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Our proced

* For people who need reliable energy and have
loss of utility power for three times a day.

* We install solar UPSes first with large storage
batteries and about 1 to 2 KW of solar.

* This allows them to not have to run their
generator in almost all cases.

 This costs about Rs. 600,000 to Rs 800,000
* Return on investmentis in 5 to 7 years.
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Our procedur

* |In this system, we first do an assessment for
the situation of the existing wiring.

* Then consider the requirements and priorities of
the user and make a design and map and
finalize the system to be implemented.
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Our procedure

5 b wse oS Susly 39290 Ly cw cuw o ipse pllai ul
UM =.|.LJ o_)'.fl.?

ool b3 Sl sl GS s 1w wluz i )l OL.'.JSJ;’O S o g
—od IS iz oS el S S o8V ol uulu inis

Tawanai Energy



Our procedure

* We fix and upgrade the wiring and add needed
wiring.

* We install a separate distribution box for the
reliable power or in some cases more than one
distribution box.
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Our procedure
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Smaller budget

* In case reliabllity is not so
Important and saving electricity
IS the objective, we suggest the
following.

e Smallest inverter of 1 to 2 KW.
e 1KW : Rs 19,000

* Solar modules of up to S00W 1 | e =

 Smallest tubular battery
avallable. Rs 15,000
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Smaller budget sys
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How to use

* The smallest system shall
be used as a separate
system. It should not be
connected Iinto the
existing wiring because
that Is dangerous.

 Use as a separate system
and extend wires like
extension cords as
needed.
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How to use
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How {0 expe

* When budgets are available, the fix the house
wiring and then install the small 1 KW inverter
Into the upgraded separate distribution box.

* After that, you can buy more solar modules,
upgrade the inverter or buy another inverter of 3
kw or 5 kw and add more appliances into the
separate distribution box.

* Also you can buy more solar modules as
needed.
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How to expant
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Battery use

* Never connect a device directly to a battery.

* Alow voltage disconnect system needs to
always be available.

e Use the battery through an inverter, UPS, or
solar inverter which has a low voltage
disconnect.

* To prolong battery life disconnect at 12V.
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Battery use
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Battery use

* To prolong battery life for years, charge at rates
less than C/5. Preferably at C/10.

* This means that if your battery is of 200 Ah,
then the max charge current should be 1/10 of
that. That means 20Amps or less.

* |t shall take 10 hours to charge, but your battery
shall last more than 3 years If you charge it
slowly.
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Battery use
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Battery use

* The fastest way to destroy battery life Is to let
the battery discharge down to 10 Volts or lower.

* The fastest way to destroy a battery Is to
connect a device directly and then as a human
forget to disconnect it. This shall drain the

pattery to death on the first attempt. This is like

eaving the car headlights on and then having to

Ouy another battery.
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Battery use
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Battery use

 Make sure to check the battery level every two
weeks. Max time Is every month. Add distilled
water as needed. Tubular batteries have

floating level indicators to tell you how much to
add.

Tawanai nergy



Battery use
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Types of batteri

The costs and benefits and advantages and
disadvantages of different types of batteries like
tubular, reconditioned, and lithium shall be In a
separate video or added to this one.
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Types of batterie
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Smallest Possible 12

* The smallest possible systems are DC based.
* Here we make a 12V system.

* This shall require thicker wires to carry the low
voltage far enough to cover the home or shop.

 We recommend buying the largest size charge
controllers so that the output can handle
multiple devices.
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Smallest Possible 12V
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Smallest Possible 1z

The charge controller Is necessary to control the

cut off on low voltage of t

ne battery.

If you want to use more t

nan 60 Amps, then it

could be possible to use charge controllers In

parallel. But if one of the
supplying, then the other

charge controllers stops
could get overloaded. So

a 60 Amp fuse shall be required for the output of
each 60 Amp controller to protect from this
overload.
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Smallest Possible 12V
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Smallest Possible

3 x 60 Amps = 180 Amps

Using three charge

controller outputs in
parallel with fuses to
support larger loads.
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Smallest Possible
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Smallest Possible

Solar Panel
—

S
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Smallest Poss

60 Amp charge
controller price.

Rs 4,500
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Smallest Poss
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New solar
modules price

Rs 68 per watt.
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Frames

Galvanized Iron
Frame for Solar
Panels

86 Inches length
14 Gauge Rs 4000

60 Inches length
18 Gauge Rs 3000
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Frames
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Wiring Color

