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1. INTRODUCTION

India is positioned to take the lead globally in the switch to renewable energy sources (RESS),
having set high goals and made significant strides in this area. With particular attention on the states of
Rajasthan and Gujarat, the future of renewable energy in India is bright. Rajasthan [1], a state well known for
its lofty goals, hopes to have an astounding 90 GW of renewable energy capacity by 2030. The state would
have to surpass the record-breaking 2022 installations by adding 8.6 GW of RESs capacity annually for the
next eight years to fulfill this goal [2]. Rajasthan demonstrated its commitment to sustainable power
generation by exceeding its 2022 target and reaching 21 GW of RESs capacity by the end of 2022. Another
Indian state, Gujarat, has set a lofty goal to attain 61 GW of RESs capacity by 2030, which is roughly two-
thirds of Rajasthan’s plan. Gujarat would need to add 5.4 GW of RESs capacity yearly to do this [3]. Gujarat
has a good chance of achieving its 2030 target if it takes inspiration from Rajasthan’s achievements in solar
acceleration. Gujarat’s RESs capacity exceeded its 2022 target, reaching 18.6 GW by the end of 2022 [4].
These accomplishments demonstrate India’s unwavering commitment to RESs and its capacity to spearhead
worldwide efforts towards the production of sustainable electricity.

This study explores data-driven optimization techniques within the framework of India’s transition
to renewable energy. By utilizing data analytics and machine learning [5], the research investigates how solar
and wind energy affect India’s energy environment. The operational efficiency of solar and wind energy
sources is examined, and the capacity utilization factor (CUF) for each is examined in detail [6]. The
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objective is to maximize energy output by using data-driven forecasting algorithms to estimate the generation
of solar and wind energy. Furthermore, the research assesses how weather patterns affect energy production
and develops methods for producing energy with greater efficiency. The country’s dedication to attaining a
greener and more sustainable energy landscape is demonstrated by India’s impressive advancements in
renewable energy, as demonstrated by the states of Rajasthan and Gujarat.

2. LITERATURE REVIEW

The increased awareness of environmental issues and the pressing need to cut greenhouse gas
emissions is driving up demand for sustainable energy solutions worldwide. To achieve their renewable
energy targets, countries all over the world are setting out on ambitious journeys that will firmly establish the
dominance of renewable sources in sustainable electricity generation [7]. The global transition to renewable
energy is being propelled by environmental consciousness, technological breakthroughs, and shifting
economic environments [8]. By 2026, it is predicted that the capacity of renewable energy sources will have
increased by 80% globally, with solar and wind power leading the way. By 2024, 30% of the world’s
electricity will come from renewable sources, according to the international energy agency (IEA). India is
generating a lot of renewable energy, and many regions are contributing significantly to this achievement.
To combat climate change and provide a more environmentally friendly future for all, this move towards
renewable energy is essential [9].

2.1. Global perspectives on renewable energy growth

The world’s demand for sustainable energy solutions is gathering speed as a result of growing
environmental awareness and the urgent need to reduce greenhouse gas emissions. To reach their renewable
energy targets, nations all over the world have set out on audacious adventures that have solidified the
dominance of renewable sources in the landscape of sustainable power generation [10]. Growing
environmental consciousness, technological improvements, and shifting economic landscapes are just a few
of the elements driving the global shift toward renewable energy [11]. These changes have the potential to
significantly alter how energy is produced and consumed worldwide in the future, in addition to
demonstrating a commitment on the part of nations to combat climate change [12].

2.2. Renewable energy generation across India’s regions

Except for major hydro projects, India’s overall renewable energy generation reached 36,936.82
million units (MU) in June 2023. With RESs like wind and solar contributing significantly generating
11,557.77 MU and 9,607.58 MU, respectively the data shows tremendous growth compared to June 2022.
The year-over-year rise in these sources is 116.32% and 119.05%, respectively. Though in smaller amounts,
biomass and tiny hydro-energy sources were also crucial. Remarkably, in June 2023, the large hydro category
demonstrated consistent generation at 13,946.11 MU.

