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N | Solar energy (pv) is one of the renewable energy sources used
" to reduce the impact of climate changes and the rise in energy
prices. Aquaponic system considered an important turn for
food security with water shortage and climate change. The
main objective of this study is to apply solar energy in the
aquaponic system as a new technology of agriculture for water
and energy saving. Design solar photovoltaic system to supply
the energy to aquaponic system and evaluate its performance.
The results showed that the maximum calculated and measured
solar radiation were 789.67 and 856.90 W m™, Which indicates
agreement between the calculated and measured results.
© Misr J. Ag. Eng. (MJAE) | Accordingly, the maximum calculated and measured output
power of the solar panel were; 252.77 and 233.24 W,
respectively. The results indicated that the efficiency of the
solar panel ranged from 13.51 to 14.68% during daylight
hours. The total value of the electrical energy productivity from
PV was 10.49 MJ day™, with various values throughout the
day. The aquaponic system's integrated water and air pumps
required a combined 10.32 MJ of specific energy per day,
which was generated by the PV system's electrical energy
productivity. The results also obtained for lettuce plants
indicated that with increasing the flow rate from 0.5 to 1.5 L
min?, dry and fresh weight of shoots, concentration of the
nutrient in shoots, lettuce production, and water use efficiency
were all increased. Therefore, the study recommends that solar
energy can be used to operate the aquaponic system.

Keywords:
Solar energy; Water; Climate
changes; Aquaponic system.

1. INTRODUCTION
olar energy is which considered to be the most effective and economic alternative
resource. Solar energy applications are becoming increasingly popular in developing
nations like Egypt for diverse systems of supplying electricity and water. One of the
key elements affecting the growth of the fish and plants in the aquaponic system is the issue
of power outages. To run the air and water pumps, the system needs a constant supply of
electricity. A solar-powered aquaponic system is being developed to address this issue. One of

MJAE - October 2023 435


https://mjae.journals.ekb.eg/
mailto:elgeziryabdelrahman@gmail.com
mailto:elgeziryabdelrahman@gmail.com

BIOSYSTEMS ENGINEERING

the most common methods for applying solar energy is to use photovoltaic cells to power air
and water pumps (Elgeziry, 2022).

The total daily value of electrical energy output from solar panels can be used to calculate the
farm's total specific energy consumption. Solar energy, which is a form of renewable energy,
may be used for any agricultural production application and helps to lower the high energy
costs (Omar et al., 2021).

The daily total electrical productivity from PV for the trial day was reported by Samak et al.
2022 for the summer, spring, autumn, and winter. The data indicates that throughout the
summer, spring, fall, and winter, the irradiance was 7783, 5108, and 3660 W m™.day,
respectively. Throughout the day, the electrical energy productivity from PV varies in value;
in the summer, spring, autumn, and winter, the total value was 552, 460, and 330 Wday™.
High summer temperatures over 25°C had an impact on the actual efficiency, which went
from 13 to 16.6%; however, the temperature had no impact on the efficiency during the spring
and winter, thus those changes were not made. The energy consumption for the machine is
calculated using PV energy productivity for electrical energy. For periods when PV
production is insufficient, the extra electricity over the necessary quantity is stored in the
battery.

To provide the energy needed to run the Evaporative Cooling System, a solar cell system was
designed and identified as a brand-new, renewable energy source (and as an example of how
solar energy is used in agriculture) and essential to supply that energy, in terms of the capacity
of the inverter, batteries, and solar cells employed (Omar et al., 2022).

The agriculture industry faces several sustainability issues, including water scarcity,
contamination of the environment, rising fertilizer costs, population growth, food poverty, and
the degradation of fertile soils, can be addressed using an aquaponic system. First and
foremost, the capacity to generate large yields with little additional nutrient input, as well as
significantly lowering nutrient output and water loss from aquaculture (Yep and Zheng,
2019).

