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Sensitivity Analysis of Photovoltaic Pumping
Systems for Domestic Water Supply

Simon Meunier, Member, IEEE, Loic Quéval, Arouna Darga, Philippe Dessante, Claude Marchand,
Matthias Heinrich, Judith A. Cherni, Elvire A. de la Fresnaye, Lionel Vido,
Bernard Multon, Member, IEEE, Peter K. Kitanidis

Abstract — A sensitivity analysis is carried out on the
parameters of a photovoltaic water pumping system
(PVWPS) for domestic water supply in rural areas. The
results show that the photovoltaic modules peak power, the
motor-pump efficiency and the water tank volume strongly
influence the system performance. This highlights that these
parameters constitute judicious optimization variables.
Besides, the cost of the motor-pump, the cost of the water
tank and the lifetime of the PVWPS have the largest impact
on the system cost. These 6 parameters are therefore of
primary importance for the techno-economic optimal sizing
of the system. Finally, it is shown that the hydraulic losses
play a minor role and that it is not necessary to consider the
evolution of the ambient temperature when modelling
PVWPS for domestic water supply. This study can be useful
to non-governmental organizations, companies and
governments 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. Besides, it can allow them to evaluate the
robustness of PVWPS sizing to parameters variation with
time and may guide their choice of components.

Index Terms — Photovoltaic water pumping system,
Seasonality, Sensitivity analysis, Lifecycle cost, Techno-economic
optimization.
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. INTRODUCTION

HOTOVOLTAIC water pumping systems (PVWPS) are an

interesting solution for improving water access in rural
areas [1], [2]. They are reliable [3], economically competitive
in remote locations [4], have low maintenance needs [5] and do
not emit greenhouse gases during operation [6].

In the past, several technical and economic models of
PVWPS have been developed and some of them were used to
perform sensitivity analyses.

The technical parameters considered are related to the
following components of PVWPS: the photovoltaic (PV)
modules, the motor-pump, the borehole and the water tank. The
PV modules peak power was encountered to be the main driver
of the water pumped volume in [7]. Differently, it was found to
not significantly influence the PVWPS profitability in [8]. The
motor-pump influence was investigated through the conversion
efficiency. Study [9] reported that increasing the efficiency of
the PVWPS (which includes the one of the PV modules and of
the motor-pump) by 50% would allow to decrease the water
cost by 15%. The borehole part was studied through the
pumping head. Study [10] highlighted that the pumping head
has a strong influence on the pumped volume. Reference [11]
balanced the results of [10] by underlining that the influence of
the pumping head on the pumped volume depends on the PV
array configuration and on the chosen motor-pump. Reference
[12] separated the pumping head into two components, namely
the static water level and the drawdown. It was found that the
static water level has a larger influence on the PVWPS
operation than the drawdown. Finally, studies [13] and [14]
found that the ratio between the tank volume and the water
demand has a small influence on the water cost.

Regarding economic parameters, both investment and
operating costs have been considered. In [15], the investment
cost was found to have a stronger influence on the PVWPS
profitability than the operating cost. Similarly, the influence of
the investment cost was found to be three times higher than the
one of the operating cost in [10]. Within the investment costs,
the PV modules cost and the water tank cost were investigated.
In [16], increasing the PV modules cost by 50% increases the
overall PVWPS cost by 40%. Differently, in [17], increasing
the PV modules cost by 50% increases the water cost by 12%.
Study [17] also investigated the influence of the tank cost and
encountered that increasing the tank cost by 50% increases the
water cost by 5 to 8%. Within the operational costs, the
influence of various economic rates and of the PVWPS lifetime
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was investigated. In [9], a 50% increase in the inflation rate
increases the water cost by 4%. In [18], increasing the interest
rate by 65% decreases the system’s cost by 8%. In [19],
increasing the discount rate by 50% decreases the water cost by
less than 5%. Finally, in [9], increasing the PVWPS lifetime by
50% decreases the water cost by 30%. It is interesting to
observe that, even though some studies considered the same
technical or economic parameter, the results regarding the
influence of the considered parameter were sometimes
contradictory. This is probably due to the difference in PVWPS
architecture, sizing and geographical location between these
studies.

