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Abstract

This review investigates the potential of hybrid energy systems in bolstering climate
adaptation within power generation. By seamlessly integrating renewable energy sources with
conventional counterparts, these systems offer heightened resilience against climate extremes.
This research analyses the multifaceted benefits, address challenges, and present optimization
methodologies, emphasizing the interdisciplinary essence of such integration. Case studies
showcase the real-world applications. This synthesis underlines the imperative for
collaborative efforts across climatology, engineering, and policy domains. The insights
garnered guide future research in optimizing hybrid configurations, thus fostering climate

resilience and propelling sustainable energy advancements.
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1. Introduction

In an era characterized by escalating concerns over global warming and the adverse
impacts of climate change, the stability and resilience of energy systems have emerged as
critical imperatives. Climate extremes, including heatwaves, droughts, storms, and other
meteorological events, have accentuated the vulnerabilities of conventional energy systems,
underscoring the necessity for innovative and adaptable solutions[1]. Hybrid energy systems,
a groundbreaking amalgamation of renewable energy sources and conventional power
generation, have emerged as a promising avenue to enhance the resilience of energy

infrastructures in the face of climatic uncertainties.
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1.1 Background and Context

Climate extremes, magnified by the accelerating pace of climate change, have
manifested as destabilizing forces for conventional energy systems worldwide. The increasing
frequency and intensity of heatwaves, droughts, and extreme weather events have disrupted
energy production, transmission, and distribution networks, exposing their fragility. Protracted
power outages, compromised grid integrity, and supply-demand imbalances have posed
significant challenges to societies and economies, magnifying the urgency to adopt strategies
that bolster the resilience of energy systems against these perils[2]. As climate adaptation gains
paramount importance, the energy sector stands at a pivotal juncture. The energy transition
towards low-carbon alternatives, coupled with the imperatives of climate resilience, has
spurred a quest for innovative paradigms that not only reduce greenhouse gas emissions but
also fortify energy infrastructures against climatic disturbances. It is within this context that
hybrid energy systems have garnered attention for their potential to synergize the reliability
and flexibility of conventional energy with the sustainability and environmental benefits of

renewable sources[3].
1.2 Significance of Hybrid Energy Systems

Hybrid energy systems are essential for climate adaptation due to their diversification
of renewable energy sources, flexibility, and adaptability[4]. Hybrid energy systems combine
solar, wind, hydro, and biomass, reducing reliance on a single energy source and ensuring a
resilient infrastructure. They also use energy storage technologies like batteries or pumped
hydro storage to store excess energy during high generation and supply it during low generation
or peak demand. These decentralized and localized solutions promote energy independence,
reduce reliance on fossil fuels, increase community resilience to climate change impacts, and

mitigate climate change.
1.3 Purpose of the Study

The purpose of this study is to examine the significance of hybrid energy systems in
addressing climate adaptation. It aims to explore how hybrid energy systems can contribute to
mitigating the impacts of climate change and enhancing the resilience of communities and

ecosystems.
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2. Related Study

Study

Focus

Findings and Insights

Rahman et al.
(2020)

Integration of solar, wind,
and biomass in hybrid energy

systems

Combination of  diverse

sources  mitigates  intermittency,
enhancing resilience during extreme

climate events.

Singh et al. Integration of hydro and Balanced resource allocation
(2018) solar sources ensures continuous energy supply in
varying climatic conditions.

Rahimi et al. Optimization using genetic Hybrid system configuration
(2019) algorithms and particle swarm | optimized for climate uncertainties
optimization and extreme events.

Al-Saadi et al. Multi-objective optimization Consideration of climate
(2021) for cost-effective, climate-resilient | change impacts in design achieves

systems

efficient energy generation and

resilience.

Lietal. (2017)

Microgrid design with hybrid

energy systems

Microgrids enhance resilience
in remote and disaster-prone areas
through

intelligent energy

management.

Behrangrad et
al. (2019)

Battery  energy  storage

systems in microgrids

Energy storage manages

supply-demand imbalances during
extreme weather, bolstering overall

resilience.

Ravipun et al.
(2018)

Climate-responsive control

strategies for hybrid systems

Dynamic adjustments based

on weather forecasts enhance
adaptability to changing climate

conditions.
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Bani et al. Fuzzy logic control for Intelligent control maximizes
(2020) optimized hybrid energy system | renewable utilization and resilience in

operation extreme climatic scenarios.

