even though there are more 

sophisticated methods of control, they are not 

used due to high cost, absence of technical 

knowledge and regulatory factors. These are 

bottlenecks to the subject of renewable energy 

and development towards sustainability. There 

is the need to conduct a methodical exploration 

of the level of awareness, utilization, challenges, 

and prospects of the control strategies to make 

sure that the utilization of renewable energy 

sources is solidified and distributed power 

systems are sustainable in the long term. 

 

Methodology 

It is in this section that the research design, data 

gathering, and analytical tools used in the 

research are outlined to study the awareness, 

use, difficulties, and opportunities of control 

measures in distributed renewable energy 

systems. 

 

Research Design 
The adopted research study is a quantitative 

study in the form of a cross-sectional survey. 

This design was selected since there was a need 

of gathering a considerable amount of 

information with a diverse population of 

professionals in the area of renewable energy 

and power electronics in one case. This was 

done to obtain quantitative data that could be 

subjected to statistical inferences so as to get 

trends, correlations and perceptions. 

 

Data Collection 
The online questionnaire was used to collect 

primary data and this questionnaire was 

designed and forwarded to the necessary sample 

of professionals, including engineers, 

researchers, practitioners, and industry 

academics. The survey instrument was designed 

with 5 questions (1) Demographic Information, 

(2) Awareness and Knowledge of Control 

Strategies, (3) Application of Control Strategies, 

(4) Challenges in Implementation and (5) 

Future Prospects and Strategic Implications. 

The questionnaire employed a five-point Likert 

scale, ranging from "Strongly Disagree" to 

"Strongly Agree," to gauge respondents' 

attitudes and experiences. 

Sampling Technique and Participant Profile 

A purposive sampling technique was used to 

ensure that respondents possessed relevant 

expertise and experience in renewable energy 

systems and power electronics. The final sample 

consisted of 300 participants. As detailed in the 

Results section (Figures 1-3), the sample was 
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composed of 40% engineers, 20% researchers, 

16.7% industry professionals, 15% academics, 

and 8.3% students. In terms of experience, 

31.7% had 2–5 years, 26.7% had 6–10 years, 

23.3% had less than 2 years, and 18.3% had 

over 10 years of experience. The primary areas 

of work were Solar PV systems (38.3%), Wind 

energy systems (28.3%), Hybrid renewable 

projects (20.0%), and other sectors (13.4%). 

Data Analysis 
The collected data was processed and analyzed 

using statistical software. Descriptive statistics, 

including frequency distributions and 

percentages, were calculated for all survey items. 

The results were then synthesized and presented 

in a series of tables and figures to facilitate a 

clear and concise interpretation of the findings, 

which form the basis for the subsequent 

discussion and conclusions. 

 

Results & Discussions 

 

Fig 1: Professional Role 
 

The demographic analysis of respondents by 

professional role indicates a diverse and 

representative sample. As shown in Figure 1, 

engineers constituted the largest group (40.0%), 

followed by researchers (20.0%), industry 

professionals (16.7%), academics (15.0%), and 

students (8.3%). This distribution reflects 

strong participation from technically oriented 

professionals, ensuring that the data captures 

perspectives grounded in practical, research, 

and academic contexts. The dominance of 

engineers and researchers suggests that the 

findings are informed by individuals with 

substantial expertise and engagement in 

technological and research-driven 

environments, thereby enhancing the 

credibility and relevance of the study’s results. 
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Fig 2: Years of Experience 
 

The distribution of respondents by years of 

experience, as presented in Figure 2, shows a 

well-balanced representation across professional 

tenure levels. The largest group comprised 

individuals with 2–5 years of experience 

(31.7%), followed by those with 6–10 years 

(26.7%) and less than 2 years (23.3%). A smaller 

but significant portion of respondents had 

more than 10 years of experience (18.3%). This 

spread indicates that the sample includes both 

early-career and seasoned professionals, 

providing a comprehensive perspective that 

captures emerging trends as well as experienced 

insights relevant to the study’s focus. 

