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Our experience in PV systems:

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

 R&D.

 Training:

• Face-to-face since 2000.

• On-line since 2010.

Photovoltaic Systems © S. Seguí
fotovoltaica@upv.es www.cursofotovoltaica.com/solar-powered-water-systems/

3.3 kW (a-Si) in 2010

17,5 kW (c-Si) in 1999

1 kW (a-Si) in 2011

5 kW (c-Si) in 2011
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Knowledge sharing and collaborations:

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

 online course on solar pumping: 
https://www.cursofotovoltaica.com
/solar-powered-water-systems/

 online course on PV systems: 
https://www.cursofotovoltaica.com
/introduction-to-photovoltaic/

 free e-version of the book Solar 
Pumping for Water Supply -
Harnessing solar power in 
humanitarian and development 
contexts: 
https://thesolarhub.org/resources/
solar-pumping-for-water-supply-
harnessing-the-power-of-the-sun/

Photovoltaic Systems © S. Seguí
fotovoltaica@upv.es www.cursofotovoltaica.com/solar-powered-water-systems/
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Index :

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

 Factors influencing solar energy production.

 Estimation of losses due to different factors.

o Losses related with the PV module.

o Losses related with the temperature.

o Losses related to the balance of system (BOS).

 Energy losses and efficiencies in a solar water

pumping schemes (PVWPS): facility in the UPV.

Photovoltaic Systems © S. Seguí
fotovoltaica@upv.es www.cursofotovoltaica.com/solar-powered-water-systems/

PCU (VSD)

Motor-Pump
1.5 kW

Hydraulic 
circuit

PV 
field
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Calculation of the energy generated by a PVWPS system:

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Photovoltaic Systems © S. Seguí
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 PPK is the peak power of the photovoltaic generator.
 PSH: equivalent number of hours per day when solar irradiance (GI) averages GISTC (1000

W/m2). Depend on tilt and orientation of the PV field.
 PR is the Performance Ratio of the PV installation, independent of the irradiation received or

the installed power. It represents the power losses in a PV or in a PVWPS system.
 ndays is the number of days used to carry out the calculation.

𝐸𝐸𝑃𝑃𝑃𝑃 = 𝑃𝑃𝑃𝑃𝑃𝑃 _ 𝑝𝑝𝑘𝑘 ⋅ 𝑃𝑃𝑃𝑃𝑃𝑃 ⋅ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ⋅ 𝑛𝑛𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 �𝑘𝑘𝑘𝑘𝑘 ∗

𝑃𝑃𝑃𝑃 = 𝑃𝑃𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑃𝑃𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ⋅ 𝑃𝑃𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜 ⋅ 𝑃𝑃𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ⋅ 𝑃𝑃𝑅𝑅𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ⋅ 𝑃𝑃𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ⋅ …

𝐸𝐸ℎ = 𝑃𝑃𝑃𝑃𝑃𝑃 _ 𝑝𝑝𝑘𝑘 ⋅ 𝑃𝑃𝑃𝑃𝑃𝑃 ⋅ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ⋅ 𝑛𝑛𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 �𝑘𝑘𝑘𝑘𝑘 ∗

If Eh ↑, more 
water is 

produced
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Losses in PV systems:

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Photovoltaic Systems © S. Seguí
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Page 50 in “Pumping for Water Supply - Harnessing solar 
power in humanitarian and development contexts”
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Losses related with the PV module:

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES
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• Cell temperature.
• Power tolerance.
• Low irradiance efficiency.
• Mismatch.
• Module quality.
• Light induced degradation,

ageing and other degradation
factors.

• Module mounting
conditions, etc.



8

Losses related with the PV module (in a PVWPS system):

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Photovoltaic Systems © S. Seguí
fotovoltaica@upv.es www.cursofotovoltaica.com/solar-powered-water-systems/

• Cell temperature.
• Power tolerance.
• Low irradiance efficiency.
• Mismatch.
• Module quality.
• Light induced degradation, ageing

and other degradation factors.
• Module mounting conditions, etc.

STC efficiency of the module: 13,44 %

Maximum efficiency: ≈ 12 %
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Losses due to temperature (I):

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Photovoltaic Systems © S. Seguí
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1.Determine the average temperature of the cell
(Tcell) from the ambient temperature (Tamb) using
the average daytime temperature of the period
under study:

𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 − 20 ⋅
𝐸𝐸

800 �𝑊𝑊 𝑚𝑚2

2.Calculate the losses due to temperature (Ltem)
using the temperature coefficient of the power (g
in K-1):

𝐿𝐿𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑔𝑔 𝑇𝑇𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 − 25

𝑃𝑃𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡 = 1 − 𝐿𝐿𝑡𝑡𝑡𝑡𝑡𝑡 = 1 − 𝑔𝑔 𝑇𝑇𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 − 25

3.Determine the performance by temperature
(PRtem) using the temperature coefficient of power
(g):

Page 54 in “Pumping for 
Water Supply ….”
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES
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• Voltage drops in the wiring.

• Power converter efficiency.
• Errors in tracking the maximum

power point (MPP).
• Protections.
• Downtime periods for maintenance.
• Breakdowns or malfunctions.
• Power curtailment.