According to Yang and Kim (2020), aguaponics is a fast-expanding method of growing food
that combines aquaculture and hydroponic crop production. This method requires a lot of
energy. The aquaponic system is a sustainable one that fully recycles the waste materials that
are utilized as plant fertilizers. It is the best technology for food production in resource-
constrained and climate change-affected places since it consistently saves water while being
more productive than soil-based agriculture. Aquaponics enables extensive and high-quality
vegetable production without having any negative effects on the environment due to
contamination from either animal wastes or chemical fertilizers in agriculture or aquaculture
(Pantanella, 2018).

Agquaponics systems are created by combining hydroponics—a technique for growing plants
without soil using just water and artificial nutrients—with aquaculture components. In
comparison to soil-based agriculture, hydroponic farming uses water and nutrients far more
effectively, but its maintenance is more difficult and calls for a different set of inputs,
particularly during installation. One of the main benefits of using hydroponics is that it
considerably reduces water use, using only 10% compared to more than 80% for soil-based
production (Somerville et al., 2014; Maucieri et al., 2019).
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Agquaponic and hydroponic systems were employed to prevent water from evaporating from
the soil, which would otherwise be lost. The main objective of this study is to apply solar
energy in the aquaponic system as a new technology of agriculture for water and energy
saving. Design and evaluate the performance of solar photovoltaic system to operate the
aquaponic and hydroponic system.

2. MATERIALS AND METHODS

2.1 Experimental study
This work was done to study the effectiveness of applying the solar energy in the aquaponic
system for saving energy. Utilizing innovative agricultural technologies (Aquaponic system)
is the primary goal of this study and renewable energy (solar energy) for energy and water
saving. In this study, the performance of the solar energy required to operate the aquaponic
and hydroponics system was designed and evaluated. Determine the effect of flow rate (0.5,
1.5 and 2.5 L min™) the system type (aquaponic and hydroponic systems) on the growth rate
of lettuce plants grown in nutrient film technique (NFT) and deep water culture technique
(DWC). Each culture type used with three water flow rates (intermittent flow, 4 minutes on
and 8 minutes off). A ball valve and a water flow rate sensor were used to regulate the water
flow rate. The experiment was carried out in a greenhouse at the Faculty of Agriculture,
Shebin El-kom, Agricultural and Bio-Systems Engineering Department, Menoufia University,
Egypt between October, and December of 2020. Geographically, the experiment place's
latitude angle was 30° 54' North.
2.2 Aquaponic system setup
Fig.1 show the design of the experimental aquaponic system. The aquaponic system on which
the experiment was conducted consists of the following components:
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Fig.1: Schematic diagram of the experimental aquaponic system.
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a. Fish tank

For the culture of fish, a circular fiberglass tank was employed. The fish tank has dimensions
of 70 cm in height and 120 cm in diameter. Tank is provided with a particle trap in the center
for water drain waste solids with 3. 81cm, in diameter.

b. Mechanical filter

The fish tank's mechanical filter is utilized to remove suspended and settleable particles. The
mechanical filter is made of polyethylene (PE) with dimensions of 95cm height and 58 cm
diameter.

c. Biofilter

The biofilter has media on which nitrifying bacteria can grow and turn ammonia into nitrate.
It comprises of two circular polyethylene tanks, each measuring 60 cm in diameter and 90 cm
in height, one of which is filled with gravel and the other with drip irrigation hoses. Each
tank's medium had a height of 60 cm.

d. Hydroponic subsystems
The portion of the system where plants are grown by absorbing excess nutrients from the
effluent water. The plants are grown in two hydroponic systems deep water culture technique
and nutrient film technique.

d; - Deep water culture technique (DWC)

Three rectangular fiberglass troughs were utilized to cultivate lettuce plants. To support the
plants, foam boards were placed on top of the troughs. Each foam board had dimensions of
120 cm in length, 60 cm in breadth, and 5 cm in thickness. Plants will be positioned in the 5
cm diameter, 21 cm apart holes that were bored in the foam boards. The water utilized in each
trough was 20 cm deep, and the plant spacing was 21 cm. Three air stones are provided in
each trough to maintain the levels of dissolved oxygen. Each trough had the following
measurements: 300 cm in length, 60 cm in width, and 30 cm in depth.

