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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Our experience in PV systems:

» R&D.
» Training:

« Face-to-face since 2000.
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Knowledge sharing and collaborations: Course - SOLAR POWERED WATER SYSTEMS

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

Main features

» Language of instruction: English o The teaching-learning process is carried out using videos

recorded at the UPV and a e-book containing all the subjects,

s The course is an in-depth look at the planning, design, . ‘ o ‘ .
topics, graphics contained in the videos. Additionally, a number

> online course on PV systems:
https://www.cursofotovoltaica.com 4

installation, testing, operation and maintenance of solar .

of documents, made-for-purpose solar pumping tools and Excel
powered water systems (Download the course programme . i
sheets are provided for different modules.

HARNESSING SOLAR POWER

DEVELOPMENT CONTEKS Course - INTRODUCTION TO PHOTOVOLTAIC POWER
SYSTEMS

lintroduction-to-photovoltaic/ W L pE—

> free e-version of the book Solar
Pumping for Water Supply -

Harnessing solar power in
humanitarian and development

contexts:

Main features

¢ Introduction to photovoltaic power system applications. * The teaching-learning process is carried out using notes (in pdf)

https://thesolarhub.org/resources/
solar-pumping-for-water-supply- i | ,
h arness | n g _t h e- p owe r-of-t h e-sun / ttoras and examinatons coninuous evaluaton) on he Om“d“hddbygt”s';mpfdmg’

online UPV trainin, g platform.
photovoltaic sector and discuss specific topics (>15 hours of

¢ The course is online (self-paced training) with asynchronous

e Introductory course of 6 ECTS (equivalent to a 60-hour face-to- recordings)
face course) divided into three blocks:
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Index :
PV
» Factors influencing solar energy production. field
» Estimation of losses due to different factors. ¢
o Losses related with the PV module. PCu (VSD)
o Losses related with the temperature. ¢
Motor-Pump
1.5 kW
o Losses related to the balance of system (BOS). ¢
> Energy losses and efficiencies in a solar water Hydraulic
pumping schemes (PVWPS): facility in the UPV. circuit
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Calculation of the energy generated by a PVWPS system:
Epy = Poy_pic - PSH - PRpy * ngqys (¥WH/.)

If E, T, more
water is

En = Ppy _pk - PSH - PRpywps * Ngays (kWh/*) produced

» P« is the peak power of the photovoltaic generator.

= PSH: equivalent number of hours per day when solar irradiance (G/) averages Gls;. (1000
W/m?2). 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.

" Ny,ys is the number of days used to carry out the calculation.

PR = PRtemp | PRtilt | PRori ' PRshadingS ' PRdirtyness | PRmismatch T
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5 Photovoltaic Systems © S. Segui (==
UNIVERSITAT DEPARTAMSNTO

. . PAR SNT
POLITECNICA fotovoltaica@upv.es www.cursofotovoltaica.com/solar-powered-water-systems/ DE_INGENIERIA
DE VALENCIA ELECTRONICA



INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

LOSSQS in PV Systems: Page 50 in “Pumping for Water Supply - Harnessing solar

power in humanitarian and development contexts”

Table 4.1 Table of estimated losses as a percentage of total energy produced

Losses due to Estimated losses Losses due to Estimated losses
(as % of total (as % of total
energy produced) energy produced)
Module temperature 8-15% Tolerance 0-5%
Wiring 1-3% Mismatching! 1-2%
Soiling? (dust, dirt on modules) 2—15% Low irradiance 1-4%
Shading? 0-2% Light-induced 3-20%
degradation
Reflectance 2—6% Power converter 1-5%
Module orientation 0—2% Availability 1-3%

1 Can be much higher if PV modules of different power ratings are connected

2 Can be much higher in dusty environments if modules are not cleaned regularly
3 Can be higher if modules are regularly shadowed
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Losses related with the PV module: . — 1

NEEEEEEEEEEEF

« Cell temperature.

 Power tolerance.

 Low irradiance efficiency.
 Mismatch.