3. Renewable Energy Sources and Technologies

Renewable energy sources have gained prominence as crucial components of the global
effort to mitigate climate change and enhance energy sustainability. In the context of climate
adaptation, their integration into hybrid energy systems holds immense promise for bolstering
resilience[5]. This section provides an overview of key renewable energy sources, their
characteristics, advantages, limitations, and recent technological advancements related to

hybrid energy configurations.

Table 1. Renewable Energy Source along with characteristics, Advantages,
Limitations, Recent Advancements

Renewable Characteristics | Advantages Limitations Recent
Energy Advancements
Source
Solar Energy | Abundant and | Minimal Intermittent Improved PV
widely environmental | energy cell efficiency,
distributed impact production energy storage
resource technologies,
BIPV
Modular and | Reduced dependent on o
(Building
scalable carbon clear sky |
_ ) o o integrated
installation emissions conditions )
Photovoltaics)
Low operating | Suitable  for | land and space
and distributed requirements
maintenance | energy
costs generation
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Wind Energy | Abundant and | Low carbon | Intermittent Larger and
widespread footprint energy more efficient
wind generation turbine
resources designs,

offshore wind
Variability in | Scalable and | environmental
wind speeds | adaptable and aesthetic farms,
and directions | installations | concerns advanced
control
different types | decreasing Infrastructure | systems
of  turbines | costs with | and
(onshore, technology maintenance
offshore) advancements | requirements

Hydroelectric | Reliable and | Emission-free | Environmental | Run-of-the-

Energy predictable energy and ecological | river and
energy source | generation impacts small-scale

hydro,
pumped
High energy | Flexible Site-specific storage
density  and | output control | requirements integration
storage for grid
capabilities stability
different acts as a form | vulnerable to
scales of | of energy | droughts
installations storage

Geothermal | Reliability and | Low carbon | Geographically | Enhanced

Energy consistency in | emissions and | constrained geothermal
energy environmental systems
production impact (EGS),
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available 24/7 | baseload exploration advanced

with minimal | power and drilling | drilling
variability generation costs techniques,
__ __ i geothermal
limited to | minimal land | potential

. . _ district heating
regions  with | requirements | subsurface

significant compared to | environmental
geothermal other sources | impacts
resources

4. Role of Energy Systems in Climate Adaptation and the Contribution of Hybrid
Energy Systems

Climate change increases extreme weather events, putting pressure on centralized
energy infrastructure. Power lines, thermal power plants, and fuel supply chains can be
disrupted. Decentralized renewable energy sources like rooftop solar, microgrids, and local
wind/hydro projects can alleviate these issues by generating power near consumption points,
providing redundancy, and offering flexibility and resilience. Hybrid systems can also be used
to supplement renewable output. Adding battery storage creates a buffer for excess renewable
energy. The combination minimizes disruptions[6]. Hybrid systems reduce dependence on
fossil fuels and transition to low-carbon sources like renewables, nuclear, and hydro. Solar,
wind, and batteries provide local clean power for remote areas, while microgrid and off-grid
systems ensure energy access. Hybrid renewable energy systems offer decentralization,

distribution, diversity, and intelligence, making them ideal for climate resilience.
4.1 Vulnerabilities of Conventional Systems to Climate Extremes

Conventional power systems face vulnerabilities due to climate extremes, including
disruptions in energy supply, temperature-dependent efficiency, sea-level rise, water
availability, and transmission and distribution damage. These issues can lead to fuel shortages,
generation outages, and infrastructure failures. Coastal power plants are also vulnerable to
rising sea levels and storm surges, while water availability can be affected by droughts or

reduced availability[7].
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4.2 Limitations in Ensuring Resilience

Conventional power systems struggle to adapt to climate extremes due to factors like
carbon emissions, rigidity, single points of failure, and resource dependence. Hybrid energy
systems, integrating renewable energy sources, offer resilience, flexibility, and environmental

sustainability.

5. Hybrid Energy System Design and Configuration

The design and configuration of hybrid energy systems represent a pivotal step towards
achieving a harmonious integration of renewable and conventional energy sources[8]. These
systems are poised to reshape energy landscapes by capitalizing on the strengths of each
component, offering increased resilience, sustainability, and adaptability in the face of climate
extremes[9]. In this section, the study delves into diverse approaches to designing hybrid
energy systems, highlighting factors that drive design decisions and influence their successful

implementation.