d,- Nutrient film technique (NFT)
Three white polyvinyl chloride (PVC) pipes with perforations on top are used in the nutrient
film technique to hold the plants. The pipes are where the roots of the plants grow. To provide
fourteen plant-slots per line, the pipes were drilled with 5 cm diameter holes spaced at 21 cm
apart. The slope recommended is at a rate of 1% or (1cm/m) of pipe length is needed to make
sure the water flows through the whole pipe with ease. The dimensions of each pipe were
10.16 cm diameter and 300 cm length.

e. Sump tank

It is the lowest point in the system and contains the submersible water pump. It is a collecting
tank from which water is pumped to the fish tank, and to which water drains from the plant
bed. It is a 500-liter circular tank made of polyethylene.

f. Submersible water pump
To return water to the fish tank from the sump tank, a submersible water pump is needed. The
specifications of this pump are 250 W in power and 6.5m*/hr in flow rate.

g. Air Compressor
The air compressor (air pump) is used to inject air into water through air pipes and air stones
that lie inside the water tanks, thereby increasing the dissolved oxygen levels in the water. Air
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stones are located at the end of the air line and serve to diffuse the air into smaller bubbles.
The specifications of this air compressor are 35 W in power and 50 m*/hr in flow rate.

2.3 Hydroponic system setup

The hydroponic system on which the experiment was conducted consists of as shown in Fig 2
hydroponic subsystems, solution tank, water pump, sump tank, and air pump. In a hydroponic
system, the nutrient solution is used to feed the plants.
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Fig. 2: Schematic diagram of the experimental hydroponic system.

2.4 Water flow dynamics in aquaponic system

In this system the plants were fed using the aquaculture wastewater. The water flows by
gravity from the fish tank into the mechanical filter that removes or captures solid wastes and
then passes through a biofilter that oxidizes ammonia to nitrate by nitrifying bacteria. The
water then moves through plant growth troughs where plants absorb nutrients from it and
finally the water returns purified to the fish tank by water pump as shown in Fig. 3.

Fig.3: A photograph of aquaponic system.

MJAE - October 2023 439


https://mjae.journals.ekb.eg/?_action=article&issue=42190&sb=2407&_sb=Biosystems+Engineering

BIOSYSTEMS ENGINEERING

Table (1): shows the input parameters of the aquaponic used in the experiment.

Date of start 21/10/2020
Date of end 2/12/2020
Duration of culture (days) 42
Fish type Nile Tilapia
Number of fish 168
Initial average weight of individual fish (g) 20.10
finial average weight of individual fish (g) 52.23
Plant type Lettuce
Number of plant 168

2.5 Solar energy system design

2.5.1 Estimation of the electrical energy demand for system

The total electrical energy consumed to operate the system was calculated by the following
equation according to Abu-Aligah (2011); Bhatt and Verma (2014):

E=Py .ty + P, .ty 1)
where:
E= the total electrical energy consumed per day (W h day™).
Pw= the submersible water pump power (W).
t,= the submersible water pump hours of operation per day (h day™).
P,= the air pump power (W).
t,= The air pump hours of operation per day (h day™).

2.5.2 Determine the number of solar panels
The number of solar panels was calculated by the following equation according to Diantari
and Pujotomo (2016):

E

E
Number of solar panels = — = (2)
Py SR1XMpanel XApanel

where:
E= the total electrical energy consumed per day (W.h day™).
P,= the power output calculated (W. h day™).
SR, = the calculated daily solar radiation (W.h m?.day™).

Upanel= the solar panel efficiency (%).
Apanel = the solar panel area (m?).

2.5.3 Solar radiation

The values of solar radiation were determined during each day of the study. The design is
made on the least day of daily solar radiation during the study period which is the last day of
the experiment. The daily solar radiation was calculated according to Taha (2010).

2.5.4 Determine the solar charge regulator
The solar charge regulator was calculated according to Bhatt and Verma (2014), as follows:

Solar charge regulator (A) = Number of Solar Panels X Isc 3)

where:
Isc = short circuit current (A).
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2.5.5 Determine the number of batteries
The require number of batteries can be calculated by using the following equation according

to Shivrath et al. (2012); Bhatt and Verma (2014):
The number of batteries = ——— 4
VpxDODXCy,
where:

N= days of autonomy (day).