US "AC" WIRING COLOR CODES "NEC"

PHASESUPPLY | WIRE&CABLE | 120?2;: ic;w ) ( 21# ;N.an‘q::I;.r )
LINE 1 "L1" D —
3-PHASE LINE 2 "L2" ST
LINE 3 "L3" e
COMMON NEUTRAL"N" | @22 S —

GROUND / EARTH "PG"

wenw.electricaltechnology.org

D —— =Fd

1-PHASE

LINE "L"

+ Use this in case of a S5econd Hot Wire i.e. in Single Phase, Two Lines 240V AC System.

s
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Wiring Colo
ELECTRICAL WIRING COLOR CODES ( NEC & IEC ) -1 & 3 PHASE (ACQ)

www.electricaltechnology.org %IEI %m % -E -E III
NEC - US / CANADA | NEC - US / CANADA (Old)

PHASE SUPPLY -
WIRE & CABLE (120, 208 & 240V) | (277 &480V) IEC- UK & EU CHINA & RUSSIA AUS & NZ JAPAN INDIA, PAK & SA

3-PHASE LINE 2 "L2" —J =3

LINE1 "L1"

LINE 3 "L3"

COMMON NEUTRAL "N"

GROUND / EARTH "PG" or "PE"

LINE "L"

1-PHASE

-
[ —
—
s |
SV P |
.
o —

JuILL

NEUTRAL N | O, | =D

Wy Ly

Tawanai nery




Wiring Color C

INDIA & PAK WIRING COLOR CODES

PHASE SUPPLY | WIRE & CABLE clg S:I,AR f:lg;:;
LINE 1 "L1" i— ]

3-PHASE LINE 2 "L2" | ——J—
LINE 3 "L3" =3

COMMON NeutRAL'N* | =D

GROUND / EARTH "PE"

www.electricalte l:hnDIDE'_.r.Drg

1-PHASE

LINE "L"

==V &)
.

"
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Wiring Size and

4 AWG 0.2043 in 5.189 mm 21.2 mm2 85 Amp
5 AWG | 0.1819 in 4621 mm 16.8 mm2 -
6 AWG | 0.1620 in | 4115 mm 13.3 mm2 65 Amp
7 AWG | 0.1443 in | 3.665 mm 10.5 mmz2 | -
8 AWG | 0.1285 in | 3.264 mm 8.37 mm2 | 50 Amp
9 AWG | 0.1144 in | 2.906 mm | 6.63 mm2 | -
10 AWG | 0.1019in | 2.588 mm 5.26 mm2 35 Amp

"
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Wiring Size &

Wire Gauges Size & Wire Ampacity Table

3/0

Gauge

200 AMPS

Service Entrance - From Utility Pole to Energy Meter

1/0

Gauge

150 AMPS

Service Entrance & Feeder Wire - To Panel Box

100 AMPS

Service Entrance & Feeder Wire - To Panel Box

55 AMPS

Feeder & Large Appliance Wire

40 AMPS

Feeder & Large Appliance Wire

10 Gauge

30 AMPS

Appliances e.g. Dryer, Air-conditioning, Water Heater

20 AMPS

Appliances like Laundry, Bathroom & Kitchen Circuits

15 AMPS

General Lighting, Fans & Outlet / Receptacle Circuits

W S
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Wiring Size &

http://atrc.net.pk/tawanai/products/wires/wire%20sizes
%20-%20power%20-%20amps%20by%20atrc%20-%2
017%20jan%202022-1.html

APPLIED TECHNOLOGY RESEARCH
CENTER

Better Solutions For Your

To access go to atrc.net.pk LI

Click on Tawanai Energy

¥ e e
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Click on wire sizes and power capacity

Wires

Wire sizes and power capacity

Wy Ly
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http://atrc.net.pk/tawanai/products/wires/wire%20sizes%20-%20power%20-%20amps%20by%20atrc%20-%2017%20jan%202022-1.html
http://atrc.net.pk/tawanai/products/wires/wire%20sizes%20-%20power%20-%20amps%20by%20atrc%20-%2017%20jan%202022-1.html
http://atrc.net.pk/tawanai/products/wires/wire%20sizes%20-%20power%20-%20amps%20by%20atrc%20-%2017%20jan%202022-1.html

Wiring Size &

http://atrc.net.pk/tawanai/products/wires/wire%o
20sizes%20-%20power%20-%20amps%20by
%20atrc%20-%2017%20jan%202022-1.html