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7022


Policy Research Journal 
ISSN (E): 3006-7030 ISSN (P) : 3006-7022 Volume 3, Issue 10, 2025 

https://policyrj.com | Zia et al., 2025 | Page 319 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Primary Area of Work 
 

The analysis of respondents’ primary areas of 

work, as illustrated in Figure 3, reveals a strong 

concentration in renewable energy domains. 

Solar PV systems represent the largest focus 

area, engaging 38.3% of participants, followed 

by wind energy systems (28.3%) and hybrid 

renewable projects (20.0%). A smaller portion 

(13.4%) reported involvement in other related 

energy sectors. This distribution indicates that 

the majority of respondents are directly engaged 

in key renewable energy technologies, 

particularly solar and wind systems, which 

aligns closely with the study’s emphasis on 

advanced control strategies and power system 

stability. 

 

Table 1: Awareness and Knowledge of Control Strategies 

Question Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

I am familiar with different control strategies 

used in power electronic converters. 

20 

(6.7%) 

30 

(10%) 

45 

(15%) 

120 

(40%) 

85 

(28.3%) 

Control strategies play a vital role in ensuring 

system stability in distributed renewable 

systems. 

15 

(5%) 

25 

(8.3%) 

40 

(13.4%) 

125 

(41.7%) 

95 

(31.6%) 

The effectiveness of control strategies 

influences the efficiency of renewable energy 

systems. 

18  

(6%) 

32 

(10.7%) 

60 

(20%) 

115 

(38.3%) 

75  

(25%) 
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 Adequate training on control strategies is 

available in my organization/academic 

program. 

40  

(13.3%) 

55 

(18.4%) 

65 

(21.6%) 

90  

(30%) 

50 

(16.7%) 

 

 Research in advanced control strategies is 

critical for improving renewable energy 

integration. 

12  

(4%) 

25 

(8.3%) 

45 

(15%) 

130 

(43.3%) 

88 

(29.4%) 

 

 

The analysis of awareness and knowledge of 

control strategies indicates generally high levels 

of understanding and recognition of their 

importance among respondents. A substantial 

majority (68.3%) agreed or strongly agreed that 

they are familiar with different control strategies 

used in power electronic converters, reflecting a 

well-informed participant base. Similarly, 

73.3% acknowledged that control strategies 

play a vital role in ensuring system stability in 

distributed renewable systems, and 63.3% 

agreed that their effectiveness directly 

influences the efficiency of renewable energy 

systems. These findings underscore widespread 

technical awareness and appreciation for the 

role of control mechanisms in enhancing 

renewable system performance. 

 

Table 2: Application of Control Strategies 

However, perceptions regarding institutional or 

academic training opportunities were less 

favorable, with only 46.7% agreeing that 

adequate training is available, while 31.7% 

expressed disagreement or strong disagreement. 

This suggests a gap between theoretical 

awareness and practical exposure. 

Encouragingly, 72.7% of respondents agreed 

that ongoing research in advanced control 

strategies is essential for improving renewable 

energy integration, highlighting strong 

professional and academic support for 

continued innovation in this field. Overall, the 

results reveal a knowledgeable and research- 

oriented respondent base, though with clear 

indications of a need for expanded training and 

skill development programs to strengthen 

practical competency. 

 Question Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

 

 Voltage control strategies are effective in 

maintaining system reliability in distributed 

renewable systems. 

15  

(5%) 

35 

(11.7%) 

55 

(18.3%) 

120 

(40%) 

75  

(25%) 

 

 Frequency control strategies significantly 

enhance grid stability when integrating 

renewable energy. 

10  

(3.3%) 

28 

(9.4%) 

60 

(20%) 

125 

(41.7%) 

77 

(25.6%) 

 

 Current control methods are well-suited for 

managing variable energy inputs from 

renewable sources. 

20  

(6.7%) 

40 

(13.3%) 

70 

(23.3%) 

110 

(36.7%) 

60  

(20%) 

 

 Advanced control algorithms (e.g., model 

predictive control, adaptive control) provide 

better  performance   than  conventional 

methods. 

12  

(4%) 

30  

(10%) 

65 

(21.7%) 

115 

(38.3%) 

78  

(26%) 
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Implementation of control strategies improves 

the lifespan and efficiency of power electronic 

devices. 

