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Main materials requirement for Rooftop Solar system

Solar Panels  (Photovoltaic Module) (PV Module)

Solar Charge Controller

Inverters

Batteries

Circuit Breakers, Protected devices and Connection
cables & wires and accessories




Solar Panels  (Photovoltaic Module) (PV Module) ‘

Mono Crystalline

Solar Panels

Types of solar panels
(Photovoltaic Module) (PV Poly Crystalline Solar Panels
Module)

Thin Film

Solar Panels

Bifacial monocrystalline silicon PV module










Passivated Emitter and Real Cell (PERC) Solar Panel



Comparison of types of solar panels on cost, Efficiency & Appearance



Solar Charge Controller

/ PWM solar charge controller

( Pulse Width Modulation)

Solar Charge Controller

\ MPPT Solar Charge controller
(Maximum Power Point Tracking)




Inverters

230V, AC input

Battery

Charging

Normal Inverters

N

— Inverter

I 230V, AC Output

— +

Inverter battery is charged with DC charger power by normal AC power from home and Convert
from DC to AC by Inverter, produced output 230 AC to use home electric utilities such as,

lightings and powers.

Inverter

ve

230V, AC Output still supply when
input AC power 1is failure.

230V, AC Output




OFF Grid Solar
Inverters

Inverter battery 1s charged by Sun’s
radiation.

Solar panel output Voltage charge to
battery with built in solar charged
controller and convert DC to AC by
Inverter.

N

e

I 230V, AC Output

Inverter

-
Battery
Charging

/ / Day Time AC power can use the
- +

whole Sunshine time.

Night Time AC power can use
depend on battery’s Storage capacity.







Hybrid Solar Inverters

230V, AC input

Solar

Inverter battery is charged by Sun’s radiation.

Solar panel output Voltage charge to battery with
built in solar charged controller as well as convert
DC to AC by Inverter.

If Sun radiation 1s not enough to charge battery or
the night time battery can charged by built in battery
charger with home power.

-

‘l I- 230V, AC Output
— Inverter

/ / Day Time AC power can use the whole day.

Battery

Charging

- + Night Time AC power can use depend on

battery’s Storage power if Grid power

failure time.







ON Grid Solar Inverters (Single Phase)

230V, AC

% e

— Inverter

No use battery

Solar

Inverter will produce with reference voltage of
Grid power. No output i1f No Grid power




ON Grid Solar Inverters (Single Phase)

Inverter will produce with reference voltage of Grid power. No output if No Grid power




L From

ON Grid Solar Inverters (Three Phase) Grid

Power

4y & ¥

\ Load | Load | | Load

Inverter will produce with reference voltage of Grid power.
No output if No Grid power




Which is better on-grid or off-grid solar system?

Especially for residential houses, on —grid solar systems
are good 1n that they do not require bulky and costly
battery storage solutions, and you will also need fewer
solar panels than you would 1f you were on an off-grid
system- due to no need for producing extra power when
there 1s no sunlight.

It is possible for stable power supply countries.
Solar power is installed just for energy saving.

For our country, necessary to install Hybrid
solar system with energy storage batteries.



Notice points when solar panels installation

When solar panels are connected 1n series.

Bypass diodes should be used in each parallel
connected branches.



Cell connection in solar module

Bypass
Diode

Cell 1 Cell 2 Cell 3

Output
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Bypass
Diode

Bypass
Diode

Bypass
Diode






Notice points when solar panels installation

When solar panels are connected 1n parallel,

Blocking diodes should be used in each parallel
connected branches.



Two series solar panels in
parallels

- \

—~ Blocking
Diodes




Current flow of Solar Panel and Inverter connection

| I D D D D D N D DN D T +
Blocking
Diode




Bypass diodes can be 1nstalled in the module
junction box or integrated into the module 1tself.

The bypass diodes should be installed in parallel to the
panel.

While physically similar to blocking diodes, bypass
diodes are wired 1n parallel with the solar cell or panel,
which 1s 1n contrast to series- connected blocking diodes.

Thus even when a panel 1s faulty, the bypass diode still
makes the whole solar system run and produce electricity
at a lower rate



Solar panels series 1 circuits installation diagram

Solar panel 1 Solar panel 2 Solar panel 3 Solar panel 4
Bypass Bypass Bypass Bypass
Diodes 1 Diodes 2 Diodes 3 Diodes 4

_N_

u Blocking
Diode



Solar panels series and parallel 2 circuits installation diagram

Solar panel 1

Solar panel 2

Solar panel 3

Solar panel 4

: Bypass Diode$
______ |

| ’I |
| |
| Bypass |

|

| Diodes 2 — —
Solar

panel 6

—pt

| Bypass ' Bypass

'Dindes 3 - ~'  Diodes 37~
Solar Solar
panel 7 panel 8

|
|
:Bypass :
Diodes 5 —

IBypass |
'Biedes—8- — - |







Bypass Diode

( -- ) connector

One of the primary
advantages of using a
Schottky diode over a
regular diode 1s its Low
forward voltage drop.

