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Abstract — Recently we have developed a model of
photovoltaic water pumping systems (PVWPS) for domestic
water access in poor rural areas. In this article, we perform
a sensitivity analysis over the 14 parameters of this model.
We study how the variation of the parameters value
influences the model output and the optimal sizing obtained
from the model, for both the dry and the wet season. Results
indicate that the peak power of the photovoltaic modules,
the efficiency of the motor-pump and the tank volume have
the highest impact on the model output. Besides, the
parameters which significantly influence the optimal sizing
are the position of the water entry in the tank, the position
of the stop level of the float switch, the distance between the
stop and restart levels of the float switch, the height between
the floor and the bottom of the tank, and the static water
level in the borehole. Finally, the thermal parameters of the
PV modules and the hydraulic losses have a small impact on
the model output and on the optimal sizing. This study can
be useful to companies, governments and non-governmental
organizations which install PVWPS for domestic water
access. It can help them to determine the accuracy at which
a given parameter has to be known to correctly model or
size these systems. It can also allow them to evaluate the
robustness of PVWPS sizing to parameters variation with
time. Finally, it may guide the choice of components made
by PVWPS installers.
Keywords — Photovoltaic system; Water Pumping;
Sensitivity analysis; Optimization; Seasonality.

I.

Judith A. Cherni,
Elvire A. de la Fresnaye

INTRODUCTION

Photovoltaic water pumping systems (PVWPS) are a
promising solution for improving water access in rural
Africa [1, 2]. They are reliable and economically
competitive in remote locations [3], and do not emit
greenhouse gases during operation [4].

In the past, several models of PVWPS have been
developed and some of them were used to perform
sensitivity analyses. The input parameters considered for
the sensitivity analyses were related to the pumping head
[5, 6], the system design and the system cost. System design
parameters include the ratio of the system size to its average
production [7], the ratio of the water tank volume to the
need for water [6], the loss of power supply probability [6]
and the minimum water level in the borehole allowed [8].
Cost parameters include investment cost (photovoltaic
modules [8, 9, 10, 11] and forage [8]), operational cost [11],
and discount and interest rates [12].
However, to the best knowledge of the authors, the
influence of many technical parameters of PVWPS, such as
the thermal parameters of the photovoltaic (PV) modules
and the hydraulic losses, has not been investigated in
previous studies. This omission prevents from determining
the accuracy at which these parameters have to be
determined when modelling and sizing PVWPS. Moreover,
it prevents from knowing the robustness of PVWPS sizing
to parameters variation with components ageing (e.g.
decrease of PV modules performance with time) and
evolution of the local environment (e.g. water resources).
Finally, it does not allow to evaluate the impact of
technological choices (e.g. choice of components) on
PVWPS optimal sizing, nor to forecast future performances
of PVWPS as technology improves.
In addition, models which were used in sensitivity
analyses do not take the water collection profile as an input.
This prevents from modelling PVWPS which include a
water tank and a controller that stops and restarts the motorpump depending on the water level in the tank (figure 1)
[13, 14]. No sensitivity analyses have therefore been

performed for PVWPS with this architecture, which is
nevertheless often used for domestic water supply.
Finally, to our best knowledge, the influence of
seasonality on sensitivity analyses results was not evaluated
in previous studies, although the operation of PVWPS
varies with seasonality.
The first originality of this article is that we evaluate the
influence of several technical parameters that were not
studied previously. The second originality is that we present
a sensitivity analysis on a PVWPS model which takes water
collection as an input. We have presented and validated
experimentally this model in [13, 14]. This analysis will
notably highlight possible simplifications of our model. The
third originality is that the sensitivity analysis is performed
for both the dry season and the wet season.
The PVWPS model is presented in section II. The
parameters used for the sensitivity analysis are detailed in
section III. The impact of the parameters variation on model
output and on optimal sizing are described in sections IV
and V.
II.

Fig. 2 – Block diagram of the model. 𝑡: time, 𝑄𝑐 : water collected flow
rate, 𝐺𝑝𝑣 : irradiance on the plane of the PV modules, 𝑇𝑎 : ambient
temperature, 𝑃𝑝𝑣 : input power to the motor-pump, 𝑄𝑝 : pumped flow
rate, 𝑇𝐷𝐻: total dynamic head, 𝐻𝑡𝑘 : water level in the tank, b:
triggering signal from the controller.

