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Abstract: This study looks into the environmental advantages,
economic feasibility, and technical viability of using solar energy
to charge HVAC (Heating, Ventilation, and Air Conditioning)
batteries. It also covers issues like the unpredictable nature of solar
energy and the requirement for energy-storage technology. This
study adds to the ongoing efforts to develop a more resilient and
sustainable energy infrastructure by encouraging the
incorporation of renewable energy sources into HVAC systems.
PV (Photovoltaic) panels collect solar energy, a charge controller
manages energy effectively, and a battery storage unit is adapted
to meet HVAC needs make up the system. The purpose of solar
energy integration into HVAC systems is to decrease dependency
on the traditional grid, reduce environmental effects, and improve
overall energy efficiency. Intelligent charge control algorithms,
real-time monitoring, and predictive maintenance capabilities are
some of the solar-powered charging system's key characteristics.
These characteristics ensure that the HVAC system runs smoothly
and leave as little of an environmental impact as possible while
optimizing energy utilization. The system's scalability and
adaptability to a wide range of customer needs enable it to serve
HVAC applications in both residential and commercial settings.
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Abbreviation

HVAC Heating,  Ventilation, and Air EMS Energy Management
Conditioning Systems
PV Photovoltic SGI Smart Grid Integration
DC Direct Current loT Internet of Things
AC Alternating Current BMS Battery Management
System
MPPT Maximum Power Point Tracking LCA Life Cycle Assessment
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I. INTRODUCTION

The potential of solar energy as a renewable alternative to

fossil fuels for powering HVAC systems, emphasizing its
cost-effectiveness, eco-friendly, and minimal maintenance.
Obijectives include assessing public understanding, studying
its global application, and evaluating its impact on reducing
greenhouse gas emissions and carbon footprints. The research
utilizes analytical methods to examine the technical
feasibility and energy generation potential of solar panels
under various conditions [1]. Renewable energy, power plays
a vital role, in creating a cleaner and more sustainable
environment. HVAC systems, which are commonly used but
contribute significantly to carbon emissions and high energy
costs can greatly benefit from the implementation of
technology. Solar panels harness sunlight to generate
electricity with carbon footprint and at expenses. This
electricity is stored in batteries. Converted from DC to AC
using inverters to power HVAC systems. By integrating
panels with HVAC units the demand, for heating and cooling
is lowered, leading to decreased utility expenses and
emissions. This collaboration improves energy efficiency in
buildings supporting a future [2][17][18][19][20]. In the
realm of renewable energy, solar panels and energy storage
systems such as batteries create a strong pair. Solar panels can
generate power from sunlight, but they are intermittent
sources, producing energy only when the sun shines.
Batteries come into play by capturing and storing surplus
energy generated during bright periods for use when the sun
is not present, such as at night or on overcast days. This
combination improves renewable energy systems' reliability
and efficiency, making them more feasible and durable.
Energy storage also enables homeowners and businesses to
store excess solar power and use it during peak demand times
or as a backup power source during grid outages. Together,
solar panels and energy storage systems represent a
significant step towards a sustainable, resilient, and self-
reliant energy future [3]. Solar panels and charge controllers
play a role, in PV systems maximizing the generation and
management of energy. Solar panels capture sunlight.
Transform it into electricity working alongside charge
controllers that manage energy flow to avoid overcharging
batteries and reversing current during nighttime. This process
guarantees energy utilization extends the lifespan of batteries
and panels and promotes ecofriendly solar power options, for
off grid and grid tied systems [4]. Solar panels and inverters
are components, in power systems effectively turning
sunlight into electricity.
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Solar panels convert energy into current (DC) while
inverters change this DC into AC for use, with household
devices and the electrical grid. This collaboration enables
energy tracking, optimization and utilization of sustainable
energy for a greener tomorrow [5]. Smart inverters and
batteries work together effectively in energy setups. With
monitoring and communication capabilities smart inverters
do more, than just convert power from DC to AC. They also
communicate with the grid in time optimizing energy
consumption. They efficiently channel surplus power to
batteries guaranteeing energy supply when demand is high or
solar generation is low ultimately improving grid reliability
and supporting a shift, towards energy usage [6]. In heating,
ventilation and air conditioning (HVAC) systems inverters
improve effectiveness by substituting standard, on off
compressors with variable speed models that tailor their
operation to meet heating or cooling requirements. This
innovation allows for temperature regulation lowers energy
usage and decreases noise levels and temperature variations.
In contrast to systems, without inverters that'd less effective
when running at power inverters maintain a steady level of
comfort and energy efficiency by adjusting their performance
according to the demand [7]. Batteries and storage units play
a crucial role in our modern world by providing portable
power and enabling energy storage for various applications.
Batteries are devices that store chemical energy and convert
it into electrical energy. They are commonly used in portable
electronics, electric vehicles, renewable energy systems, and
many other applications. Energy Storage Units are systems or
devices that store electricity for later use. They are essential
for balancing energy supply and demand, integrating
renewable energy sources, and providing backup power
[81[21].

