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Abstract: Performances of photovoltaic water pumping systems (PVWPS) directly coupled to
pressured irrigation systems are mainly affected by irradiance fluctuations during the day and the
season. To address this challenge of enhancing PVWPS efficiencies, different research and
technological solutions have been proposed to improve photovoltaic system designs and yield
Maximum Power Point Tracking (MPPT) process control algorithms. Some other technological
improvements concern optimization of mechanical and hydraulic processes of PVWPS related to
power conversions, transmissions and pump efficiencies. By referring to great effort done to setup
MPPT technologies for yielding electrical energy outputs of PVWPS, some other last researches have
been initiated to develop and implement Hydraulic Power Point Tracking (HPPT) concept focusing
on hydraulic energy performance. The HPPT concept based on multi-parallel pumps or valves
switching, look for improving PVWPS hydraulic performances at the upstream or downstream
levels of a directly coupled irrigation system. This research article aims to present implementation
and evaluation of the HPPT design based on using multi-parallel pumps switching for yielding
performance with reference to potential change of daily irradiance. After that, the curve fitting of
the hydraulic performance scenarios is tested to compare the hydraulic energy growth behaviors
with reference to exponential and power growth models.

Keywords: HPPT; performance; standalone; management method; DC PVWPS

1. Introduction

During the last decade, the environmental concerns were becoming very important to shift from
fossil energy to renewable energy [1-5].

These concerns were intensively promoted in Morocco, as many farmers were converted to use

PVWPS supported by the governmental subsidy programs to enhance sustainability of agricultural
irrigation systems [6-9].
Otherwise, innovative solutions and R&D actions were still required to increase performances of
PVWPS and to widely promote use and adoption of PV energy solutions in developing countries.
The PVWPS performances have been evoked by several researchers to address three mains aspects
regarding effect of temperature, effect of irradiance and adequation between PV generator offers and
load demands [10-38]. To address problems due to the effects of temperature, several studies tested
various methods and techniques of PV panels cooling by air and water to improve PV generators
efficiencies [12-16]. Other studies worked on Tracking PV generators orientation and inclination to
evaluate impacts on yielding PV energy [17-20].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Concerning the effect of irradiance on PV systems, several authors have been studied on
possibilities of intercepting more electrical energy using different MPPT configurations and
algorithms [21-29].

Other Authors have been worked on valorization of irradiance through hydraulic energy
performance [30-38]. They compared use of centrifugal and positive displacement pumps to show
better efficiencies of the last ones [30-34]. Some other works treated PVWPS hydraulic performance
due to choosing of optimal pumping heads [35-38].

By referring to the previous art, majority of the performance improvements have been focused
on the PVWPS electrical efficiencies regarding use of MPPT technologies . However, matching
between PV electrical energy and its hydraulic use still requiring more innovations to adapt and
maintain constant hydraulic charge of directly coupled irrigation system. One new concept of HPPT
(Hydraulic Power Point Tracking) has been introduced [39; 41] to improve hydraulic efficiencies of
PVWPS as complement to the MPPT electrical performance. . The new HPPT innovation is based on
varying hydraulic operating point (Pressure and flow) of pump using analogy to the MPPT concept
of varying electrical operating point (Voltage and current). The HPPT configurations can be
implemented using an upstream control of multi-parallel pumps [40-42] or downstream control of
multi-parallel valves [39].

This paper aims to firstly design and evaluate the HPPT concept based on using multi-parallel
pumps switching for yielding performance with reference to potential change of daily irradiance.
Secondly, the hydraulic performance scenarios were tested using the curve fitting and comparing
behaviors of the hydraulic energy growth with standard exponential and power growth model.

2. Materials and Methods

2.1. PVWPS and HPPT design

PVWPS standalone performance was evaluated using test bench (Figure 1). Five solar panels
(SOLARWATT M18-36 GET EK; 18Wp) were used to power three DC diaphragm pumps (SHURflo,
12 VDC, P=30W). A solar DC/DC converter (Victron Blue Solar 48/24/12V) is implemented to adapt
the PV generator output to the pumps demand using the MPPT perturb and observe method. The
pumps were mounted in parallel scheme to be switched manually in order adjust the hydraulic
operating point according to the potential of the PV generator varying with the potential of the