PHOTOVOLTAIC WATER PUMPING SYSTEM MODEL

The PVWPS model is detailed in [13]. The model can
be applied to PVPWS with the architecture shown in
figure 1. The controller regulates the energy provided by the
PV modules to the motor-pump. This regulation is carried
out according to two set points of the water level in the tank,
which is obtained by a float switch. Water is collected at the
fountain by the dwellers. The motor-pump set also contains
a maximum point tracking (MPPT) controlled inverter.
Figure 2 shows the block diagram of the model.
The irradiance on the plane of the PV modules 𝐺𝑝𝑣 , the
ambient temperature 𝑇𝑎 and the water collected at the
fountain 𝑄𝑐 are the model inputs. The water level in the tank
𝐻𝑡𝑘 is the model output.

Fig. 1 – Photovoltaic water pumping system architecture. 𝐻𝑡𝑘 : water level
in the tank; 𝐻𝑏 : water level in the borehole (𝐻𝑏 < 0).

Fig. 3 – Test site: Photovoltaic water pumping system for 250 people
in the village of Gogma, Burkina Faso, sub-Saharan Africa.

We have validated the model by using data that we
collected on a PVWPS for domestic water access (figure 3)
[13]. In this system, there are 620 Wp of multicrystalline
PV modules, a motor-pump SQFlex 5A-7 [15] and a
cylindrical steel tank of 11.4 m3. The quantities measured
by our data logger on this system are specified in figure 2.
We have been monitoring these quantities with a time step
of ~2.2 s since January 2018. We rescaled the data to an
equally spaced temporal resolution of 1 minute.
Figure 4 and figure 5 present the evolution of the
measured irradiance 𝐺𝑝𝑣 and the water collected 𝑄𝑐 for one
day of our dataset. Figure 6 shows the pumped flow rate
simulated by the model 𝑄𝑝 . Figure 7, figure 8 and figure 9
present the simulated water level in the borehole 𝐻𝑏 , total
dynamic head 𝑇𝐷𝐻 and water level in the tank 𝐻𝑡𝑘 . 𝐻𝑏 is a
component of the total dynamic head 𝑇𝐷𝐻. The variations
of 𝐻𝑏 , 𝑇𝐷𝐻 and 𝐻𝑡𝑘 are of particular importance in this
study, because we have set constraints on them for the
optimization (see section V).

By comparing figure 6 and figure 7, we observe that the
decrease of the water level in the borehole is due to water
pumping. The interruptions of the pumped flow rate (at
11 am for instance) take place when the tank is full (i.e. the
water level in the tank 𝐻𝑡𝑘 has reached the stop level). 𝐻𝑡𝑘
must then go down to the restart level for the pump to
resume pumping. When the pumping stops, the water level
recovers to the static water level (- 4.9 m). The long and
numerous interruptions highlight that the system is
oversized in comparison to the water collection.
Fig. 7 – Water level in the borehole – Simulated.

Fig. 4 – Irradiance on the plane of the PV modules – Measured –
Model input.

Fig. 8 – Total dynamic head – Simulated.

Fig. 9 – Water level in the tank – Simulated – Model output.
Fig. 5 – Flow rate collected at the fountain – Measured – Model
input.

III. SENSITIVITY ANALYSIS PARAMETERS AND
METHODOLOGY

The PVWPS model has 14 parameters (table 1) which
cover the different parts of the model: PV modules, motorpump, hydraulic system, tank and controller (figure 2). For
Gogma’s system, the value of these parameters has been
determined by direct measurement, by identification or
from the literature [13]. During the sensitivity analysis,
these parameters vary around their value in Gogma’s
system, which is referred to as “reference value”.
Fig. 6 – Pumped flow rate – Simulated.

The sensitivity analysis aims at determining the
influence of a variation of the parameters value on the
model output and on the optimal sizing. This variation can
be due to three main factors: inaccuracy, time and
technology.

