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Understand solar photovoltaic (Solar PV)

Solar PV Electricity

SUN
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Solar PV types
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Amorphous Poly Mono
crystalline crystalline




1. Amorphous

Benefit:
» Good operates at Low irradiant

* Low price

Weak point :

« Eff = 5-6%

Life time = 10 years



Poly
crystalline
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Mono
crystalline

. Crystalline PV

Benefit

» Good for strong sun
* Life time 25 years
Eff = 13-15%

 appropriate for ASIA area



SOLAR WORKING PROCESS

SOLAR CHARGE
CONTROLLER
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> 0OC DC LOAD
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How many solar PV

DC motor = 500 watt/hr

If used 3 hrs per day = 500x3 = 1,500 watt/day

Then solar PV must = 1,500 watt/day

If the sun 3 hrs per day

Then solar PV are = 1,500/3 = 500 watt

Low efficiency | <




SOLAR WORKING PROCESS

2 SOLAR CHARGE
CONTROLLER

AC water pump
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Water pump types

1. Surface water pump
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1. Surface water pump

Solar Panel

~ Sun Rays

. Overhead Tank
=1 |

Ground Lewvel

SURFACE PUMP
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2. Under ground water pump

Solar Panels

Sun-Sub Submersible Pump
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Famus technoloqgy of solar water pump system

1. Low AC voltage

2. Integrated power inverter into internal
pump

3. Using Frefrency inverter
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1. Low AC voltage

This type, the motor for water pump was
designed as AC , 3 Phase and Low voltage

4 )




1. Low AC voltage

Controller with inverter

AC3P
Low voltage

AC Pump 3F
Low Yoltage

pump System PSZ00HR  PSGOOHR PS1200HR PSIS00MR  PS4DOOHR
. total dynasnic hesd (TDH)  [m] % 180 20 pil 45
man. Fow rate ' 18 16 5 19 5
“dlat eparation:
max. power volage (Vimp)'  [VX] >3 »68 >102 =102 »13
open cirguit waltage (V<) vodl ma 100 mac S0 mac 200 mae X0 max, 375§
nominal voltage Vo) H-4 48-72 n-% T-9%  168-192
Battery epetation:
nominal voltage VK] 24anddd ] 6 % na

*1 1 e it standang e condition AM = 15,8 » 1000, cell nempentae 25



1. Schematic diagram of Low AC voltage

PV Modules (Solar Panels)

| Before connecting the array to the
controller measure the open-

PV-Array 2...8 Panels circuit voltage. It must he within a
range of

F3200 @ 35-90V DC
P3SE00 75135V DC
F31200: 110- 180V DC

=) Float Switch (optional)
| | Float Switch Kit makes contact on
' rise io stop pump.
Connect terming 3 (NO) and 4

(COM) and connect terminals 4
and & with jumper wire.

i
%
4
ik
5 #meit| =
p z gm‘" E 3 Float Switch
ower | 3 Pum oat Swi
In § g g HE F o (Oprional)
Rad | pincic [Falicer ‘ Connact to Aoat
— 1 |z[zaslel7l Ll L2 L3 |~ switch terminals.
) =
| | L1/L2/LF must match the numbars an pump leacs,

t
1
|
_r\_l I ‘ |_| Qher combinalions may caume reverse rofationli

’ For wire size, refer to Sizing Table.
To any ground
terminal at

controller
Earth e ubmercibl
Ground }‘ A Table
/ Splice

If you are not using the f'f

low-wiater probe, install |

3 jumper wire betwesn
terminals 1 and 2.

Low Water ___

Level Probe D

If you are not using 2
float switch, install 2

jumper wire betwesn
terminals 4 and 5.

—

Pump Motor ——T




@ [ How to select pump model? ]

1. Total water head
2. Flow rate

PS51800 HR-23 (ltem No. 1175-X) for Solar Operation
(Salar ganarator: Nominal valtage 72 to 88 V DC, open circuil voltage max. 200V DC)

45

System Performance
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Population technology of solar water pump system

1. Low AC voltage

2. Integrated power inverter into internal
pump

3. Using Frefrency inverter



@ . Integrated power inverter into internal
pump

This type, including converter and MPPT
controller in inside the pump

SOFlex pumps have bullt-in protection featisres that pretect the pumg Bearings Power transmission
Itseff and in many cases the well. Among these features are: Fowerful carbonyceramic bearing system The unlque Grundfas micro frequency converter
ensures high refiability ensures power transmission to the motar,

- Protection against dry-running, averlading and overheating

- Butomatic restart when water returns ta the well ar Motors Any voltage
wehien the motor temperature retuims 1a the safety range