Batteries can be used in conjunction with solar panels to
store excess electricity generated during the day for later use
in HVAC systems. This combination allows for increased
energy efficiency, reduced reliance on the grid, and potential
cost savings [9]. Batteries and controllers play a role, in
storing and managing energy in different settings such as
portable devices, renewable energy installations and backup
systems. They improve energy efficiency and dependability
while BMS boost performance by keeping track of charge
levels, temperature and voltage. Controllers oversee the
charging and discharging of batteries to prevent harm and
work harmoniously with system elements, like panels and
inverters to ensure efficient energy control [10]. Solar power,
a key renewable energy source, offers a sustainable
alternative to fossil fuels through PV cells that convert
sunlight to electricity. Solar energy sensors are essential,
continuously monitoring solar irradiance, temperature, and
panel performance to optimize energy production and
enhance system longevity, pushing towards an eco-friendly
future [4]. The amount of sunshine reaching the solar panels
is measured by these sensors as solar irradiance intensity. In
order to improve energy capture, they offer vital information
for improving the orientation, tilt, and tracking devices of
solar panels. The temperature of solar panels and related parts
is monitored by temperature sensors. They aid in heat
management by reducing overheating, which can lower the
effectiveness of solar panels [11]. Solar charge controllers
play a role, in HVAC systems that utilize power. They are
responsible for storing panel generated power in batteries and
delivering it as required. By managing charge levels to avoid
overcharging or deep discharging these controllers help cut
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down energy expenses and promote sustainability. Their
primary function is to safeguard batteries, from damage
ensuring operation during power outages [12]. HVAC is
responsible, for managing temperature, humidity and air
quality to create an environment that promotes health. Known
as climate control HVAC plays a role in maintaining
conditions, in indoor spaces preventing the growth of mold
and other harmful substances [13]. This preparation can be
accomplished by utilizing reasonable HVAC hardware such
as warming frameworks, air-conditioning frameworks,
ventilation fans, and dehumidifiers. The HVAC frameworks
require the dispersion framework to provide the specified
amount of discussion to the specified environment.
Condition. The conveyance framework basically shifts
concurring to the refrigerant sort and the conveyance strategy
such as discussing taking care of hardware, fan coils,
channels, and water channels [14]. HVAC systems play a
role, in keeping people comfortable maintaining air quality
and ensuring safety. They also help conserve energy and
promote sustainability in types of buildings. HVAC systems
control temperature and humidity levels to create
environments in a range of places, including homes, offices
and factories. These systems are components of today’s
infrastructure elevating living standards and boosting
productivity across sectors [15]. HVAC frameworks can be
divided into two types: fundamental forms and dispersion
forms. The specified forms include warming preparation,
cooling preparation, and ventilation. Other kinds, such as
humidification and DE-humidification, can be included [16].

Il. METHODOLOGY

A. Overview of Solar-Powered HVAC Systems

Introduction to Solar-Powered HVAC Systems: Solar-
powered HVAC systems represent an innovative and
sustainable approach to meeting the energy demands of
climate control in residential, commercial, and industrial
buildings. These systems influence solar energy, a clean and
renewable resource, to power the various components of
HVAC systems. These systems typically consist of solar
panels, a solar inverter, batteries for energy storage, and a
connection to the HVAC unit. Here's a brief overview of the
key components:

B. Components of Solar-Powered HVAC Systems

Solar Panels: solar panels are the fundamental component of
solar-powered HVAC systems. These panels capture sunlight
and convert it into electricity through the PV effect. Typically
installed on the roof or open areas with optimal sunlight
exposure, solar panels generate DC electricity.

Inverters: The electricity generated by solar panels is in DC
form, but HVAC systems typically operate on AC. Inverters
are used to convert the DC power from the solar panels into
AC power, making it compatible with HVAC systems.
Batteries: Solar-powered HVAC systems often incorporate
energy storage solutions, such as batteries. These batteries
store excess energy generated during sunny periods, allowing
for continuous operation during cloudy days or at night.
HVAC Units: The HVAC units include components for
HVAC. These units can be traditional systems modified to
integrate smoothly with solar power or specially designed
solar HVAC systems.
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Controller/Thermostat: This component regulates the
HVAC system, ensuring that the indoor climate remains at a
desired temperature and humidity level as shown in Fig. 1.

Solar Panels

Invertors

HVAC Units

Batteries

Controller/
Thermostat

Fig. 1: Solar Powered HVAC System Design in DALL-E
[Al Source]

C. Functioning of Solar-Powered HVAC Systems

Energy generated from the solar panels transferred to the
battery for storage, then used by the HVAC systems for
cooling or heating. Energy Generation: Solar panels capture
sunlight and convert it into electricity, which is either used
immediately or stored in batteries for later use. Power
Conversion: Inverters convert the DC electricity generated by
solar panels into the AC power required by HVAC systems,
ensuring compatibility. Utilization of Solar Power: The
converted solar power is then used to operate the various
components of HVAC systems, including fans, compressors,
and pumps. Energy Storage: Excess energy generated during
peak sunlight hours is stored in batteries, providing a backup
power source during periods of low sunlight or at night.

D. Environmental Benefits

Reduced Carbon Footprint: Solar-powered HVAC
systems significantly reduce reliance on conventional energy
sources, resulting in lower carbon emissions and a smaller
environmental footprint. Renewable Energy Source: Solar
energy is a clean and renewable resource, contributing to the
shift toward sustainable energy practices and reducing
dependence on non-renewable fossil fuels. Energy
Efficiency: By harnessing sunlight directly at the point of use,
solar-powered HVAC systems enhance energy efficiency,
reducing overall energy consumption and costs.

I11. THEORETICAL FRAMEWORK

A. PV Technology

The photoelectric effect is the core principle of PV
technology, where sunlight photons striking semiconductor
materials dislodge electrons to generate electric current,
forming the basis of solar cells in solar panels. The efficiency
of these panels largely depends on the properties of the
semiconductor material, with silicon being the most
commonly used due to its favourable characteristics and
availability. Additionally, the band gap of the semiconductor
is vital for solar energy conversion, dictating the energy
needed for electrons to move between energy bands and
produce electricity, with adjustments to the band gap
optimizing solar panel response to various sunlight
wavelengths.
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B. Inverter Technology

In solar-powered HVAC systems, inverters are crucial for
converting the DC from solar panels into the AC used by most
systems, using power electronics to adjust frequency and
voltage. These advanced inverters also synchronize with the
electrical grid, enabling continuous integration of solar
electricity and stable power supply, while facilitating excess
energy transfer to the grid. Moreover, many inverters
incorporate MPPT technology to optimize solar energy
conversion efficiency by adjusting the operating point of
solar panels to maximize power output under various sunlight
conditions.

overlap

|

conduction
band

band gap

Fermi energy
band

increasing energy

semiconductor

Fig. 2. Image Represents Band Gap Theory by Wiki

metal insulator

Media
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o

e

Fig. 3. Image of Inverter and Grid System by Holmium
Technologies

C. Energy Storage Methods

Energy storage is crucial for the functionality of solar-
powered HVAC systems, especially during low sunlight
periods. Various battery chemistry like lithium-ion, lead-
acid, and flow batteries are used, each offering distinct
advantages in energy density, cycle life, and efficiency. The
depth of discharge (DoD) is managed to optimize battery life,
while integrated charge controllers regulate battery charging
and discharging, preventing overcharging and deep
discharging to enhance system reliability and energy
management.