1) Inaccuracy. The value of the parameter inputted in the
model is different from its real value because of
measurement or estimation errors.
2) Time. The value of the parameter changes due to
ageing and/or evolution of the local environment (e.g.
water resources). This factor is relevant given the long
lifetime of PVWPS, 20 years [16]. For instance, due to
ageing, the efficiency of PV modules 𝜂𝑆𝑇𝐶 decreases
of between 0.1 and 2 % per year [17].
3) Technology. The value of the parameter changes with
the technology of the corresponding component. For
instance, the nominal operating cell temperature

𝑁𝑂𝐶𝑇 of PV modules varies from one PV technology
to another and future PV technologies may have
different 𝑁𝑂𝐶𝑇 values than current ones [18].
In this article, we consider a variation of the parameters
of table 1 of ± 10 % and ± 50 % around their reference value
𝑅𝑉. The new value of the parameter (𝑁𝑉) after a variation
𝑠 is therefore:
𝑁𝑉 = 𝑅𝑉(1 + 𝑠) with 𝑠 = −10%, 10%, −50%, 50%

(1)

In the case of the 16 coefficients of the motor-pump
𝑘𝑚,𝑛 , they are all affected by the sensitivity at the same.
time. This corresponds to modifying the efficiency of the
motor-pump.

TABLE 1 – PVWPS MODEL PARAMETERS
Parameter Description

Sub-model

𝑁𝑂𝐶𝑇

Nominal operating cell temperature

𝛽

Coefficient of loss due to PV modules temperature

𝑃𝑝𝑣,𝑝

Peak power of the PV modules in standard test
conditions (STC).
𝑃𝑝𝑣,𝑝 = 𝐺0 𝜂𝑆𝑇𝐶 𝑆𝑝𝑣 where, 𝐺0 is the reference
irradiance (1000 W/m2), 𝜂𝑆𝑇𝐶 is the efficiency of the
PV modules in STC, and 𝑆𝑝𝑣 is the total surface
covered by the cells of the PV modules (useful
surface).
Coefficients of the polynomial which fits the
characteristic surface of the motor-pump [15]. These
coefficients allow to deduce the pumped flow rate 𝑄𝑝
from the input power to the motor-pump 𝑃𝑝𝑣 and the
total dynamic head 𝑇𝐷𝐻.
Area of the base of the cylindrical tank
Height of the cylindrical tank

PV modules
(thermal)
PV modules
(thermal)
PV modules
(electrical)

𝑘𝑚,𝑛

Motor-pump

Way of
Reference value
obtaining the
parameter in
Gogma
Identification 32 °C
Literature

- 0.004 °C-1

Identification 620 Wp
for 𝜂𝑆𝑇𝐶 ,
Measure for
𝑆𝑝𝑣

Datasheet and 16 coefficients
fitting

Factor(s) that may
cause parameter
variation
Inaccuracy, Time,
Technology
Inaccuracy, Time,
Technology
Inaccuracy, Time,
Technology

Inaccuracy, Time,
Technology

Measure
Measure

3.3 m2
3.5 m

Inaccuracy
Inaccuracy

Measure

- 0.1 m

Inaccuracy

Measure

- 0.1 m

Inaccuracy

Measure

- 0.3 m

Inaccuracy

µ0

Tank
Tank, Controller,
Hydraulic system
Height between the top of the tank and the water entry Tank, Controller,
in the tank
Hydraulic system
Height between the water entry and the stop controller Tank, Controller
level
Height between the stop controller level and the restart Controller
level
Height between the floor and the bottom of the tank
Hydraulic system
Height between the floor and the static water level in Hydraulic system
the borehole
Aquifer losses coefficient
Hydraulic system
Borehole losses coefficient
Hydraulic system



Pipe pressure losses coefficient

Identification 4.9 106 s2/m5

𝑆𝑡𝑘
𝐻𝑡𝑘,𝑐
𝐻𝑡𝑘,𝑖
𝐻𝑡𝑘,𝑠
𝐻𝑡𝑘,𝑟
𝐻𝑡𝑘,𝑏
𝐻𝑏,𝑠

0

Hydraulic system

Measure
4.2 m
Identification - 4.9 m

Inaccuracy
Inaccuracy, Time

Identification 2.0 103 s/m2
Identification 5.8 105 s2/m5

Inaccuracy, Time
Inaccuracy, Time,
Technology
Inaccuracy, Time,
Technology

Two periods of two weeks are considered in the
following. The first period lasts from the 16th of May to the
29th of May 2018 and is representative of the dry season.
The second period lasts from the 29th of July to the 11th of
August 2018 and is representative of the wet season. The
average irradiance during the dry and wet seasons are
similar but daily water collection at the system is much
higher during the dry season (~10 m3/day) than during the
wet season (~5 m3/day).
IV. SENSITIVITY ANALYSIS : INFLUENCE ON MODEL
OUTPUT