2.3. The dominance of solar and wind energy in India

India has started a revolutionary path toward the adoption of RESs in response to its rapidly
expanding economy and rising energy demands. India’s pursuit of sustainable energy solutions stems from
the necessity to address its growing energy needs while also reducing the environmental damage caused by
conventional energy sources [13]. This section provides a thorough summary of how India’s renewable
energy environment is changing, outlining the goals and regulations that have sparked a rapid increase in the
use of renewable energy.

India’s wind energy industry is in a unique position to take advantage of its enormous export
potential and solve internal issues at this crucial juncture. With the potential to surpass 26 GW in an
accelerated growth scenario, the nation has set lofty goals, hoping to build about 22 GW of wind energy
capacity over the next five years. The federal and state markets’ rising demand as well as the commercial and
industrial consumers’ growing desire for clean energy are the main drivers of this increase [14]. India is a
highly desirable location for the development of a global supply chain center due to its important geopolitical
position and size, provided that the industry’s competitiveness is increased [15]. Although the Indian
government wants to attain 140 GW of cumulative installed wind energy capacity by 2030, it would be more
realistic, according to analysts, to reach about 100 GW by the end of the decade. Proactive policy assistance
and strategic industry actions will be essential to closing this gap.

The Indian wind energy industry is dynamic and ever-changing, as seen by the combination of
growing domestic demand, increasing tender awards, and investigation of new wind energy pathways.
According to the India Wind Energy Market Outlook 2023-2027, one of the main goals is to match the
market’s demand trajectory with predetermined goals. This entails making sure that renewable purchase
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obligations (RPOs) are met and providing strong support for the commercial and industrial (C&I) segment.
Free trade agreements (FTAs) and other international trade agreements are also essential for gaining
competitive access to vital raw materials and state-of-the-art wind technologies [16], which will boost India’s
competitiveness internationally and draw capital into the wind energy industry.

As leaders in India’s renewable energy revolution, the states of Gujarat and Rajasthan have set high
goals that greatly advance the country’s overall renewable energy objectives. Rajasthan plans to beat current
installation records by adding 8.6 GW of capacity yearly for the following eight years, in line with its
ambitious goal of reaching 90 GW of renewable energy capacity by 2030. Rajasthan surpassed its 2022
objective in 2022, having already reached a renewable energy capacity of 21 GW. Gujarat also wants to
install 5.4 GW of renewable power per year, with a target of 61 GW by 2030. Gujarat accomplished a
spectacular feat by exceeding its 2022 objective and reaching a total renewable energy capacity of 18.6 GW
by the end of 2022, building on Rajasthan’s success with solar acceleration [17]. These outstanding
accomplishments in Gujarat and Rajasthan show how India can lead the world in utilizing clean energy and
provide a blueprint for realizing the full potential of wind and solar energy. India is positioned to lead the
globe in advancing clean and sustainable power generation through the unleashing of solar and wind energy,
especially with its position as the G20 chair in 2023.

3. METHOD

Renewable energy is essential for addressing environmental concerns and achieving long-term
energy generation. The work presented here presents a detailed methodology for assessing and optimizing
two significant renewable energy sources, solar and wind [18]. Using historical data and machine learning
techniques, this methodology includes a systematic approach to analyzing the performance and efficiency of
these energy sources. The study begins by loading historical energy and meteorological data, simulating the
collection of essential data for analysis [18]. It goes through a series of analytical procedures, starting with
computing the CUF for both energy sources, which measures the efficiency of energy generation concerning
installed capacity.

After that, the methodology compares the CUF values of these sources over time to determine how
effective they are and to identify any trends in their performance [19]. The impact of meteorological
conditions is then taken into account when training machine learning models to forecast energy generation.
Based on the relationship found between weather characteristics and energy generation, recommendations are
given, and additional optimization measures that are specifically designed to increase energy efficiency are
also advised. Which energy source performs better is determined by comparative analysis, and the outcomes
are clearly illustrated through graphic aids. In addition to measuring energy source efficiency [20], this all-
inclusive method offers stakeholders in the renewable energy sector insightful information that can be used to
improve sustainability and generation.