18  

(6%) 

27  

(9%) 

50 

(16.7%) 

130 

(43.3%) 

75  

(25%) 

 

 

Results of Table 2 indicate that the respondents 

significantly agree on the practical value as well 

as the effectiveness of the control measures in 

the renewable energy systems. The majority of 

the respondents (65) said that they concurred or 

strongly concurred that voltage control 

measures can be applied to make the system 

reliable and it is necessary to emphasize that it 

is a key consideration in distributed renewable 

networks. Similarly 67.3% recognized 

frequency control strategies as a significant 

measure of enhancing grid stability and this is a 

pointer to general awareness of the need to 

apply such strategies when incorporating 

intermittent sources of energy such as solar and 

wind. 

Regarding the available control methods, 56.7 

per cent of the interviewees agreed that it fits 

well in controlling the control variable power 

inputs, but moderately (23.3) per cent were 

unconcerned about this, which is likely to show 

that real-life applicability problems, or lack of 

competence in the area, are in action. Those 

powerless on simpler control algorithms such as 

model predictive control and adaptive control, 

were extremely numerous (64.3) percent, and 

this demonstrates that people place a lot of 

confidence in the more recent and 

computationally motivated methods toward 

system performance optimization. Moreover, 

68.3% confirmed the fact that the sound 

control strategy implementation enhances the 

life and efficiency of power electronic 

equipment, and the fact that it leads to life and 

reliability of the system. 

On the whole, the results indicate that the 

sample population is knowledgeable and well 

researched on the subject of the significant 

effects of the control measures, particularly the 

voltage, frequency, and sophisticated 

algorithmic approaches, on the stability of 

renewable energy systems, their efficiency, and 

their durability. 

 

Table 3: Challenges in Implementing Control Strategies 

Question Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

High costs of advanced controllers limit 

their application in renewable energy 

systems. 

20  

(6.7%) 

38 

(12.6%) 

62 

(20.7%) 

110 

(36.7%) 

70 

(23.3%) 

Lack of technical expertise is a barrier to 

implementing advanced control strategies. 

18  

(6%) 

35 

(11.7%) 

58 

(19.3%) 

120 

(40%) 

69  

(23%) 

Integration of multiple renewable energy 

sources complicates control strategy design. 

25  

(8.3%) 

40 

(13.3%) 

55 

(18.4%) 

115 

(38.3%) 

65 

(21.7%) 

Limited standardization affects the 

widespread adoption of control strategies. 

22  

(7.4%) 

33  

(11%) 

60 

(20%) 

120 

(40%) 

65 

(21.6%) 
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Regulatory and policy challenges hinder 

the implementation of innovative control 

methods. 

30  

(10%) 

45  

(15%) 

55 

(18.3%) 

110 

(36.7%) 

60  

(20%) 

 

 

The Table 3 results indicate that many major 

barriers to the successful realization of the 

control strategies in the systems of renewable 

energy are broadly accepted by the respondents. 

The greatest issue found was the high prices of 

advanced controllers with 60 percent of the 

participants agreeing by strongly agreeing that 

financial constraint is a limiting factor in 

implementation. This brings out the economic 

obstacle that the industry and research 

institutions have to meet modern control 

technologies. 

Equally, according to the respondent survey 63 

percent of them concurred that lack of technical 

expertise is a strong road block to this meaning 

that more should be done in terms of 

professional training and capacity building 

programs to help in the integration of systems 

that are so advanced. Integration of various 

renewable energy sources was also considered a 

challenge by 60 per cent indicating that 

complexity of systems and compatibility 

challenges are a challenge when it comes to 

designing a single and efficient control systems. 

Moreover, 61.6% concurred that 

standardization is not ample as a hindrance to 

widespread adoption of control strategies with 

reference to the unavailability of universal 

guidelines and interoperability standards within 

the renewable technologies. Finally, 56.7% also 

admitted that regulatory and policy barriers are 

an impediment to the adoption of new control 

techniques, which can be seen as an impact of 

institutional and policy-level obstacles on 

technology. 