* Module quality.
« Light induced degradation,
ageing and other degradation
factors. =
 Module mounting
2_
conditions, etc. m
[ i
° 0 5I0 160 1I50 2[I)O 2%0 3[I)0 3‘50 460 4I50 5[I]O 5%0
Voltage [V]
— Raw —— STC —— Ideal STC
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

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

3000 - -------—-mmm o —m e —— - - R - 14%
« Cell temperature. 20/July - c-Si with 13.44% in STC
« Power tolerance. 2500 - - - m e e e e e e e oo s ey S = - 12%
 Low irradiance efficiency. L 10%
. 2000 -------———@f e e N
 Mismatch.
) - 8%
* Module quality. 1500 - ool Nl
* Light induced degradation, ageing - 6%
and other degradation factors. 1000 - - - - ooAqb oo USSR NN | |
. e - 4%
 Module mounting conditions, etc.
500 ------HF---7F----"5F T e - - - A - fH----1 %
0 = 0%
o 9 Q9 Q9 9 @ o O QO 9 Q O Qo Q Qo0 00 0 Q0 0 o099 o9 QQ
e A B = = = = e R = = = = = = R = = = == = = = = I = ==
O 0O 0 0O 0 0 Q00 9090 OOQ 090 Q 0O Q09 00 O Qo0 o oo g oo
2MNene N Ne NemMemMmenmenNemeonomononmo e no
. - O W M~~~ 00 A AN NN en st Wm0 WM~ 00000 0 O 0 N
STC efficiency of the module: 13,44 % iRl
PV power (W) ——GI(W/m2) ——PVeff(%)
Maximum efficiency: ~ 12 %
=\ § =
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Losses due to temperature (l): 2.Calculate the losses due to temperature (L)

1.Determine the average temperature of the cell ;Jns:z?).the temperature coefficient of the power (g

(Teey) from the an_1bient temperature (T,,,,) using Liom = |9 (Tpyeen — 25)|
the average daytime temperature of the period

under study: 3.Determine the performance by temperature

(PR,.,,) using the temperature coefficient of power

Teetr = Tagmp + (INOCT — 20) - 300 W/ (9):
m? PRiem = (1 — Liem) = (1 — |g(Tpycen — 25)])
Table 4.2 NOCT, g, and efficiency factors for different PV module technologies
Technology c-Si (silicon-based Thin-film cCISG HIT
modules) technology
Page 54 in “Pumping for s-S7 p-Si a-Sipc-Si Ccdle ClS
Water Supply ....” (rmonocry- (polycry- (amorphus (cadmium  (copper
stalline stalline silicor) telluride) indium
silicon) silicon) selenide)
NOTC (=C) 41 (=3) 41 (£3) 45 45 47 42 44
g (9%6/K) —0.37 —0.38 —0.35 —0.32 —0.33 —0.3 —0.26
Module efficiency (96) 20.4 17.6 9.8 10.6 15.1 16 20.3
=
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

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

- Voltage drops in the wiring. 2000 L 800
o 1800
 Power converter efficiency. 0 - 700
n = = B E'O'D
* Errors in tracking the maximum 1400
- = - 500 &
power point (MPP). 3 120 S
: g 1000 L 400 2
* Protections. 2 =
o 800 0
. . . - 300
 Downtime periods for maintenance. 600
. - 200
 Breakdowns or malfunctions. 400
. - 100
« Power curtailment. 200
0 D 'D Qo OO Qo0 QO Q Q0 Q000 QQQQ Q0 - 0
L0020 C0Q822200000¢
(o e T o R o T T T o o T o VI T T N o O T T W R ' I o VIR T e T o T o M U
. o] o || EEEF PR RE R RS RS T )
PV PCU (VSD) 1.5 kW circuit e e e T T T T = =RV W Qe Gt
field
— PV power (W) =——=VSD output power =—Ph (W) Gl (W/m2)
S =
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

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

Global irradiance

« Voltage drops in the wiring.

1000 W/m?®

« Power converter efficiency.