occurring daily irradiance.
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Figure 1. Experimental design of DC PVWPS mounted in laboratory to evaluate concept of HPPT
using multi-parallel pump switching with reference to variation of daily irradiance.
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The solar panel and converter output currents were measured using the current sensor
(ACS712). The operating pressure measurement was done by a digital sensor (Keller PR 21Y, Pmax =
5 bar) to evaluate the flow rate with reference to the output of calibrated orifice (Albus, 11004, 1.3
L/min (Figure 1). Figure 2 present the calibration curve of the pressure sensor. This curve present the
converted pressure measurements from the voltage readings. Flow rates were determined using the
potting method and compared with the model output of the calibrated orifice (Q= K*PX). This allows
determining the flow value for each detected pressure value. The pressures and flow rate outputs of
the pumps were manually recorded three times to validate how the calibration test is stable and
precise (Figure 2).

Data were acquired during a period of one day from 8:00 am to 6:00 pm using data acquisition
system (NI USB-6002). An average of five values per second was used to evaluate the electrical and
hydraulic efficiencies according to the number (from 1 to 3) of switched pumps and the occurring
hydraulic operating point due to intensity of the solar irradiance during the day.

va: VpVXIpV,’ Pmppt = Vmpptxlmppt (1)

Ipv = (1xVs1) + b1; Imppt= (a2xVs2) + b2 )

where, Ppv, Pmppt, a1, by, a2, bz, Vst and Vs2 are power of PV panel, power of MPPT converter, intercepts
and constants of current calibration curves and Voltages sensors outputs, respectively
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Figure 2. Test bench (a) and pressure vs voltage calibration curve (b).

2.2. Variability within five years irradiance data (2017-202)

As we are looking for testing performance of PVPS system regarding use of HPPT concept to
overcome the problems of low efficiencies due to daily irradiance change, it will be interesting for us
to show the potential changes of irradiance that can occur during days, seasons and years.

Irradiance data of Settat City (at Regional Center of Agronomic Research (X -7.624233, Y:
32.953487) Morocco) were treated to presented the average trends (Figure 3) and to illustrate the
irradiance changes of five years period (from 2017 to 2021).

This irradiance change can directly affects the performance of Photovoltaic Water Pumping
Systems (PVWPS) according to miss-adaptability between the varying PV energy offers and the
hydraulic demand. By analyzing trends of the monthly occurring irradiance, we state an average
increase from 391W/m? in February to 466W/m? in March, 491W/m? in April, 579W/m? in May,
598W/m? in June, to reached its peak at 632W/m? in July (Figure 3).
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Figure 3. Irradiance data trends (Averages data from 2017 to 2012) of Settat City (X —7.624233 and Y:

32.953487), Morocco.

2.3. Variability within annual irradiance data (2019)
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The behavior of irradiance change was closely presented for six months (from February to July)
to show the occurring variability during 2019.

Figure 4 shows a significant daily irradiance change (high coefficients of variation from decade
to decade and from month to month during 2019). The trends show a big potential to explore for
testing the HPPT concept as main objective of this paper to overcome the effect of irradiance change

that can potentially lower the PVWPSs performances.
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Figure 4. Irradiance data trends (Averages and CVs) for decades and months (From February to July
2019) of Settat City (X -7.624233 and Y: 32.953487), Morocco.

2.4 Testing of PYWPS and performance growth modeling

o Irradiance data input

By referring to the previous data (Figure 4), the March irradiance data showed an important
variability (CV of 316%) during both morning and evening daily periods. This variability was of great
importance for us to conduct our test during the day of 20t March (Figure 5) as a representative case
among the trends irradiance stated before (Figures 3 and 4).

900
800
700
600
500

400

Irradiance (W/m?)

[
o
S
[/
(L

(/A

(/S

(L L LA

(/L ST

N
18

\O
—
—
[a—
[ 3]
[e—

3 14
Time (h)

(S
R |

Figure 5. Daily irradiance data used for testing the HPPT concept (Irradiance of 20t March, 2019, City
of Settat, Morocco (X: —7.624233 and Y: 32.953487)).

o Study of the PYWPS-HPPT performance
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As shown in paragraph 2.1, we have evaluate the electrical and hydraulic efficiencies of the
PVWPS according to the number (from 1 to 3) of switched pumps and the occurring hydraulic
operating point with reference to varying intensity of the irradiance during the day of 20t 2019. This
daily performance of PVWPS is presented to show the effect of changing the number of switched
pumps on the system performance according to the daily irradiance change influencing the
photovoltaic generator output. The switching of the pumps helped to search for matching the energy
offer-demand for better hydraulic power efficiency and energy performance.

o Modeling of the PVWPS-HPPT performance

As our test is searching for increasing the hydraulic power efficiency and energy performance,
it will interesting to compare behavior of the growth energy according to the usual modeling tools
used to explain the power and/or exponential energy growth trends due to implementation of the
HPPT concept.

