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Why photovoltaic water pumping systems ?

Water collection in rural sub-Saharan Africa
 Rope + bucket in open well—
e Hand pump in borehole — Impact ?

Problems
e Extraction arduousness
* Water quality
e Distance source-household
e Cost of water

A competitive motorized solution:
* Photovoltaic water pump
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A technical and socio-economic problem !
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Il. The Photovoltaic Water Pumping System
of Gogma
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Turning Sun into Water
thanks to 280 backers ! ‘ .}\

* Location: Gogma, Burkina Faso

* Water for domestic consumption, 280 inhabitants
e Construction: November-December 2017

* |n operation since: January 2018
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The rural village of Gogma, Burkina Faso
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Photovoltaic water pumping system architecture
Tank

Float switch

PV modules

A %
Controller @
In Gogma:
» Tankof11.4m3
Motor-pump = 620 Wp of PV modules

= Borehole of depth 56 m
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Data collection

* GIS data
* Geophysical
measurements

* Water point
account books

* Household
surveys

* Pumping tests

* Water quality

* On-field
observations ,
e PVWPS @ Household gathg @1 Open well @ School
. . — Road €) Hand pump ©® shop
Mon |t0 rin g 1- Geophysics measurement profile © PVWPS - current position ® Mosque
@ Church
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Our PVWPS datalogger

Irradiance

Amb. temperature

PV temperature

PV voltage

PV current

Pump flow rate

Fountain flow rate

Data

acquisition
system

Bl MPPT

£

Room of the

27 i Tl / data logger
‘ Bbreh_ole head ‘ . WK

! PV modules p’\ \ \ ‘ : :
Softhe data a . PV modules

>

- logger
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Example of dataset
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* Running since Jan 2018 (34 month)
Time step 2 s (45 000 000 data points)
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lll. Modeling & Optimal design
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when using satellite data:
accuracy drop<3 %

o
.. 4 Pumped
Sizing  —
flow rate
=
=l Solar Tank water
Database —» —>
resource level
Technical
=
. =1 Groundwater Borehole
Position Database —> -
resource water level
Water Water
— — ]
demand consumption

PhD thesis S. Meunier
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Economic » Cost
o
.. o Pumped
Sizing >
flow rate
=
= Solar Tank water
Database |— —> 5
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Technical
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Position @—{ Database |— —» >
resource water level
Water Water
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Master thesis Elvire A. de la Fresnaye
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Economic model

Cost=CAPEX + OPEX
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Master thesis Elvire A. de |la Fresnaye
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Previous
water access Master thesis Vitali Caplain
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»  Economic » Cost
o
.. o Pumped
Sizing >
flow rate
-
= Solar Tank water
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Technical
= d hol
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Position @—{ Database [— — -
resource water level
O .
Water Water Socio-eco
» Demand — — . Impact .
demand consumption impact
Previous
water access PhD thesis Simon Meunier
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Impact model

2
. . . Before installation .
Quality 380 CFU/100 mL
B || Distance | = 170 m
g Price 0 CFA/month
\
-
. »
After installation ]
Quality 0 CFU/100 mL
Distance | — 80 m ., »
é Price 500 CFA/month ’
¢ »

- - -

Socio — eco impact = Y jjagel@ AQuality + B ADistance +
y APrice}
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A technical and socio-economic problem !
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Optimization problem

Formulation
e Optimisation variables

9 Position Sizing i
A4 Lat, Lon Byyp, Vi, MP; '

* Objective functions:
Minimize the lifecycle cost

@ Maximize the socio-economic impact

Solving
* 1 hour time step, over 1 year

* Seasonality considered (dry/wet)
* Differential evolution algorithm
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Optimization results

Pareto front for 8 motor-pump references and deduced final Pareto front
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Gogma PVWPS

/ = not optimal !
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— = same impact !
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Optimal sizing

e_

Current sizing

S5A-7
620W, Py 65W 11.4m3

Cost: S36k
Impact: 0.07

Optimal sizing
B oy -
BREE BB
2.5-2

480W, Pygre:23W 03 m3

Cost: 528k
Impact: 0.07
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Optimal position

Optimal installation zone

Q@ Household gathering
© Open well

€) Hand pump
€© Current PVYWPS
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IV. Contributions & Perspectives
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Contributions

-

\_

Photovoltaic water pumping systems

Continuous monitoring of PVWPS for domestic water & in Africa: unique dataset
Proposition and validation of a PVWPS technical model

PVWPS modelling: %

= (Climatic satellite data suitable :’

= 1 hour time step suitable

Methodological

New optimisation variable: Position
New objective function: Impact socio-economic
Coupling of a technical model with a socio-economic model

J
N

\_ Y,
g Water access h
= Water demand model: predict households’ source choice & load curves

\G Theory of change: impact of water source choice y
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Perspectives: Long term impact of PVWPS

6/2017 - Start planning
10/2017 - Survey 1
11/2017 - Installation

1/2018 - Start operation
/ 10/2018 - Survey 2

20 years lifetime
We are at the beginning !

2018 2023 2028 2038

* Long term socio-economic impact (5-year impact)
* Long term environmental impact (hydraulic resources)
* Optimal sizing taking the long-term impact into account ?
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SO[AR PUMPING WORKSHOP 2020
[E] ONLINE CONFERENCE

" https://cutt.ly/SPW2020

C au Fil du Soleil

- Association loi 1901 -

il FRANCAIS&ENGLISH -’+— .
Merci !
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