Vp= battery voltage (V).

DOD= depth of discharge (%).

Cp= the battery capacity (A.h).
2.5.6 Determine of capacity inverter
The capacity inverter was calculated according to Diantari and Pujotomo (2016), as follows:

Capacity inverter (W) = pumps power(W) X Power Factor (5)

2.6 General description of proposed photovoltaic system
The photovoltaic system on which the experiment was conducted consists of the following
components: Solar panels module, consists of two panels each one 320 W, model STP320
polycrystalline and installed with tilt angle 30° from the horizontal and positioned in south
direction. The solar photovoltaic module was installed on a rigid and fixed mineral structure
on the roof and is about two meters high facing the sun. The specifications of solar panel are
presented in Table 2. The capacity of the solar charge regulator used is 20A with 12/24 V and
maximum power point tracking (MPPT) type. The capacity of the inverter used is 600 W. The
capacity of the battery used is (12 volts, 100 Amp.hr) and number of four batteries, it was
connected with charge regulator.

Table 2: Solar panel specifications.

Origin of manufacture China

Model STP 320
Max.Power(pmax) 320 W
Voltage at Pmax (Vmp) 371V
Current at pmax (Imp) 8.63 A

Open Circuit Voltage (Vo) 456V

Short Circuit Current (lg) 9.14 A

Panel Dimension 1956 X 992 X 40 mm
Weight 25.8 kg

Solar Cell Efficiency 16.5 %

The standard test condition of 25° C cell temperature, 1.5 Air mass ratio (AM) and 1000 W/m?
solar radiation.

Table (3) shows the value of calculated average total solar radiation, it was 4898.72 W.h m™

day™ and electrical energy consumed in the aquaponic system was 2840 W.h day™. It also
shows that the design values of the solar energy system components as presented in Table (3).

Table (3): Calculations of the solar energy used in the operation of an aquaponic system.

Type Pumps Time of Electrical  Calculated  Number  Solar Number  Capacity
pump power operation energy daily solar of solar  charge of inverter
consumed radiation panels regulator batteries

Water

250 W 8h
pump 4898.72
Air 2840 W.h W.h m? 1.81 20 A 3.94 600W
pump 3BW 24 h day™ d'ay_l =) =4
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2.7 Measurements

2.7.1 Energy measurements

Measurements such as: Air temperature, solar radiation, output voltage and current from 7 am
to 5 pm for three days were performed to assess the performance of the proposal PV system.
Air temperature was measured by air temperature sensor, solar radiation was measured by
aTES 1333 solar power meter and output voltage and current was measured by digital
multimeter.

2.7.2 Solar panel efficiency

Efficiency of PV panel is the measure of ability the PV to production of electrical energy
from sunlight. The efficiency of the solar panel is calculated using the following formula
according to Okasha (2016) and Sharma et al. (2020):

x 100 (6)

" _ PoutoF Py VoexXIgoXFF
panel Pin SR2XApanel

where:
Hpanel= the solar panel efficiency measured (%).
P,.+ =the output power measured of the panel (W).
P,,= the solar power input measured of the panel (W).
V,. =0pen circuit voltage (V).
I = short circuit current (A).
SR,= measured solar radiation (W m™).
Apaner = the solar panel area (m2).
FF= factor equals about 0.67 according to Okasha (2016).

2.7.3 Plant sampling and measurements

Dry and fresh weight of shoots was measured at the end of the workout. After fresh weight
measurement plants were dried in an oven at 70 °C for 48 hours until a constant weight was
reached in a hot air oven.

2.7.4 Water use efficiency
The water use efficiency was determined by the following formula according to Djidonou et
al. (2013):

CY

WUE = m (7)

where:
WUE-= the water use efficiency (Kg m™).
CY= the crop yield (plant m™).
CWU-= the crop water uptake (m® plant™).
2.8 Statistical analysis
The obtained data were analyzed using the Statistical Package for the Social Sciences (SPSS)
program; version 26 in which two ways ANOVA are used.