D. Overall System Integration

EMS: are implemented to oversee and optimize the entire
solar-powered HVAC system. They monitor energy
production, consumption patterns, and control the
distribution of electricity between the HVAC system, energy
storage, and the grid. SGI: Integrating solar-powered HVAC
systems into smart grids enhances their overall efficiency.
Smart grids enable bidirectional communication between the
system and the grid, allowing for dynamic adjustments based
on real-time energy demand and supply as shown in Fig. 4.
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Fig. 4. Image of SGI by EL-PRO-CUS

E. Energy Storage Systems

Deep Cycle LiFePO4 batteries are favoured in solar
applications for their high energy density, long cycle life, and
superior safety compared to other lithium-ion chemistries.
Designed for frequent charge and discharge cycles, these
batteries are particularly effective for storing solar energy,
ensuring consistent use during periods of low sunlight. Their
stable voltage profile delivers a reliable power supply to
inverters, enhancing the efficiency and durability of solar-
powered HVAC systems.

F. Inverter Technologies

Inverters are essential in solar-powered systems, converting
DC electricity from solar panels into AC power required by
HVAC systems and facilitating integration into the electrical
grid. Various types of inverters include central inverters for
large-scale operations, micro inverters that enhance
performance by reducing shading and panel variation effects,
and string inverters that balance cost and efficiency.
Additionally, MPPT technology within inverters optimizes
the power output of solar panels, maximizing energy harvest.
Inverters are also pivotal in both grid-tied systems, which
feed excess energy back to the grid, and off-grid systems,
ensuring a stable power supply when grid connectivity is
absent.

G. Energy Management and Efficiency

To maximize energy efficiency in HVAC systems, several
strategies can be employed: aligning system operations with
peak solar energy production using real-time monitoring and
controls; using high-efficiency components like fans and
pumps; implementing smart thermostats that adjust settings
based on occupancy and solar availability; integrating energy
recovery systems to reuse waste heat; participating in demand
response programs to adapt operations based on grid demand,;
and employing load shedding during peak periods to reduce
energy consumption. These measures collectively enhance
the efficiency and effectiveness of HVAC systems in
managing energy use.

H. Environmental Considerations and Sustainability

Solar-powered caravans offer a sustainable travel option by
using clean, renewable solar energy, reducing reliance on
fossil fuels and lowering greenhouse gas emissions. Equipped
with PV systems and energy storage, these caravans can
operate off-grid, enhancing their eco-friendly profile and
minimizing the need for grid power or generators. The
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integration of solar panels with energy-efficient appliances
and systems boosts overall energy efficiency and supports
sustainable mobile living. Additionally, these caravans
facilitate "green camping," reducing noise and environmental
pollution, while also serving as educational tools that promote
awareness and adoption of renewable energy and eco-friendly
practices among traveller.

I. Theoretical Discussion on the Sustainability of Using
Solar Energy in Environments

Solar energy, as a renewable resource, offers a sustainable
power generation solution with minimal environmental
impact compared to fossil fuels, emphasizing its long-term
availability. Theoretical discussions include its favourable
Energy Return on Investment (EROI) and LCA, which assess
environmental impacts from extraction to disposal, ensuring
sustainability and guiding manufacturing improvements.
Transitioning to solar reduces dependency on non-renewable,
addressing  environmental and  geopolitical issues.
Additionally, ongoing technological advancements and
integration with smart grids enhance solar energy’s efficiency
and grid interaction, further underpinning its role in
environmental stewardship and the promotion of sustainable
technologies.

J. Case studies Analysis with Alain Caravans [located in
Sharjah-UAE]

The system that we used for our analysis is a caravan
equipped with Grade A mono crystalline 400 Watts solar
panels and an inverter with a Deep cycle LiFePO4 Battery.
This system works by generating power from the solar panels
to the battery through the inverter, and then that energy is
used in the caravan systems from the battery through the
inverters as depicted in Fig. 5 (a-d).

Fig. 5-b. Grade A Mono
stalline Solar Panels

5 \Y/
Fig. 5-d. Power Inverter

Fig. 5-c. LifePO4 Battery

K. Performance Analysis and Monitoring of Battery
Storage Systems under Various Operational Scenarios

Five Scenarios are discussed here of the different usage in
voltage, current, battery status, remaining run time, and other
information related usage.
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Inverter: OFF, HVAC: ON, Battery:
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The system's monitoring panel shows a
voltage of 55.44V and a current of 3.10A,
indicating that the inverter is active and
drawing power. The battery's remaining
capacity is 179.714Ah, with a current
power usage of 171.86W and an
accumulated  charging  capacity  of
214.4KW-h. The battery is nearly fully
charged at 99%, and the system is config
used for a capacity of 180.0Ah. Additional
data includes a temperature of 35°C, over
3365 hours of operational run time, and a
consumed charge of 392.482Ah. The
estimated remaining battery life is 899:50
hours/minutes, with an internal resistance
of 650 milliohms, suggesting possible
inefficiency or aging. The power source is
currently off, indicating no ongoing
charging, while the inverter remains on to
convert stored power, and the HVAC
system is off with the battery fully charged