Except for major hydro projects, India’s overall generation of renewable energy reached an
astounding 36,936.82 MU in June 2023. With renewable energy sources like wind and solar contributing
significantly—generating 11,557.77 MU and 9,607.58 MU, respectively—the data shows tremendous growth
compared to June 2022. The year-over-year rise in these sources is 116.32% and 119.05%, respectively.
Though in smaller amounts, biomass and tiny hydro energy sources were also crucial. Remarkably, in June
2023, the large hydro category demonstrated consistent generation at 13,946.11 MU. India’s progress
towards sustainable energy targets is demonstrated by the cumulative generation of renewable energy, which
showed an impressive 100.70% achievement between April 2023 and June 2023 compared to the same
months the previous year [21]. The block diagram of the proposed code regions is depicted in Figure 1.

3.1. Load historical and weather data

This initial step involves loading historical energy generation and installed capacity data from
available sources into a data frame. The data includes information for different years. In this step, historical
weather data is gathered, including average solar irradiance and wind speed, and organized into a data frame.
This data is essential for understanding the weather conditions that affect energy generation. The next step
involves calculating the CUF for both solar and wind energy sources. It assesses the efficiency of energy
generation based on changes in CUF over time.

3.2. Train solar model and generate forecasts and train wind model and generate forecasts

This initially merges historical energy data with historical weather data using the ‘Year’ column.
Prepare input features (average solar irradiance and wind speed) and the target variable (solar generation).
Split the data into training and testing sets. Train a machine learning model for solar energy forecasts using
the training data. Generate solar energy generation forecasts for future weather data. Merge historical energy
data with historical weather data using the “Year’ column. Prepare input features (average solar irradiance
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and wind speed) and the target variable (wind generation). Split the data into training and testing sets. Train a
machine learning model for wind energy forecasts using the training data. Generate wind energy generation
forecasts for future weather data.

3.3. Visualizing data and analysis

Merge historical energy data with historical weather data using the “Year’ column. Calculate the
correlation between solar energy generation and average solar irradiance. Calculate the correlation between
wind energy generation and average wind speed. Create an empty list to store recommendations. If the
correlation between solar energy and solar irradiance is greater than 0.7, add a recommendation for solar
energy. If the correlation between wind energy and wind speed is greater than 0.7, add a recommendation for
wind energy. India visualizes data, comparative analysis, and main function. In this final step, various
visualizations are created, including plots for CUF and efficiency change over time. The data frame with
energy and weather data is displayed, and recommendations are printed. The main program orchestrates the
entire workflow by calling each step-in sequence. It loads historical data and weather data, calculates CUF
and efficiency, trains models, generates forecasts, calculates factors, provides recommendations, and
visualizes the results.

LOAD HISTORICAL CALCULATE CUF

ENERGY AND AND EFFICIENCY
WHETHER DATA

GENERATE SOLAR TRAIN SOLAR

AND WIND ENERGY AND
FORECASTS WIND MODELS
CALCULATE | 1

VISUALIZE DATA

FACTORS AND AND ANALYSIS

| RECOMMENDATIONS |

-

Figure 1. Sequential flow of functions

4. RESULTS AND DISCUSSION

In India, the quest for ecologically friendly and sustainable electricity generation is heavily reliant
on renewable energy. Solar and wind energy have become two of the most significant contributions to India’s
clean energy transition among the numerous renewable sources [14]. The performance analysis and optimal
use of these two plentiful resources are the main goals of the Python code that is provided here. It is
organized into seven main processes, the first of which is gathering and analyzing historical data on solar and
wind energy. The objective of this data-driven approach is to increase the efficiency of these energy sources
by comprehending and optimizing their CUF [14]. Additionally, the code makes use of machine learning
models to estimate energy generation and generate projections for upcoming years [6]. With the help of these
projections, interested parties can decide how best to utilize solar and wind energy’s potential for India’s
transition to a more sustainable energy source. Ultimately, the code presented in Figure 1 facilitates India’s
transition to a cleaner and more sustainable energy landscape.

4.1. Observation table

The information given shows how India’s renewable energy generation and infrastructure have
changed over nine years, from the fiscal year 2014-2015 to 2022-2023. The installed solar power capacity
and associated energy generation are shown in Table 1. It illustrates the solar energy industry’s phenomenal
rise in India, whose installed capacity increased from 3,744 MW in 2014-2015 to an astounding 66,781 MW
in 2022-2023. This growth is reflected in the energy generation, which increased from 4.60 TWh to a
remarkable 102.01 TWh, underscoring the significant role that solar power plays in India’s energy balance.