Table 2. Tabulated form of Approach, Factors, Multidisciplinary perspectives,

Limitations and Advantages

Approach Factors Multidisciplinary | Limitations Advantages
Perspectives
Complementary | Resource Climatology, Intermittency, | Utilizes
Pairing availability, engineering storage needs | complementary
demand generation profiles
patterns
Energy Storage | Location, Engineering, Higher costs | Reduces
Integration technological | economics intermittency,
compatibility enhances
reliability
Smart Load Demand Engineering, Requires Optimizes system,
Management patterns, grid | economics advanced aligns supply and
integration infrastructure | demand
Backup Resource Climatology, Higher Provides
Generation availability, engineering, emissions consistent supply
environment
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environmental

impact
Combined Heat | Resource Engineering, Higher Improves overall
and Power availability, economics upfront costs | efficiency
economic

considerations

6. Multidisciplinary Approaches in Hybrid System Optimization

The optimization of hybrid energy systems for climate adaptation requires a holistic
approach that transcends traditional disciplinary boundaries[10]. To address the complex
challenges posed by climate extremes, a convergence of expertise from climatology,
engineering, economics, and policy is imperative. This section underscores the significance of
such multidisciplinary collaboration and delves into the array of methodologies that leverage
modelling, simulation, data analytics, and machine learning to finely tune hybrid energy

configurations for enhanced climate resilience[11].
6.1 Importance of Multidisciplinary Approaches

1. Climatology: Climatic data and projections provide critical insights into the availability
and variability of renewable resources. Climatologists contribute by analysing
historical data, predicting climate patterns, and assessing the impacts of extreme

weather events on energy generation[12].

2. Engineering: Engineers play a pivotal role in designing, integrating, and optimizing
hybrid systems. They ensure seamless interoperability between diverse energy sources,
develop control strategies, and implement technological solutions for efficient energy
conversion[13].

3. Economics: Economic analysis evaluates the cost-effectiveness, potential returns, and
long-term financial viability of hybrid energy systems. Economists assess investment
strategies, perform cost-benefit analyses, and identify revenue streams, guiding

decision-making.

4. Policy and Regulation: Policy experts navigate the regulatory landscape, identifying

barriers and opportunities for hybrid system deployment. They help design incentives,
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mandates, and supportive frameworks that encourage the adoption of resilient and

sustainable energy solutions.

6.2 Addressing Limitations of Existing Research on Hybrid Energy Systems and

Environmental Harm from Non-Renewable Energy Sources
Hybrid Energy Systems Research Limitations and Mitigation Strategies:

1. Intermittency Management: One significant challenge in hybrid energy systems is
managing the intermittency of renewable sources. To address this, advanced energy
storage technologies, such as high-capacity batteries or innovative grid management
systems, can be integrated. These technologies store excess energy during peak
generation periods and release it during low generation periods, ensuring a consistent

power supply.

2. Optimal Resource Allocation: The efficient allocation of resources is crucial in hybrid
systems. Advanced optimization algorithms and predictive modeling can be employed
to forecast energy generation from various sources and dynamically allocate resources
for maximum output. This approach minimizes waste and enhances overall system

efficiency.

3. Integration Complexity: Integrating diverse energy sources often requires complex
control systems. Developing standardized communication protocols and smart control
algorithms can streamline integration processes, reducing complexity and ensuring

seamless interoperability among components.

4. Economic Viability: Hybrid systems can sometimes face economic challenges due to
higher initial costs. government incentives, subsidies, and innovative financing models
can incentivize the adoption of hybrid technologies, making them more economically
viable and accessible to a broader range of stakeholders.

6.3 Harmful Effects of Non-Renewable Energy Sources on the Environment

Non-renewable energy sources like coal, oil, and natural gas contribute to greenhouse
gas emissions, air pollution, resource depletion, ecosystem disruption, and water usage. These
sources accelerate climate change, cause air pollution, and contribute to resource scarcity and

geopolitical conflicts. Transitioning to renewable energy sources reduces these negative
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effects. Additionally, renewable energy sources have a lower environmental footprint,
minimizing habitat loss and ecological imbalances. Furthermore, transitioning to renewable
sources like solar and wind reduces water usage in energy production, making them a more

sustainable and stable option.