14V

14V

Bypass Diode

Bypass Diode




Why do we need Bypass Diodes 1n solar panels?

Bypass Diodes allow the current 8(%039 GoTOOC code GéE{)é 35839 39(@‘5
from the sunlight cells to go around  3°¢ % G‘? mm - 32 O@‘”f’“’om S 5
“b ” the shaded cells preventin 0o G? I_<|~ SpOt 66 IO RE SV
. Ygﬁss . P g c\d)Jom s6(o3pc:03 Bypass Diodes ¢ [odoico [5¢:[gc

¢ “hot spot” from occurring. @g SN ale2atos VN oo@

Why do we need Blocking Diodes in solar panels?

Blocking Diodes is incorporated

into the circuit to prevent the battery 9 .
from discharging back into the solar BIOCkmg [hodes 020330C0 6J‘LB :Deg %

&)(T.)&)(\)’) Q{P iI)(T.) C\) 66)
array at night when the load is being (mmw@@@? COOOOQOCOOD & g,oo&?"

supplied from the battery store.



SOLAR CHARGE
CONTROLLERS




PWM solar charge controller ( Pulse Wi1dth Modulation) ‘

Can charge to 12V battery
and
24V battery( 12V Battery 2 Nos series

/Solarpanel output Voltage( Charge

controller Input Voltage) is Limit 50V)

Solar panel capacity is limit
<  12 V battery system Inverter, Solar
panel capacity is limit 130 W.

24V battery system inverter, soar
panel capacity is limit 260W




The PWM solar charge controller 1s a DC to DC
converter for solar power system.

It receives voltage from the solar panels and converts
it to charge battery only limited level.

Input DC voltage range = 50V DC

Output DC voltage can charge for 12 V battery
24V battery

PWM controllers provide a cost-effective and reliable solution for small systems.




MPPT Solar Charge Controller
Maximum Power Point Tracking

Input charging current = 60A |

Can charge to 12V /24V/36V/48V |

Maximum PV output (or) Charge
controller input Voltage is limit
160 Vmax

P=VI] P=12x 60= 720 P=24x 60= 1440



The MPPT solar charge controller 1s a DC to DC
converter for solar power system.

It rece1ves voltage from the solar panels and converts
it to charge battery at a more appropriate level.

Input DC voltage wide range = 160V DC or More

Output DC voltage can charge for 12 V battery
24V battery
36V battery

48 V battery
etc..

MPPT controllers offer higher efficiency, faster charging times, and
increase energy harvest, making them suitable for larger solar systems




Various Types of
Solar Charge Controller



Inverters



Various Type of Solar Inverters
In Myanmar Market



Various Type of Solar Inverters



Wave Form Of Output
Alternating Current(AC)

Pure Sine Wave

Square Sine Wave

Modify Sine Wave






Square Sine Wave
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Pure Sine wave Inverters Use for

Motors

Medical Equipment

Modify Sine Waves Use for

Rectifier Equipment
Power By DC adaptors
Lighting



High Frequency Inverter
and Low Frequency
Inverter



Normal Inverter photo



Normal Inverter display when Grid power OK




Normal Inverter display when Grid power Failure




High Frequency
Inverter

Electronic Type

Low Frequency
Inverter

Transformer Type
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I |‘
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High Frequency Inverter
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High Frequency Inverter












Low Frequency Inverter



Different between High Frequency Inverter & Low frequency Inverter

High Frequency Inverter Low frequency Inverter
Small transformer use Big transformer use
Light weight Heavy weight

Primary Capacitance power Store
and Mosfet transister as Switch

Transformer base Inverter

: . S' 1 D .
Complicated Design mmple Design

Cheap Costly
Peak power level up to

C te 1500 level fi
an operate /o power level for a 200% for several seconds

small fraction of a second.

Low —frequency inverter have the advantage over High-frequency
inverters in two fields: peak power capacity, and reliability.

Low —frequency inverters are designed to deal with higher power
spikes for longer periods of time than High-frequency inverters.



Protection System of Inverters



Important things in inverter

Is it Pure Sine Wave?

Is there include Battery Voltage Manage system?(BMS)

Is there include Battery Charge and Discharge current and
protect battery for extend battery life?

Selection of Low-frequency Inverter or High- frequency
Inverter.



8 Kinds of Protection Function of Solar Inverters

1. Reverse Polarity Protection

D

Anti-1slanding Protection (Shut down inverter 1f grid
power failure on grid system.)

3. Insulation Resistance Detection
4, Residual Current Monitoring
S. Output Overcurrent Protection
6. Output Short Circuit Protection

7. Input Over Voltage Protection (Solar DC volt)

8. AC/DC Surge protection












DC Surge protectors

DC Circuit Breakers



Connection diagram of
solar systems
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HYBRID INVERTER ON Grid/OFF

Solar Panels

Grid
Solar Charge Invert
Controller er

MP

PT

Storage Batteries

11 storage battery power 1s not
enough for night time, generator
power can supply to home utility

power as well as charge to
battery.