A comparable overview of the wind power industry is given in Table 1, which also shows the rise in
installed wind power capacity and energy production. Indicating the country’s dedication to using wind
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energy, India’s wind power capacity increased from 23,447 MW to 42,633 MW over that time. With a
notable increase in energy generation from 28,214 GWh to 71,814 GWh, wind energy’s significance in
India’s renewable energy landscape is highlighted. Table 2 provides historical meteorological data for solar
and wind for the years 2020, 2021, and 2022 to help you better understand the trends in energy generation.
It sheds light on the average solar irradiance and wind speeds throughout this time, two critical variables
affecting the production of energy [22] shows in Table 3. These numbers support a comprehensive
understanding of India’s RESs, facilitating more effective use and long-term planning for sustainable energy.
The analysis sheds light on India’s advancements in wind and solar energy optimization is shown in Table 4.
Figure 2 depicts the CUF over time in Figure 2(a) and efficiency change over time in Figure 2(b).

Table 1. Installed solar and wind power capacity and generation in India

S. No. Financial Solar installed Solar generation Wind installed Wind generation

year capacity (MW) (TWh) capacity (MW) (GWh)
1 2014-2015 23,447 28,214 23,447 28,214
2 2015-2016 26,777 28,604 26,777 28,604
3 2016-2017 32,280 46,011 32,280 46,011
4 2017-2018 34,046 52,666 34,046 52,666
5 2018-2019 35,626 62,036 35,626 62,036
6 2019-2020 37,669 64,485 37,669 64,485
7 2020-2021 38,785 59,824 38,785 59,824
8 2021-2022 40,355 68,640 40,355 68,640
9 2022-2023 42,633 71,814 42,633 71,814

Table 2. Historical weather data for solar and wind
S.No. Financial year  Average solar irradiance (W/m?)  Average wind speed (m/s)
1 2020-2022 1,200-2,300 4-9

Table 3. Projected future weather data
S.No.  Financial year  Average solar irradiance (W/m2)  Average wind speed (m/s)
1 2020-2022 1,300-2,400 4-8

Table 4. Solar and wind energy performance metrics

S. No. Solar Solar Solar energy generation Wind CUF Wind Wind energy generation
CUF efficiency forecast (TWH) efficiency forecast (GWH)
1 17.2009 0 79.7566 17.6079 0 69338.3
2 14.7287 -14.3726 87.1744 19.4167 10.2728 70163.5
3 17.4376 18.3919 94.5922 19.2291 -0.966233 70988.8
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Figure 2. Capacity of (a) CUF over time and (b) efficiency change over time
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India’s capacity to produce renewable energy has increased significantly in recent years.
Remarkably, installed solar power capacity has increased to 66,781 MW in the fiscal year 20222023,
translating to an astounding 102.01 TWh of energy generation [23], [24]. India’s clean energy aspirations
will be greatly aided by this rise in solar capacity, which is complemented by greater electricity generation.

4.2. Discussion

Recommendation for wind energy is to optimize wind farm locations to capture high wind speed
areas. The optimization strategy for solar energy is to invest in tracking solar panels to follow the sun’s path
and maximize irradiance capture. The optimization strategy for wind energy is to conduct wind resource
assessments to identify optimal wind farm sites with consistently high wind speeds. India’s wind energy
industry has advanced significantly at the same time. With a significant energy generation of 71,814 GWh,
the installed wind power capacity has increased gradually, reaching 42,633 MW in 2022-2023. It also means
that wind energy is now more effectively harnessed, which will increase its share of India’s sustainable
energy mix. The result of efforts to maximize the use of these RESs. The advice proposes purchasing
tracking solar panels to maximize irradiance capture in order to further improve solar energy generation.
The suggestion for wind energy highlights the necessity of optimizing wind farm locations [25], particularly
in regions with consistently strong wind speeds. Improved solar and wind energy performance in India is
contingent upon the use of these optimization technologies. Although each kind of energy has advantages of
its own, the data shows that wind energy is outperforming solar energy in terms of CUF [26].