The system monitoring displays a voltage of
55.48V and a minimal current of 0.20A,
suggesting the inverter is off as the system
draws only a slight amount of power, likely
for the BMS, with the HVAC also off. The
battery maintains a nearly full charge status
at 99%, with the 'Remaining Ah' and
'‘Accumulated Charging Capacity' holding
steady at 179.705Ah and 214.4KW-h,
respectively. Despite the negligible change
in energy usage reflected in an 'Elapsed Ah
value' decrease to 392.491Ah, the system'’s
operational time has slightly increased to
3365 hours, 51 minutes, and 23 seconds.
The battery's estimated remaining life is
449:15, with an internal resistance
significantly reduced to 8.92 millionths,
indicating possible lower resistance under
no-load conditions or different
measurement parameters. The power source
remains off, indicating no active charging or
discharging.

The system displays a voltage of 55.48V
with an increased current draw of 6.18A,
indicating that the HVAC system is
operational and consuming significant
power, reflected in a power usage spike to
341.89W. The battery's charge remains
stable at 99% with an accumulated charging
capacity of 214.4KW-h, and 'Remaining
Ah' barely changed at 179.704Ah, showing
minimal overall battery consumption.
Despite the HVAC's operation, the battery
maintains a high charge with minimal
depletion, as evidenced by a slight increase
in the 'Elapsed Ah value' to 392.493Ah. The
‘Run Time' has reached 3365 hours, 52
minutes, and 45 seconds, with the internal
resistance consistent at 8.92 milliohms. The
system is not charging, as the power source
and inverter are off, but the battery
continues to power the HVAC.

The system's monitoring interface displays
a voltage of 55.55 volts and a current of
25.80 amperes, indicating active charging
with the battery at 99% charge and a power
output of 1433.19 watts. The battery has
accumulated 214.42 kilowatt-hours over a
runtime of 3365 hours, 54 minutes, and 59
seconds, and has 179.480 ampere-hours
remaining. The internal resistance is noted
at 29.5 milliohms, affecting efficiency.
Currently, the battery is nearly fully charged
with less than a minute remaining to full
charge. The system settings, accessible via
tabs labeled "MAIN," "CURVE/
"SETTING," and "ABOUT US," show the
power source, inverter, and HVAC system

Retrieval Number:100.1/ijeer.D103203040824

DOI: 10.54105/ijeer.D1032.03030524

Journal Website: www.ijeer.latticescipub.com

Indian Journal of Energy and Energy Resources (IJEER)

ISSN: 2583-1186 (Online), Volume-3 Issue-3, May 2024

Scenario 4: Power Source: ON,
Inverter: ON, HVAC: ON, Battery:
Charging

are all active, ensuring the battery continues
to charge.

The system's monitoring interface
indicates a voltage output of 53.74 volts
and a current of 12.00 amperes, with the
battery in a charging state. Remaining
capacity stands at 126.559 ampere-
hours, while power output measures
644.88 watts. Over a runtime of 3331
hours, 3 minutes, and 44 seconds, the
battery has accumulated 207.2 kilowatt-
hours. The temperature is at 33 degrees
Celsius, with an internal resistance of
53.33 milliohms. The AH preset is at
180.0 Ah, with 70% charge remaining.
The elapsed AH value is 384.869 Ah,
with an estimated 4 minutes and 31
seconds until full discharge. Navigation
tabs allow access to different settings,
and the scenario status indicates the
power source and HVAC system are
active, while the inverter is off.

Scenario 5: Power Source: ON, Inverter:
OFF, HVAC: ON, Battery: 70%

L. Analysis of Daily Load Power Variability and Charge
Flow in Off-Grid Solar Energy Systems

Charts for Load Power in Various Uses of Different
Days: Here are two charts for two different days of load
power usage, as we can see it’s pretty much similar in load
power usage in maximum 1.5 KW per hour as the maximum
load power. For instance, the day in the left and the day in the
right are both similar in terms of maximum usage and relative
usage of power, which shows the stability of the system as
depicted in Fig. 6 (a-b).

Charge Flow of the System: The flow of the charge flow
system is shown in Fig. 6-c below is an off-grid system with
energy produced directly from the solar panels which goes to
the inverter, and later stored in the battery, with load usage
coming from the battery through the inverter.

Month Year Total Month  Year Total S35

I | 1]
L .‘,I.IHM i
Fig. 6 (a) Daily Fig. 6 (b) Fig. 6 (c) Charge
Load Power Daily Load Flow of the
Usage on March ~ Power Usage system by Alain
13, 2022 on March 14, Caravans
2022

M. Future Trends and Innovations

Advancements in solar technology encompass several key
trends. Firstly, there's a focus on increasing efficiency
through innovations like tandem solar cells and perovskite-
silicon hybrid cells. Secondly, there's a push for flexible and
transparent solar panels, allowing seamless integration into
architectural designs. Bifacial solar panels, capable of
capturing sunlight from both sides, are also gaining traction
for enhanced energy production. Moreover, advancements in
energy storage solutions, including solid-state batteries and
advanced flow batteries, are set to improve energy storage
efficiency in solar-powered systems like HVAC.
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Finally, perovskite solar cells offer promise for low-cost
manufacturing and high efficiency, with ongoing research
targeting stability issues for commercial viability as in Fig. 7.

=5 12l

Trend 2: Flexible Trend 3: Bi Trend 5:
and Transparent facial Solar Perovskite
Solar Panels Panels Solar Cells

Fig. 7: Emerging Trends in Solar Panel Technology

Trend 2: Flexible and Transparent Solar Panels: This trend
highlights the development of solar panels that are not only
flexible but also transparent. These panels can be integrated
seamlessly into building windows, facades, and even in
consumer electronics, allowing for a broader application of
solar energy in urban and residential environments without
compromising aesthetic values.