3. RESULTS AND DISCUSSION

3.1. Solar energy

Evaluate the solar energy system designed to supply the energy needed to operate the
aquaponic system by comparing the calculated and measured output power from the solar
panel.
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3.1.1 Evaluation of Solar radiation and solar panel output power

Fig. 4 represent the calculated and measured output power (P; and P,) from the solar panel
based on the calculated and measured ambient air temperature and solar radiation (SR; and
SRy) at different times of the day. The experimental results showed that output power values
from the solar panel changes by increase and decrease together affected by both solar
radiation and the temperature of the surrounding air. It gradually increased with increasing
solar radiation and the maximum value was at 12.00 pm.

The results showed that the calculated and measured solar radiation increased from 52.80 to
789.67 and 57.40 to 856.90 w m™, between 7.00 am to 12.00 pm respectively. Accordingly,
the calculated and measured output power of the solar panel increased from 16.90 to 252.77
and 15.20 to 233.24 W, respectively. Whereas the calculated and measured output power
from the solar panel decreased from 252.77 to 16.90 and 233.24 to 16.70 w, respectively, with
the calculated and measured solar radiation decreased from 789.67 to 52.80 and 856.90 to
61.45 w m™, respectively with the increase in time from 12.00 to 17.00 pm.

--m--SR1(W/m2) —&— SR2 (W/m2) P1(W) —a— P2 (W)
900 400
800 L 350
T 700 L 300
\ —
£ kL
e L 200 o
& 400 -
;'EB 300 F 150 &
-
o5 200 L 100 o
[7,] B
100 50
0 ¥ 0
7 8 9 10 11 12 13 14 15 16 17

Time of the day (h)

Fig. 4: The calculated and measured power output from the solar panel based on the
calculated and measured solar radiation at different times of the day.

3.1.2 Performance of solar panel

The solar panel's output power is influenced by insolation and the number of hours of
sunshine that are available in a certain place each day. Input solar radiation and output power
of the solar panel was measured every hour. The short circuit current and short circuit voltage
of the solar panel was measured by using digital multimeter and solar radiation was measured
by using solar power meter. Measurements were made to assess how well solar panels and
photovoltaic systems functioned under various performance-affecting situations.

The effect of solar radiation on the solar panel output power and solar panel efficiency at
different times of the day are presented in Table (¢) and Fig. 5. It was observed that the solar
radiation and ambient air temperature were increasing from 7:00 am to come at the maximum
point at 12:00 pm then it reduces to the minimum at 17:00 pm.

The experimental results showed that solar panel output power (P,) was increased from 7.83
to 120.23 W m™ with increasing the solar radiation (SR,) from 57.40 to 856.90 W m™ and
ambient air temperature from 14.20 to 24.10 °C and decreased from 120.23 to 8.61 w m™ with
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decreasing the solar radiation from 856.90 to 61.45 W m™ and ambient air temperature from
24.10 to 15.07°C.

The highest value of solar panel efficiency was 14.68 % obtained at a solar radiation of
678.09 W m™ and ambient air temperature of 21.87 °C. Whereas the lowest value of solar
panel efficiency was 13.51 % occurred at a solar radiation of 771.00 W m™ and ambient air
temperature of 23.50 °C. The decrease in efficiency is due at some points because it is
affected by solar radiation and temperature. The maximum solar panel efficiency available
from the PV panel is 1000 W m™ solar radiation and at a temperature of 25°C (Abu-Aligah,
2011).

Table (4): Solar radiation, ambient air temperature, solar panel output power and actual solar
panel efficiency at different times of the day.

Time of the day (h) Tair SR, P2 Mpanel
(°C) (W m?) (W m?) (%)
7 14.80 57.40 7.83 13.65
8 15.10 255.49 37.16 14.54
9 16.20 489.85 68.58 14.00
10 21.87 678.09 99.51 14.68
11 22.93 750.63 103.95 13.85
12 24.10 856.90 120.23 14.03
13 23.50 771.00 104.19 13.51
14 22.90 677.60 96.52 14.24
15 21.87 496.00 70.31 14.17
16 15.70 249.33 34.65 13.90
17 15.07 61.45 8.61 14.01
—&—SR2 (W/m2) - ¢ -P2(W/m2) K panel (%)
900 15
800 15 <
T 700 =
£ 15 >
; 600 a §
= 500 145
a 14 @
S 400 3
%” 300 14 -4
200 14 '_3
100 S ol SRR VI S 14
0 | -2 13
7 8 9 10 11 12 13 14 15 16 17

Time of the day (h)

Fig. 5: Solar radiation, solar panel output power and solar panel efficiency
at different times of the day.