In this section, we study the effect of the variation of the
parameters on the PVWPS model output, i.e., the water
level in the tank 𝐻𝑡𝑘 . For the dry season, for each parameter
and for each variation of the parameter, we:
1) simulate the water level in the tank during the
considered two-week period
2) compute the normalized root mean square error
𝑁𝑅𝑀𝑆𝐸 on the water level in the tank:
2

1 √∑𝑛𝑖=1(𝐻𝑡𝑘,𝑣𝑎𝑟 (𝑖) − 𝐻𝑡𝑘,𝑟𝑒𝑓 (𝑖))
𝑁𝑅𝑀𝑆𝐸 =
𝐻𝑡𝑘,𝑐
𝑛
where 𝐻𝑡𝑘,𝑐 is the height of the tank, 𝐻𝑡𝑘,𝑣𝑎𝑟 is the
water level simulated with the variation of the
parameter, 𝐻𝑡𝑘,𝑟𝑒𝑓 is the reference water level
(obtained with the reference value of the parameters),
𝑛 is the number of points.

Fig. 10 – Influence of the parameters value on the NRMSE on the
simulated water level in the tank 𝐻𝑡𝑘 . Dry season (16th to the 29th of
May 2018).

The results are presented in figure 10. The same
methodology is applied for the wet season and the results
are given in figure 11.
Results indicate that the thermal parameters of PV
modules 𝑁𝑂𝐶𝑇 and 𝛽, the heights 𝐻𝑡𝑘,𝑖 , 𝐻𝑡𝑘,𝑠 , 𝐻𝑡𝑘,𝑟 , 𝐻𝑡𝑘,𝑏
and 𝐻𝑏,𝑠 and the hydraulic losses 𝜅0 , 𝜇0 and 𝜈 have a small
impact on the model output. In addition, for the height of
the tank 𝐻𝑡𝑘,𝑐 , the NRMSE on the model output is nearly
equal to the variation of 𝐻𝑡𝑘,𝑐 . Indeed, a change in 𝐻𝑡𝑘,𝑐
leads to a continuous offset on the simulated water level in
the tank. This variation with 𝐻𝑡𝑘,𝑐 is therefore caused by the
definition of the parameters describing the tank geometry.
Finally, the peak power of the PV modules 𝑃𝑝𝑣,𝑝 , the
“efficiency” of the motor-pump 𝑘𝑚,𝑛 and the surface of the
water tank 𝑆𝑡𝑘 have the highest impact on the model output.
Indeed, 𝑃𝑝𝑣,𝑝 and 𝑘𝑚,𝑛 strongly influence the pumped flow
rate 𝑄𝑝 and 𝑆𝑡𝑘 changes the water tank volume.
Finally, we observe by comparing figure 10 to
figure 11, that the variation of the parameters has a lower
effect on the NRMSE for the wet season than for the dry
season.

Fig. 11 – Influence of the parameters value on the NRMSE on the
simulated water level in the tank 𝐻𝑡𝑘 . Wet season (29th of July to the
11th of August 2018).

V. SENSITIVITY ANALYSIS: INFLUENCE ON OPTIMAL
SIZING
A. Optimal Sizing

In this section, we study the effect of the variation of the
parameters on the optimal sizing of PVWPS. The variables
of the optimization are the peak power of the PV modules
𝑃𝑝𝑣,𝑝 , the motor-pump number 𝑀𝑃𝑖 and the steel tank
volume 𝑉𝑡𝑘 . We have digitized the characteristic curves of
8 submersible SQFlex motor-pumps from Grundfos, which
are adapted to photovoltaic water pumping and to the
characteristics of our case study site [19]. Each motor-pump
is associated to a number 𝑀𝑃𝑖 . This choice of variable can
be justified by the fact that parameters related to the PV
modules, the motor-pump and the tank have the most
significant impact on the model output (see section IV). The
objective function is the lifecycle cost of the system 𝐿𝐶𝐶 in
k$ [16]:
𝐿