This literature review reveals that the influence of several
technical and economic parameters, such as the thermal
parameters of the PV modules, the pressure losses in the pipes
and the motor-pump cost, has not been investigated in previous
studies. This omission prevents from determining the accuracy
at which these parameters have to be estimated when modelling
and sizing PVWPS. Furthermore, it prevents from knowing the
robustness of PVWPS sizing to technical parameters variation
with components ageing (e.g. decrease of PV modules
performance with time) and evolution of the local environment
(e.g. groundwater resources). It also does not permit to predict
future performances and cost of PVWPS as technology
improves.

Additionally, technical models which were used in
sensitivity analyses do not take the water collection time series
as an input. This prevents from modelling PVWPS which
include a water tank and a controller that stops and restarts the
motor-pump depending on the water level in the tank (see
Fig. 1) [20]. No sensitivity analyses have thus been performed
for PVWPS with this architecture, which is nonetheless
commonly used for domestic water supply.

Finally, to the best knowledge of the authors, the influence
of seasonality on sensitivity analyses results was not evaluated
in previous studies, although the operation of PVWPS changes
with seasonality [20], [21].

In this article, we evaluate the influence of the technical and
economic parameters on the output of the technical and
economic models of PVWPS for domestic water supply as well
as on the results of the techno-economic optimal sizing of these
systems [21].

The first originality of this article is that we consider 10
parameters (9 technical and 1 economic) that were not studied
previously. The second originality is that we present a
sensitivity analysis on a technical PVWPS model which takes
water collection as an input. The third originality is that the
sensitivity analysis is performed for both the dry season and the
wet season, thus improving the robustness of the article’s
conclusions.

The technical and economic models and parameters are
presented in section Il. The methodology used for the
sensitivity analysis is detailed in section Ill. The effect of the
parameters variation on the output of technical and economic
models is described in section IV. The optimal sizing
methodology and the influence of parameters variation on the

optimization results are presented in section V. In section VI,
we focus on the influence of the ambient temperature on
PVWPS performance and optimization results, highlighting
possible simplifications of the technical model.

Il. PHOTOVOLTAIC WATER PUMPING SYSTEM MODELS

A. System overview

Fig. 1 present the considered PVWPS architecture and the
characteristic heights. Water is pumped from the borehole into
the tank by the motor-pump powered by the PV modules. Water
is collected at the fountain by the dwellers. The controller stops
and restarts the motor-pump according to the water level in the
tank, which is obtained by a float switch. The motor-pump set
contains a maximum point tracking (MPPT) controlled inverter.

B. Technical model

The technical model of the PVWPS has been fully detailed
in [20]. Fig. 2 shows its block diagram. The model inputs are
the irradiance on the plane of the PV modules G,,,, the ambient
temperature T, and the water collected flow rate at the fountain
Q.. The model output is the water level in the tank Hy,.

For the sake of completeness, we remind here the various
equations of the sub-models. The input power to the motor-

pump B,, at time ¢ is given by:
B =25 (5 (10 + 22220, ¢
pv( ) - 1000 pv,p .8 a( ) 800 pv( ) (1)
- 25) + 1) b(t)

where B, ,, is the peak power of the PV modules in standard
test conditions (STC), B is the coefficient of loss due to PV
modules temperature, NOCT is the nominal operating cell
temperature. b is the controller trigger signal which is governed
by an hysteresis function: it switches from 1 to 0 (the motor-
pump stops) when the water level in the tank H,; reaches the
stop controller level and from 0 to 1 (the motor-pump restarts)
when Hy, drops down to the restart controller level. The pump
flow rate Q, is given by:

Q,(t) = max (0, P, (va(t), TDH(t))) @)

where TDH is the total dynamic head. The polynomial P, fits
the points of the characteristic of the considered motor-pump
reference MP. The coefficients of P, are denoted k,,, ,,. TDH is
given by:

TDH(t) = —Hy,(t) + Hypp + Here + Hert +vQp (£)?

and H,(t) = Hy s — KOQp(t) - .qup(t)z

where v is the coefficient associated to pressure losses in the
pipe P1 (see Fig. 1), k, is the aquifer losses coefficient and p,
is the borehole losses coefficient. The heights Hy,, Hyy p, Her e,
Hyy; and H, s are defined in the legend of Fig. 1.