750 W/m®

 Errors in tracking the maximum power

point (MPP). i
° Protections; 250 W/m?
. Downtime perIOdS for maintenance. 0800 8/3012:00 8/3016:00 8/30 20.00 8/3100:00 8/31 0400 8/31 0800 8/311200 8/3116:00 Tt
« Breakdowns or malfunctions. R e am
* Power curtailment S
I M - 25kW
(c Ipplng) 20kW
15kW
>> 1.0kw
if I:,PV Pmotor-pump

0.5kw

u u u
kW
( exc e s s I ve ove rs I Z I n g fa ct o r) 8/30 08:00 8/3012:00 8/3016:00 /30 20:00 8/3100:00 8/3104:00 8/3108:00 8/31 1200 8/3116:00 8/31 20:00

== PV power 0kw AV 0.005 kw

=R I [
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Wiring losses:

lwire

APyire = AV yire * Iypp = Ryire II%/IPP = P ' 11%/11313 —

Swire

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

Resistivity (p)

0,01786 0,01926 0,01996 0,02066 0,02136 0,02206 0,02276
(Q-mm?2/m)

Conductivity (y)
55,9910 51,9205 50,0994 48,4017 46,8153 45,3295 43,9352
(m/Q-mm?)

<3 % (and AV in the same range)

wires

=
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

PVWPS in the UPV:

PV :
. . p| Motor-Pump +——p» Hydraulic
field PCU (VSD) L5 W reurt
2 PV Tl Atersa BOMBAS IDEAL
- :;?iel; s EASY SUN PUMP 4" SMI-8 1.5 kW
K ESP-2,2/230-1P20-F200 submersible pump
2.4 ka Power converter unit
(variable speed drive)
- |5
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Efficiencies in the PVWPS facility (l):

o,
2000 800 2.5 120%
1800
- 700 Q
1600 50 100%
1400 - 600
80% ___
= 1200 - 500 & 15 =
= sz 5
T 1000 L 400 2 - 60% <
= - =T
5 = o k=
800 k=
= L 300 © 1.0 =
600 40%
400 - 200 |
0.5
200 L 100 20%

O o ::; o o o o o o o o oo o oo o oo oo oo B O 0.0 _‘ﬁ 0%
RN R R R L SRR RN R ERER RN R LR
WWWHAN OO AN EF NN OO M~M~EG0O D ErAg R, ERSFNRIFLEEERSAAaa

R BHOD DS S NN MM F T NN DG~ NG K S 5

Lo B T I B I I B B B I I I B R I T I T I |

PV power (W) VSD output power Ph (W) Gl (W/m2) Flow rate (L/s) ———Eff VSD (%) =—— Eff motor-pump (%) — Eff Total (%)
 EEE—— —eeeep-| MoOtor-Pump (| Hydraulic
PV PCU (VSD) 1.5 kW circuit
field
=\ I [
voltai ) ui
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Efficiencies in the PVWPS facility (ll):
5.01 PSH

neywpesk— 26.2 %

ey stc= 15.72 % T - ¢

Vd= 53.96 m3ld npvk nvsp,k MNmp, k

GI, 14.4 % Ppy 73.5 % Pysp ou 6 % Py,

934 W/m? P 2090 W P 1535 W P 547 W
Eysp o,=9.14 KWh/d
- Variable Motor Hvd i
E,= 3.05 kWh/d PV Speed + Zirrcilijtlc
field Drive Pump
PRy~ 90 %
o 8 PV modules
PF\’VSD=83'1 /o in series T%szgSz%/S
2.4 kW oo ® oL/ M
PR, ,=33.4 % " .
~ ) o =

PRPVWPS~25 /° [ 200

En = PPV_pk - PSH - PRpywps

PV power (W)
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INCREASING EFFICIENCY OF SOLAR WATER PUMPING SCHEMES

Conclusions:

» 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 1=
efficiency, etc. _ HARNESSMES;LARPMEH

IN HUMANITARIAN AND

DEVELOPMENT CONTEXTS

> 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.

i

Asgﬁéth W. Kiprono

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