Two mater sizes are available for the 5GFlex system Awide voltage range enabies the matar to aperate at
+Continuous fead condition and woltage monltaring with built-in unigue featurss: 2000 rpm for heli- any voltage between I0V and 300V DC or 90-2400 AC,
; cal pumps and 3600 rpm for centrifugal purmps wehich rmakes installation and sizing especially easy.
PLIITIIP casing segmented stator and penmanent magnet rotor fer
Stainless steed far long purng life, high efficiency and starting torque,

Helical rotor pump (3%) o

Based on ariginal purmging principles, the heli- Comrmunication

cal rator pemp uses a few, simple components Twn-waay cammunication hetween

for effective purmping — medium to high head contrel unit and purmnp eliminates

and rvedium to low flow, the need for additional wires.
Dry-running protection Systemn efficiency
This urique feature shuts down the pump Wiaximurn Power Point Tracking [MPPT)
if it detects water shortage. It protects the rmeans even and high system effidency
well from being aver-pumped and the mator regardless of power source.

. fram burning out. The pump restarts automati-
Sand slinger cally when wates returns ta the well
To emsure maximum protection of the moter and thus extended maotar life, the
SOFlex purnps are equipped with a compasite sand slinger on the mator shalt as
standard. The sand slinger ratates with the shaft, thereby pushing sand away from
the centre and aut through three graoves in the puemp sleeve. Another distinctive
benefit is that pump and motar can be replaced independently of ane another, in
case ane of them wears out.

Centrifugal pump (47

Technalogy based on 30 years' expenience
enables high flow in shallow water conditions,
Stainless steel companents give high wear

reiitance,




@ 2. Integrated power inverter into internal
pump

Solar PV directs connection

p : Pos. Description
: 1 SQF pump
P 2 Submersible drop cable
= : 3 Cable clips
[+2e0" 4 Straining wire
.. :: 5 Wire clamps
. E = E"‘ : 6 Solar panels
i --::* *: 7 Support structure
: [=0ene 11 CU 200 SQFlex control unit
u : °: 14 Water reservoir
_% E* E 15 Level switch




@ 2. Integrated power inverter into internal
pump

Iy

1

Solar PV with
generator backup

Description

SQF pump

Submersible drop cable

Cable clips

Straining wire

Wire clamps

Solar panels

Support structure

Diesel- or petrol-driven generator

10 101 SQFlex switch box
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2. Integrated power inverter into internal

pump

5 6 .
DA a Solar PV with
battery backup
g2 : — 7 19
El il I 3 18
sem—si
M
H N 5
e || Ty Pos.  Description
@ et 3:::: : 1 SQF pump
@_,::ff‘j"' :":.::' 2 Submersible drop cable
o |l 5 3 Cable clips
@—(4‘5 -E' 3” 4 Straining wire
O il o I 5 Wire clamps
,_:: f':.: @ 6 Solar panels
EIES-Tﬁ ::‘:: 7 Support structure
] ,j:::: 11 CU 200 SQFlex control unit
: 3: ) 12 10 101 SQFlex switch box (optional)
- Fels 16 Charge controller
- i i :: 17 Batteries
", % | 18 Pressure switch
":: ::: 19 Pressure tank




@ How to select pump model?

1. Total water head 2. Flow rate
Performance range

H
[m] ! SQFlex Solar
220 5
1‘\ ‘I\
200 \ 1\
R sy
160 ". ". C 400 Wp
] BE 200 Wp
A A 100 Wp
140 -'ll \
120 ]l'|\ \"\
100 -'lll' ‘l',‘“\ \.\\
%0 A N
60 ] N
| N\
LV e i =
\ N el
: To——

0 10 20 30 40 50 60 70 Q [mafday]



@)

Population technology of solar water pump system

1. Low AC voltage

2. Integrated power inverter into internal
pump

3. Using Frefrency inverter
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3. Using Frefrency inverter

-

\_

The normal water pump can be operated with
solar PV by using Solar Frefrency inverter

~

|

Groundfos ABB Schneider
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3. Using Frefrency inverter

Use chokes if length of pump cable
exceeds the limit
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3. Using Frefrency inverter

Operation diagram

(1) Solar panel
(2) Mounting structure

(3) Circuit breaker DC
(4) Surge protection DC *)
(5) Renewable Solar Inverter
(& SP pump
2 @ cable
S — (8) Submersible drop cable
; 20 (@) Circuit breaker AC

o] 1 g s 10 Dry running sensor
o @ Pipe
O B P (2 Water tower/tank

= E 2R (13 Level switch
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3. Using Frefrency inverter

Performance range

p
[kPal]
S000 —

4000 —

2000

1000 —
BOD

BO0

400 —

200 —

100

m_

0§ 1 2 3 4 5 & B 10 15 20 30 40 5080 80 100 150 200
Q [m*h]

I | I | |
o2 0.4 DE 08 1 2 4 B & 10 20 D[h’g]



&

How to design ?