©)
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Fig. 1. Photovoltaic water pumping system architecture and heights definition.
Hy . height between the floor and the bottom of the tank, Hy, : tank height,
H,.; (<0): height between the top of the tank and the water entry in the tank,
Hy s (<0): height between the water entry and the stop controller level,
H,. - (<0): height between the stop controller level and the restart level, H, (t):
water level in the tank, H, ¢ (<0): height between the floor and the static water
level in the borehole, H,,(t) (<0): height between the floor and the water level
in the borehole, H,,, (<0): height between the floor and the position of the
motor-pump.
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Fig. 2. Block diagram of the technical model.

The water level in the tank Hy is given by:

t Qp (T) - Qc (T) dT) (4)

Hy (t) = max (0, Hy (to) +
to Stk

where S, is the cylindrical tank base area. We initialize the
model at a time t, at which the tank is full and the water level
in the tank is therefore equal to the stop controller level. In total,
the technical model has 14 parameters which cover the whole

energy conversion chain (see Fig. 2).

C. Economic model

Fig. 3 shows the block diagram of the economic model. The
model inputs are the PV modules peak power in STC B,,, ,,, the
tank volume V., and the motor-pump reference MP. The model
output is the lifecycle variable cost LV C which is given by [22]:

LVC = CAPEX + zL:OPEX(j) 5
- L (1+71)) ®)
j=1

where

CAPEX = cpy * Byyp + c(MP) + ¢y - Vi (6)
and
. CAPEX c¢(MP) every 10 years

OPEX(j) = 100 {va + B, every 20 years (7)

where c,,, is the cost per watt-peak of the PV modules, c(MP)
is the cost of the motor-pump reference MP, c, is the cost per
cubic meter of the tank, L is the lifetime of the PVWPS and r
is the discount rate. The motor-pump has to be replaced every
10 years and the PV modules every 20 years. The LVC is the
part of the overall PVWPS cost that depends on the sizing of
the PVWPS [22]. It does not include the fixed costs (e.g.
preliminary geophysical study, borehole drilling) as they are not
related to the system’s sizing. In total, the economic model has
5 parameters which are related to both the capital and operating
costs (see Fig. 3).

VJA ﬂffP P;n.,': input
output
o Y parameter
Capital cost

(¢ps ¢(MP), cy)

Y Y

v Operating cost
AP cmP), 1,1)
v
e OPEX(j)
h (1+r)
=1
LVC

Fig. 3. Block diagram of the economic model.

D. Simulation and validation

In this section, the technical and economic models are
applied to a PVWPS for domestic water access in the rural
village of Gogma in Burkina Faso (see Fig. 4) [20] [23]. This
system is composed of 620 W, of multicrystalline PV modules,
a motor-pump SQFlex 5A-7 [24] and a cylindrical steel tank of
11.4 ms,

Regarding the technical model, we have determined the
values of the 14 parameters for Gogma’s system by direct
measurement, identification or from the literature and these
values are summarized in Table I [20]. We have also been
monitoring the variables specified in Fig. 2 with a time step of
~2.2 s since January 2018 with a data logger. We rescaled the
data to an equally spaced temporal resolution of 1 minute by
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nearest interpolation [25] [26].

Fig. 5 and Fig. 6 show the measured inputs of the model for
one given day of our dataset: irradiance G,, , ambient
temperature T, and water collected flow rate Q.. Fig. 7 presents
the simulated pumped flow rate Q,, the water level in the
borehole H, and the total dynamic head TDH for the same day.
Fig. 8 shows the simulated and the measured evolution of the
model output, the water level in the tank H.

The motor-pump stops (Q, =0 at 11 am for instance) when
the tank is full (i.e. the water level in the tank H,, has reached
the stop controller level). H,, must then go down to the restart
level for the motor-pump to resume pumping. The long
interruptions highlight that the system is oversized in
comparison to the water collection. We also observe that the
decrease of the water level in the borehole H,, varies with the
pumped flow rate Q,. When the motor-pump stops, the water
level in the borehole H, recovers to the static water level H,, ;
(-4.9 m).

For this dataset, a good agreement between the simulated
model output and the measurement is observed (see Fig. 8).
Note that extensive validations have been carried out for several
two-week periods and the accuracy of the model was found to
be higher than 94 % [20].

