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ABSTRACT

Solar water heater is a device which utilises the solar thermal collector for the heating of water. Encased in a wide and various types of configurations, solar water
heaters have the ability for providing hot water at a cost-effective manner. Such devices are being used at both industrial and residential purposes for reducing the
usage of electricity, and increasing the use of solar energy. The basic configuration of the solar water heater has been seen to contain insulated tank, supporting
stand, connecting pipes and other instruments, in addition to the solar collector.

The HVAC System or the system for “air conditioning, ventilation, and heating”. is useful for the maintenance of air quality and presence of adequate ventilation
helps in the provision of thermal comfort. Controlling the temperature and the humidity of the given arena is enabled with the aid of the HVAC system, which
further enables the conservation of the air pressure amongst the connected spaces. The study would look into the interpretation of the HVAC system and the
measures which are integrated with the heater for water from the sun (SWH) for the reduction of energy saving capacities. Along with such, the improvement of
the cost affectivity of such systems in the long run, would also be identified in the study.

The HVAC system plays a crucial role in ensuring optimal indoor air quality and comfort. By effectively regulating temperature, humidity, and air pressure, it
creates a pleasant and healthy environment for occupants. Additionally, the study will delve into the various strategies and techniques employed in conjunction
with solar water heaters (SWH) to enhance their energy-saving capabilities. This comprehensive analysis will shed light on the long-term cost-effectiveness of these
systems, highlighting their potential for significant savings and environmental benefits.

Keywords: HVAC model system, solar water heater, cost savings, energy savings, PV system.

1. Introduction

Because of the presence of creative ways in scientific advancements, new methods have been incorporated into scientific breakthroughs that now operate
more efficiently and at a more cost-effective level. This is because of the presence of creative ways in scientific advancements. In order to increase the
use of renewable energy, solar energy and a traditional system for distributing power to homes and offices have both received increasing attention. [2]
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Figure 1: Working principle of heat pipel

There has been a drastic expansion in the electricity generation capacity with the help of solar heaters, were in 2013, a total of 374.7 GWth of energy was
produced [1]. Such an aspect was produced against the total of 535.2 million square meters of collectors, which were mounted on a global scale [1]. A
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large number of governing technologies have been integrated in the solar water heater in terms of the HVAC system [3]. Thermal performance by varying
the geometries of solar collector to enhance heat transfer for [56] [57] [58] [59] [60] [61] [62] [63] [64] Solar Water Heater and [65, 66, 67, 68] Solar Air
Heater. The Solar Water heater could be utilized in similar devices to HVAC system which are [69] Nikul Patel et al. [70] SK Singh et al. for Biofuels
and [71] [72] Patel Anand et al. for Heat Exchanger devices.

2. Objectives

The study objectives developed for the article are as follows:
e  Toexamine the concept of HVAC system and its aligning components
e  To inspect the usage of solar water heater in terms of energy and cost saving

e  Todetermine how the solar water heater and the HVAC system interact in order to develop energy- and money-saving strategies.

3. Methodology

The ability to lessen reliance on petroleum and coal for the production of electricity and heat is a significant advantage of employing renewable energy
sources for these purposes [3]. The use of heating and cooling systems, which use less energy, makes it possible to produce electricity as well as heat in
situations where there is little accessible space. The use of clean technologies through the use of HVAC systems has had a major impact on the installation
of space heating techniques (SHs) as a result of the installation of clean technologies [10] [11].

The approach for integrating a solar water heater and HVAC system as part of an energy and cost-saving research follows a series of phases. To begin, a
thorough analysis of relevant literature and case studies is performed in order to develop knowledge of the integration process and find appropriate
techniques. Then, an acceptable building for the research is chosen, taking into account aspects such as building size, occupancy patterns, and climate
conditions. Following that, the solar water heater and HVAC system components are carefully selected based on system needs and energy efficiency
concerns.