Supply to Electrical
Loads in the day
time and night time



On Grid Solar
System Grid
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Working Flow Diagrams of Hybrid Solar
Inverter
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OFF Grid Solar System

Require Materials , devices and accessories

Combiner Box
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OFF Grid Solar System



Considering of Solar panel requirement
depends on Solar charge controller

Solar Specification

Open Volt =493 V
DC

Working Max Volt=41.1
V DC

Working Current = 10.75
A

_|_

41.1 x 10.75 =441.825 W

Maximum Input V=160 V
Maximum Current = 60 A
Charge to 12/24/36/48 V

41.1V

Short Circuit Current =
11.32A

Maximum Power = 445
Wp

441.825/24 =184 A

>

24V

Battery




Solar Specification

Open Volt=49.3 V
DC

Working Max Volt=41.1
V DC

Maximum Input V=160 V
Maximum Current = 60 A
Charge to 12/24/36/48 V

82.2V x 10.75 =883.65 W 1 883.65/24 =36.8A

Working Current = 10.75
A

Short Circuit Current =
11.32A

Maximum Power = 445
Wp

82.2V 24V

Battery




Solar Specification

Open Volt=49.3 V
DC

Working Max Volt=41.1
V DC

Maximum Input V
=160 V

60 A

Charge to
123.3V x 10,78/24/36/4

Maximum Current =

1825.5/24 =55.3A

=1325.5W

Working Current = 10.75
A

Short Circuit Current =
11.32A

Maximum Power = 445
Wp

123.3
v

solar panel.

In solar module connection side Voltage is limited if we add next 1

Also battery side current is limited for 24 V inverter system.

24V

Battery



Consideration for Solar Quantity and Connection |

D D D Inverter input Current = It = Ia+IB+Ic

Inverter input Voltage = V+V =2V



+

Maximum Input V=160 V
Maximum Current = 60 A
Charge to 12/24/36/48 V

1 2650.95/48 =55.3A

10.75 _
10}75 T ‘ N T , 1IT - 10.75 +10.75 = 21.5A
Solar Specification
Open Volt=49.3 V
DC
: I l 123.3V x 21.5 =2650.95W
Working Max Volt=41.1

V DC

123.3V

Working Current = 10.75

48V

: ]

Short Circuit Current =
11.32A

Maximum Power = 445
Wp L]

Battery

This MPPT charge controller is limit for 48V x 60A= 2880 W solar system




1) Power surge protector
Power surge protectors are divided into DC and AC. What are the differences
between AC surge protectors and DC surge protectors?
Surge protective suppliers tell you that

The biggest difference between the AC and DC systems is the
frequency.

The 50Hz cycle change of the AC system forms three important nodes
of zero, positive peak, and negative peak (peak valley), which makes the SPD
take turns in the positive and negative directions.

Under the voltage of the positive peak or negative peak, plus the
amplitude of positive and negative peak voltage, the cycle time is symmetrical,
so that the positive and negative electrons in the SPD chip are also arranged
equally and are in a relatively stable state.

| Full-Wave Rectification | _ Helf-Wave Rectifcation

ol I

- .
Input AT AN AT
Viokage Waminm W !
Wollagn Wavalerm _.a-: : I x_ -
Alter Reckficalon ¢ ) -._|"I-_'._.'_-i"|_
Wwﬁ_cm Fazaie Wekogn
P — — |
After Rectification Smoothing T ) E—




The DC system has no frequency, and its comprehensive impedance lacks the last two
items of the above formula (only the internal resistance and line resistance of the power supply itself),
so the internal resistance of the DC system is lower than that of the AC system.

The advantage of low DC internal resistance is high efficiency, and the disadvantage is The
reason is that once the short circuit occurs, the discharge current will be very large, and because there
is no zero-crossing feature, it is difficult to cut off, which can easily cause a fire accident, and this kind
of fire is difficult to control, and the energy in it is often exhausted before it is turned off.

Therefore, in the power supply system, the price of DC surge protectors, DC circuit
breakers, and DC relays is higher than that of similar products in the AC system, which is also due to
the difficulty of DC breaking, high production process and technical requirements, and high cost.

Surge protective supplier tells you the difference between AC surge protectors and DC
surge protectors. In addition to the higher, more stable, and more uniform heat generation of the chip,
the design of the disconnection mechanism of the DC surge protector is very important, and the
disconnection mechanism is required to respond more quickly and the disconnection distance is
larger.

Not only is it required to be able to drive the disengagement mechanism to act under a
small amount of heat, but also the creepage distance must be large enough to reduce the risk of
accidents. In a word, the DC surge protector is required to operate before the chip breaks down, so as
to ensure that the DC SPD does not catch fire.

However, due to the limited internal space of the SPD, how to design the detachment
mechanism is a test of the technical strength of a surge protector manufacturer.