In order to assess the connection between solar irradiance and the hydraulic efficiency of our
photovoltaic pumping setup, we tested use of both power and exponential growth models [43,44]
according to their potential adaptability to show great fitting with the output experimental data. Both
exponential and power models are presented in Table 1.

Table 1. Presentation of exponential and power equations used for modeling performance growth of

the PVWPS.
Models Equation Parameters
y: the desired output at a given time,
Exponential y=a. exp®) a : the initial value of y (when x=0),
b : the base of the exponential, often called the growth factor,
x : the independent variable.
y : the desired output at a given time,
Power y=a. xb a : the initial value of y (when x=0),
b : the base of the exponential, often called the growth factor,

x : the independent variable.

Evaluation of The models fitting is done using indicators of the Root Mean Square Error (RMSE),
the Mean Absolute Error (MAE) and the correlation coefficient (R?) were employed to show how each
model is better converging.

_ 2N @i-Md’ g
RMSE = [=53 o518 + 100, (5)
MAE== SN, | Mi—Ci| (6)
SSR
Re=1- =2 @)

where Mi, Ci, SSR and SST are measured values, calculated values, sum of squared residuals and
total sum of squares, respectively and N is the number of measurements.

4. Results and Discussions

4.1. Results of the experimental study

Standalone DC PVWPS performance was evaluated using multi parallel pumps switching to
approach performance growth due to influence on hydraulic operating point with reference to daily
change of irradiance. The electrical and hydraulic parameters of the PVWPS was monitored from
08:00 am to 06:00 pm to show its performance behavior. Taking into consideration irradiance,
electrical and hydraulic power outputs, three distinct performance behaviors were showed according
to potential change of irradiance from morning, to mid-day and to afternoon (Table 2). The hydraulic
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performance of the PVWPS was tested for three cases of using one equivalent pump (30W), two
equivalent pumps (2*30W) and three equivalent pumps (3*30W).

The PVWPS performances relative to the daily irradiance was shown in Table 2. At morning
(8:00 am; 9:00 am 10:00 am), three hydraulic performance behaviors are taken by distinctly operating
three pumps to change the hydraulic operating point. By switching between the three pumps, the
better performance can be satisfied as the number of operating pumps is yielded to the occurring
irradiance. In fact, the better performance is corsatisfied by switching o one pump during this
morning period.

During the mid-period (At 11:00 am, 12:00 pm, 2:00 pm, and 3:00 pm), the irradiance increasing
required another operating hydraulic point adapted to simultaneous switching on of two pumps for
satisfying an increase of hydraulic pressure and power. In fact, a maximum pressure (2.12 bar) is
reached using two pumps to show an efficiency increase from 12% to 17%. At 1:00 pm, the irradiance
(777 W/m?) was high to operate the system using simultaneously three pumps without influencing
its efficiencies as showed during the morning period of low irradiance. After that in the afternoon,
the system performance showed a similar behavior as in the morning. This is practically due to
irradiance drop from 517 to 38 W/m2 By switching between one and three pumps, an efficiency
shifting from 8% and 19% is showed when opting for use of one instead of two or three pumps.

The PVWPS performance was clearly variable according to number of switched pumps to show
a significant dispersion in terms of efficiency due to the engaged hydraulic operating point and to

the occurring irradiance (Table 2).

Table 2. Daily performance of PVWPS according to irradiance change and number of switched on
pumps (Irradiance and experimental data of 20" March 2019, city of Settat, Morocco (X: -7.624233 and
Y: 32.953487)).