3.1.3 Electrical output from PV and energy use in aguaponic systems

The power required to operate the aquaponic system was calculated according to equation (1).
It was found 2840 W.h day™. The energy consumption for the system obtained from electrical
energy productivity from PV.
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Table (5) shows the experimental day's daily average PV electrical output during the winter.
The data indicates that during the winter, the irradiance was 5343.74 W m™day. The total
value of the electrical energy productivity from PV in the winter was 2915.98 Wday™, with
variable values throughout the day. This outcome concurs with Ruiz et al., (2020). The actual
efficiency changed between 13.51 to 14.68 %, affected by change in solar irradiance during
the day periods. The total value of the electrical energy productivity from PV was 10.49 MJ
day™, with various values throughout the day. Ruiz et al., 2020 concur with this result. The
aquaponic system's integrated air pump and water pump had a combined specific energy
consumption of 10.32 MJ per day, which was derived from PV energy productivity. Excess
electricity over what was needed was stored in a battery to be used when PV energy output
was low. The designed module was able to operate an aquaponic system with an overflow of
0.17 MJ day™.

Table (5): The electrical output from PV, the hourly solar irradiation, and the energy
consumption of the system.

Electrical Energy
Time Solar energy, Solarenergy  Solar panel productivity ~ consumption
(h) (W m?) (MJ m?) efficiency from PV of aquaponic
(%) system system
(MJ day™) (MJ day™)

1 - - - - 0.43

2 - - - - 0.43

3 - - - - 0.43

4 - - - - 0.43

5 - - - - 0.43

6 - - - - 0.43

7 57.40 0.21 13.65 0.11 0.43

8 255.49 0.92 14,54 0.52 0.43

9 489.85 1.76 14.00 0.96 0.43

10 678.09 2.44 14.68 1.39 0.43

11 750.63 2.7 13.85 145 0.43

12 856.90 3.08 14.03 1.68 0.43

13 771.00 2.76 13.51 145 0.43

14 677.60 2.44 14.24 1.35 0.43

15 496.00 1.76 14.17 0.97 0.43

16 249.33 0.9 13.90 0.49 0.43

17 61.45 0.22 14.01 0.12 0.43

18 - - - - 0.43

19 - - - - 0.43

20 - - - - 0.43

21 - - - - 0.43

22 - - - - 0.43

23 - - - - 0.43

24 - - - - 0.43
Total Energy 5343.74 19.19 10.49 10.32

Note: (- ) mean no solar radiation.
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3.2 Fresh and dry weight of the lettuce shoots

The effect of all treatments in this study on the fresh and dry weight of shoots production of
lettuce plants grown in deep water culture technique and nutrient film technique at the end of
growing period are presented in Table (6 and 7). The results showed that the fresh and dry
weight of shoots were higher in hydroponic system compared to aquaponic system. The
higher water temperature, water pH and lower dissolved oxygen in aquaponic system possibly
one of the factors behind the decreased plant development. These results agreed with Yang
and Kim (2020b).

Shoots' fresh weight was significantly influenced by flow rate (F), but not by system or by
interactions between treatments (S and F). The results indicate that the fresh weight of shoots
was 176.97, 217.19 and 170.18 g plant™ in deep water culture technique and 199.03, 230.63
and 176.27 g plant® in nutrient film technique for 0.5, 1.5 and 2.5 L min™ flow rate,
respectively with aquaponic system. While in the case of hydroponic system, the fresh weight
of shoot was 196.56, 233.44 and 189.78 g plant™ in deep water culture technique and 217.56,
237.89 and 203.67 g plant™ in nutrient film technique for 0.5, 1.5 and 2.5 L min™ flow rate,
respectively.