Regarding the economic model, we have determined the
value of the 5 parameters for the Burkinabe market (see Table I)
by combining results of a company survey performed in
Burkina Faso, manufacturer’s data and the literature [22]. In
addition, the fixed costs for the PVWPS of Gogma amount $20k
[12].

-

t
Borehole PV
modules

Room for
data logger

.I?.'._'

Fig. 4. Photovoltaic water pumping system for 280 people in the village of
Gogma, Burkina Faso, sub-Saharan Africa.
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Fig. 5. Measured irradiance on the plane of the PV modules and ambient
temperature (Model inputs).
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Fig. 7. Simulated pumped flow rate, water level in the borehole and total
dynamic head.
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Fig. 8. Simulated and measured water level in the tank (Model output).
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TABLE | - PVWPS PARAMETERS

Parameter Way of obtaining Reference Factor(s) that may cause
the parameter value parameter variation
Technical parameters — Reference values relative to Gogma’s PVWPS

NOCT Identification 32°C Inaccuracy, time, technology

B Literature -0.004 °C* Inaccuracy, time, technology

Py Identification 620 W, Inaccuracy, time, technology

kn Identification 16 coefficients [20] Inaccuracy, time, technology

St Measure 33m? Inaccuracy

Hype o Measure 35m Inaccuracy

Hy; Measure -0.1m Inaccuracy

Hype Measure -0.1m Inaccuracy

Hyr Measure -0.3m Inaccuracy

Hyep Measure 42m Inaccuracy

Hy s Identification -49m Inaccuracy, time

Ko Identification 2.0 10% s/m? Inaccuracy, time

Uo Identification 5.8 10° s¥m® Inaccuracy, time, technology

v Identification 4.9 10° s?/m® Inaccuracy, time, technology
Economic parameters — Reference values relative to the Burkinabe market

Cpv Company survey  $0.86 /W, Technology, price dispersion

c(MP) Manufacturer $2200 Technology, price dispersion

Cex Company survey — $620 /m® Technology, price dispersion

L Company survey 20 years Technology

r Literature 5.6 % Economic environment

IIl. SENSITIVITY ANALYSIS METHODOLOGY

The technical and economic parameters can vary around their
reference value (see Table I) due to the following factors:

1) Inaccuracy (for technical parameters only). The selected
value of the parameter is different from its real value
because of measurement or estimation errors.

2) Time (for technical parameters only). The value of the
parameter changes along the lifetime of the PVWPS due to
ageing and/or evolution of the local environment (e.g.
groundwater resources).

3) Price dispersion (for economic parameters only). The price
of the component varies from one seller to another.

4) Economic environment (for discount rate only). Discount
rates are set by the global and the local economic
environment.

5) Technology (for technical and economic parameters). The
value of the parameter changes with the technology of the
corresponding component.

The sensitivity analysis aims at quantifying the influence of
the variation of each of the 14 parameters of the technical model
and of the 5 parameters of the economic model. To carry out
the sensitivity analysis, we consider a variation of the
parameters of £50% [9] [17] around their reference value. Note
that a negative variation (e.g. -50%) of a negative parameter
(e.9. Hy s <0) corresponds to a diminution of the absolute value
of this parameter. Also note that all the coefficients of the
motor-pump k., are all varied at the same time. This
corresponds to modifying the efficiency of the motor-pump.

To account for the seasonality, we consider two periods of
two weeks. The first period lasts from the 16" of May to the
29" of May 2018 and is representative of the dry season. The
second period lasts from the 29™ of July to the 11™ of August
2018 and is representative of the wet season. The average

irradiance during both seasons are similar but the daily water
collection at the PVWPS s significantly higher during the dry
season (~10 m%/day) than during the wet season (~5 m®/day).

IVV. SENSITIVITY ANALYSIS ON MODEL OUTPUT

A. Technical model

We study here the effect of the variation of the 14 technical
parameters on the technical model output, i.e. the water level in
the tank. For each season, for each parameter and for each
variation of the parameter, we:

1) simulate the water level in the tank H,, during the
considered two-week period.
2) compute the normalized root mean square error NRMSE
on the water level in the tank:
1 Jz?zl(Htk(i)—Htk,ref(i))z
Htkcref n
where Hy . rer is the reference height of the tank, Hyy e ¢
is the reference water level in the tank (obtained with the
reference value of the parameters) and n is the number of
time steps.