Time Average Number Mean Mean Mean Mean
Irradiance of Pressure Flowrate Hydraulic Hydraulic
(W/m?) operating  (bar) (CV%) (L/min) Power Yield%
Pumps (CV%) (CV%) (CV%)
08.00 196 1 01.55 (16) 01.15 (08) 02.98 (24) 15 (19)***
am 2 00.82 (20) 01.68 (11) 02.30 (28) 11 (31)**
3 00.57 (19) 02.10 (10) 01.99 (27) 10 (26)*
09.00 350 1 01.81 (17) 01.24 (09) 03.75 (24) 16 (18)***
am 2 00.96 (20) 01.81 (10) 02.89 (28) 12 (23)**
3 00.66 (22) 02.26 (12) 02.49 (32) 10 (32)*
10.00 530 1 02.90 (27) 01.57 (14) 07.62 (37) 19 (28)***
am 2 01.56 (37) 02.31 (19) 06.01 (56) 15 (38)**
3 01.08 (32) 02.88 (17) 05.16 (45) 13 (40)*
11.00 670,5 2 01.52 (37) 02.28 (19) 05.77 (55) 14 (42)**
am 3 01.05 (35) 02.984 (20) 04.96 (47) 12 (38)**
12.00 753,5 2 01.89 (24) 02.54 (13) 08.00 (32) 16 (31)***
pm 3 01.30 (26) 03.417 (15) 06.89 (36) 14 (38)**
01.00 pm 777 3 01.82 (31) 03.75 (17) 11.38 (41) 16 (38)***
02.00 pm 751 2 02.08 (33) 02.62 (18) 09.22 (46) 16 (37)***
3 01.44 (28) 03.33 (16) 07.396 (40) 14 (38)**
03.00 pm 589 2 02.12 (32) 02.69 (18) 09.49 (45) 17 (38)***
3 01.46 (27) 03.36 (15) 08.20 (37) 14 (36)**
04.00 pm 517 1 02.87 (29) 01.57 (16) 07.51 (40) 19 (35)***
2 01.54 (29) 02.30 (16) 05.92 (40) 15 (37)**
3 01.06 (38) 02.86 (22) 05.08 (53) 13 (39)*
05.00 pm 327,33 1 01.81 (53) 001.24 (31) 03.75 (73) 16 (48)***
2 00.96 (32) 01.81 (19) 02.90 (44) 12 (38)**
3 00.66 (30) 02.526 (19) 02.50 (38) 10 (38)*
06.00 pm 38 1 01.01 (28) 00.93 (16) 01.58 (38) 12 (35)***
2 00.54 (25) 01.36 (13) 01.23 (35) 10 (47)**


https://doi.org/10.20944/preprints202311.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 November 2023 doi:10.20944/preprints202311.0682.v1

10

3 00.38 (34) 01.71 (19) 01.08 (46) 08 (55)*
*Low, ** Medium and *** Optimal performance taken at the given time using HPPT.

Figure 6 illustrates that for the optimal case of operating one pump (30W) gives an important
efficieny (15%) to valorize the low power relative to low irradiance period. However, the system's
efficiency was low (10%) using three equivalent pumps. By replacing the operating of three pumps
(90W) with a single pump (30W), the average produced hydraulic energy was reached 92 Wh/month
instead of 62 Wh/month (Optimal case vs Bad case, Figure 7). Consequently, a maximum of an hourly
relative hydraulic energy gain of 50% was shown during the low irradiance period of the day (Figure
8). During high irradiance period, the PVWPS performed using two pumps (60W) to show an increase
of hydraulic energy reaching a maximum of 248 Wh/month instead of 214 Wh/month for the bad case
(Figure 7). The efficiency of 16% was achieved at 01:00 pm when irradiance was at its maximum (777
W/m?) (Figure 6). Otherwise, for the case of using three equivalent pumps (90W) and under high
irradiance, the average hydraulic energy output reached approximately 353 Wh/month (572%)
(Figures 7 and 8).
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Figure 6. Evaluation of the hydraulic performance of the PVWPS using distinction between three
scenarios of optimal, medium and low performance.
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Figure 7. Average hydraulic energy outputs (Wh/month) relatives to the three scenarios of optimal,
medium and low performance.
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Figure 8. Hourly Relative Hydraulic Energy Gains (%) due to the HPPT switching of the pumps
(referenced to initial hourly energy output of 08 am).