Trend 3: Bi facial Solar Panels: Bi facial solar panels are
designed to capture sunlight from both sides, which increases
their energy production compared to traditional single-sided
panels. This is particularly beneficial in areas where sunlight
can be reflected from the ground or surrounding structures,
effectively enhancing the overall efficiency of the solar
installation.

Trend 5: Perovskite Solar Cells: These cells are made from
a material called perovskite, which is cheaper to produce and
capable of converting more sunlight into electricity than
traditional silicon-based cells. The technology is still under
development, focusing on improving stability and
commercial viability, but holds promise for significantly
lowering the cost of solar power.

N. Integration of Smart Technology for Better Energy
Management

The integration of loT, machine learning, and Al will
revolutionize solar-powered HVAC systems. Smart sensors
and loT devices will optimize system performance in real-
time, while machine learning algorithms will predict energy
demand and improve efficiency based on user behaviour.
These systems will seamlessly integrate with smart grids,
participating in demand response programs for grid stability.
Predictive maintenance will minimize downtime by
analyzing performance trends and scheduling proactive
maintenance. Block chain technology may facilitate
transparent energy transactions, enabling peer-to-peer energy
trading. Integration with smart home systems will offer users
control and monitoring options through voice commands and
mobile apps, enhancing both user experience and energy
management efficiency.

(>~

Trend 1: 10T Integration
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Trend 4: Predictive Maintenance
Fig. 8: Smart Technology Integration in Solar-
Powered Systems

Trend 1: 10T Integration: This trend involves incorporating
10T technology into solar-powered systems, which allows for
real-time monitoring and control over energy usage. loT
devices can communicate with each other and with central
management systems, optimizing performance based on
immediate data. This integration aids in making systems more
responsive to changes in environmental conditions and user
demand, thereby improving overall energy efficiency.

Trend 4: Predictive Maintenance: Predictive maintenance
utilizes advanced data analytics, machine learning, and real-
time sensor data to predict potential failures before they
occur. This approach shifts maintenance strategies from
reactive to proactive, reducing downtime and maintenance
costs. For solar-powered HVAC systems, this could mean
more consistent performance and longer lifespan of the
components due to timely interventions based on predictive
insights.

O. Emerging Concepts

Solar-powered heat pumps are emerging as a trend,
combining renewable energy with heat pump technology for
both heating and cooling purposes, thereby optimizing space
conditioning efficiency. Another trend involves the increased
adoption of Building-Integrated PVs (BIPV), integrating
solar panels directly into building materials like roofs and
windows to merge energy generation with architectural
design seamlessly. Community solar projects are also on the
rise, enabling multiple users to collectively invest in shared
solar resources, fostering sustainability at a community level.
Additionally, there's a growing focus on solar-integrated
HVAC design, where considerations for solar power are
holistically integrated into the HVAC system design process,
including optimizing system sizing, duct work, and thermal
storage to maximize solar energy utilization.

HEAT PUMP

SotarPuta

Trend 1: Solar-Powered
Heat Pumps

Trend 2: Building-
Integrated PVs (BIPV)
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Fig. 9: Integration of Solar Technology in HVAC
Systems

Trend 1: Solar-Powered Heat Pumps; This concept
combines solar energy with heat pump technology to provide
efficient heating and cooling. The integration not only
reduces reliance on traditional energy sources but also
optimizes space conditioning efficiency using renewable
energy.

Trend 2: Building-Integrated PVs (BIPV); BIPV systems
integrate PV materials directly into building elements like
roofs and windows. This trend allows for seamless
architectural integration and turns building surfaces into
energy-generating areas, enhancing both the aesthetic and
functional value of buildings. Trend 3. Community Solar
Projects; Community solar involves multiple users or
stakeholders sharing the benefits of a single solar array,
which can be located off-site. It's an inclusive model that
allows people who do not own suitable rooftops for solar
panels to invest in solar energy, fostering community-wide
access to renewable energy. Trend 4: Solar-Integrated HVAC
Design; This trend involves the holistic integration of solar
power into HVAC system design. It considers how solar
energy can be most effectively used within these systems,
including the use of solar power for running heat pumps and
incorporating solar thermal energy for water and space
heating.

P. Economic Analysis and Feasibility

The theoretical cost-benefit analysis of implementing solar
panels involves considering various cost components such as
upfront installation costs, operational and maintenance
expenses, and energy storage costs if applicable. On the
benefits side, factors include energy savings over the system's
lifetime, reduced electricity bills, and available government
incentives. Return on investment (ROI) metrics like payback
period and net present value (NPV) are used to assess the
financial viability, considering the time value of money.
Discounted cash flow analysis techniques like NPV and
internal rate of return (IRR) help determine the profitability
of the investment by accounting for the present value of
future cash flows and evaluating the discount rate that makes
the NPV zero. Discussion on the Economic Feasibility and
Return on Investment for Solar-equipped caravans involve
cost components such as solar panel systems, battery systems,
and installation costs, encompassing labour and
modifications for integration. Their benefits and savings
include reduced fuel dependency, off-grid capability, and
extended battery life, leading to potential cost savings. Return
on investment (ROI) metrics, like payback period and ROI
calculation, assess the time needed for benefits to offset initial
investments. Factors such as travel patterns, maintenance
considerations, impact on resale value, adaptability to future
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technologies, and government incentives and policies play
crucial roles in determining their economic feasibility and
overall viability.

IV. RESULT AND DISCUSSION

A. Overview of Survey on Public Perceptions of Solar-
Powered HVAC Systems

The survey aimed at evaluating public perceptions of
HVAC systems powered by solar panels. The survey, which
collected responses from 100 participants, focused on
assessing the creativity, performance, flexibility, and
capability of these systems. The participants included
homeowners, business owners, and professionals in the field,
and they provided their feedback through an electronic
survey. Ratings were based on a scale from "Very Good" to
"Very Bad,” providing insights into the community's
acceptance and the perceived effectiveness of solar-powered
HVAC technologies.