APPLIED TECHNOLOGY RESEARCH
N

Better Solutions For Your
Business
We provid es, produ

—J _S uu‘LwJ atrc.net.pk -uu‘L? By

Tawanai Energy ju S SLS

¥ e e

Tawanai

ney
M. w}llo g_ps u.l.ZJ .).9' )jLLAJ cSJlJ Wires

.)S ; I ; Wire sizes and power capacity

Wy Ly
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http://atrc.net.pk/tawanai/products/wires/wire%20sizes%20-%20power%20-%20amps%20by%20atrc%20-%2017%20jan%202022-1.html
http://atrc.net.pk/tawanai/products/wires/wire%20sizes%20-%20power%20-%20amps%20by%20atrc%20-%2017%20jan%202022-1.html
http://atrc.net.pk/tawanai/products/wires/wire%20sizes%20-%20power%20-%20amps%20by%20atrc%20-%2017%20jan%202022-1.html

Wiring Siz

@

“® atrc.net.pk/tawanai/produ % +

« - C O 8 atrcnetphk/tawanai/products/wires/wire sizes - power - amps by atrc - 12 jan 2022-4.html o7 @ 4 O R B & $o 0O a @ =
@ Getting Started MX Blog @) Mx Forum @ antix @ antix Forum 3 other Bookmarks
Appied Tecmokgy Researon —
Date : 12 January 2022
‘Wire sizes and power capacity
) Maximum amps ﬁ:ﬂ’:ﬂ;"i.ur Breaking force . Current Ratings
AWG Number Diameter | e eter mm) | S5 320000 e per 1000 /| Ohms perkm |, M2AmUm ames for 1003% skin depth |Soft Anneaed Cu| ™2 B 1 5 cobies Single | watis ot 220v | watisat48v | wattsat2dv | wetsatizv
(inches) (mm2) for chassis wiring pawer N 75°C)
ranemetion for saiid 37000 PSI Phase Amp.
conductor copper |
1000MCM 500
T5OMCM 400
GOOMCM 300
S00MCM 240
FOMCM 185
300MCM 150
120 mm2 120 mm2 760 57200 12480 5240 3120
0000 (470) AWG 04600 In 11688 mm 107 mmz 0043 D.16072 380 302 1E5hz 12065 30 50600 11040 5520 2760
371083 218 47950 10464 w232 2616
55 mmz 55 mm2 730 50600 11040 5520 2760
000 (370) AWG, 04086 in 10,405 mm 5.0 mm? 00618 0202704 D 759 160 Fiz 4560 Ibs 200 44000 5500 4500 7400
072 180 39600 5540 1520 7160
Tommz 70 mmz 185 40700 5850 240 2220
00 (210) AWG 03648 in 5,266 mm 574 mm? 0077 0255512 785 150 200 Fiz 3660 Ibs 75 38500 5400 2200 7100
0 (U0 AWG 032491 5251 mm 535 mmZ 00583 1322824 745 150 0 hz 3060 b5 150 33000 7200 3600 1800
50mmz 50 mm2 185 31900 5960 3480 1720
19/083 140 30800 5720 3380 1680
TAWG 02883 in 7338 mm 424 mm2 01239 0406352 711 19 325 hiz 3430 1bs 130 78600 5240 31230 1560
T mmz 35 mm2 1 19800 3320 7160 1080
ZAWG 02576 1n 6534 mm 336 mmz 0.1563 0512664 181 % A0 Hz 193016 15 75300 5520 7760 1380
181072 ] 76840 5856 7928 1364
3AWG 02254 in 5827 mm 767 mmz o187 064616 158 5 500 Fiz 530 1bs 00 72000 4800 2400 1200
25 mmz 25 mm2 7 16060 3504 1752 B76
191064 o7 71320 4556 2328 1164
TAWG 02083 in 5189 mm 712 mm? 02485 061508 135 0 550 Fiz 210165 5 16700 4080 2040 1020
5 AWG 018181 262l mm 168 mmZ [5EE T02762s 118 [0 B0 Hiz 960 10 —
T6mmz 16 mmz 56 2320 2688 1332 572
191052 74 16280 3552 1776 525
5 AWG 01620 in 4115 mm 133 mm2 ES 1295928 01 7 100 hiz 760 Ios 55 14300 3120 1560 T80
T AWG [T 3.665 mm 105 mmz D482 1634086 8 £l 1300 hz 505 1o —
Tommz 10 mmz a2 3240 2016 1008 504
71064 53 1660 2] 1272 535
B AWG 01285 in 3264 mm 37 mm? 06282 3060456 7 7 1650 hiz 480 s 50 T1000 7400 1200 500
7052 33 3450 2064 1052 B
TAWG 01144 0n 2,906 mm .63 mmZ 07921 2598088 & 18 2050 bz 380105 —
& mm2 5 mmz 31 520 1388 a3 372
04 35 7920 i 54 [
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Wiring Size and /

| think this the most detailed wire size and wiring capacity
chart available on the Internet.