Losses related to the balance of system (BOS) (I):

PV 
field

PCU (VSD)
Motor-Pump

1.5 kW
Hydraulic 

circuit
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Losses related to the balance of system (BOS) (II):

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Photovoltaic Systems © S. Seguí
fotovoltaica@upv.es www.cursofotovoltaica.com/solar-powered-water-systems/

• Voltage drops in the wiring.
• Power converter efficiency.
• Errors in tracking the maximum power

point (MPP).
• Protections;
• Downtime periods for maintenance.
• Breakdowns or malfunctions.

• Power curtailment
(clipping)

if PPV>>Pmotor-pump

(excessive oversizing factor)
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Wiring losses:

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Photovoltaic Systems © S. Seguí
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Δ𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = ∆𝑽𝑽𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘 � 𝐼𝐼𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ⋅ 𝐼𝐼𝑀𝑀𝑀𝑀𝑀𝑀2 = 𝜌𝜌 ⋅
𝑙𝑙𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑆𝑆𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

⋅ 𝐼𝐼𝑀𝑀𝑀𝑀𝑀𝑀2 =
1
𝛾𝛾
⋅
𝑙𝑙𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑆𝑆𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

⋅ 𝐼𝐼2

Temperature 20 °C 40 °C 50 °C 60 °C 70 °C 80 °C 90 °C

Resistivity (ρ) 

(Ω·mm2/m)
0,01786 0,01926 0,01996 0,02066 0,02136 0,02206 0,02276

Conductivity (γ) 

(m/Ω·mm2)
55,9910 51,9205 50,0994 48,4017 46,8153 45,3295 43,9352

Design wires to obtain: 1 %< Lwires < 3 % (and ∆V in the same range)
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PVWPS in the UPV:

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES
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PV 
field PCU (VSD)

Atersa
EASY SUN PUMP

ESP-2,2/230-IP20-F200

8 PV modules 
in series
2.4 kWpk

Motor-Pump
1.5 kW

Hydraulic 
circuit

BOMBAS IDEAL
4" SMI-8 1.5 kW 
submersible pump

2.4 kW (c-Si) in 2020

Power converter unit
(variable speed drive)
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Efficiencies in the PVWPS facility (I):

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Photovoltaic Systems © S. Seguí
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PV 
field

PCU (VSD)
Motor-Pump

1.5 kW
Hydraulic 

circuit
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Efficiencies in the PVWPS facility (II):

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Photovoltaic Systems © S. Seguí
fotovoltaica@upv.es www.cursofotovoltaica.com/solar-powered-water-systems/

5.01 PSH

Vd= 53.96 m3/d

EPV=10.99 kWh/d

EVSD_out=9.14 kWh/d

Eh= 3.05 kWh/d

PRPV= 90 %

PRVSD=83.1 %

PRm-p=33.4 %

PRPVWPS≈25 %

PV
field

Motor
+

Pump

Hydraulic 
circuit

ηPV,k ηmp,k

GIk PPV,k Ph,k

Variable 
Speed 
Drive

fVSD=50 Hz

PVSD_out

934 W/m2 1535 W 547 W

Q≈ 2.45 L/s
TDH≈ 22.7 m

14.4 %

2090 W

73.5 %

ηVSD,k

35.6 %

ηPVWPS,k= 26.2 %

8 PV modules 
in series
2.4 kWpk

ηPV_STC= 15.72 %

𝐸𝐸ℎ = 𝑃𝑃𝑃𝑃𝑃𝑃 _ 𝑝𝑝𝑘𝑘 ⋅ 𝑃𝑃𝑃𝑃𝑃𝑃 ⋅ 𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷
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Conclusions:

INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

 More information in the book Solar Pumping for Water Supply - Harnessing
solar power in humanitarian and development contexts:
https://thesolarhub.org/resources/solar-pumping-for-water-supply-
harnessing-the-power-of-the-sun/

 Loss factors that cannot be avoided: temperature, ageing, converter
efficiency, etc.

 Loss factors that can be minimized: wiring, shadows, dirtiness, etc.

 Loss factors that sometimes are forgotten: ageing, tolerances, etc.

 Cost of improving PR vs initial budget: cross section of wires, selection of
PV modules, etc.

 Cost of improving PR vs cost of the O&M: cleaning works.

Photovoltaic Systems © S. Seguí
fotovoltaica@upv.es www.cursofotovoltaica.com/solar-powered-water-systems/



Increasing efficiency of solar water 
pumping schemes

Webinar IV – Towards more sustainable and efficient SPWS

The End
Salvador Segui-Chilet          fotovoltaica@upv.es

© Universitat Politècnica de València
www.cursofotovoltaica.com  https://thesolarhub.org/


	Increasing efficiency of solar water pumping schemes
	Our experience in PV systems:
	Knowledge sharing and collaborations:
	Index :
	Calculation of the energy generated by a PVWPS system:
	Losses in PV systems:
	Losses related with the PV module:
	Losses related with the PV module (in a PVWPS system):
	Losses due to temperature (I):
	Losses related to the balance of system (BOS) (I):
	Losses related to the balance of system (BOS) (II):
	Wiring losses:
	PVWPS in the UPV:
	Efficiencies in the PVWPS facility (I):
	Efficiencies in the PVWPS facility (II):
	Conclusions:
	Increasing efficiency of solar water pumping schemes