The dry weight of shoots was significantly affected by system and flow rate but not
significantly affected by interactions between treatments with deep water culture technique.
While in the case nutrient film technique, the dry weight of shoots was significantly affected
by flow rate but not significantly difference system and interactions between by system and
flow rate.

The results also indicate that the dry weight of shoots was 20.18, 22.43and 18.32 g plant™ in
deep water culture technique and 21.35, 23.64 and 19.52 g/plant in nutrient film technique for
0.5, 1.5 and 2.5 L min™ flow rate, respectively with aquaponic system. While in the case of
hydroponic system, the dry weight of shoots was 21.41, 24.20 and 21.34 g plant™ in deep
water culture technique and 22.58, 24.95 and 21.37 g/plant in nutrient film technique for 0.5,
1.5 and 2.5 L min™ flow rate, respectively.

In deep water culture technique, the average values of fresh and dry weight of shoots were
188.11 and 20.31; 206.59 and 22.32 g plant™ with aquaponic and hydroponic system,
respectively. While, in the case of nutrient film technique results show that the average values
of fresh and dry weight of shoots were 201.98 and 21.5; 219.71 and 22.97 g plant™ with
aquaponic and hydroponic system, respectively.

The fresh and dry weight of shoots was increased with increasing the flow rate from 0.5 to 1.5
L min™ may be due to increasing in nutrients consumption rate. The fresh and dry weight of
shoots were decreased with increasing the water flow rate from 1.5 to 2.5 L min™. That may
be due to decrease nutrient uptake time and higher flow rates causes high stress on the roots
causing root crushing which decrease the nutrients consumption. These results agreed with
Ali (2016) found that the fresh and dry weight of shoots increased with increasing the flow
rate at 1 to 1.5 L h™ and decreased with increasing the water flow rate from 1.5t0 2 L h™%,

The best treatment was found at the highest value of fresh and dry weight of the shoots with
the flow rate 1.5 L min™. These results agreed with those obtained by Khater (2006) and
Genuncio et al. (2012); Yang and Kim (2020).
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Table (6): Fresh weight of lettuce shoots at the end of the growing period.
Fresh weight of shoots (g plant™)

Flow ra_'[e_l (L DWC NET
min") Aquaponic Hydroponic Aquaponic Hydroponic
0.5 176.97 196.56 199.03 217.56
1.5 217.19 233.44 230.63 237.89
2.5 170.18 189.78 176.27 203.67
Mean 188.11 206.59 201.98 219.71
Treatments ANOVA
System (S) 2.590™ 2.592"™
Flow rate (F) 6.049** 5.445**
SxF 0.009™ 0.280™

Table (7): Dry weight of lettuce shoots at the end of " the growing period.
Dry weight of shoots (g plant™)

Flow rate (L DWC NFT
min) Aquaponic Hydroponic Aquaponic Hydroponic
0.5 20.18 21.41 21.35 22.58
1.5 22.43 24.20 23.64 24.95
2.5 18.32 21.34 19.52 21.37
Mean 20.31 22.32 21.50 22.97
Treatments ANOVA
System (S) 9.284** 3.487™
Flow rate (F) 9.950** 8.168**
Sx F 0.651™ 0.060™

Note: ns, ** mean no significant and significant at P < 0.01 respectively.

3.3 Water use efficiency

Water use efficiency (WUE) is the primary measure of how effectively irrigation water is
used. The ratio of crop yield (kg plant™) to crop water intake (m® plant™) is represented by
this measure. The WUE for all treatments at the end of the study is shown in Fig. 6. The
results demonstrated that the WUE was significantly affected by system (S), flow rate (F) and
interactions between treatments (SxF).

The results showed that the WUE was 38.81, 45.81 and 37.44 kg m™ in DWC and 42.09,
48.00 and 38.33 kg m™ in NFT for 0.5, 1.5 and 2.5 L min™ flow rate, respectively with an
aguaponic system. While the WUE was 62.29, 70.67 and 60.22 kg m™ in DWC and 66.37,
71.16 and 63.05 kg m= in NFT for 0.5, 1.5 and 2.5 L min™ flow rate, respectively with a
hydroponic system.