If you find something more detailed then do inform us.
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Wiring Size and A
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Solar modules need to be cleaned every week
because dust reduces production.
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Solar modul

Make a proper walkway between modules and
arrays so cleaning and maintenance can be done
without falls.

Ds S
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Solar modul
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Do NOT let anyone stand on your solar modules.
This causes microcracks which reduce productivity.
It can also cause fires.
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Solar

Never put water on a broken solar moo

If you lose a solar module to falling bul

ule.
ets, Turn off

the system and replace the panel immediately.

Or else take it out of the string.

e ,’V";W\ g "
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Solar
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Solar

Take It our before It rains. If it Is raining already, then
walt for the panel to dry before taking it out.
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Solar
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Circuilt breake

DC circuit breakers are required for the batteries and
the solar array. These allow to disconnect the circuit.

In case you are not sure, turn off the breaker and
take the panel out at night. This way you can be sure

It IS not charged.
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Circuit breakers
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DC breake

®—| ®
%5*

- C125A 1 1
1000V —
C120H-DC X3

Multi 9

L}‘-‘,’._ N,
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DC breakers fc

Schneider measse——
dPEleceric

iC60N C20A }"‘
1000V ===DC ;
20

o Ly
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DC breakers for sc
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AC vs DC arcing di

s
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https://www.youtube.com/watch?v=Zez2r1RPpWY

:f:yﬁ\ a4 "

Tawanai Enery



https://www.youtube.com/watch?v=csMQ9A-4Pws
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https://www.youtube.com/watch?v=Cup5fMGaE2g

L essons to le

AC breaker in a solar array, or battery circuit or
any DC circuit can lead to a fire.

DC breaker which has polarity ( + and - ) printed

on it, and it is installed incorrectly, then that also
can lead to a fire.

For wiring DC circuit breakers, we shall have to
make another video with details or make this
video longer.

Tawanai nery



| essons to lear
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Circult breakers an

For arrays. If your array max current is 10 Amps
then a breaker of up to 12 to 15 Amps Is needed
and a fuse of max 20 Amps is needed.

Usually the formula we use Is as follows :
Max current ( 1.2 to 1.5 times ) = Breaker.
Max current ( 1.6 to 2 times ) = Fuse

The fuse Is a backup to the circuit breaker.
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Circuit breakers and
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Solar Pump

Solar pump inverters are
specially designed to run

3 phase motors.

They convert solar power
Variable DC power to variable
Frequency 3 phase AC with a
fixed defined voltage for
motors.
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Solar Pump
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Solar Pump Inverte

VED Diagram Sk VFED

Filtered
DC Rail

Inverter

DC Filter Section
AC - DC DC - AC

Converter

@m| <

b . Y
Variable frequency output
To 3 phase Motor

o

DC Rail

Three Phase Input

Standard 3 Phase VFD

Tawanai Energy



Solar Pump Inve

A VFD almost always has 3 phase input and 3
phase output.

In some rare cases it has a single phase input
and three phase output.

In less than one in a million cases does a VFD
have a single phase input and a single phase
output. The only ones | know of are less than 2
KW.
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Solar Pump invert

Sil VFD __ Us., ey 51 508 3 sl &y 0 ud 3 ey, Lsds uo
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What a VFD looks like.

To many people it shall
look just like a

solar pump inverter.
But it has 3 phase input
iInstead of DC PV Input.
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Solar Pump |

What a VFD looks like.

' i NPUT :3PH mw{' A
Notice the input shall OUTPUT - POWER St ol
3PH ﬂ-lm MM’“N i '- ..\
say 3PH or three phase NCY RANGE :0.1-699Hz [ \§

That Is what it means.

Three phase Input.
NOT solar PV input.
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Solar Pump inve
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Solar Pump In

What a solar pump

inverter label looks like.

Notice the input shal
say DC input and shall
have a range. From

a minimum to a
maximum.