This emphasizes how crucial it is to carefully utilize wind resources in addition to steadily
increasing solar capacity in order to establish a renewable energy landscape that is both optimal and
sustainable in India. Adopting these tactics and making the most of India’s plentiful solar and wind resources
will help the country move closer to a more environmentally friendly and energy-efficient future [27], [28].
With energy generation projections of 79.76 TWH and 87.17 TWH, and solar efficiency statistics of 0% and
-14.37% from Table 4, the solar energy metrics for the years 2023 and 2024 show CUF values of 17.20% and
14.73%. In the meantime, wind energy showed wind CUF values of 17.61% and 19.42%, predicting energy
output of 69.34 GWH and 70.16 GWH for the corresponding years [29], [30], as well as data on wind
efficiency from Figure 2 of 0% and 10.27% from Table 4. These measurements are essential for emphasizing
India’s changing energy landscape and optimizing policies involving renewable energy.

5. CONCLUSION

This study highlights India’s notable advancements in the field of renewable energy, primarily
concentrating on wind and solar energy. The nation’s unwavering commitment to shifting to cleaner and
more sustainable energy sources is demonstrated by the impressive growth in solar capacity, which increased
from 3,744 MW in 2014-2015 to an astounding 66,781 MW in 2022-2023. Additionally, the significant
growth in wind energy capacity, which increased from 23,447 MW to 42,633 MW in the same period, also
shows this commitment. This study provides important insights for improving these renewable energy
systems using a thorough data-driven methodology that includes CUF analysis and machine learning-based
forecasts. Additionally, the comparison research shows that wind energy now performs better in terms of
CUF than solar energy, highlighting the necessity of allocating resources strategically. India is establishing
itself as a leader in the clean energy revolution as it keeps building out its infrastructure for renewable
energy, which is essential to the world’s shift towards a cleaner and more sustainable energy landscape.

ACKNOWLEDGEMENTS
This research work was supported by “Woosong University’s Academic Research Funding - 2025”.

FUNDING INFORMATION
This research work was supported by “Woosong University’s Academic Research Funding - 2025”.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Int J Inf & Commun Technol, Vol. 15, No. 1, March 2026: 365-373



Int J Inf & Commun Technol ISSN: 2252-8776 a 371
Name of Author C M So Va Fo | R D O E Vi Su P Fu
Debani Prasad Mishra v v v v v v v v v v v Y
Sarita Samal v v v v v v
Rohit Kumar v v v v v v v v v v v
Arun Kumar Sahoo v v v v v v v v v
Surender Reddy v v v v v v v v v v v v
Salkuti
C : Conceptualization I . Investigation Vi : Visualization
M : Methodology R : Resources Su : Supervision
So : Software D : Data Curation P : Project administration
Va : Validation O : writing - Original Draft Fu : Funding acquisition
Fo : Formal analysis E : writing - Review & Editing

CONFLICT OF INTEREST STATEMENT

Authors state no conflict of interest.

INFORMED CONSENT

Not applicable - this study did not involve human participants requiring informed consent.

ETHICAL APPROVAL

Not applicable - this study did not involve human participants or animals.

DATA AVAILABILITY

Data availability does not apply to this article as no new data were created or analyzed in this study.

REFERENCES

[1]

[2]
31
[4]

[5]

(6]

[71

(8]

[0
[10]

[11]

[12]

[13]

B. Shyam and P. Kanakasabapathy, “Renewable energy utilization in India — policies, opportunities and challenges,” in 2017
International Conference on Technological Advancements in Power and Energy (TAP Energy), Dec. 2017, pp. 1-6,
doi: 10.1109/TAPENERGY.2017.8397311.

S. Dhiman and A. K. Dhaiya, “India’s renewable energy progress,” in India International Conference on Power Electronics,
IICPE, Nov. 2016, vol. 2016-November, pp. 1-6, doi: 10.1109/IICPE.2016.8079365.

P. A. Ostergaard, R. M. Johannsen, and N. Duic, “Sustainable development using renewable energy systems,” International
Journal of Sustainable Energy Planning and Management (IJSEPM), vol. 29, pp. 1-6, 2020, doi: 10.5278/ijsepm.4302.