𝐿𝐶𝐶 = 𝐶𝐴𝑃𝐸𝑋 + ∑
𝑗=1

𝑂𝑃𝐸𝑋(𝑗)
(1 + 𝑟) 𝑗

pump 𝑀𝑃𝑖 , the total dynamic head 𝑇𝐷𝐻 must remain
lower than the maximum pumping height 𝐻𝑝,𝑚𝑎𝑥 (𝑀𝑃𝑖 )
specified in the datasheet of the motor-pump. Indeed, the
operation of the motor-pump for higher heights is
unknown. The PVWPS model is necessary to verify these
three constraints. Consequently, it is at this stage that the
values of the parameters have an influence. We use a
differential evolution algorithm for this optimization and
the optimization flow chart is presented in figure 12 [21].
We tested the influence of the optimization algorithm
parameters, such as the number of individuals, on the
results.

(2)

where
𝐶𝐴𝑃𝐸𝑋 = 0.00085 𝑃𝑝𝑣,𝑝 + 𝐶(𝑀𝑃𝑖 ) + 0.76 𝑉𝑡𝑘

(3)

and
𝐶𝐴𝑃𝐸𝑋
𝑖𝑓 𝑗 ≠ 10
100
𝑂𝑃𝐸𝑋(𝑗) = {
𝐶𝐴𝑃𝐸𝑋
+ 𝐶(𝑀𝑃𝑖 ) 𝑖𝑓 𝑗 = 10
100

(4)

where 𝐿 is the lifetime of the PVWPS, 𝑟 is the discount
rate and 𝐶(𝑀𝑃𝑖 ) is the cost of the motor-pump number
𝑀𝑃𝑖 (𝑖 ∈ {1, … ,8}). The discount rate 𝑟 is taken equal to
5.6 % and the lifetime 𝐿 to 20 years. During this lifetime,
it is assumed that the only component that is replaced is
the motor-pump, which is changed after 10 years. The
coefficients in equations (3) and (4) have been obtained
by using cost data provided by companies located in
Burkina Faso. Additionally, the cost of the SQFlex motorpumps considered is given in [19]. It is important to note
that there is nearly no variation in the cost of the different
motor-pumps. We do not include the fixed part of the 𝐿𝐶𝐶
(e.g. cost of drilling the borehole) in the objective function
as it does not impact the optimization results. The first
constraint of the optimization is that the water level in the
tank 𝐻𝑡𝑘 (figure 1) must remain higher than zero, in order
to fulfil the water needs of the inhabitants. The second
constraint is that the water level in the borehole 𝐻𝑏
(figure 1) must not drop below -20 m, in order to prevent
the motor-pump from running dry. Indeed, the motorpump is immersed at -30 m and we set a 10 m safety
margin in order to account for hydrological change with
time [20]. The third constraint is that, for each motor-

Fig. 12 – Flowchart of the optimization procedure for PVWPS sizing.

We start by performing the optimization for the
reference values of the parameters. The optimal value of the
𝐿𝐶𝐶 obtained is referred to as the “reference 𝐿𝐶𝐶”, 𝐿𝐶𝐶𝑟𝑒𝑓 .
This optimization is performed for the periods
representative of the dry season and the wet season. The
optimal reference 𝐿𝐶𝐶 and the associated values of the
variables are presented in table 2. The optimal PVWPS is
larger for the dry season (higher 𝐿𝐶𝐶𝑟𝑒𝑓 ) than for the wet
one. This is due to the larger water collection by the
inhabitants during the dry season (cf section IV). These
results can be compared to the current sizing of the system
(𝑃𝑝𝑣,𝑝 = 620 Wp, 𝑀𝑃𝑖 = SQFlex 5A-7, and 𝑉𝑡𝑘 = 11.4 m3)
which is associated to a 𝐿𝐶𝐶 of 13.9 k$.