Also there shall be a
range for MPPT

i

—\

m‘ﬂ SHENZHEN JFY-TECH.CO.,LTD. |

Tel:{+B6)755-26544685 Fax, (+86)755-26605986
Wabwww jfy-tach, com E-mall;Support@|fy-lech com

DC INPUT

PV-voltage range: 250-900V =
Rated DC voltage: 580V ==
PV-voltage range,MPPT: 500-680V =
Max,DC-current; 12A
AC QUTPUT

Rated AC power: 5500W
Rated voltage: AC 3PH 380V
Max.AC-current: 3*13A
Frequency range: 0~50Hz/60Hz
Temperature range: -25C~607T
IP Code : IP65

Protection class |

SOLAR PUMPING INVERTER
Model:SPRING 5500

CEX

MADE IN CHINA
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Solar Pump Inve

Tel:(+B86)755-26544685 Fao (+86 |755-26505986

, m‘ﬂ SHENZHEN JFY-TECH.CO.,LTD.

Wab;www jfy-tach, com E-mall Supporii@|fy-tech com
DC INPUT
PV-voltage range: 250-900V =
Rated DC voltage: 580V ==
PV-voltage range,MPPT: 500-680V =
Max,DC-current; 12A
AC QUTPUT

Rated AC power: 5500W
Rated voltage: AC 3PH 380V
Max.AC-current: 3*13A
Frequency range: 0~50Hz/60Hz
Temperature range: -25C~607T

|P Code : IP65

SOLAR PUMPING INVERTER
Model:SPRING 5500

Protection class |
e X

MADE IN CHINA
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Solar Pump Iinverte

Using a VFD as a solar pump inverter shall
cause tripping problems.
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Solar Pump Inverte
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Solar Pump Inve

A solar pump inverter converts all solar power
Into moving the motor.

This can be used usually from six in the morning
to four in the evening

The power shall be low in the morning.

Maximum during the afternoon and again low in
the evening.

This Is useful for agricultural pumping.
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Solar Pump invert
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Solar Pump inve

If your question is : How do | run a certain HP of
power motor.

Then what we suggest Is a solar pump inverter.

However, you need to have a three phase motor
to use with a solar pump inverter.
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Solar Pump invert
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Motors and Inve

Off grid, hybrid and ongrid inverters.

If you are using these for running a motor, then |
cannot answer If your motor shall run or not.

This Is because a motor can require a very high
amount of starting current, which can cause an
Inverter to trip.

This means if your motor is 3 HP and each HP Is
roughly 750 watts.
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Motors and Iinvert
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Motors and Invert

The difference between Off grid, hybrid and
ongrid inverters shall be explained in a separate
video or this video shall be expanded inshallah.
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Motors and inverte
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Motors and 1nve

/50 watts x 3 HP = 2,250 watts
10x of 2250 i1s 22,500 watts.

So you can say that a 22500 watt inverter might
be able to run a 3 HP motor.

But there is no guarantee and this can only be
done after testing because each motor Is
differerent. Each inverter has a different
capabllity to handle surges and motors behave
differently with different starting loads.
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Motors and Inver
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Motors and Inv

So when people ask us.

| have a 2 HP motor, what shall be the cost of my

setup ?

If you are asking about a solar pump inverter
setup then it is ok. We can answer that.

But when you ask something like :
| have 2 lights, 1 fan and a motor.

hen you are

not running a solar pump inverter. This Is almost
always a single phase setup and therefore we
cannot answer the question.
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Motors and Invert
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Motors and In

The current technology as far as we know Is as
follows

A solar pump inverter can only run one motor.

A VFD can run more than one motor but only
experts can do this. Usually in an industrial
setting of a factory. We do not recommend this.

A solar inverter (ongrid, hybrid or offgrid) can run
a motor when the utility iIs connected easily but
when it Is on battery, it might not be able to start
it. This Is where testing Is required before buying.
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Motors and Inver
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More topics

Which item takes how many watts and how

much energy a battery can store and provide

back can be added to this video or in a separate
video.
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More topics

Which item takes how many watts and how

much energy a battery can store and provide

back can be added to this video or in a separate
video.
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More topics
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More topics

We have tried to cover some of the topics related

to getting a solar system started in small scale
applications.

We shall be making more presentations inshallah
so If you have ideas to add, gaps to fill and
guestions to be answered.

Please send them to khawar@atrc.net.pk
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More topics
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