M. Mamoon and A. Jain, “Estimation of energy demand and sustainable source for India & study of renewable energy though
machine learning,” in 2022 International Conference on Smart and Sustainable Technologies in Energy and Power Sectors
(SSTEPS), Nov. 2022, pp. 198-203, doi: 10.1109/SSTEPS57475.2022.00058.

D. Renga and M. Meo, “Modeling renewable energy production for base stations power supply,” in 2016 IEEE International
Conference  on  Smart Grid Communications  (SmartGridComm),  Nov. 2016, pp. 716-722, doi:
10.1109/SmartGridComm.2016.7778846.

M. Jayyousi, A. Diabat, and H. Ghedira, “Optimization of the deployment of utility scale solar plants,” in 2013 1st International
Conference & Exhibition on the Applications of Information Technology to Renewable Energy Processes and Systems, May 2013,
pp. 73-76, doi: 10.1109/1T-DREPS.2013.6588154.

W. Jinfeng, Y. Chunxiu, L. Fang, M. Xufei, W. Jiangbo, and L. Junhui, “The development and utilization of new clean energy,”
in 2016 IEEE International Conference on Power and Renewable Energy (ICPRE), Oct. 2016, pp. 639-643, doi:
10.1109/ICPRE.2016.7871156.

K. Anoune, M. Bouya, M. Ghazouani, A. Astito, and A. Ben Abdellah, “Hybrid renewable energy system to maximize the
electrical power production,” in 2016 International Renewable and Sustainable Energy Conference (IRSEC), Nov. 2016,
pp. 533-539, doi: 10.1109/IRSEC.2016.7983992.

H. Lund, “Renewable energy strategies for sustainable development,” Energy, vol. 32, no. 6, pp. 912-919, Jun. 2007,
doi: 10.1016/j.energy.2006.10.017.

N. M. Swarnkar and L. Gidwani, “Economic and financial assessment of integrated solar and wind energy system in Rajasthan,
India,” in 2017 International Conference on Computation of Power, Energy Information and Commuincation (ICCPEIC),
Mar. 2017, pp. 471-476, doi: 10.1109/ICCPEIC.2017.8290413.

H. A. Melo and C. Heinrich, “Energy balance in a renewable energy community,” in 2011 10th International Conference on
Environment and Electrical Engineering, May 2011, pp. 1-4, doi: 10.1109/EEEIC.2011.5874862.

T. Kesavan, S. Sheebarani, V. Gomathy, R. Kavin, and S. Sivaranjani, “Renewable energy based on energy conservation and
crossover system,” in 2020 6th International Conference on Advanced Computing and Communication Systems (ICACCS),
Mar. 2020, pp. 155-157, doi: 10.1109/ICACCS48705.2020.9074157.

A. Kumar, T. Singh, and D. Khurana, “Energy optimization in wireless communication network through renewable energy
sources (RES),” in 2012 IEEE 5th India International Conference on Power Electronics (IICPE), Dec. 2012, pp. 1-5,
doi: 10.1109/1ICPE.2012.6450466.

Renewable energy optimization for sustainable power generation (Debani Prasad Mishra)



372

m} ISSN: 2252-8776

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]
[26]
[27]
[28]
[29]

[30]

T. Pamuklu and C. Ersoy, “Optimization of renewable green base station deployment,” in 2013 IEEE International Conference on
Green Computing and Communications and |IEEE Internet of Things and IEEE Cyber, Physical and Social Computing,
Aug. 2013, pp. 59-63, doi: 10.1109/GreenCom-iThings-CPSCom.2013.35.

A. Mardani, A. Jusoh, E. Zavadskas, F. Cavallaro, and Z. Khalifah, “Sustainable and renewable energy: an overview of the
application of multiple criteria decision making techniques and approaches,” Sustainability, vol. 7, no. 10, pp. 13947-13984,
Oct. 2015, doi: 10.3390/5u71013947.

X. Yang, Y. Song, G. Wang, and W. Wang, “A comprehensive review on the development of sustainable energy strategy and
implementation in China,” IEEE Transactions on Sustainable Energy, vol. 1, no. 2, pp. 57-65, Jul. 2010, doi:
10.1109/TSTE.2010.2051464.