NRMSE =

The results for the dry and wet seasons are given in Fig. 9.
The results indicate that the thermal parameters of the PV
modules NOCT and B as well as the hydraulic losses
coefficients x,, ¢, and v have a small impact on the model
output (NRMSE < 2%) while the heights Hy i, Hips Herr
Hyy. b, Hp s have a moderate impact (NRMSE € [1.2%, 7.4%]).

In addition, for the height of the tank Hy, ., the NRMSE on
the model output is nearly equal to the variation of Hy .
Indeed, a change in Hy . leads to a continuous offset on the
simulated water level in the tank. This variation with Hy . is
therefore caused by the definition of the parameters describing
the tank geometry. Finally, the PV modules peak power P, ,,
the “efficiency” of the motor-pump k,, , and the tank surface
St have the highest impact on the model output. Indeed, B,,,,,
and k,, ,, strongly influence the pumped flow rate Q,, while S,
is directly related to the water tank wvolume. Selecting
optimization variables related to the PV modules, the motor-
pump and the water tank is therefore relevant for the optimal
sizing of PVWPS (see section V).

Finally, we observe in Fig. 9 that, in general, the variation of
the parameters has a lower effect on the model output for the
wet season than for the dry one. This suggests that, in the case
of PVWPS for domestic water access, performing sensitivity
analyses on model output for both the dry and the wet season is
relevant.
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Fig. 9. Influence of the parameters value on the NRMSE on the simulated water
level in the tank H.

B. Economic model

We now study the effect of the variation of the 5 economic
parameters on the economic model output, i.e., the lifecycle
variable cost LV C. For each parameter and for each variation of
the parameter, we:

1) compute the lifecycle variable cost LVC.
2) compute the normalized error on the cost ALV C:
LVC — LVCref

LV Cyey
where LV C.. is the reference LV C, which is computed for
the reference values of the economic parameters and for the
current sizing of the PVWPS ( B,,, =620W,
MP = SQFlex 5A-7, Vi, =11.4m3). LVC,.f is equal to
$12.2k.

The results are given in Fig. 10. We observe that the variation
of the cost of the PV modules c,,, has a lower influence on the
LV C variation than the cost of the motor-pump ¢(MP) and of
the tank c.. This is due to the fact that the cost of the PV
modules is relatively low compared to the one of the motor-
pump and of the tank. Therefore, PVWPS installers should pay
increased attention to the selection of the most economical
motor-pump and tank (without neglecting their quality).
Besides, results indicate that a variation of the PVWPS lifetime
L has a significant impact on the LVC, which is due to the
number of motor-pump replacements. The development of
motor-pumps with an increased lifetime could therefore
improve the financial viability of PVWPS.

ALVC =

C L
pv
e(MP)
Cul
Ly I 50%
- I 50% |
-40 220 0 20 40

ALVC (%)

Fig. 10. Influence of the economic parameters on the economic model output.

V. SENSITIVITY ANALYSIS ON TECHNO-ECONOMIC
OPTIMIZATION RESULTS

In this section, we study the influence of the parameters on
the optimal sizing of the PVWPS.

A. Techno-economic optimal sizing
The optimisation problem is written as follows:

minimize LVC

va,prMPr Vtk
subjectto  Hg,(t) > 0,Vt (8)
Hy(t) > Hp,y, +10,V¢

TDH(t) < Hppmax(MP), Vt

The objective function is the lifecycle variable cost LVC. The
variables of the optimization are the PV modules peak power
P, the motor-pump reference MP and the water tank volume
Vi - We have digitized the characteristic curves of 8
submersible SQFlex motor-pumps from Grundfos [12], [27].
Note that, despite the fact that the 8 motor-pump references do
not have the same performances, they all have the same price.

The first constraint of the optimization is that the water level
in the tank Hy; (Fig. 1) must remain positive, in order to fulfil
the water needs of the inhabitants. The second constraint is that
the water level in the borehole H,, (Fig. 1) must not drop below
the position of the motor-pump (H,y,, = -30 m), with a safety
margin of 10 m, in order to prevent the motor-pump from
running dry. The 10m margin allows to account for
hydrological change with time [28]. The third constraint is that
the total dynamic head TDH must remain lower than the
maximum pumping height H, . (MP) specified in the
datasheet of the motor-pump reference MP.