(2) Signal surge protector

Because the electromagnetic interference (EMI) generated by the
communication equipment has a certain impact on the surrounding environment,
the surrounding electronic equipment cannot work normally.
The signal surge protector is a device used to suppress various transient over-
voltages and pulses. It is mainly used in power supply systems of electric power,
railway, aviation, transportation, and other systems and computer information
system equipment.
How Signal Surge Protectors Work

The surge protector supplier will tell you that when there is a high-
frequency peak pulse current passing through the input terminal (such as the
moment of a lightning strike in the mains power grid), a large-amplitude impulse
current Ip (Input Pulse Impedance) will be generated in the input circuit. ), this
current will enter the constant current diode VDD2 (Current Detector Diode) after
stepping down through the isolation transformer for absorption, filtering,
amplification, and shaping, and then provide a stable DC voltage source le
(Induction Power) to the load.
To sum up, the difference between AC surge protectors and DC surge protectors
Is quite large and cannot be used universally.



BATTERIES



Inverter Capacity and battery usage

Up to 1000 VA 1inverter use with 12 V battery
1000VA to3000VA or(3000W) inverter use with | |24V battery
5000 VA or 5000W(3kW)inverter use with 48V battery




Batteries
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What type of batteries are use for solar power storage?

There are four main types of batteries used to store solar energy:-

| ead-Acid,
_ithium-ion,
~low batteries,
Nickel cadmium

What type of batteries is best for at home solar?

Lithium-ion batteries

Lithium Nickel Manganese Cobalt Oxide (NMC)
Lithium ion Phosphate (LFP)

Lithium Ion Phosphate 4 (LiFePo4)



What is AGM Battery type?



Positive and
negative
stamped grids
Patented
stamped grids
Technology for
produce strong
efficiency grids
for
High
performance



What factors are important to choose battery.

Please consider following factors

Rechargeability — 820:03C:§C0| 35(030

Energy density is the amount of energy a battery contains
Energy compared to its weight or size.

density Energy density is the measure of how much energy a battery
contains in proportion to its weight .

Power density Power density is the measure of power output per unit. (Current

Availability)
Shelf life 2005006:05E )
Safety RFPUOoNORA
Form factor ~ 92gude03: b SaqRog|
Cost cojs|Ss

flexibility o[gpE:cd09:88E 0| 0833000y



300-350 Cycle 6000
3-5 years Design Life 10 years
20 degree C Operating 10 — 50 degree
Temperature C

Harmful Environment friendly



Understanding the DOD of battery?

DOD = Depth Of Discharging

What batteries are good DOD ?

Most lead-acid batteries experience significantly reduce
cycle life if they are discharged below 50%DOD.

LiFePO4 batteries can be continually discharged to 100%
DOD and there is no long-term effect. However, we
recommend you only discharge down to 80% to maintain
battery life.



%’]

% Battery 3a0:n§e3a0Ead:qC

3

(§d § 300:09C:8E 2000 33[0366q cgpmG:

% (éx Battery 2005006:03605
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q &8
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&

& Battery

200DODBI0PEOD

Battery Depth of

8% ‘7P$G‘m5°? qc discharging



Reading taken via Voltmeter after resting

for more than 2 hrs(l.e. no charging or SuggeStion of
discharging) discharge and
State of charge of Lead
Charge 12V Comments Acid Battery
(SoC) 100% = 12.7V
100%  12.70 959% 12.6 'V
95% 12.60 90% 12.5V
90% 12.5 80% 12.42 V
jgi 12:2 70% = 12.32V
60<y0 12. 2 o = 122V
° ' 50 = 12.06V
50% 12.06 5 = 1190V
T
(0) —
30%  11.75 SUZONNSIN RN
20%  11.58 20% = 11.58V
10% 11.31 10% = 11.31V
Below 10.5or Below 10% -
10% Less X -
DEAD 10.5V

Cycling your battery
in this zone will
ensure reasonable
life expectancy

(50% - 100%)

Occasionally dropping
into this zone is OK
but is not
recommended.
Repeated discharge
to these levels will
shorten battery Life
(20% - 0%)




Notice

If you used Lead- Acid battery >90% DoD
<10% SoC
Battery will permanently damage



State of Charge
(So()



What is 50 DoD in 12 V battery?

For example, 50% DoD means that half of the energy 1n the battery has
been used 80% DoD means that 80% of the energy has been discharged
So the battery now holds only 20% of its full capacity.

How do you calculate DoD from SoC?

Soc 1s usually expressed as percentage(0% =empty, 100% = full)

An alternative from of the same measure 1s the depth of discharge(DoD)
Calculated as 100-SoC (100% = empty, 0% = full)

What does 100% DoD means?
This means that 1f the battery 1s drained fully, the depth of discharge 1s 100%

On the other hand, if the battery is fully charged, the DoD 1s 0%



State of Charge (SOC) of Battery

Battery SoC: SoC is the level of charge of an electric battery
relative to its capacity.
The unit of SoC are percentage points (0% = empty; 100% = full)

The SoC is the ratio of charge stored (M (t)) in the battery to
the nominal capacity (Hn).