TABLE 2 – OPTIMIZATION RESULTS WITH THE REFERENCE
VALUES OF THE PARAMETERS
Dry season
(16th to 29th of
May 2018)

Wet season
(29th of July to 11th of
August 2018)

𝑳𝑪𝑪𝒓𝒆𝒇 (k$)

7.0

6.3

𝑷𝒑𝒗,𝒑 (Wp)

850

590

SQFlex 2.5-2 [22]

SQFlex 2.5-2 [22]

3.0

2.4

𝑴𝑷𝒊
𝑽𝒕𝒌 (m3)

B. Sensitivity Analysis

As in section IV, we consider a variation of the
parameters of table 1 of ± 10 % and ± 50 % around their
reference value. The effect of the variation of the
parameters related to the peak power of the PV modules
𝑃𝑝𝑣,𝑝 , to the motor-pump 𝑘𝑚,𝑛 and to the tank volume
(𝑆𝑡𝑘 , 𝐻𝑡𝑘,𝑐 ) on the optimal sizing is not investigated, as
these parameters are related to the variables of optimization.
This highlights the interest of the previous study (section
IV) to investigate the influence of these parameters. For the
dry season, for each parameter and for each variation of the
parameter, we:

Fig. 13 – Influence of the system parameters values on optimal sizing.
Dry season (16th to 29th of May 2018).

1) perform the optimization and find the optimal 𝐿𝐶𝐶
2) compute the normalized error on the optimal 𝐿𝐶𝐶,
Δ𝐿𝐶𝐶:
𝐿𝐶𝐶𝑣𝑎𝑟 − 𝐿𝐶𝐶𝑟𝑒𝑓
Δ𝐿𝐶𝐶 =
𝐿𝐶𝐶𝑟𝑒𝑓
where 𝐿𝐶𝐶𝑣𝑎𝑟 is the optimal 𝐿𝐶𝐶 obtained with the
variation of the parameter, and 𝐿𝐶𝐶𝑟𝑒𝑓 is the reference
𝐿𝐶𝐶 (table 2)
The results are presented in figure 13. The same
methodology is applied for the wet season and the results
are given in figure 14. These figures also show the sign of
the variation of the 𝐿𝐶𝐶 in response to the variation of the
parameter. For instance, for the dry season (figure 13), a
variation of -50 % of the static water level in the borehole
𝐻𝑏,𝑠 , decreases the distance between the floor and the static
water level and tends to undersize the system
(Δ𝐿𝐶𝐶 = -2.3 %).

Fig. 14 – Influence of the system parameters values on optimal sizing.
Wet season (29th of July to 11th of August 2018).

Results indicate that the thermal parameters of the PV
modules 𝑁𝑂𝐶𝑇 and 𝛽, and the hydraulic losses 𝜅0 , 𝜇0 and
𝜈 have a small impact on the optimal sizing. We also
observe that the heights 𝐻𝑡𝑘,𝑖 , 𝐻𝑡𝑘,𝑠 𝐻𝑡𝑘,𝑟 , 𝐻𝑡𝑘,𝑏 and 𝐻𝑏,𝑠
have a larger impact on the optimal sizing. 𝐻𝑡𝑘,𝑖 is the
height between the top of the tank and the water entry in the
tank (𝐻𝑡𝑘,𝑖 < 0). 𝐻𝑡𝑘,𝑠 is the height between the water entry
and the stop controller level (𝐻𝑡𝑘,𝑠 < 0). A variation of
𝐻𝑡𝑘,𝑖 or 𝐻𝑡𝑘,𝑠 influences the percentage of the total tank
volume that is available for storing water. For instance, a
variation of -50 % of 𝐻𝑡𝑘,𝑖 or 𝐻𝑡𝑘,𝑠 increases this percentage
and therefore decreases the 𝐿𝐶𝐶. 𝐻𝑡𝑘,𝑟 corresponds to the
height between the stop controller level and the restart level
(𝐻𝑡𝑘,𝑟 < 0). It sets the water level at which the pump will
restart after being stopped due to the tank filling. For