To perform this optimization we use the differential
evolution algorithm presented in [29], that we implemented in
MATLAB.

B. Optimization results for the reference parameters values

We start by performing the optimization for the reference
values of the parameters (see Table I). The optimal value of the
lifecycle variable cost LVC obtained is referred to as the
“optimal reference LVC ”, LVC,.r . This optimization is
performed for the dry season and the wet season. The optimal
reference LVC and the associated values of the variables are
presented in Table Il. As expected, the optimal PVWPS is
larger for the dry season (higher LV C,.f) than for the wet one.
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This is due to the larger water collection by the inhabitants
during the dry season (see section IlI).

OPTIMIZATION RESULTS WITH THETIQEBIIZ_;RIEINCE VALUES OF THE PARAMETERS
Dry season Wet season
LVC,.f $6.7k $6.2k
Py 900 W, 480 W,
MP SQFlex 2.5-2 [30] SQFlex 2.5-2 [30]
Ve 3.1md 29md

C. Sensitivity analysis

We now study the influence of the variation of the 5 economic
parameters and of 10 technical parameters on the optimization
results (the remaining 4 technical parameters are related to
optimization variables). For each season, for each parameter
and for each variation of the parameter, we:

1) perform the optimization and find the optimal cost LVC.
2) compute the normalized error on the optimal cost ALV C:
LVC — LV Gy
LV Cref
where LV C,.; is the optimal reference LVC provided in
Table II.
The results for the dry and the wet season are presented in
Fig. 11.
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Fig. 11. Influence of the parameters values on the optimal system cost.

The results indicate that the economic parameters have the
largest influence on the optimal LVC . Nevertheless, it is
important to keep in mind that the technical parameters which

strongly influence the model output have been selected as
optimization variables.

Regarding the technical parameters, we observe that the
thermal parameters of the PV modules NOCT and 8, and the
hydraulic losses coefficients k,, 1, and v have a small impact
on the optimal LVC. We also observe that the heights Hy ;,
Hixs Hery He p and Hy, ¢ have a larger impact on the optimal
LVC. Hy; is the height between the top of the tank and the
water entry in the tank (Hy ; < 0). Hy s is the height between
the water entry and the stop controller level (Hg, s <0). A
variation of Hy,; or Hy s influences the percentage of the tank
volume that is available for storing water. For instance, a
variation of -50% of H,,, ; or Hy ¢ increases this percentage and
therefore decreases the LVC. Hy, is the height between the
stop controller level and the restart level (Hy,, - < 0). It sets the
water level at which the motor-pump will restart after being
stopped due to the tank filling. For instance, a variation of -50%
of Hy, allows the motor-pump to restart earlier, to increase the
use factor of the motor-pump and therefore to lower the LV C.
Hy  1s the height between the floor and the bottom of the tank
(Hep > 0) and Hy ¢ is the static water level in the borehole
(Hp s <0). A variation of -50% of H,, , or H, ; decreases the
total dynamic head TDH and therefore allows increasing the
pumped flow rate @, for the same input power B,, to the
motor-pump. This explains why the LV C decreases. This result
on the static water level Hy ¢, which is in line with [12],
highlights that it may be relevant to consider the evolution of
H,, ; with time when sizing PVWPS. During the lifetime of a
PVWPS (20 years), H,,  can vary of up to several dozen meters
[12], [28].

Regarding the economic parameters, results are aligned with
the ones on model output: the cost of the motor-pump c(MP),
the cost of the tank ¢, and the lifetime of the PVWPS L have
the largest influence.

Finally, we observe that the influence of the season (dry or
wet) on the results of the sensitivity analysis on optimal sizing
is limited. This suggests that either season may be used
indifferently for performing sensitivity analyses on optimal
sizing.

VI. INFLUENCE OF THE AMBIENT TEMPERATURE

The small influence of the PV modules thermal parameters
NOCT and B on the technical model output and on the
optimization results suggests that it may not be required to
consider the evolution of the ambient temperature T, as an
input of the PVWPS model (see Fig. 9 and Fig. 11). T, could
then be considered as a parameter. This would simplify the
implementation of the model and reduce the amount of data to
collect.

