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Highlights
« For the first time, on-grid flat plate solar collector was performed.
A new approach for saving energy was presented.
» High electrical energy saving around 55 % was achieved without thermaifistora

K cost.

Article Info Abstract
.
This study introduces a novel approach in Baghdad, Irag, where flat plate solar heaters are directly
Received: 08 Apr 2024 connected to the electric heater without the use of storage tanks. This setup operates in a manner
Accepted: 06 Nov 2024 similar to solar cells connected to the electric grid, without the need for electrical energy storage

during daylight hours (on-grid). A series of solar heaters, covering a total area of 3 m?, have been
linked to the electric water heater. This arrangement allows the water supplied to the electric

Keywords heater to either be pre-heated by the solar heaters or delivered directly. The percentage of
Solar collector electrical energy saved to obtain 100 liters of hot water at 40 °C using a water mixer was 53%
Electrical water heater and 57% when adjusting the electrical heater thermostat to 60 °C and 80 °C, respectively. This
Electrical energy saving was found by comparing the electrical energy usage of the electric heater in both cases (preheating
Thermal batteries and direct supply).

On-grid

geothermal [4-10]. Solar energy has various advantages, including being clean, abundant, and renewable.
Additionally, utilizing solar energy in various applications is cost-effective [11]. Nowadays, Irag's
electricity generation is unable to meet commercial and domestic power needs. Solar energy is a highly
potential renewable energy source in Irag. Exploiting this source offers green energy and avoids harmful
emissions from power plants that use fossil fuels. The yearly average of incident solar radiation in Baghdad
is around 5.02 kWh/m?/day, implying that Iraq has an opportunity to become a global renewable energy
source by depending on the sun's energy [12].

Solar water heating systems (SWHS) are widely employed in places with abundant solar radiation, such as
the middle east region. SWHS are frequently feasible substitutes for electricity and fossil fuels utilized in a
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variety of residential applications. In a SWHS, traditional flat plate solar collectors (FPSCs) with a metal
absorber plate and covers are applied to convert solar energy into heat. In an FPSC, incident solar energy
is transformed into heat and supplied to a transfer medium, such as water [13].

Solar energy is a time-dependent source of energy. Energy requirements for a broad variety of applications
fluctuate with time, but not in the same manner that energy supply does. Consequently, storing energy is
necessary if renewable energies are to supply a considerable percentage of the energy demand [14].

In residential applications, the thermal storage tank was typically used in conjunction with the flat-plate
solar system (off-grid) [15,16]. However, to the authors' knowledge, no experiments on using a flat plate
without a thermal storage tank (on-grid) have been reported in the literature. The flat plate cgllector system,
on the other hand, is more expensive when a thermal storage tank is included.

The goal of this research is to find a new way to use the flat-plate solar water hegji ith a direct
connection without a storage tank (on-grid) and make it more economically i
lowering both the startup and operational costs. The collected results show;

setting the electrical water heater to 60 and 80 °C.

2. MATERIALS AND METHODS

locally manufactured flat plate solar collectors used ingfiis study\ These c@ectors have a 3 m? aperture
area and are connected in series to accelerate the ris tefperatufe to the appropriate level. To
evaluate the energy usage of the 12.5-liter electricgl water heate 3-kW power, two options are being
considered: using tap water directly (case 1) or g flat plate solar collectors to pre-heat the water supplied
to the electrical water heater (case 2). The eXperiment was carried out at two different operating
temperatures for the electrical water spgcifically 60 and 80 °C. The Em 501 single-phase
electromechanical meter was used to meas rical energy consumption. Data loggers with seven
thermocouples type K (working in the temperature r f -50 to 150 °C) were used to record temperature
changes at various points in the gfistem. The thermogBuples were distributed according to the following:

The water temperatures of the elec heater's Ynput and output were measured using 1 and 5, respectively.

and 7 were employed #0YQea the hot water temperature from the solar collectors (Tou) and the hot water
temperature between the [ @ collectors (Toew). A solar power meter (TES-1333R) was set up
diation the collectors received. In addition, a pipe insulator (1/2" W - 210

An empirical equation has been developed to determine energy savings (Qsav.), expressed as follows:

Qsav. = Qp — Qg5 1)

where (Qg) is the required electrical energy to heat tap water and (Qe_s) is the total of electrical and solar
energy consumption to heat the same amount of tap water by collectors and electrical water heaters. Noting
that both (Qe) and (Qe_s) will be measured using the Em 501 single-phase electromechanical meter.
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Figure 1. (a) the schematic diagram of the work, and (b) the experimental setup
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3. RESULTS AND DISCUSSIONS

Figure 2-a shows the water temperature fluctuation at different points during five consecutive cycles of the
hot water on/off withdrawal process at 80°C. Starting at 10:13 a.m., the initial withdrawal cycle shows a
clear increase in both (Tou) and (Teew) as hot water is drawn. Upon stopping the withdrawal at 10:16 a.m.,
these temperatures decrease. Subsequently, the temperatures remain relatively stable while the hot water
system is idle. In other processes, the values of (Tou) and (Thenw) CONsistently increase. This behavior is
linked to the gained solar energy, which almost offsets the energy used by the electric water heater.
Additionally, the significant increase in Tou and Thew Values at the start of water withdrawal is due to the
accumulated solar energy gathered before water is drawn. This contributes to heating the withdrawn water.
Additionally, the (Tow) value fluctuates between 31 and 39 °C. Temperature measuremgnts were taken
multiple times while setting the electric water heater to 60 °C, as depicted in Figure 2(b)\I'ypically, the
(Tou) and (Thew) values increase and decrease similarly when adjusted to 80 °C (Figugd?2(a)). Nowever, the

equal to the solar energy captured by the collectors.
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employing soJar energy in water heating; therefore, a significant reduction in electrical energy consumption
has been achieved. Additionally, a sub-linear proportionate relationship between the magnitudes of
electrical energy consumption and the volume of heated water can be noticed in both examples (1 and 2),
which is attributed to the link between the needed energy value and water volume. Furthermore, the slope
of the curve varies slightly; in case 1, the slope is steeper since it requires more energy to raise the water
temperature. To investigate the effect of the adjusted electrical water heater on the Qe and Qg-s,
measurements were taken at 60 °C, as shown in Figure 3(b). Overall, the behavior of Qe and Qe.s values
with volume of hot water is similar to that of adjusting at 80 °C, but there is a significant difference in the
guantity of Qe and Qe-s, with Qg (2.8 KWh) exceeding Qe-s (1.2 KWh) by more than doubling.
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gained from r radiation and the energy consumed for water preheating, as described in the experimental
section.

4. CONCLUSION

In this investigation, the aim was to utilizing a novel on-grid method to save electrical energy using storage-
free flat-plate solar collector with electrical water heater. The findings of this study manifest that for heating
100 liters of water at 40 °C, the saving of electrical energy consumption is found to be 53 and 57% at
adjusting the electrical water heater at 60 and 80 °C, respectively. In addition, we found that the amount of
saved electrical energy increased with the increase in hot water consumption. The promising performance
of the proposed approach demonstrates its future effectiveness in the field of solar water heating.
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