4.2. Modeling of PVWP System Using Experimental Data

4.2.1. Behaviors of Optimal and bad Growth Performance

By modeling the performance of the PVWPS, we can choose the interesting performance growth
taken from the optimal operating case for use as decisional tools to manage control of the HPPT
concept. From the experimental results, the area under the curves of different hydraulic power


https://doi.org/10.20944/preprints202311.0682.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 November 2023 doi:10.20944/preprints202311.0682.v1

12

outputs were evaluated to select the optimal one. The exponential and power models (Table 1) for
both the optimal and bad performance cases of operating PVWPS were presented in Figure 9.
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Figure 9. Exponential model (a: morning, c: evening) vs Power model (b: morning, d: evening)
presenting performance gains due to implementation of HPPT to boost PVWPS hydraulic energy
output.

By referring to Figure 9, the optimal and bad cases of presenting the performance gains were
compared. The difference area under the curves is computed to indicate different surfaces of 6.45,
7.74, 6.24, and 2.05 relatives to a, b, c and d, respectively. The "Optimal case" outperforms the "Bad
case" for both use of exponential and power curve fitting during both the morning and evening
period of irradiance. Based on these preliminary findings, it will be of great importance to evaluate
the fitting of both models behaviors to present the gain of the hydraulic performance due to testing
of the HPPT concept.

4.2.2. Fitting test presenting optimal performance growth model

Behaviors of the optimal performance growths (Figure 9) were modeled using curve fitting with
the exponential and the power growth models (Table 3). Table 3 represents the both models and their
indicators of fitting to experimental data. In fact, during the morning period (from 08:00 am to 01:00
pm), the exponential model showed a better fitting to present correlations between irradiance,
electrical power, and hydraulic power (R? of 0.86, 0.94, and 0.97, respectively). This fitting was
relatively lower during the evening period (R? of 0.82, 0.9, and 0.84, respectively) but it keeps valid
to adequately present the decreasing behavior with reference to the irradiance decrease.
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Table 3. Curve fitting Indicators of the performance growth models: Irradiance vs Electrical Power vs
Hydraulic Power.
From 08:00 am to 01:00 pm
Exponential Model | R? | Power Model | R? Transfer Function
G (W/m?) Vst (h) | y=62.07. exp 020" 0.86 | y=2.87*t22 0.90 | G= EP* 21.779* exp -
0,05%)
EP (W) Vs t (h) y=2.85. exp 05 0.94 | y=0.07* 26 091 | EP= HP*6.477
HP (W) Vs t (h) y=0.44. exp 02" 0.97 | y=0.01* 270 0.93
From 01:00 pm to 06:00 pm
Exponential Model | R? Power Model | R? Transfer Function
G (Wm?» Vst(h) | y= 2250*10%.exp ¢ | 0.82 y=10.87*100.t- | 0.78 | G=EP*11,43
0.25%) 3.68
EP (W) Vs t (h) y= 19.6810> .exp ¢ | 0.9 y=99.79*10*. t | 0.88 | EP=6.88 .HP*exp (001"
0.25%t) 3.69 t)
HP (W) Vs t (h) y=2.86102 .exp 0249 | 0.84 | y=11.67*10** t | 0.81
357

*Both models were similarly developed under Python™ and R softwares. ** EP, G, HP and t are Electrical Power,
Irradiance, Hydraulic Power and time, respectively.

After that, the exponential and power models (Table 3) were tested to evaluate their fitting using
RMSE and MAE indicators (Table 4). By evaluating the importance of RMSE and MAE indicators
(<10%), these results show that is possible to use the exponential and power models as a potential
decision tool to predict hydraulic performance of PVWPS using HPPT concept to improve hydraulic
output with reference to daily variable trends of irradiance inputs.

Table 4. Evaluation of exponential and power models fitting using RMSE and MAE indicators

based.
Use of morning increasing trend irradiance (From 08:00 am to 01:00 pm)

Tim G EPr EPr HP HP

e (W/m (W) W) R P

2) W) W)

08:0 196 20.4 13.4 EP= 02.9 02.0 HP=

0 350 0 5 G*0.046%e 8 8 G*0.0071*
09:0 530 24.1 25.2 (0.05t) 03.7 03.9 e (0059

0 671 3 5 R2:00.77 5 0 R2:00.89
10:0 754 41.0 40.2 RMSE : 05.7 06.2 RMSE :

0 777 3 0 08.37 7 0 00.92
11:0 39.6 53.5 MAE: 07.6 08.2 MAE:

0 8 0 06.64 2 6 00.78
12:0 50.6 63.2 08.0 09.7

0 3 0 0 5
01:0 73.0 68.4 11.3 10.5

0 2 7 8 7
08:0 196 20.4 11.9 EP= 02.9 01.8 HP=

0 350 0 4 G*0.024%t 8 6 G*0.0035*
09:0 530 24.1 224 0.44) 03.7 03.5 t (048)

0 671 3 6 R2:00.80 5 2 R2:00.87
10:0 754 41.0 35.6 RMSE : 05.7 05.6 RMSE :

0 777 3 2 07.99 7 0 01.01
11:0 39.6 47.0 MAE: 07.6 07.4 MAE:

0 8 2 06.93 2 2 00.75
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12:0 50.6 549 08.0 08.7

0 3 0 0 0
01:0 73.0 58.6 11.3 09.3

0 2 1 8 1

Use of evening decreasing trend irradiance (From 01:00 pm to 06:00 pm)

01:0 777 73.0 67.9 EP= 11.3 10.7 HP=

0 751 2 6 G*0.875*1 8 0 G*0.0127*
02:0 589 56.2 65.6 (1 09.4 104 e 001

0 517 2 9 R2:00.89 9 4 R2:00.94
03:0 327 57.4 51.5 RMSE: 09.2 08.2 RMSE:

0 38 4 2 06.86 2 7 00.84
04:0 40.5 45.2 MAE: 07.5 07.3 MAE:

0 9 2 06.51 1 4 00.79
05:0 24.1 28.6 03.7 04.6

0 4 0 5 9
06:0 12.8 03.3 01.5 00.5

0 3 2 8 5
01:0 777 73.0 69.8 EP= 11.3 10.4 HP=

0 751 2 6 G*0.024*t 8 9 G*0.0107
02:0 589 56.2 67.4 (0.44) 09.4 10.2 4*t 011

0 517 2 5 R2:00.88 9 7 R2:00.94
03:0 327 57.4 52.8 RMSE: 09.2 08.1 RMSE:

0 38 4 4 07.13 2 5 00.86
04:0 40.5 46.3 MAE: 07.5 07.2 MAE:

0 9 4 06.55 1 3 00.82
05:0 24.1 29.2 03.7 04.6

0 4 8 5 1
06:0 12.8 03.4 01.5 00.5

0 3 0 8 4

** G, EPr, EPr, HPr and HPr are Irradiance, Real Electrical Power, Predicted Electrical Power, Real Hydraulic
Power and Predicted Hydraulic Power, respectively.

5. Conclusion

This paper present a testing of an HPPT concept based on operating multi-parallel pumps to
yield performance of PVWPS. The concept consists on switching on/off a number of parallel pumps
to adequately select an optimal hydraulic impedance of a connected irrigation network and boost the
daily hydraulic energy output for a better water pumping performance.

The HPPT energy management method proposed showed that is possible to use a set of parallel
pump powers rather than using a single large pump having an equivalent power. The HPPT
approach based on switching multi-parallel pumps can be an effective solution to increase PVWPS
performance. This approach has the potential to boost daily hydraulic energy gains up to 50% during
periods of low irradiance.

Experimental Data were tested for the possibility of modeling the behavior of the energy growth
due to implementation of the HPPT concept with reference to daily occurrence of varying irradiance
and predicting scenarios of optimal performance outputs. The exponential and power models fitting
showed the feasibility of predicting operating conditions for improving the PVWPS performances
according to variable daily irradiance.

The curve fitting indicators (R?, RMSE and MAE) showed that is possible to predict PVWPS
hydraulic performance using HPPT concept of switching multi-parallel pumps and monitoring
irradiance data as input.
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Abbreviations

Ccv Coefficient of Variation (%)

dec Decade

EP Electrical Power (W)

EPr Real Electrical Power (W)

EPr Predicted Electrical Power (W)

G Irradiance (W/m?)

HP Hydraulic Power (W)

HPr Real Hydraulic Power (W)

HPr Predicted Hydraulic Power (W)

HPPT Hydraulic Power Point Tracking
MAE Mean Absolute Error

MPPT Maximum Power Point Tracking

1Y% Photovoltaic

PVWPS  Photovoltaic Water Pumping System
R&D Research and Development

RMSE Root Mean Square Error

t Time (h)
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