To investigate this more in detail, we consider here that T, is
a constant, equal to the minimum, average or maximum value
of the time series during the whole two-week period considered.
Besides, we do not take the minimum, average and maximum
values provided by the locally measured data but the one
provided by the publicly available online database MERRA-2
[31], in order to investigate if local temperature measurements
are necessary. We then simulate the evolution of the water level
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in the tank H,, and compute the NRMSE with the reference
water level in the tank Hey ., (see section IV. A). We also
perform the techno-economic optimization and compute the
normalized error on the optimal cost ALVC (see section V. C).
The results are given in Table I11.

TABLE Il
INFLUENCE OF CONSIDERING THE AMBIENT TEMPERATURE EVOLUTION ON
THE TECHNICAL MODEL OUTPUT AND ON THE OPTIMAL COST

Dry season Wet season
T, NRMSE  ALVC T, NRMSE  ALVC
'\’Eiz’;i’l‘g)m 169%  -0.37% 'VPZTT(;‘)”‘ 0.48%  -0.28%
A(‘;’gf,aé’)e 0.83% -0.07% /?;’g'f%g)e 018%  -0.07%
Mgg oy 212% 0.47% M(g’ff,“cu)m 0.96%  0.01%

Table 111 confirms that the ambient temperature has a small
influence on the technical model output and on the optimization
results. Besides, the evolution of the measured temperature can
be replaced by the average temperature calculated from a public
database without significant accuracy loss. However, it is
important to keep in mind that this result is valid only for
PVWPS with tank for domestic water access, and that the
ambient temperature has a larger influence on the system’s
performance for PVWPS for irrigation as shown in [32].

VII. CONCLUSION

In this study, we firstly highlighted the technical and
economic parameters involved in the modeling of PVWPS for
domestic water access. Secondly, we presented the factors that
may lead to a variation of these parameters: inaccuracy of
estimation, variation in time through ageing and evolution of
the local environment, price dispersion between sellers,
economic environment and technology (use a component
instead of another one). Thirdly, we investigated the impact of
a £50% variation of each parameter on the output of technical
and economic models of PVWPS. Fourthly, we presented the
techno-economic optimal sizing of PVWPS and the influence
of parameters variation on optimization results. Finally, we
looked more specifically at the influence of the evolution of the
ambient temperature on the results of the technical model and
of the optimization.

The results indicate that the PV modules peak power B,,, ,,, the
motor-pump efficiency k., ,, and the water tank surface S,
have the highest influence on the technical model output. Thus,
in the case of PVWPS for domestic water supply, the PV
modules peak power, the motor-pump reference and the tank
volume are relevant choices of optimization variables. Besides,
we observe that the motor-pump cost c(MP), the tank cost ¢y,
and the PVWPS lifetime L have the largest influence on the
economic model output.

Regarding the optimization results, we see that economic
parameters have a larger influence on the optimal cost than
technical ones. Amongst economic parameters, the motor-
pump cost c(MP), the tank cost c,;, and the PVWPS lifetime L
have a larger influence than the PV modules cost c,,, and the

discount rate . Amongst technical parameters, the various

heights (Hek;, Hexs Hepr Hewp and Hyg) have a non-
negligible influence on the optimization results. Consequently,
these heights should be accurately determined when setting-up
PVWPS. Otherwise the optimal sizing obtained could in reality
not respect the design constraints. In addition, it may be
important to consider the evolution of the static water level H,,
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.

Furthermore, the results show that the thermal parameters of
the PV modules (NOCT and ) and the ambient temperature
have a small impact on the technical model and optimization
results. Thus, considering only the average ambient temperature
from a public database instead of its measured evolution is
sufficient for the design of PVWPS for domestic water supply,
which simplifies the PVWPS technical model and decreases the
amount of data to collect.

This study can be useful to non-governmental organizations,
companies and governments which install PVVWPS for domestic
water supply. Firstly, it can allow them to decide the accuracy
at which system’s parameters have to be determined at the
design stage. Secondly, it can help them to evaluate the
robustness of PVWPS sizing to parameters change with the
evolution of the local environment (particularly groundwater
resources) and components’ ageing. Thirdly, it may orientate
their choices of components and may help them to predict
future performances of PVWPS as technology improves.
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