The SoC can be defined as :

SoC(t) = M (t)/ Hn x 100%



DoD

0%

10%
20%
30%
40%
50%
60%
70%
380%
90%

100%

S0C

100%
90%
30%
70%
60%
50%
40%
30%
20%
10%
0%



Tutorial

A 12 V battery with capacity of 500Ah is at 80% SoC.
Find the charge stored and energy delivered to be load.

Un- magooselec%slsooosmé Ah

Solution SO(C:=3,¢T§°°210853§’6¢?95@3
Given PEIo ¢ ¢

SoC = 80% V=12V U= o903es gggagec\pgm 205
Capacity (Mn ) = 500Ah 3

Ans (i) Charge stored at 80% SoC [|..| (t)]

|J(t) = MnxSoC/100 = 500 x (80/100) = 500 x 0.8 = 400 Ah

Ans (ii) Power being delivered to load = 400 Ah x 12V
= 4800 watt-hour

©w033|Od 4.8 kWh
J
oocrgooselméageméooos ooé 32732025 400 Ah @5Gaygcués Lead Acid Battery 0é
L L (o

C_.o Lo e C _ e, c O C
ma?fa?sé eqo'] 50% aooa?oqee@oq (400(-.250 ) = 150Ah 200 °‘?°$Gl°8" oceoe[c_fpg (150

Ah x 12V = 1800 Watt hour = 1.8kWh 2338¢©
Lithium Iron Battery 0a& SOC 20% a1$23:6625]q66] (400-100 ) = 300Ah a3zg)qupSn ade (¢ (

y 03 6 q|$23:qupd[yog) = 3:q)qupdt o3e(mypé
300 Ah x 12V = 3600 Watt hour = 3.6kWh 23:3¢0p5




Choosing the right type of Inverter

If we are not 100% sure about which type of inverter would suit the
best ask ourself these questions:-

Does our device or appliance use motor?:-

Is our device a delicate piece of medical Need pure sine wave inverter
equipment?

Does our device or appliance use a rectifier?

Can our device be power by a DC adapter? |Can use Modify sine wave inverter

Use for Lighting



Knowledge Lithium iron Phosphate
LFP

What is it?

= Lithium battery are group of Cell.
= Each cell is a chemical System

4 Each cell is Different

= Miss Management is BAD.

s Whole battery bank can fail




Knowledge Lithium iron Phosphate
LFP

Why?

4 C & D & Ah is not same in each cell
= Electrochemistry changes over time
e Feedback loop can make worst

= BMS is a must for long term use

s Make battery pack unstable




Knowledge Lithium iron Phosphate

How

= Topology optimization

Q Parallel cell auto balances

e Active systems can control charge

= Cell voltage is constantly monitored




Knowledge Lithium iron Phosphate
LFP

FUTURE
4 Better algorithm & High efficiency

4 Smarter Topology & DATA Logging




If you are using LiFePo4 batteries in Rooftop solar system
Need BMS in your LiFePo4 batteries

BMS = Battery Management
System

LiFePo4 battery with Daly LiFePo4 battery with Jikong
BMS control unit BMS control unit



Battery Management System units in local Myanmar Market

Jikong BMS control unit






Battery Management System units in local Myanmar Market

Daly BMS control unit



3.2V/Ce
Il

For 12 V battery = 3.2V/Cell x 4 Nos = 12.8V
For 24 V battery = 3.2V/Cell x 8 Nos = 25.6V



Daly BMS control unit wiring installation Procedure

I[. Pls do not insert balance wires into BMS before connecting batteries, must make sure connecting
with batteries correct.

II. The sequence of connecting wires for BMS: Note : Pls ensure to use balancing wires for Daly!

1 .From thin black balance wire to start, the 2" wire (thin red wire) connect with the 15t battery’s
positive pole. Then connect each cell’s positive pole in order until the last one B+
2. Do not insert the connector directly after the wires were connected .Measure the voltage between
two adjacent metal terminals on the back of the connector , if it is Li-ion battery, the voltage should
be between 3.0~4.2V ,Lifepo4 battery should be between 2.0~3.6V , and LTO battery should be
between 1.5~7.5V;
3. After the wiring sequence and voltage are confirmed to be correct, then insert into BMS;
4. Adjust the multimeter to the buzzer position and measure the internal resistance between B- and
P- when the internal resistance is 0 , there will be a beep , which means that the BMS 1s good
.Otherwise ,do not weld and contact the customer service ;
5. The last step to connect B- (thick blue wire) with battery pack’s total negative pole
I. After finished wiring :
Measure whether the B+ and B- voltage and B+ and P- voltage of the battery are equal, if yes,
it means the BMS works normally and can be used. If not, please recheck according to the
above wiring sequence



C rating of battery

The battery C rating is the measurement of current in which battery is charged and
discharged at.