B. Survey Responses

o  Creativity:

Very Good: 86 responses
Good: 13 responses
Average: 1 response

Bad: 0 responses

o o o o o

Very Bad: 0 responses

Fig. 10 -a. Creativity

o Performance:
o Very Good: 84 responses
o Good: 14 responses
o Average: 2 responses
o Bad: 0 responses

o Very Bad: 0 responses

o Flexibility:
o Very Good: 81 responses

Good: 15 responses

o
o Average: 4 responses
o Bad: 0 responses

o

Very Bad: 0 responses

Fig. 10 -c. Flexibility

Capability

« Capability:

Very Good: 86 responses
Good: 10 responses
Average: 4 responses

Bad: 0 responses

o 0 0O 0 O

Very Bad: 0 responses

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

www.ijeer.latticescipub.com


https://www.doi.org/10.54105/ijeer.D1032.03030524
http://www.ijeer.latticescipub.com/

Case Study of Solar Integration in HVAC Systems: Efficiency and Sustainability Outcomes

Overall

*  Overall:
o Very Good: 89 responses
o Good: 9 responses
o Average: 2 responses
o Bad: 0 responses

o Very Bad: 0 responses

Fig. 10 -e. Overall

Solar-Powered HVAC Systems

Vi

Fig. 10 -f. Solar-Powered HVAC Systems

The survey responses clearly demonstrate strong approval for
solar-powered HVAC systems across several metrics. The
majority of respondents rated the systems as "Very Good" in
terms of creativity, performance, flexibility, and capability.
Specific highlights include: Creativity: 86 rated as "Very
Good", appreciating the innovative use of solar technology.
Performance: 84 found the systems to be highly efficient and
reliable. Flexibility: 81 appreciated the adaptability of the
systems to various environments. Capability: 86 expressed
confidences in the systems' effectiveness in HVAC. Overall,
89 respondents gave the highest rating of "Very Good,"
indicating widespread satisfaction. The survey suggests a
positive reception and potential for expanded use of these
eco-friendly technologies. The survey results suggest a strong
endorsement of solar-powered HVAC systems by
respondents. The positive evaluations in terms of creativity,
performance, flexibility, and capability underscore the
potential of these systems in addressing the growing demand
for sustainable and efficient HVAC solutions. This
information is valuable for manufacturers, policymakers, and
consumers interested in adopting eco-friendly technologies
for heating and cooling needs.

V. CONCLUSION

This study on solar-powered HVAC systems has provided
valuable insights into the potential of harnessing solar energy
to enhance the efficiency and sustainability of HVAC
systems. The findings of this research underscore the
significant advantages of integrating solar technologies into
HVAC systems, contributing to an environmentally friendly
and energy-efficient approach to climate control. The
analysis of solar-powered Caravan demonstrated a substantial
reduction in energy consumption and greenhouse gas
emissions compared to traditional systems. The utilization of
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solar energy not only promotes environmental responsibility
but also has the potential to yield considerable cost savings in
the long run. The study showcased the adaptability of solar-
powered HVAC systems across diverse geographic regions,
emphasizing their scalability and applicability in various
climates, and different uses in homes and offices. The
outcomes of this study serve as a foundation for future
research and development in the field of renewable energy
and HVAC systems. The integration of solar power into
HVAC technology not only aligns with global efforts to
mitigate climate change but also contributes to the transition
towards a more sustainable and resilient energy future.

DECLARATION STATEMENT

Funding No, we did not receive.

No conflicts of interest to the best of our

Conflicts of Interest
knowledge.

Ethical Approval and
Consent to Participate

No, the article does not require ethical approval
and consent to participate with evidence.

Auvailability of Data

and Material Not relevant.

All authors have equal participation in this

Authors Contributions .
article.

REFERENCES

1. M. A. Habib, M. A. Haque, B. Imteyaz, M. Hussain, and M. M.
Abdelnaby, “Potential of Integrating Solar Energy into Systems of
Thermal Power Generation, CoolingRefrigeration, Hydrogen
Production, and Carbon Capture,” J. Energy Resour. Technol. Trans.
ASME, vol. 145, no. 11, 2023, doi: 10.1115/1.4062381.
https://doi.org/10.1115/1.4062381

2. Q. Al-Yasiri, M. Szab6, and M. Arici, “A review on solar-powered
cooling and air-conditioning systems for building applications,”
Energy Reports, vol. 8, pp. 2888-2907, 2022, doi:
10.1016/j.egyr.2022.01.172.
https://doi.org/10.1016/j.egyr.2022.01.172

3. A. Gurung and Q. Qiao, “Solar Charging Batteries: Advances,
Challenges, and Opportunities,” Joule, vol. 2, no. 7, pp. 1217-1230,
2018, doi: 10.1016/j.joule.2018.04.006.
https://doi.org/10.1016/j.joule.2018.04.006

4. M. Lokeshreddy, P.J. R. P. Kumar, S. A. M. Chandra, T. S. Babu, and
N. Rajasekar, “Comparative study on charge controller techniques for
solar PV system,” Energy Procedia, vol. 117, pp. 1070-1077, 2017,
doi: 10.1016/j.egypro.2017.05.230.
https://doi.org/10.1016/j.eqypro.2017.05.230

5. Nguyen Duc Minh, Trinh Trong Chuong, Bui Van Huy, Quach Duc
Cuong, and Bui Dinh Thanh, “Research and Design of Inverter
Applied in Solar PV Systems Connected to Distribution Grid,” J.
Electr. Eng., vol. 7, no. 1, 2019, doi: 10.17265/2328-
2223/2019.01.006. https://doi.org/10.17265/2328-2223/2019.01.006