3?



Drive selection in solar pump applications

- When pump and motor has been selected drive needs to
be selected so that the required motor voltage, current and
the power can be applied

- Below an extract of the ACS355 solar pump drives
available for 380...480V motors

- Py and I, need to be equal or bigger than the motor
rated values

Pl‘ PPI IW
= Sl O e s o ' -As an example we
250V to 800V DC or 3B0V to 480V 3-phase AC
o5 0.37 10 ACS355-03E-01A0-4 RO have a 5HP pump
0.75 055 = 2.4 ACS355-03E-02A4-4 R .
10 075 33 ACS355-03E-03A3-4 R1 where motor is
15 1.1 4.1 ACS355-03E-04A1-4 R
20 15 5.6 ACS355-03E-0548-4 Rl 4 .0kW, 400V, 8,6A,
35 22 7.3 ACS355-03E-0TA3-4 R1 0
‘“T..u' = =20 =) [ W i e L W P ) sl W o o T Ry ™1 T 1 4-4°rpm, 90 /0
50 40 125 ACS355-03E-1245-4 RZ ef‘flclency
-““r“..., = o= J T . ROoSIJIUIL = TIRMU=% T S
100 75 231 ACS355-03-23A1-4 r2 . = \We select
150 110 310 ACS355-03E-31A0-4 R4
:OO 15.0 380 ACS355-03E-38A0-4 R4 A08355 '03E'1 2A5'4
25.0 18.5 4340 ACE355-03E-42A0-4 R4 drlve

= ABB Gl'oug
March 27, 2015 | Slide 26
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Solar panel dimensioning

Basics

© ABB Grou@
March 27, 2015 | Slide 27
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- Important panel selection values from panel data sheet are

* Proax = Maximum output power of the cell
« Voe = Open circuit voltage (max. voltage)
* Vinpp = Voltage at maximum power point

* mpp = Current at maximum power point

- Panels need to be set in series to match panel output voltage with

drive rated DC voltage and needed motor voltage

= DC nominal voltage = 1.35 x motor nominal voltage

- Panels need to be set in parallel to match panel output current

with drive rated DC current

« Drive rated DC current is 0,817 X loy grive)

- Panel number in series multiplied with number of parallel arrays

multiplied with Pmax needs to be higher than the required DC
power

= DC power = Pump power + motor losses + drive losses

= Rule of thumb - Pump power in HP = DC powerin kW FRIpm




Solar panel dimensioning
Example — rule of thumb

= Values in our example system
[ = SHP pump = SkW cell power required ]
= DC voltage need is 400V x 1.35 = 540V
= DC current need is 12,5A x 0,817 = 10,2A

= Maximum DC voltage is 800V

- Below datas from three different panel models and their sub

models:

Pmax Voc Vmpp Isc Impp

— 170 28,5 23,7 7,9 7,4
o) 175 28,6 23,8 8,0 7,4
o X 180 28,8 24,0 81 7,5
= 185 29,0 24,1 8,3 7,7
5 9 190 29,2 24,4 8,4 7.8
e 3 195 29,4 24,7 8,5 7,9
00 150 43,4 36,3 4,5 4,2
D qﬂ_} 155 43,8 36,4 4,6 4,3
c 2 160 44,1 36,9 4,7 43
o < 165 44,5 37,5 4,7 4,4
o © 190 42,7 35,5 5,8 5,4
> E 195 433 36,0 5,9 5,5
Al 200 433 36,2 5,9 5.5
205 43,7 36,4 6,1 5,7

© ABB Grou&:
March 27, 2015 | Slide 28
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Solar panel dimensioning
Example — rule of thumb

- Calculate the needed panels in series based on voltage:

« DC voltage need is 400V x 1.35 = 540V
» Maximum DC voltage is 800V

« Voo XN 2540V > n>540V/V (round up n)

mpp mpp
- Check the open circuit voltage

- V. X N <800V

Pmax Voc Vmpp Isc Impp] Numberinseries Udc max|

170 28,5 23,7 7,9 7.4 22,82 23 655

O 175 28,6 23,8 8,0 7.4 22,69 23 658
) 180 28,8 24,0 8,1 7,5 22,51 23 663
185 29,0 24,1 8,3 7,7 22,37 23 668

; ( 190 29,2 24,4 8,4 7,8| 22,16 23 671
195 29,4 24,7 8,5 7,9 21,85 22 646

O 150 43,4 36,3 4,5 4,2 14,88 15 651
; J 155 43,8 36,4 4,6 43| 14,83 15 657
160 44,1 36,9 4,7 4,3 14,63 15 661

0 S 165 44,5 37,5 4,7 4,4 14,40 15 668
= 190 42,7 35,5 5,8 54 15,22 16 683
195 43,3 36,0 5,9 5,5 15,00 16 692

A 200 43,3 36,2 5,9 5,5 14,91 15 650
205 43,7 36,4 6,1 5,7 14,86 15 655

© ABB Group
March 27, 2015 | Slide 29
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Solar panel dimensioning ( )
Example — rule of thumb

» Calculate the needed panels in parallel
» DC current need is 12,5A x 0,817 = 10,2A
" lge =N X o 2 N =y / e (round up n)

- Checking panel selection from the 1st line, there is 23 panels in
series and 2 in parallel so the amoun of the panels in this setup

would be 46 pcs

Pmax Voo Vmpp Isc. impp|  Number in series  Udcmax|  Parallel Idc

170 28,5 23,7 7,9 7.4 22,82 23 655 2 14,7

® 175 28,6 23,8 8,0 7.4 22,69 23 658 2 14,8
@ 180 28,8 24,0 81 7,5 22,51 23 663 2 15,0
185 29,0 24,1 8,3 7,7 22,37 23 668 2 15,4

g ( 190 29,2 24,4 8,4 7.8 22,16 23 671 2 157
195 29,4 24,7 8,5 7,9 21,85 22 646 2, 15,8

O 150 43,4 36,3 4,5 4,2 14,88 15 651 3 12,5
q U 155 43,8 36,4 4,6 4,3 14,83 15 657 3 12,9|
160 44,1 36,9 4,7 4,3 14,63 15 661 3 13,0

0 165 44,5 37,5 4,7 4,4 14,40 15 668 3 13,2
L) v 190 42,7 35,5 5,8 5,4' 15,22 16 683 2 10,7
195 43,3 36,0 5,9 5,5 15,00 16 692 2 11,0

[} 200 43,3 36,2 5,9 55 14,91 15 650 2 11,1
205 43,7 36,4 6,1 570 14,86 15 655 2 11,3}

© ABE Group “ I. I.
Mareh 27, 2015 | Sliele 30 ".'..



Solar panel dimensioning

Example — rule of thumb

= Verify that the output power of the modules is enough to power the
system (Peeq = SKW)

Piotar = @mount of panels x P,

« Select the setup where the current is nearest to the required and
where the power is nearest to the required

= And select the most cost efficient setup

G

Pmax Voc Vmpp Isc Impp] Numberinseries Udc max Parallel Idc] Total power [_kW]J
e 170 28,5 23,7 7,9 7.4 22,82 23 655 2 14,7 7,82
O 175 28,6 23,8 8,0 74 22,69 23 658 2 14,8 8,05
o X 180 28,8 24,0 8,1 7,5 22,51 23 663 2 15,0 8,28
C o 185 29,0 24,1 8,3 7,7 22,37 23 668 2 15,4 8,51
5 9 190 29,2 24,4 8,4 7,8 22,16 23 671 2 15,7 8,74
= 3 195 29,4 24,7 8,5 7.9 21,85 22 646 2 15,8 8,58
O O 150 43,4 36,3 4,5 4,2 14,88 15 651 3 12,5 6,75
E qg 155 43,8 36,4 4,6 4,3 14,83 15 657 3 12,9 6,88
C - 160 44,1 36,9 4,7 4,3] 14,63 15 661 3 13,0 7,20
] C 165 44,5 37,5 4,7 4,4 14,40 15 668 3 13,2 7,43
‘ o © 190 42,7 35,5 5,8 54 15,22 16 683 2 10,7 6,08
~, E 195 43,3 36,0 5,9 5,5 15,00 16 692 2 11,0 6,24
200 433 36,2 5,9 55 14,91 15 650 2 11,1 [ 6,00
205 43,7 36,4 6,1 57| 14,86 15 655 2 11,3 5,15

A DD

© ABB Group
March 27, 2015 | Slide 31
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Example > > >

Solar water pump system
for agriculture






Solar water pump




Solar water pump




Solar water pump




Solar water pump
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Solar water pump




Solar water pump
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Solar water pump




Solar water pump
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MORE INFORMATION
Contact : ENGINEO Co.,Ltd.

WWWw.engineo.co.th