7. Resilience Enhancement and Climate Extremes

Hybrid energy systems offer a dynamic and adaptive approach to enhancing energy
resilience during climate extremes, safeguarding critical services and ensuring stable power
supply. By synergizing diverse energy sources and advanced control strategies, these systems
demonstrate remarkable potential in mitigating the impacts of hurricanes, heatwaves, and grid
disruptions. This section delves into how hybrid energy systems bolster resilience and presents
insightful case studies showcasing their successful implementation in the face of extreme

climatic conditions.
7.1 Enhancing Resilience with Hybrid Energy Systems

1. Hurricanes and Storms: Hybrid systems combine renewable sources like solar and
wind with energy storage and backup generation, enabling a continuous power supply
during and after hurricanes. In the event of grid disruptions, these systems
autonomously switch to stored energy, minimizing downtime and supporting

emergency services.

2. Heatwaves: During heatwaves, when energy demand peaks, hybrid systems optimize
energy dispatch and storage to meet increased consumption. Energy storage and
demand-side management help prevent strain on the grid, ensuring a stable supply even

in extreme temperature conditions.

3. Grid Disruptions: Hybrid systems are designed to operate in both grid-connected and
islanded modes. In case of grid failures or disruptions, they seamlessly transition to
islanded mode, utilizing renewable and stored energy to sustain critical facilities and

services.
7.2 Significance of Hybrid Energy Systems in Enhancing Resilience

Hybrid energy systems play a pivotal role in enhancing resilience, particularly in the

face of extreme climates and environmental uncertainties. Their unique ability to combine
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diverse energy sources and intelligently manage fluctuations ensures a robust energy supply,
contributing to both energy security and climate adaptation efforts. By seamlessly integrating
renewable sources like solar and wind with conventional sources, hybrid systems mitigate the
vulnerabilities associated with single-source systems. This adaptability enhances the resilience
of energy infrastructure, reducing the risk of disruptions and facilitating a more sustainable and

climate-resilient future.

Table 3. Comparisons of Hybrid Energy System and Conventional Energy System

Features Hybrid Energy Systems Conventional Energy Systems

Source Diversity Seamlessly combine renewables and
conventional sources for continuous
power generation, even during

adverse conditions.

Often reliant on a single energy
source, making them susceptible to
supply disruptions in extreme
climates.

Intermittency
Management

Advanced energy storage and smart
grid integration enable efficient
management of intermittent
renewable sources.

Lack of energy storage and
intermittent energy production can
lead to energy shortages during
climatic extremes.

Easily scale up or down by
incorporating additional renewable
sources or storage systems, adapting
to changing demands.

Limited scalability and inflexible
generation methods may struggle to
meet heightened energy needs
during extreme events.

Scalability and
Flexibility

Grid Resilience

Microgrid capabilities enhance local

Centralized grid structures are

and Reliability resilience by disconnecting from the | vulnerable to widespread failures in
main grid and maintaining essential extreme conditions, impacting entire
services. regions.

Reducing Lower greenhouse gas emissions and | High emissions from fossil fuel-

Environmental
Impact

reduced environmental degradation
support long-term climate adaptation.

based systems exacerbate
environmental challenges and
contribute to climate change.

Local Energy
Production and
Security

Localized energy production
enhances energy security, reducing
dependence on distant and potentially
vulnerable energy sources.

Reliance on centralized energy
generation exposes regions to supply
chain vulnerabilities and transport
disruptions.

ISSN: 2582-3051

320




Rahul Kumar Jha

7.3 Types of Hybrid Energy Systems and Challenges in Extreme Climates along with

Metaheuristic Approaches for Addressing Extreme Climate Challenges

Metaheuristic Approaches for Addressing Extreme Climate Challenges[14]-[18]:

Particle Swarm Optimization (PSO): PSO can be applied to optimize dispatch
strategies in hybrid energy systems during extreme climates. It can dynamically adjust

the contribution of different energy sources to ensure continuous and reliable power

supply.

Genetic Algorithms (GA): GA can optimize the sizing of renewable energy sources,
storage capacities, and other system components to withstand extreme weather events

while maximizing energy generation and system resilience.

Simulated Annealing (SA): SA can optimize control strategies to adapt to changing
conditions in extreme climates. It can adjust energy storage usage, load shedding, and
renewable energy utilization for enhanced system stability.

. Ant Colony Optimization (ACO): ACO can optimize microgrid operation by
intelligently allocating resources and adjusting energy flows during extreme events,

ensuring energy availability and minimizing disruptions.