The capacity of a battery is generally rated and labelled at the 1C Rate (1C current),
this means a fully charged battery with a capacity of 10 Ah should be able to provide
10Amps for one hour.

Charge and discharge rates of a battery are governed by C — rates.

The capacity of a battery 1s commonly rated at 1C, meaning that a fully charged
battery rated at 1 Ah should provide 1A for one hour.

The same battery discharging at 0.5C should provide 5S00mA for two hours, and at
2C it delivers 2A for 30minutes.
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0.5Cor C/2

0.2Cor C/5

0.1Cor C/10

0.05C or C/20

2h

5h

10h

20h
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Sample Estimation

Consider for Battery
Consuming Loads
Aircon 1 HP =746 W | Say 1.2kWx 1h = 1.2 kWh
Refrigerator ( 100W ~400W) =180W | For4 hr Storage 1.2kW x4 h = 4.8 kWh = 4800 W h
Tfalev.lsmn (S0OW~ 150W) = 150W If we consider with Lead Acid Battery only 50% DoD use = 4800 x 2
Lighting =100W | = 9600WH = 9600VA h
If we use 48V inverter system = 9600VAh /48 V = 200 Ah battery x 4 nos
Total Assuming loads = 1176 W| require
Say =1200W So Battery requirement = 200Ah battery x 4 nos (Lead
Acid battery)
Consider for
Inverter
Day Time Hourly require loads = 1200 W
— Charging to battery for night time = 1200 W

|
[« = = Total usage Loads = 2400 W
=



Consider for Solar Panels
Total usage Loads = 2400 W
Solar panel ‘s efficiency 80% 2400/0.8 = 3000 Wp

Maximum Inverter input voltage =200V DC

Solar panel working Max voltage = 41.1V DC

So we can connect solar panel 4 nos series VoIt = 41.1

X4 =164.4V

Connected solar panel 4 nos series Watts = 445 x 4
=1780 Wp

If we connect 2 arrays parallel total watt =1780 x 2 =
3560 Wp

We can calculate input current 3560/164.4 = 21.65 A

Inverter Specification

Solar Specification

Rated Power = S5KW

Open Volt =49.3 V DC

Rated Input Voltage = 48VDC

Working Max Volt=41.1 V DC

PV maximum input Volt = 200VDC

PV Max Input Current = 60A

Rated AC output Volt =220V

Working Current = 10.75 A

Low Frequency Hybrid Off
Grid Inverter

Short Circuit Current = 11.32A

Maximum Power = 445 Wp

We can calculate input current with solar spec: =( 10.75 + 10.75) = 21.5A

Inverter is quite enough for consuming loads = 3560 X 0.8 = 2848 W

Storage energy for night time = 1200 W /H 48V system Inverter, 5 kW= 1 Nos

12V, 200 AH, Lead Acid battery = 4 Nos
Consuming energy day time = 1648 W /H 445 W solar panel = 8 Nos
Sunshine time estimate wattage = 2848 W /H
It is mean This design can use at the day But this inverter is hybrid inverter, battery
peak sunny time load can use 1648 W/H will storage back from Grid power.

and it is not sunshine will reduce load ,

. : In This design importance is never discharge
otherwise Load will pull from 4 hour :
storage battery. Lead Acid battery DoD >90 %.




‘ Solar Specification

 Open Volt =493 V DC

Working Max Volt=41.1' V IZIC

Working Current=10.75 A |

Short Circuit Current = 11.32A

Schematic diagram of calculated example Solar System

5kW,

Maximum Power =
445 Wp |

200V DC

164.4 208

445 W x 8 = 3560 Watt /

3560 Watt x 80% =
2848 W /

2848 W/ 164.4= 1732 A

V 220V AC output
INVERTER

Consuming Loads
Aircon1HP =746 W
Refrigerator (100W ~400W) = 180

Television (50W~ 150W) = 150 W
Lighting =100 W

Total Assuming loads = 1176 W
Say= 1200 W

W

Storage energy for night time = 1200 W

Consuming energy day time = 1648 W

Lead Acid 200am 12vx4=  Shine |

48V

/H
/H



If your home is more grid power failure zone you can add Solar panels and battery like below calculation

If we add next 4 solar panels to system (1780 W x 3 = 5340 Wp)
Input Current become = 5340/ 164.4 = 32.48 A

Inverter is quite enough for consuming loads = 5340 X 0.8 = 4272 W

Storage energy for night time = 2400 W /H To use 8 hours night time add battery
200 AH 4 nos

Consuming energy day time = 1875W /H

Sunshine time estimate wattage @ =4272W /H

48V system Inverter, 5 kW = 1 Nos
12V, 200 AH, Lead Acid battery = 8 Nos
445 W solar panel = 12Nos

Take note that
Inverter I capacity is 5000 W

5000 W/0.8 = 6250 VA/ 48 = 130 A




5kW,
200V DC

164.4V °o8

I 220V AC output
INVERTER

Consuming Loads
Aircon 1 HP =746 W
Refrigerator (100W ~400W) = 180 W
Television (50W~ 150W) = 150W
Lighting = 100 W

Total Assuming loads = 1176 W
Say = 1200 W

Storage energy for night time = 2400 W /H
Consuming energy day time = 1875W /H

| Batter Batter Batter
Yy Yy Yy

Sun
must be

Batter

M Shine !

