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SUMMARY

The main objective of this study was to control the environment inside a room to grow barley during
the summer using renewable energy (solar energy). The sub main objectives of this study are application
of using solar energy in one of the agricultural sectors to avoid impact of climate change, high energy
prices and food availability by creating internal conditions in a thermally insulated room cooled by
evaporative cooling, raising the efficiency of the renewable energy consumed to achieve the highest
cooling efficiency inside a thermally insulated room to produce cultured barley as an alternative to fodder
and Providing freshwater by using seawater in the evaporative cooling process. This study was conducted
in the Agricultural Engineering and Biosystems Department, Faculty of Agriculture, Shebin EI Kom,
Menoufia University, Egypt during of the year 2023 from August to October. To achieve this objective, a
polyurethane sandwich room was designed with an evaporative cooling system used to reduce thermal
loads to save the conditions for barley germination. A mathematical model was designed to predict the
factors affecting evaporative cooling. The effect of different air velocities at different water flow rates
was studied on indoor air temperature by the mathematical Model under climatic parameters and using
silica gel to reduce air humidity. The system was operated using new and renewable energy (solar energy)
under the optimal conditions of the mathematical model and the experimental study. The cold exhaust air
was used to cool the solar panels and decrease the loss in their efficiency. The effect of using seawater in
the evaporative cooling process on the indoor air temperature and cooling efficiency was studied.

The obtained results can be summarized as follows:

1- The best results were obtained from the mathematical model at 1.25 m s* of air velocity and 4 L min
m2 of water flow rate using silica gel.

2- The mathematical model's results were validated with the experimental study's results, which were
consistent and proved the model's success.

3- The optimum conditions for barley production were obtained experimentally at 1.25 m s of air
velocity and 4 L min? m? of water flow rate using silica gel with 97.40 % of Cooling Efficiency,
which were consistent with the mathematical model; the indoor air temperature ranged from 18.15 to
23.31 C theoretically. In contrast, it ranged from 18.36 to 25.21 C" experimentally with a minimum
correlation coefficient of 0.944 between predicted and measured values.

4- The solar panel system was cooled by exhaust evaporative cooling air at the selected parameters from
the evaporative cooling experiment (1.25 m s of air velocity and 4 L min m of water flow rate
using silica gel).
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The daily electrical energy from the solar panel was 7.13 MJ day*. When cold air was used to cool the
panel and reduce its efficiency loss, it increased to 8.32 MJ day™, an increase of 16.7 % in electrical
energy at a daily solar energy of 23.68 MJ day™.

The average daily efficiency of the solar panel was 14.01 %, and with cooling the solar panel, the
average daily efficiency increased to 16.11 %, with a 14.9% increase in panel efficiency.

The total daily value of electrical energy production from the designed solar panel system was 33.64
MJ day, while the total electrical energy consumed by the fan, pump, and lighting was 30.72 MJ day"
L with an overflow of 2.92 MJ day.

The results of barley obtained during the study under the conditions of the selected treatments from
the evaporative cooling experiment during seven days of germination were: The average plant length
was 25 cm, and the average yield per kg of grains was 7.5 kg of green fodder. The results of
laboratory analysis of random barley samples were Protein: 18.9 %, Raw fiber: 12.5 %, Fats: 3.3 %,
Starch: 15.3 %, digestible energy: 12.9 MJ/kg.

The study of using seawater proves slightly lower cooling performance and energy use efficiency,
with no harmful effect on plants. It provides the feasibility of evaporative cooling using seawater.
However, it requires cleaning by washing it with salt after a while and not changing it, which
increases costs.

Recommendations:
The following recommendations can be drawn from the results of this study:

The study recommends using the mathematical model for the direct evaporative cooling system to
predict and select the optimum main factors affecting the performance of the evaporative cooling
system under different climatic conditions.

The system has helped achieve high efficiency in providing and creating optimal conditions for plant
growth with the lowest energy consumption. Therefore, we recommend using this system on reclaimed
lands or in new or not reclaimed areas.

This system can be used to cool out most facilities efficiently, increasing productivity and quality
while reducing energy costs.

The study recommends the use of 1.25 m s of air velocity with 4 L mint m2 of water flow rate to
provide the optimal conditions for barley germination according to the working conditions in the
study.

The study recommends the use of silica gel in cooling evaporative systems, but it needs more study on
the continuous removal of moisture from it.

The use of photovoltaic cells to provide the energy consumed in the evaporative cooling systems and
any other use of energy on the farm.

Using cold exhaust air from the evaporative cooling system to cool solar panels, reduce efficiency loss,
and increase electricity production.

The study recommends the use of seawater as it is suitable for use in cooling, especially in coastal
areas, but it needs continuous maintenance.

Existence of expected profits during the operation of the proposed system.
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