instance, a variation of -50% of 𝐻𝑡𝑘,𝑟 allows the motorpump to restart earlier, to increase the use factor of the
motor-pump and therefore to lower the 𝐿𝐶𝐶. 𝐻𝑡𝑘,𝑏
represents the height between the floor and the bottom of
the tank (𝐻𝑡𝑘,𝑏 > 0). A variation of -50 % of 𝐻𝑡𝑘,𝑏
decreases the total dynamic head 𝑇𝐷𝐻 and therefore allows
increasing the pumped flow rate 𝑄𝑝 for the same input
power 𝑃𝑝𝑣 to the motor-pump. This explains why the 𝐿𝐶𝐶
decreases. 𝐻𝑏,𝑠 represents the static water level in the
borehole (𝐻𝑏,𝑠 < 0). A variation of -50 % of 𝐻𝑏,𝑠 also
decreases the total dynamic head 𝑇𝐷𝐻 and therefore the
𝐿𝐶𝐶. This result shows that it is important to take into
account the evolution of the static water level with time
when sizing PVWPS. The static water level may vary of up
to several dozen meters during the 20 years lifetime of a
PVWPS [20].
We observe that the results of the sensitivity analysis on
optimal sizing vary with the simulation period (dry or wet
season). Additionally, a comparison of figure 13 and
figure 14 to figure 10 and figure 11 reveals that the model
output is more sensitive to parameters variation than the
optimal sizing.
VI.

CONCLUSION

In this study, we first highlighted the parameters
necessary for modeling PVPWS for domestic water access
and the factors that may lead to the variation of these
parameters. These factors are the inaccuracy of estimation,
the variation in time through ageing and evolution of the
local environment, and the technology (use a component
instead of another one and evolution of the technology with
time). Then we investigated the impact of a variation
(± 10 % and ± 50 %) of each parameter on the PVWPS
model output and optimal sizing.
Results indicate that the peak power of the PV modules
𝑃𝑝𝑣,𝑝 , the efficiency of the motor-pump 𝑘𝑚,𝑛 , and the
surface of the tank 𝑆𝑡𝑘 have the highest impact on the model
output. They are therefore interesting choices of
optimization variables for PVWPS for domestic access.
Besides, the parameters which have a large impact on
optimal sizing are the height between the top of the tank and
the water entry in the tank 𝐻𝑡𝑘,𝑖 , the height between the
water entry and the stop controller level 𝐻𝑡𝑘,𝑠 , the height
between the stop and the restart controller level 𝐻𝑡𝑘,𝑟 , the
height between the floor and the bottom of the tank 𝐻𝑡𝑘,𝑏 ,
and the static water level in the borehole 𝐻𝑏,𝑠 . It highlights
that these five parameters should be estimated very
accurately when installing PVWPS. If it is not the case, then
the optimal sizing obtained from the model may in reality
not meet the specifications. In addition, it shows that it is
important to consider the evolution of the static water level
𝐻𝑏,𝑠 over time when sizing a PVWPS. Otherwise, a system

that was sized correctly at year 1 may not meet the
specifications at year 20 anymore.
Besides, results show that the thermal parameters of the
PV modules 𝑁𝑂𝐶𝑇 and 𝛽, and the hydraulic losses 𝜅0 , 𝜇0
and 𝜈 have a small impact on the model output and on the
optimal sizing. The results on 𝑁𝑂𝐶𝑇 and 𝛽 indicate that it
may not be necessary to consider the thermal behavior of
PV modules in models of PVWPS for domestic water
access. The ambient temperature would then no longer be
required as a model input, which simplifies the
implementation of the model and reduces the amount of
data to collect. Additionally, further studies may be required
for hydraulic losses because the error of estimation on these
losses may exceed ± 50 % in certain cases.
The results of the sensitivity analysis on the model
output and on the optimal sizing depend on the considered
period (dry and wet season). This suggests that sensitivity
analyses should be performed for both the dry and the wet
season.
This study can be useful to companies, governments and
non-governmental organizations which install PVWPS for
domestic water access. First, it can help them to determine
the accuracy at which PVWPS parameters have to be
determined at the design stage. Second, it can also allow
them to evaluate the robustness of PVWPS sizing to
parameters change with ageing and evolution of the local
environment (notably water resources). Third, it may
orientate their choice of components and may allow them to
forecast future performances of PVWPS as technology
improves. In the future, we will study the influence of the
daily average collected flow rate and perform cross
sensitivity analyses with selected parameters of the model.
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