(Lead Acid (200Ah) 12V x 4 = 48 V) x 2 Parallel




Consider with Lithium Iron Battery

Say 1.2kWx1h = 1.2 kWh
For 4 hr Storage 1.2kW x4h = 4.8 kWh = 4800 W h

If we consider with LiFePo4 Battery only 80% DoD use = 4800 /0.8 = 6000WH = 6000 VA h

If we use 48V inverter system = 6000VAh /48 V = 125 Ah battery x 4 nos require

So Battery requirement = 125Ah battery x 4 nos (Lithum Iron battery)
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Lead Acid Battery ( Wet Type)
Lead Acid Battery ( Seal Type)
Lead Acid Battery ( Tubular)
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Lead Carbon vs AGM / GEL vs Lithium Below is the table showing how lead carbon
Comparison batteries compare against AGM / GEL and
Lithium battery options.



Lithium Iron Phosphate Battery
Battery Specification

Electrical Performance

3.2V/cell X 16 cells =51.2 V DC

200 Ampere hour

51.2 x 200 = 10240 Wh

Communicated with Network cable, RS232, RS485

< & = 45 mili Ohm @ 50% SOC

> 96% DOD

Can connect up to 15 pack of battery




Charge Performance

Recommended Charge Current 75A
Maximum Charge Current 150A
Recommended Charge Voltage 27.6V

BMS Cut-OFF Voltage

58.4V(3.65V/cell)

Reconnect Voltage

53.6V(3.35V/cell)

Balancing Starting Voltage

(3.4V/cell)




Discharge Performance

51.2V x 100A=5120 W

51.2 V x 160A = 8182 W (1 Second) Test

51.2 V x 200A =10240W (0.1 Second) Test

3Vicell x 16 = 48V

2.7V/cell x 16 = 43.2V (1 Sec) Stop battery Supply

>3V/cell x 16 = 48V Loads must be reduced

Have Short Circuit protection




Mechanical Performance

SPCC Steel Plate Cool rolled coil

IP 21 Indoor use




Temperature Performance

4 ~140"F(-20 ~60"C) -4 ~140 F(-20 ~60 C)
32~113 F (0~45 C) -4 ~113 F(-20 ~45 C)
14~86 F (-10~30 C) 23 ~95 F(-5~35 C)
149 F(65 C)
131 F(55 C)

C C S




Compliance

Certification CE(battery) UN38.3( battery)
Shipping classification UN 38.3, MSDS, Class 9
UN 38.3

The United Nations established the UN DOT 38.3 test methods and procedures to ensure lithium-ion
batteries are suitable for transport. These test methods are designed to simulate many possible
extreme conditions a battery may be subjected to during international transportation.

MSDS

The material safety data sheet — better known as MSDS is a supporting document for your shipment. It
contains detailed information on the contents of your shipment with a technical breakdown of the
components or substances in your item to prove that it does not fall under the dangerous goods (DG)
category.

Class 9

Note: For a single cell battery, such as a typical coin cell or standard AA or AAA replacement
battery, refer to the size for cells. Cells and batteries that exceed these “smaller” cell or battery size
thresholds must be shipped as fully regulated Class 9 hazardous material.
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Lighting & Power Circuits wire termination inside DB

Before Solar

_.I_I

System
MC
B L
Neutral
Barz 3 2
Earth
Barsz |
|
Power
Circuit || Power R
1 Circuit || Lighti
2 ng Lighti
Circuit i{i ng

Circuit
4

MCB & ELCB

140



Lighting & Power Circuits wire termination inside DB

MCB & ELCB

(TN [T1:

230V AC Out

After Solar | Ing
System
MC
s, | LI
Neutral !
Earth Bap 5 ¢
Barsa |
|
Power
Circuit || Power
1 Circuit | Lighti
2 ng

Circuit
3

230V AC

Lighti
ng
Circuit
4

v
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Concept of Solar System usage Time

Solar panels

5000W/160V 5 KW Inverter
= 31.25A 5000 Watt

Loads
5000 W = VI cos @

I =5000/(230* 0.8)
[=27A

Depends on
series and
parrel

W=VxlIxcoso@

48V, 200Ah Battery
W=Vxl

5000VA/48V =104 A

W=VxlI

C C oC OoC N C O O
QDI MYY PO (DC 0C: Volt, Amp, ) ( AC 320¢3 Volt, Amp) a@o ©P30I3N