Differential Evolution (DE): DE can optimize the coordination of multiple energy
sources in hybrid systems during extreme conditions. It can dynamically adjust power

generation levels to maintain stability and minimize downtime.

Harmony Search (HS): HS can optimize the harmonization of different energy sources

and storage systems to ensure balanced and efficient operation during extreme climates.

Table 4. Tabulated form of Hybrid System Along with Metaheuristic Approaches
Challenges and Mitigation Strategies

Hybrid Metaheuristic Challenges Mitigation
Energy Approaches Strategies
System
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Differential Evolution (DE)

reliable power output.

Solar-Wind Particle Swarm | Intermittency of solar and | Advanced energy
Hybrid Optimization (PSO), | wind  resources during | forecasting, energy
Systems Genetic Algorithms (GA), | extreme weather | storage integration,
Simulated Annealing (SA) | conditions. demand-side
management
Hydro-Solar | Ant Colony Optimization | Seasonal  variation  in | Adaptive reservoir
Hybrid (ACO), Differential | hydroelectric ~ generation | management,
Systems Evolution (DE), Harmony | due to changes in water | hybrid energy
Search (HS) availability and snowmelt. | storage, smart load
management
systems.
Bioenergy- Genetic Algorithms (GA), | Dependence on biomass | Biomass supply
Wind Hybrid | Particle Swarm | availability and fluctuating | diversification,
Systems Optimization (PSO), | wind  speeds affecting | improved wind

forecasting, energy

storage integration.

Battery-Solar
Hybrid
Systems

Simulated Annealing (SA),
Genetic Algorithms (GA),
Particle

Optimization (PSO)

Swarm

Battery performance

degradation in extreme
temperatures impacting

storage  capacity  and

efficiency.

Thermal
management,
advanced  battery
materials, load
scheduling.

7.4 Graphical Chart Providing Comparison of Different Hybrid Energy Systems[19]

Comparison Parameters:

e Efficiency (in percentage)

e Emissions (in tons of CO2 equivalent per year)

e Cost (in USD)
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Energy System Efficiency Emissions Cost
Solar-Wind Hybrid 75 1000 $500,000
System
Solar-Diesel Hybrid 60 2000 $400,000
System
Wind-Diesel ~ Hybrid 65 1800 $450,000
System
Hydro-Solar ~ Hybrid 85 500 $800,000
System

Efficiency

Hydro-Solar Hybrid...
Wind-Diesel Hybrid...
Solar-Diesel Hybrid...
Solar-Wind Hybrid...

Hydro-Solar Hybrid System
Wind-Diesel Hybrid System
Solar-Diesel Hybrid System

Solar-Wind Hybrid System
400000 800000

0 20 40 60 80 100
B Cost

Emissions

Hydro-Solar Hybrid System
Wind-Diesel Hybrid System
Solar-Diesel Hybrid System
Solar-Wind Hybrid System

0 500 1000 1500 2000 2500

M Emissions

Figure 1. Graph Charts for Comparison of Hybrid Systems on Basis of Efficiency,

Cost, Emissions
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8. Socio-Economic and Environmental Considerations of Hybrid Energy Systems and
Policy and Regulatory Framework for Hybrid Energy Systems

Hybrid energy systems offer both technological solutions to climate resilience and
profound socio-economic and environmental implications. They generate job creation,
stimulate local economies, foster community engagement, and extend energy access to
marginalized communities. These systems contribute to national and international climate
mitigation targets by reducing greenhouse gas emissions, improving air quality, and conserving
biodiversity. They also reduce water consumption, benefiting water-stressed regions and

ensuring water availability for essential needs.

Effective policies, regulations, and incentives play a crucial role in accelerating the
adoption of hybrid energy systems for climate adaptation. A supportive policy environment
can incentivize investment, streamline deployment, and facilitate the integration of renewable
energy into conventional systems. Market incentives, renewable energy targets, fixed tariffs,
net metering, grid interconnection, regulatory streamlining, and capacity markets can
encourage private investment in hybrid energy projects. Government-set targets, fixed tariffs,
net metering, grid interconnection, regulatory streamlining, and capacity markets can help
integrate renewable sources and promote climate resilience. Overall, hybrid energy systems
have the potential to drive positive change and sustainable development, contributing to a more

sustainable future.