1. Sharma, A. Kumar, and P. Lindgren, “Environmental management for sustainable development (Denmark),” in 2019 22nd
International Symposium on Wireless Personal Multimedia Communications (WPMC), Nov. 2019, pp. 1-5, doi:
10.1109/WPMC48795.2019.9096111.

W. Doorsamy and W. A. Cronje, “Sustainability of decentralized renewable energy systems in Sub-Saharan Africa,” in 2015
International Conference on Renewable Energy Research and Applications (ICRERA), Nov. 2015, pp. 644-648, doi:
10.1109/ICRERA.2015.7418491.

R. K. Yadav, P. N. Hrisheekesha, and V. S. Bhadoria, “Grey wolf optimization based demand side management in solar PV
integrated smart grid environment,” IEEE Access, vol. 11, pp. 11827-11839, 2023, doi: 10.1109/ACCESS.2023.3241856.

A. Y. Saber and G. K. Venayagamoorthy, “Efficient utilization of renewable energy sources by gridable vehicles in cyber-
physical energy systems,” IEEE Systems Journal, vol. 4, no. 3, pp. 285-294, Sep. 2010, doi: 10.1109/JSYST.2010.2059212.

Z. Tomsic, 1. Rajsl, P. Illak, and M. Filipovic, “Optimizing integration of the new RES generation and electrical energy storage in
a power system: case study of Croatia,” in 2017 52nd International Universities Power Engineering Conference (UPEC),
Aug. 2017, pp. 1-6, doi: 10.1109/UPEC.2017.8232025.

K. A. Dotche, A. Akim Salami, K. M. Kodjo, F. Sekyere, and K.-S. Bedja, “Artificial neural network approach for the integration
of renewable energy in telecommunication systems,” in 2019 IEEE PES/IAS PowerAfrica, Aug. 2019, pp. 279-284,
doi: 10.1109/PowerAfrica.2019.8928774.

B. Feng, H. Yang, Q. Yang, T. Ding, and H. Zang, “Multi-period stochastic economic dispatch of microgrid considering
renewable energy uncertainty using parallel algorithm,” in 2019 IEEE Innovative Smart Grid Technologies - Asia (ISGT Asia),
May 2019, pp. 3185-3189, doi: 10.1109/ISGT-Asia.2019.8881111.

M. Vafaeipour et al., “Energy management strategy optimization for application of an electrical variable transmission system in a
hybrid electric city bus,” in 2020 15th International Conference on Ecological Vehicles and Renewable Energies, EVER 2020,
Sep. 2020, pp. 1-8, doi: 10.1109/EVER48776.2020.9242968.

H. Shin and J. Hur, “Optimal energy storage sizing with battery augmentation for renewable-plus-storage power plants,”
IEEE Access, vol. 8, pp. 187730-187743, 2020, doi: 10.1109/ACCESS.2020.3031197.

V. Casagrande, 1. Prodan, S. K. Spurgeon, and F. Boem, “Resilient microgrid energy management algorithm based on distributed
optimization,” IEEE Systems Journal, vol. 17, no. 2, pp. 2791-2802, Jun. 2023, doi: 10.1109/JSYST.2022.3216205.

S. R. Salkuti, “Emerging and advanced green energy technologies for sustainable and resilient future grid,” Energies, vol. 15,
no. 18, p. 6667, Sep. 2022, doi: 10.3390/en15186667.

S. R. Salkuti, “Advanced technologies for energy storage and electric vehicles,” Energies, vol. 16, no. 5, p. 2312, Feb. 2023,
doi: 10.3390/en16052312.

K. T. Akindeji, “Optimization of hybrid power system for cost minimization: case study of a university library,” in 2023 31st Southern
African Universities Power Engineering Conference (SAUPEC), Jan. 2023, pp. 1-6, doi: 10.1109/saupec57889.2023.10057819.

F. Ye, Y. Qian, and R. Q. Hu, “Energy efficient self-sustaining wireless neighborhood area network design for smart grid,”
IEEE Transactions on Smart Grid, vol. 6, no. 1, pp. 220-229, Jan. 2015, doi: 10.1109/tsg.2014.2344659.