6. V. Sharma, M. H. Haque, S. M. Aziz, and T. Kauschke, “Smart
inverter and battery storage controls to reduce financial loss due to
overvoltage-induced PV curtailment in distribution feeders,” Sustain.
Energy, Grids Networks, vol. 34, 2023, doi:
10.1016/j.segan.2023.101030.
https://doi.org/10.1016/j.segan.2023.101030

7. W. Viriyautsahakul, W. Panacharoenwong, W. Pongpiriyakijkul, S.
Kosolsaksakul, and W. Nakawiro, “A Simulation Study of Inverter
Air Conditioner Controlled to Supply Reactive Power,” Procedia
Comput.  Sci.,, vol. 86, pp. 305-308, 2016, doi:
10.1016/j.procs.2016.05.083.
https://doi.org/10.1016/j.procs.2016.05.083

8. M. A. Hannan et al., “Battery energy-storage system: A review of
technologies, optimization objectives, constraints, approaches, and
outstanding issues,” J. Energy Storage, vol. 42, 2021, doi:
10.1016/j.est.2021.103023. https://doi.org/10.1016/j.est.2021.103023

9. A. Y. Sulaiman et al., “A solar powered off-grid air conditioning
system with natural refrigerant for residential buildings: A theoretical
and experimental evaluation,” Clean. Energy Syst., vol. 5, 2023, doi:
10.1016/j.cles.2023.100077.

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

www.ijeer.latticescipub.com


https://www.doi.org/10.54105/ijeer.D1032.03030524
http://www.ijeer.latticescipub.com/
https://doi.org/10.1115/1.4062381
https://doi.org/10.1016/j.egyr.2022.01.172
https://doi.org/10.1016/j.joule.2018.04.006
https://doi.org/10.1016/j.egypro.2017.05.230
https://doi.org/10.17265/2328-2223/2019.01.006
https://doi.org/10.1016/j.segan.2023.101030
https://doi.org/10.1016/j.procs.2016.05.083
https://doi.org/10.1016/j.est.2021.103023

OPEN aACCESS

https://doi.org/10.1016/j.cles.2023.100077

10. K. A.Nitesh and Ravichandra, “A Study on Battery Controller Design
for the Estimation of State of Charge (SoC) in Battery Management
System for Electric Vehicle (EV)/Hybrid EV (HEV),” SN Comput.
Sci.,, vol. 2, no. 3, 2021, doi: 10.1007/s42979-021-00600-0.
https://doi.org/10.1007/s42979-021-00600-0

11. R. M. Ramli and W. A. Jabbar, “Design and implementation of solar-
powered with l0T-Enabled portable irrigation system,” Internet
Things Cyber-Physical Syst., vol. 2, pp. 212-225, 2022, doi:
10.1016/j.iotcps.2022.12.002.
https://doi.org/10.1016/j.iotcps.2022.12.002

12. C.F.Yenku, M. D. Fendji, A. Fopah-Lele, and D. Tsuanyo, “Charge-
Controller Optimization on Lead-Acid Battery in Solar PV Systems:
Temperature Effects and Efficiency Improvement,” E3S Web Conf.,
vol. 354, 2022, doi: 10.1051/e3sconf/202235401003.
https://doi.org/10.1051/e3sconf/202235401003

13.  S. Subramanaya, “Introduction to HVAC Systems: Chapter 2,” 2006.

14. B. Fan, X. Jin, X. Fang, and Z. Du, “The method of evaluating
operation performance of HVAC system based on exergy analysis,”
Energy  Build., wvol. 77, pp. 332-342, 2014, doi:
10.1016/j.enbuild.2014.03.059.
https://doi.org/10.1016/j.enbuild.2014.03.059

15. S. K. Alghoul, “A Comparative Study of Energy Consumption for
Residential HVAC Systems Using EnergyPlus,” Am. J. Mech. Ind.
Eng., vol. 2, no. 2, p. 98, 2017, doi: 10.11648/j.ajmie.20170202.16.
https://doi.org/10.11648/j.ajmie.20170202.16

16. S. Seyam, “Types of HVAC Systems,” HVAC Syst., 2018, doi:
10.5772/intechopen.78942. https://doi.org/10.5772/intechopen.78942

17. Ali, S. S., & Tyagi, D. R. (2020). The role of Energy Conservation
Building Code 2017 in Indian Energy Policy. In International Journal
of Recent Technology and Engineering (IJRTE) (Vol. 9, Issue 1, pp.
1799-1806). https://doi.org/10.35940/ijrte.a2212.059120
https://doi.org/10.35940/ijrte. A2212.059120

18. Dharan, B., & S, Jayalakshmi. (2020). Green IT-An Eco-friendly
Practices and Methods for Environmental Sustainability. In
International Journal of Innovative Technology and Exploring
Engineering (Vol. 9, Issue 4, pp. 2889-2894).
https://doi.org/10.35940/ijitee.d1785.029420
https://doi.org/10.35940/ijitee.D1785.029420

19. Kariuki, A., & Odhiambo, E. (2021). Assessment of Implementation
of Energy Efficiency Measures, Savings Achieved and Barriers to
Implementation at VVarious Firms in the Hospitality Industry in Kenya.
In International Journal of Engineering and Advanced Technology
(Vol. 10, Issue 4, pp. 10-23).
https://doi.org/10.35940/ijeat.c2226.0410421
https://doi.org/10.35940/ijeat.C2226.0410421

20. Singh, H. P. (2022). Scope of Solar Energy and Wind Energy in
District Raebareli (Uttar Pradesh). In Indian Journal of Energy and
Energy  Resources  (Vol. 1, Issue 3, pp. 7-8).
https://doi.org/10.54105/ijeer.c1004.051322
https://doi.org/10.54105/ijeer.C1004.051322