9. Future Directions and Research Opportunities in Hybrid Energy Systems

Climate adaptation requires continuous research and innovation in hybrid energy
systems to optimize resilience and sustainability. Advanced optimization techniques, such as
multi-objective optimization, stochastic optimization, and distributed optimization, are crucial
for maximizing energy efficiency, minimizing costs, and reducing emissions. Energy storage
innovations, such as advanced battery technologies, cross-border energy trading, virtual power
plants, and transboundary grid interconnection, are essential for optimizing renewable
resources utilization and enhancing energy security. Climate adaptation and resilience
strategies include extreme weather modeling, climate-responsive control strategies, and
ecosystem integration, which aim to enhance overall climate adaptation strategies. These
advancements will help address emerging challenges and improve the overall resilience of

hybrid energy systems.
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10. Key Findings and Insights

1. Resilience Amplification: Hybrid energy systems exhibit the ability to fortify
resilience against climate extremes, seamlessly navigating through hurricanes,
heatwaves, and grid disruptions. Their versatility in adapting energy generation and
storage strategies safeguards critical services, supporting communities even under the

most adverse conditions.

2. Socio-Economic Empowerment: The deployment of hybrid systems cultivates socio-
economic benefits, ranging from job creation and local economic growth to equitable
energy access. Communities become active participants in energy solutions, nurturing
engagement and fostering a sense of ownership in the transition to a cleaner and more

resilient energy future.

3. Environmental Stewardship: Hybrid systems contribute significantly to
environmental sustainability by reducing greenhouse gas emissions, enhancing air
quality, and conserving precious water resources. Their integration of renewable energy
sources aligns with global climate goals, safeguarding ecosystems and biodiversity.

4. Multidisciplinary Synergy: The multidisciplinary collaboration between climatology,
engineering, economics, and policy is instrumental in designing, optimizing, and
implementing hybrid energy systems. This convergence of expertise propels innovative

solutions that harmonize technology, society, and the environment.

11. Conclusions

The review has explored the multifaceted realm of hybrid energy systems, revealing
their transformative potential in bolstering resilience against climate extremes. By synergizing
renewable and conventional energy sources with advanced technologies and multidisciplinary
approaches, hybrid energy systems emerge as dynamic solutions to confront the challenges of
a changing climate. Key findings and insights underscore their pivotal role in addressing

climate adaptation and advancing sustainable development.

Journal of Electrical Engineering and Automation, September 2023, VVolume 5, Issue 3 325



Enhancing Climate Adaptation Through Hybrid Energy Systems

References

[1] D. Gielen, F. Boshell, D. Saygin, M. D. Bazilian, N. Wagner, and R. Gorini, “The role
of renewable energy in the global energy transformation,” Energy Strategy Reviews,

vol. 24, pp. 38-50, 2019, doi: https://doi.org/10.1016/j.esr.2019.01.006.

[2] S. Nieti¢, D. oko, and 1. Marasovié¢, “Experimental study on a hybrid energy system
with small- and medium-scale applications for mild climates,” Energy, vol. 75, pp. 379—
389, 2014, [Online]. Available: https://api.semanticscholar.org/CorpusiD:110482683

[3] V. Sebestyén, T. Czvetko, and J. Abonyi, “The Applicability of Big Data in Climate
Change Research: The Importance of System of Systems Thinking,” Frontiers in
Environmental Science, vol. 9. Frontiers Media S.A., Mar. 17, 2021. doi:
10.3389/fenvs.2021.619092.

[4] J. Ebinger and W. Vergara, ‘AW ORLDBANKSTUD Y Climate Impacts on
Energy Systems.”

[5] S. Bhattacharjee, U. Das, M. Chowdhury, and C. Nandi, “Role of Hybrid Energy
System in Reducing Effects of Climate Change,” 2020, pp. 115-138. doi: 10.1007/978-
3-030-43578-3_6.

[6] M. Nazari-Heris, A. Tamaskani Esfehankalateh, and P. Ifaei, “Hybrid Energy Systems
for Buildings: A Techno-Economic-Enviro Systematic Review,” Energies (Basel), vol.
16, no. 12, p. 4725, Jun. 2023, doi: 10.3390/en16124725.

[7] X. Zhao, A. Huning, J. Burek, F. Guo, D. Kropaczek, and W. Pointer, The Role of
Hybrid Energy Systems in Decarbonizing Industry: A Carbon Handprint—Based Case
Study. 2022.