The systems are methodically installed and integrated, assuring precise dimensions, location, and connection to the building's existing infrastructure. To
analyze the energy and cost reductions obtained, real-time monitoring of energy consumption, temperature, and performance parameters is performed.
Finally, data analysis and comparison with baseline energy use and expenditures are undertaken to assess the integrated system's success in achieving
energy and cost reductions. Any difficulties encountered throughout the integration process are also noted, revealing practical factors and potential areas
for development.
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Figure 2: Schematic diagram of PV system[**]

At the same time, renewable sources of energy have also been used to develop ideas for domestic hot water (DHW) and space cooling (SC) technologies.
The use of such instruments in homes has made it possible to have a bigger impact on the environment's eventual decarbonisation. The PV system is one
of the most important innovations that has been incorporated into the HVAC system [12]. The growth of affordable and energy-saving tools on the market
can be seen by making the best use of such methods.
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4. Concept of HVAC System

There are numerous HVAC system layouts that can be used, depending on where the device's beginnings enter and exit the system. This type of system
can be integrated both with the operational features of the solar water heater, which include producing warm water through the heat pump and the solar

collector plate, as well as with those features [10] [11].
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Figure 3: Various parts in HVAC systeml!

Alongside such an aspect, the HVAC also enables the generation of an air conditioning condition which helps in the provision of a cool air production

[5] [6] [7] [8] [9]. Hence, HVAC has the capacity of acting as a technological device which enables an increase in the economic result.

5. Solar Water Heater and HVAC System in Cost Reduction and Energy Generation

The solar water heater is built using a variety of collectors and circulation methods. Its working [10] identifies batch collectors, integrated collector-
storage (ICS), flat-plate collectors, and collectors with evacuated tubes. On the opposite hand, it has been observed that the circulation systems are
separated into direct, closed-loop, indirect, forced-circulation, and passive systems [4] [13] [14].

(Source: 9)
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From the above figure, it can be illustrated that the PV technology in the HVAC system enables the generation of a heightened water heating capacity in
the summer season [9]. The various temperatures which are identified in the different parts of the PV system has been identified in the figure, helping in

both the recognition of the various parts, and the temperatures which are be reached during the typical summer season[15] [16].

Winter night operation

. Collecter thermal output [W)]

N Sm

Total radiation [V

w rate [I/min]

[°C], Flo

Tank temperature

Figure 5: Temperature of the PV system during the winter nights!®

On the other hand, the figure above aids in determining the temperature that the photovoltaic array experiences during normal winter evenings. From
such a comparison, it can be shown that the increased solar energy has the ability to produce temperatures of greater magnitude. When the solar irradiation

is kept below 50 W/m2, which allows the PV collector to function as both solar thermal collectors in the bright phases and as energy absorbers [9].

6. Analysis of HVAC System in Solar Water Heater

By transporting heat from a chilly arena to a warm environment, heat pumps, a significant part of the HVAC system, are essential in moving heat from a
cold arena to a warm space [6]. Due to this aspect, there is a chance that the colder zone will see a rise in temperature as a result of absorbing heat from
the warmer area[41] [42] [43]. The total quantity of energy used by a structure can be reduced by allowing the solar energy to circulate inside of it without

the usage of electricity[44] [45].
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Figure 6: Temperature in the heat pump of PV system[®!

When it comes to solar water heaters, it is necessary to take into consideration the measures used to minimize the losses of thermal energy in the process

of collecting the energy intake through the HVAC system and transferring it. [7].
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7. Problem Statement

Even though it is acknowledged as one of the study's key shortcomings, the lack of mathematical methods for precisely assessing the cost-effectiveness
of rooftop solar water heaters paired with HVAC systems is a major shortcoming. The essay provides a thorough analysis of the flaws that cause the
problem of energy loss, although the flaws itself are not mentioned.[36] [37]

Integrating solar water heater systems with HVAC systems offers a significant possibility to achieve significant energy and cost reductions in
buildings.[38] However, it is critical to overcome the barriers to widespread integration and optimisation of these systems, which ultimately result in
large energy consumption and related costs. These difficulties include system integration, sizing and design, performance optimisation, cost analysis, and
user acceptability [39] [40].

By addressing these issues successfully, we can not only maximise energy savings but also assure occupant comfort at all times. The goal of this project
is to conduct a complete case study that investigates the feasibility, efficiency, and efficacy of combining solar water heaters with HVAC systems.
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Figure 7: Working efficiency of the common solar collector types!®!

The many ways to look after the devices to keep them working with a high degree of effectiveness have not been taken into account in the study [28]
[29].