Overall, the results emphasize that while 

awareness and perceived importance of control 

strategies are high, their practical 

implementation is constrained by financial, 

technical, and regulatory limitations. 

Addressing these challenges through targeted 

investments, standardized frameworks, and skill 

development programs is crucial for optimizing 

the integration and effectiveness of advanced 

control systems in renewable energy 

applications. 

 

Table 4: Future Prospects and Strategic Implications 

Question Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

Emerging technologies (AI, IoT, machine 

learning) will transform control strategies in 

renewable energy systems. 

15  

(5%) 

25 

(8.3%) 

50 

(16.7%) 

120 

(40%) 

90  

(30%) 

Future control strategies should focus on 

enhancing flexibility and adaptability of 

distributed systems. 

12  

(4%) 

28 

(9.4%) 

55 

(18.3%) 

125 

(41.7%) 

80 

(26.6%) 

Effective control strategies can significantly 

accelerate the adoption of distributed 

renewable energy systems. 

10  

(3.3%) 

30  

(10%) 

45 

(15%) 

130 

(43.3%) 

85 

(28.4%) 

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7022


Policy Research Journal 
ISSN (E): 3006-7030 ISSN (P) : 3006-7022 Volume 3, Issue 10, 2025 

https://policyrj.com | Zia et al., 2025 | Page 323 

 

 

 

 There is a need for more collaborative 

research on control strategies between 

academia and industry. 

18  

(6%) 

32 

(10.7%) 

60 

(20%) 

120 

(40%) 

70 

(23.3%) 

 

 I am optimistic about the role of advanced 

control strategies in achieving global 

sustainability goals. 

8  

(2.7%) 

20 

(6.6%) 

50 

(16.7%) 

125 

(41.7%) 

97 

(32.3%) 

 

 

The results presented in Table 4 indicate a 

strong consensus among respondents regarding 

the promising future of advanced control 

strategies in renewable energy systems. A 

substantial 70% agreed or strongly agreed that 

emerging technologies such as AI, IoT, and 

machine learning will transform control 

strategies, highlighting confidence in digital 

innovation as a catalyst for system optimization 

and automation. Similarly, 68.3% supported 

the notion that future control strategies should 

prioritize flexibility and adaptability, reflecting 

awareness of the growing need for dynamic 

control frameworks capable of managing 

fluctuating renewable inputs and distributed 

networks. 

Moreover, 71.7% of respondents agreed that 

effective control strategies can accelerate the 

adoption of    distributed  renewable  energy 

systems, underscoring their pivotal role in 

improving operational reliability and scalability. 

The call for collaborative research between 

academia and industry, endorsed by 63.3%, 

emphasizes the importance of cross-sector 

partnerships  to bridge the gap   between 

theoretical  development   and  real-world 

implementation. Finally, a strong majority 

(74%) expressed optimism about the role of 

advanced control strategies in achieving global 

sustainability   goals, illustrating a  forward- 

looking perspective and recognition of their 

contribution to sustainable energy transitions. 

Overall, these findings reveal that professionals 

view advanced control strategies not only as 

technical solutions but also as strategic enablers 

for a sustainable and resilient energy future. 

Respondents anticipate that emerging 

intelligent technologies, collaborative 

innovation, and adaptive system design will 

define the next phase of renewable energy 

control evolution. 

 

Discussion 
The findings of this study paint a 

comprehensive picture of the current landscape 

of control strategies in distributed renewable 

energy systems, highlighting a strong consensus 

on their importance alongside significant 

implementation barriers. The high levels of 

awareness and knowledge among respondents 

(Table 1), particularly from a technically skilled 

cohort, underscore that the value of advanced 

control is well-understood within the industry. 

This theoretical appreciation, however, 

contrasts with the practical challenges 

identified. 

The strong endorsement of advanced control 

algorithms like Model Predictive Control 

(MPC) and adaptive control (Table 2) confirms 

the literature's assertion that these methods are 

superior to traditional PID controllers for 

managing the nonlinearity and intermittency of 

renewables [7, 19]. Respondents clearly linked 

these strategies to enhanced system reliability, 

grid stability, and improved equipment 

lifespan, validating the technical advantages 

discussed in the literature review [9, 21]. This 

positions advanced control not merely as a 

technical tool but as a critical enabler for the 

economic viability of renewable projects by 
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reducing maintenance costs and extending asset 

life. 