21. Kumar, P. R, & Padma, R. (2019). A Novel Control Method for
Integration of Battery Energy Storage System in Microgrid for Energy
Management System. In International Journal of Innovative
Technology and Exploring Engineering (Vol. 9, Issue 2, pp. 4974—
4977). https://doi.org/10.35940/ijitee.b9079.129219
https://doi.org/10.35940/ijitee.B9079.129219

AUTHORS PROFILE

Arshad Mehmood is a seasoned Lecturer of Mechanical

Engineering at the University of Buraimi, Oman, with a

substantial record of teaching and research. Holding

degrees related to Mechanical Engineering, and academic

pursuits are focused on vibration analysis, mechanical
design, and sustainable engineering solutions. Has published extensively in
peer-reviewed journals and actively contributes to curriculum development,
examination processes, and student mentoring. His work emphasizes the
integration of practical training and theoretical study, aiming to enhance the
educational methods within mechanical engineering.

Mohammed Ali Khalifa Al-Azzani is a dedicated graduate
with a Bachelor's degree in Mechanical Engineering from the
University of Buraimi, Oman, sponsored by MoHERI.
Achieving a CGPA of 2.89, Mohammed has successfully
completed 136 credit hours, establishing a solid understanding
of mechanical engineering fundamentals. His academic journey involved
active participation in various practical projects and engineering
applications. Mohammed has shown a strong commitment to learning and
applying modern engineering techniques. With a focus on continuous

Retrieval Number:100.1/ijeer.D103203040824
DOI: 10.54105/ijeer.D1032.03030524
Journal Website: www.ijeer.latticescipub.com

Indian Journal of Energy and Energy Resources (IJEER)
ISSN: 2583-1186 (Online), Volume-3 Issue-3, May 2024

improvement and innovation, he aims to make significant contributions to
the field of mechanical engineering. Mohammed is eager to leverage his
skills and knowledge in professional settings, aspiring to excel in his career.
technologies, aspiring to excel in the engineering field.

Isheag Qasim Mohammed Al-Dhahri is an accomplished
graduate with a Bachelor's degree in Mechanical Engineering
from the University of Buraimi, Oman, sponsored by
MoHERI. With a commendable CGPA of 3.33, he has
demonstrated strong academic performance and dedication.
His studies encompassed 136 credit hours, laying a solid
foundation in mechanical engineering principles. He is actively engaged in
various projects and practical applications throughout his academic journey.
He possesses a keen interest in advancing mechanical engineering solutions
and aims to contribute to innovative engineering practices. Isheaq is
proficient in leveraging modern tools and technologies, aspiring to excel in
the engineering field.

Said Rashid Saif Al Omairi is an accomplished graduate
with a Bachelor's degree in Mechanical Engineering from
the University of Buraimi, Oman, sponsored by MoHERI.
With a commendable CGPA of 3.45, he has demonstrated
strong academic performance and dedication. His studies
encompassed 136 credit hours, laying a solid foundation in
mechanical engineering principles. He actively engaged in various projects
and practical applications throughout his academic journey. He possesses a
keen interest in advancing mechanical engineering solutions and aims to
contribute to innovative engineering practices. Said is proficient in
leveraging modern tools and technologies, aspiring to excel in the

engineering field.
Y
demonstrated strong academic performance and dedication.
His studies encompassed 136 credit hours, laying a solid
foundation in mechanical engineering principles. Academic journey was
supported by my advisor, Arshad Mehmood, and actively engaged in various
projects and practical applications. Also, possesses a keen interest in
advancing mechanical engineering solutions and aims to contribute to
innovative engineering practices. Myself is proficient in leveraging modern
tools and technologies, aspiring to excel in the engineering field.

Ahmed ‘'Abdallah Ali Al-Mamari is an accomplished
graduate with a Bachelor's degree in Mechanical Engineering
from the University of Buraimi, Oman, sponsored by
MoHERI. With a commendable CGPA of 3.46, and has

Mitha Rashid Sultan Al-Dhahli is an accomplished
graduate with a Bachelor's degree in Mechanical
Engineering from the University of Buraimi, Oman,
privately sponsored. With a commendable CGPA of 3.50,
She has demonstrated strong academic performance and
dedication. Her studies encompassed 136 credit hours, laying a solid
foundation in mechanical engineering principles. She actively engaged in
various projects and practical applications throughout her academic journey.
She possesses a keen interest in advancing mechanical engineering solutions
and aims to contribute to innovative engineering practices. Mitha is
proficient in leveraging modern tools and technologies, aspiring to excel in
the engineering field.

%

Disclaimer/Publisher’s Note: The statements, opinions and
data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of the Lattice
Science Publication (LSP)/ journal and/ or the editor(s). The
Lattice Science Publication (LSP)/ journal and/or the
editor(s) disclaim responsibility for any injury to people or
property resulting from any ideas, methods, instructions or
products referred to in the content.

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

www.ijeer.latticescipub.com


https://www.doi.org/10.54105/ijeer.D1032.03030524
http://www.ijeer.latticescipub.com/
https://doi.org/10.1016/j.cles.2023.100077
https://doi.org/10.1007/s42979-021-00600-0
https://doi.org/10.1016/j.iotcps.2022.12.002
https://doi.org/10.1051/e3sconf/202235401003
https://doi.org/10.1016/j.enbuild.2014.03.059
https://doi.org/10.11648/j.ajmie.20170202.16
https://doi.org/10.5772/intechopen.78942
https://doi.org/10.35940/ijrte.A2212.059120
https://doi.org/10.35940/ijitee.D1785.029420
https://doi.org/10.35940/ijeat.C2226.0410421
https://doi.org/10.54105/ijeer.C1004.051322
https://doi.org/10.35940/ijitee.B9079.129219