[8] U. Das, C. Nandi, S. Mandal, and S. Bhattacharjee, “A systematic literature review on
hybrid energy system,” Energy & Environment, p. 0958305X2211405, Nov. 2022, doi:
10.1177/0958305X221140576.

[9] M. H. Elnabawi and E. Saber, “Reducing carbon footprint and cooling demand in arid
climates using an integrated hybrid ventilation and photovoltaic approach,” Environ

Dev Sustain, vol. 24, no. 3, pp. 3396-3418, 2022, doi: 10.1007/s10668-021-01571-1.

ISSN: 2582-3051 326



Rahul Kumar Jha

[10]J.-N. Kang, Y.-M. Wei, L.-C. Liu, R. Han, B.-Y. Yu, and J.-W. Wang, “Energy systems
for climate change mitigation: A systematic review,” Appl Energy, vol. 263, p. 114602,
2020, doi: https://doi.org/10.1016/j.apenergy.2020.114602.

[11] M. K. Kim, J. Liu, and S.-J. Cao, “Energy analysis of a hybrid radiant cooling system

under hot and humid climates: A case study at Shanghai in China,” Build Environ, vol.

137, pp. 208-214, Jun. 2018, doi: 10.1016/j.buildenv.2018.04.006.

[12] S. Bhattacharyya and G. Timilsina, “A review of energy system models,” International
Journal of Energy Sector Management, vol. 4, pp. 494-518, Nov. 2010, doi:
10.1108/17506221011092742.

[13] I. Engineer, S. Jadhav, V. Jogu, P. Nalawade, and P. Sawant, “Hybrid Energy System.”
[Online]. Available: www.ijert.org

[14]P. K. Guchhait, A. Banerjee, and V. Mukherjee, “Comparative study using soft
computing techniques for the reactive power compensation of a hybrid power system
model,” Ain Shams Engineering Journal, vol. 11, no. 1, pp. 87-98, 2020, doi:
https://doi.org/10.1016/j.asej.2019.07.012.

[15] 1. H. Osman, “Metastrategy simulated annealing and tabu search algorithms for the
vehicle routing problem,” Ann Oper Res, vol. 41, no. 4, pp. 421-451, 1993, doi:
10.1007/BF02023004.

[16]J. Kennedy and R. Eberhart, “Particle swarm optimization,” in Proceedings of ICNN’95
- International Conference on Neural Networks, 1995, pp. 1942-1948 vol.4. doi:
10.1109/1CNN.1995.488968.

[17] A. Hassan and N. Pillay, “Hybrid metaheuristics: An automated approach,” Expert Syst
Appl, vol. 130, pp. 132-144, 2019, doi: https://doi.org/10.1016/].eswa.2019.04.027.

[18] 1. Pereira, A. Madureira, E. C. E. Silva, and A. Abraham, “A hybrid metaheuristics
parameter tuning approach for scheduling through racing and case-based reasoning,”
Applied Sciences (Switzerland), vol. 11, no. 8, Apr. 2021, doi: 10.3390/app11083325.

[19] F. I. Bappy, M. Jahirul Islam, A. K. Podder, D. Roy Dipta, H. M. Resalat Faruque, and
E. Hossain, “Comparison of Different Hybrid Renewable Energy Systems With
Optimized PV Configuration to Realize the Effects of Multiple Schemes,” in 2019 1st

Journal of Electrical Engineering and Automation, September 2023, VVolume 5, Issue 3 327


https://doi.org/10.1016/j.asej.2019.07.012
https://doi.org/10.1016/j.eswa.2019.04.027

Enhancing Climate Adaptation Through Hybrid Energy Systems

International Conference on Advances in Science, Engineering and Robotics
Technology (ICASERT), 2019, pp. 1-6. doi: 10.1109/ICASERT.2019.8934824.

Author's biography
Rahul Kumar Jha

Rahul Kumar Jha is a highly motivated and knowledgeable individual with a strong
educational background and a passion for continuous learning. With a Bachelor's degree in
Electrical Engineering from Western Regional Campus, Tribhuvan University, he has gained
practical experience in data visualization, supply chain management, and technical expertise.
This hands-on experience and theoretical knowledge equip him with the skills necessary to

tackle complex challenges in the electrical engineering industry.

ISSN: 2582-3051 328