However, the path to widespread adoption is 

fraught with obstacles, as detailed in Table 3. 

The most prominent barriers—high costs and a 

lack of technical expertise—create a significant 

implementation gap, especially in developing 

economies. This expertise shortage is further 

evidenced by the reported inadequacy of 

available training within organizations and 

academic programs. Furthermore, the 

challenges of integrating multiple renewable 

sources and the lack of standardization point to 

a systemic issue. Without unified protocols and 

interoperable frameworks, the seamless 

integration of diverse systems into a stable grid 

remains complex and costly [23, 24]. 

Looking forward, the overwhelming optimism 

regarding emerging technologies like AI and 

IoT (Table 4) signals a clear direction for future 

research and development. These technologies 

are perceived as transformative forces capable of 

delivering the predictive maintenance, real-time 

optimization, and smart forecasting needed for 

next-generation grids [12, 25]. The strong call 

for academia-industry collaboration is 

particularly crucial, as it is the primary 

mechanism for translating sophisticated 

theoretical models into robust, field-ready 

solutions that address the cited cost and 

complexity challenges. Ultimately, the study 

confirms that overcoming these financial, 

technical, and regulatory hurdles through 

collaborative innovation, targeted training, and 

supportive policies is imperative to fully 

leverage control strategies for a sustainable and 

resilient energy future. 

 

Conclusion and Recommendations 

The paper gives the significance of the control 

strategies within the distributed renewable 

energy systems which are critical in stabilizing 

operations, enhancement of efficiency and 

sustainability  over  the  long  run.  The 

professionals have been discovered to have 

immense knowledge of the significance of the 

control strategies particularly in controlling the 

variability and intermittency questions. Such 

advanced control techniques as adaptive 

control and model predictive control have been 

discovered to be the most appropriate in 

comparison to the conventional ones, 

demonstrating the fact that they may be 

effective in controlling the complex renewable 

systems. In addition, the feedbacks show that 

appropriate control will positively affect the life 

of equipment as well as the maintenance and 

total system reliability costs. 

Despite these positive results, according to the 

research, problematic issues remain. The high 

implementation cost mainly affecting the 

developing economies is another barrier as yet 

to be overcome since not many investments are 

made in the advanced controllers. The other 

weakness is technical expertise, in which, most 

organizations lack well trained professionals to 

design and maintain advanced systems. Issues 

associated with interconnection with existing 

infrastructures in the grid and regulation issues 

are also obstacles to the general adoption of 

novel control methodologies. The results give 

the indication of the importance of specific 

actions to address the difficulties and open the 

potential of renewable energy systems. 

The findings of this paper have led to the 

recommendations that more work needs to be 

put in the research and development in order 

to make more advanced control methods more 

affordable and efficient. The solution to the 

dilemma of shortage of technical skills ought to 

be channeled towards governments and 

organizations that incur in capacity-building 

courses and training. The policymakers should 

also come up with similar laws that will enhance 

easy integration of distributed renewable 

systems in the power networks that are already 

in place. Industry, government, and academia 

have to work together in generating innovation 
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besides finding solutions to problems at systems 

level. 

The future of controlling the strategies is 

through the emergent technologies. Machine 

learning, artificial intelligence, and IoT are such 

spheres that may play a significant role in 

enhancing the predictive capacity and the 

system real-time decision-making and 

optimization. The renewable systems will be 

incorporated into the telecommunication 

technologies in an effort to achieve optimal 

performance and strength. Also, such 

decentralized networking systems like 

blockchain could contribute to the 

introduction of the transparency and trust to 

the distributed energy management. 

Finally, the control strategies are not only just 

technical processes but they equally are 

significant enablers to energy transition to 

renewable energy. Distributed renewable energy 

systems may be regarded as more effective, 

reliable, sustainable since the current issues can 

be solved with the help of innovation, training 

and policy assistance. This will accelerate the 

transition to clean energy process in the world 

and help to make the energy future a safer place. 
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