BIOGRAPHIES OF AUTHORS

Debani Prasad Mishra @ B4 B2 currently serves as an assistant professor and the head of
the Electrical Engineering Department at the International Institute of Information Technology
Bhubaneswar, Odisha. He completed his bachelor’s degree in Electrical Engineering from Biju
Patnaik University of Technology, Odisha in 2006, followed by a master’s degree in power
systems from IIT Delhi, India in 2010. In 2019, he successfully obtained his Ph.D. in power
systems from Veer Surendra Sai University of Technology, Odisha, India. With a profound
academic background and extensive knowledge of power systems, he actively engages in
teaching and research activities. He is deeply passionate about sharing his expertise and
guiding aspiring students in the captivating field of electrical engineering. He can be contacted
at email: debani@iiit-bh.ac.in.

Sarita Samal © B4 B © received her Ph.D. in electrical engineering from VSSUT Burla, in
2019, she did her M.Tech. in power system engineering from VSSUT Burla in 2006 and
B.Tech. (Hons) in electrical engineering from Berhampur University in 2003. She is currently
working as an associate professor- | in School of Electrical Engineering, KIIT deemed to be
University, Bhubaneswar, Odisha. Her current research interests include power quality,
renewable energy sources, and microgrid. She has more than 50 numbers of research papers in
international journal and conferences. She has published 4 book chapters in Elsevier, Taylor
and Francis, and 6 patents. She can be contacted at email: ssamalfel@kiit.ac.in

Int J Inf & Commun Technol, Vol. 15, No. 1, March 2026: 365-373


https://orcid.org/0000-0003-0428-8833
https://scholar.google.co.in/citations?user=fi3Hp1kAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=56537757800
https://www.webofscience.com/wos/author/record/36698516
https://orcid.org/0000-0002-7267-9169
https://scholar.google.com/citations?user=40_lFs0AAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57195074646
https://www.webofscience.com/wos/author/record/KYQ-9752-2024

Int J Inf & Commun Technol ISSN: 2252-8776 O 373

Rohit Kumar @ E B9 ©2 is a final-year electrical and electronics engineering student at 11T
Bhubaneswar. He made a notable academic contribution with his conference article “Arc fault
detection for improved electrical safety with ADC and relay,” which was presented at the 2023
International Conference on Advances in Power, Signal, and Information Technology
(APSIT). Rohit’s multidisciplinary concentration in both electrical and computer science
domains indicates his dedication to investigating novel solutions at the crossroads of both
subjects. He can be contacted at email: b320041@iiit-bh.ac.in.

Arun Kumar Sahoo Ed 2 an assistant professor of Electrical Engineering at 11T
Bhubaneswar, earned his Ph.D. and M.Tech. degrees in energy system and management from
IIT Bhubaneswar and SOA University in Odisha, India, in 2013. His research interests
include power system economics, microgrids, and the application of soft computing to power
systems, with a particular emphasis on efficient power flow. He can be contacted at email:
arunkumar@iiit-bh.ac.in.

Surender Reddy Salkuti £:4 Ed 12 received a Ph.D. degree in electrical engineering from
the Indian Institute of Technology, New Delhi, India, in 2013. He was a Postdoctoral
Researcher at Howard University, Washington, DC, USA, from 2013 to 2014. He is currently
an associate professor at the Department of Railroad and Electrical Engineering, Woosong
University, Daejeon, South Korea. His current research interests include market clearing,
including renewable energy sources, demand response, and smart grid development with
integration of wind and solar photovoltaic energy sources. He can be contacted at email:
bk surender@wsu.ac.kr.

Renewable energy optimization for sustainable power generation (Debani Prasad Mishra)


https://orcid.org/0009-0004-7936-9683
https://www.webofscience.com/wos/author/record/JPL-4417-2023
https://orcid.org/0000-0002-6992-2535
https://scholar.google.com/citations?hl=en&user=Fdjo5NwAAAAJ&view_op=list_works&sortby=pubdate
https://www.scopus.com/authid/detail.uri?authorId=54884364700
https://www.webofscience.com/wos/author/record/ABE-5176-2021
https://orcid.org/0000-0002-3849-6051
https://scholar.google.co.in/citations?user=yZze_g4AAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=58897438800
https://publons.com/researcher/1577714/surender-reddy-salkuti/