In DWC, the maximum value of WUE was (45.81 and 70.67 kg m™) with aquaponic and

hydroponic system, respectively at a flow rate of 1.5 L min™. While the lowest value of WUE
was (37.44 and 60.22 kg m™) with aquaponic and hydroponic system, respectively at a flow
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rate of 2.5 L min™. Whereas, in the case of NFT, the maximum value of WUE was (48.00 and
71.16 kg m™) with aquaponic and hydroponic system, respectively at a flow rate of 1.5 L min’
! While the lowest value of WUE was (38.33 and 63.05 kg m™) with aquaponic and
hydroponic system, respectively at a flow rate of 2.5 L min™.

In DWC, the mean WUE was 40.69 and 64.40 kg m™ with aquaponic and hydroponic system,
respectively. Whereas, in the case of NFT the mean WUE was 42.81 and 66.86 kg m™ with
aquaponic and hydroponic system, respectively.

The WUE was higher in hydroponic system compared to aquaponic system. The WUE
increased when the flow rate was increased from 0.5 to 1.5 L min™ and dropped when the
flow rate was increased from 1.5 to 2.5 L min™. These results agreed with Ali (2016). He
discovered that the WUE increased when the flow rate was raised from 1 to 1.5 L h™* and
dropped as the flow rate was raised from 1.5t0 2 L h™.

DWC NFT
O Aquaponic  E Hydroponic & Aquaponic W Hydroponic
80 80
%’ 60 E 60
Ej Ej
= =
o >
£ 40 £ 40
‘S 2
= 9
k7 %
g 20 2 20
2 S
Q S
()]
0.5 s 23 0.5 1.5 2.5
Flow rate (L/min) Flow rate (L/min)

Fig. 6: Variation in WUE for lettuce plants grown in DWC and NFT
at the end of the study for all treatments.

4. CONCLUSIONS

The major goal of this study is to use innovative agricultural technology (such as the
aquaponic system) and renewable energy sources (such as solar energy) to conserve water and
energy. From October to December of 2020, the experiment was carried out in a greenhouse
at the Faculty of Agriculture, Shebin El-kom, Menoufia University, To achieve that was
studied the effect of flow rate (0.5, 1.5 and 2.5 L min™) the system type (aquaponic and
hydroponic systems) on the following parameters: fresh and dry weight of shoots and roots,
nutrient concentrations in shoots and water use efficiency for lettuce plants. The following
points provide a summary of the outcomes attained:

- The highest value of solar panel efficiency was 14.68 % obtained at a solar radiation of
678.09 Wm™ and ambient air temperature of 21.87 °C. Whereas the lowest value of solar
panel efficiency was 13.51 % occurred at a solar radiation of 771.00 Wm™ and ambient
air temperature of 23.50 °C.

448 El-Saeidy et al., (2023)


https://mjae.journals.ekb.eg/?_action=article&issue=42190&sb=2407&_sb=Biosystems+Engineering

BIOSYSTEMS ENGINEERING

- The results showed that the maximum calculated and measured solar radiation were
789.67 and 856.90 Wm™, Which indicates agreement between the calculated and
measured results.

- The maximum calculated and measured output power of the solar panel were 252.77 and
233.24 W, respectively.

- The total value of the electrical energy productivity from PV was 10.49 MJ day *, with
various values throughout the day. The aquaponic system's integrated water and air
pumps required a combined 10.32 MJ of specific energy per day, which was generated by
the PV system's electrical energy productivity.

- The results also obtained for lettuce plants indicated that with increasing the flow rate
from 0.5 to 1.5 L min™, dry and fresh weight of shoots, concentration of the nutrient in
shoots, lettuce production, and water use efficiency were all increased.

- Compared to aquaponic systems, the hydroponic system had a higher water use
efficiency. The efficiency of water use increased when the water flow rate was increased
from 0.5 to 1.5 L min™* and declined when the water flow rate was increased from 1.5 to
2.5 L min™
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