8. Results
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The above figure presents the energy of the battery shorting from midnight till the morning of the next morning which is the standard period of tariff
TOU or time of use [37].
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Figure 9: Optimal control of the heat pump control as well as domestic load(*”]

The requirement of thermal is generally high for space heating and bathing in June. Battery P; supplied HPWH from the midnight to next early morning
with the support of the minor grid P;. The optical control was dropped P; in case of approaching the standard period of TOU to reduce the uses of the
expensive energy. The above figure (b) is representing the increased power due to the demand for a high load that had been mentioned in the
study. Scheduling of power has been given in (c) of the above figure about the load supplies in domestic houses [37] [36]. The grid of the supply Ps has
needed to demand the load from midnight to the morning peak. On the other hand, the power supply grid dropped in the middle of the night as well as PV
Ps was successful to sustain the load.

Month Baseline cost (R/day) Optimal cost (R/day) Solar sales (R/day) Baseline energy (kW h)  Energy saved (kWh)  Cost savings (%

December  140.52 62.79 170.02 155.95 80.01 55.32
March 113.94 36.36 251.22 96.76 98.56 68.09
June 253.97 129.48 13.96 27485 95.69 49.02
August 190.19 19.33 174.32 184.11 114.06 58.29

Figure 10: Optimal energy and the cost savings daily?%!

The daily cost and energy savings have been presented in the above figure. The saved energy represents the “grid energy not served” to the load that
would have been provided without the OC intervention of the HVAC model. Baseline cost in the bill which the hotel pays within the case study of the
OC or optimum control intervention [20] [21]. The optimal cost was the bill after the intervention. The bill was for the consumed grid energy by domestic
load, battery charging and HPWH. The analysis focuses on the input of the energy of the proper solar system within the connection of the electrical and
thermal needs of buildings, especially social houses.

December Haseline cost Orptimal cost Solar sales Bascline energy Energy saved Cost savings
{R/day) {R/day) (R/day) (kW h) (W h) {*¥a)
Experimental 140052 6279 170.02 155.95 s0.01 55.32
value
True value 140052 58.08 188.17 15595 79.92 58.67

Figure 11: Analysis of uncertainty of error/?%!

The above figure presents the uncertainty error during the analysis of the HVAC model and data from December has been given as the sample. The error
percentage is near about 5.7% while the uses of the true values [20]. The above table shows true values and measured values. The conclusion has been
drawn based on the obtained values, which is an analysis of uncertainty for other months within the case study.

9. Discussion

According to the state of the art, the conventional units of HVAC are responsible for the half energy consumption of a building. However, the improvement
of the control system or utilizing specific energy strategies like evaporate technologies as well as performance of the energy of the HVAC systems can
be improved. With the active TES, cooling that is the optimization of driving control of the mechanical systems [40]. This exchange of fluid is used to
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discharge or charge storage tanks to allow the improvement of the system's efficiency. Likewise, the model of PCMs can be implemented for improving

system performance like “domestic hot water”, HVAC, ventilation as well as facilities of solar cooling.

The HVAC is often coupled with the recovery system of energy designed for reducing consumed energy for space heating as well as cooling. This can
be done by recovering the energy wasted even if energy savings need to be balanced against the consumption of the electrical power by fans. This model
is suitable for the cooling and heating system in the case of both rural and urban areas [40] [42]. This model can also surpass the limitations of the “solar
thermal heater” in respect of water and space heating. This STH depends on the architectural design of the buildings, the strength of the roof and the
position of the sun to make it string for retrofitting into the old buildings. Lastly, it can be said that the cost and energy savings of every individual

intending to turn dwelling into a “zero/energy-positive building” can adopt the optimal cost strategy.

10. Conclusion

The increased savings generated through component optimisation can result in a significant decrease in the cost of energy use [2] [5]. Higher levels of
solar energy savings can be reached by optimising the different system components, such as the solar water heater and HVAC system. By efficiently
combining solar energy into the HVAC system, cost-effective alternatives to traditional water heaters may be established via careful design and successful
implementation methods. This integration enables considerable energy and cost savings, boosting the use of environmentally friendly and economically
feasible solutions.
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