L

Lead Acid battery sc?elé of{s @ f::oom 1 hour 33 93¢ cxgsleoo I o?m oooogaé 615 J 1‘0661 a?seleogu
Lithium Iron battery ac?elé o% @ga?sm 1.538 hour azscxzoelem | Ofsaosmomca%sslé R-0? 1?:?1

2B:quud
29
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SOLAR POWER SYSTEM
(Three Phase)

ON GRID (30kW)
&
OFF GRID (10kW)



CONTENTS

a. 30kW On Grid & 10kW Off Grid Over All Single Line Diagram
b.30kW On Grid Solar Power System

c. 10kW Off Grid Solar Power System

d. Install Location Plan

e. Analyze Record Data

f. Solar Radiation Data in Myanmar

g. Monitoring By PC & Mobile Application

h. 10kW Solar Extension Plan

i . Solar Panel Maintenance Works



(A)Over All SLD of ON Grid (30kW) & OFF Grid (10kW) Solar Power System

Inverter
DC working Voltage =450 — 800 V DC

s St Swe3 et L8 Sung s I Photovo|atic Pane|
= == == = = | 390Wp, 41.1V x 78 Nos

l
| s s = e

AC out put Voltage 400V/230V , 50Hz I _ - I I
[~

==_____='_‘_‘_‘F'l-'l-'|-———————————
Inverter

DC Work Volt =48 VD
AC out put Voltage

I GROWATT PV GRID INVE} L=——— r‘\c 23OV ’ 50HZ ’
SKW x 2Nos
| —— ¥ N
PR - R S, 1 2x1Cxdmm® (N} Cable I
I - (Surge Protective Device) 7 I
I { B SOLAR POWER |
e wrRn R EM EE l‘_rlrl! E I
= i |
i I :u:n_nhsn‘;;::“ ;:ﬁ‘;fhﬂﬂw- V) i I
I £ §-22 3§ B E_ES° 2£ I

ON GRID OFF
GRID



(B) 30kW On Grid Solar System

Internal
electrical usages
ON Grid
Lighting
Power




30kW On Grid Solar System

Contents

Solar PV Panel (390W - 78Nos)

DC Cable (1500V)

Termination Kit (1200mm Length-2Nos)

Connector Box

Breaker (2P 16A MCB — 5Nos for 5 String)

DC to AC Inverter (30KW)

Charger Controller (2Nos)

String Inlet (8 Pair) Use Charging controller(A)-3 String , Charging controller(B)- 2 String
SPD (Serge Protective Device — 2Nos, DC & AC)

10. AC Power (3 Phase 5 Wire)

O 00N O U A W



Solar Module Type

Maximum Power

Power Tolerance

Maximum Power Voltage(Vmp)
Maximum Power Current(Imp)
Open Circuit Voltage(Voc)
Short Circuit Current(lsc)
Nominal Operating Cell Temp
Maximum System Voltage
Maximum Series Fuse Rating
Operating Temperature

- JKM390M-72-V
- 390W
- 0-+3%
- 41.1V
- 9.49A
-49.3V
-10.12A

- 45+ 2°C

- 1500VDC

- 20A
--40° - +85°C



30kW GROWATT

30kW GROWATT PV GRID INVERTER SPECIFICATION

Max. DC Voltage -1000d.cV

DC Voltage range -200-1000d.cvV

MPPT Voltage range -450-800d.cV

Max. input current -2*34 d.c.A

Max. apparent power - 33300VA

Nominal output current -3*44 a.c.A

Nominal output voltage - 3W/N/PE, 230/400 a.cV

AC Frequency - 50Hz

Power Factor - 0.9leading-0.91leading

Operation Ambient Temperature  --25°C - +60°C



(C) 10kW Off Grid Solar System

Supply for external
usage

SWIMMIMG POOL =
SOLAR CONTROL ROOM ~ SOLAR LAMPOST =0.254kW  GARDENLIGHT = 6.11kW 0.2kW TOTAL = 6.6kW



10kW Off Grid Solar System

Contents

1. Single Phase KWh Meter
Timer In - 1Nos
Solar Power from 30KW System
2. 12V Battery 250Ah -16Nos
3. Router (2Nos)
4. 5KW Inverter 2Nos Contact with parallel kit
5

Timer out - 2Nos



Battery Connection For 5kW Off Grid Solar System

]

To 5kW Inverter ™
48Volt +

1/l

12V, 250Ah Battery



MUST INVERTER

Model Name
Inverter Mode:
Rated Power

DC Input

AC Qutput

Output Power Factor
AC Charger:

AC Input
50Hz,35A,10

DC Output

Solar Charger Mode:
Rated Current
System Voltage
MPPT Voltage Range

Max. Solar Voltage (VOC)

Max. Charge Current

- PV 18-5048 VPM

- 5000VA/5000W
-48VDC,118A

- 230VAC,50Hz,22A,19

- 1.0
- 230VAC,

- 54VDC,60A (max)

- 80A

-48VDC
- 64~ 130VDC

- 145VDC
- 140A



= LOCATION LAYOUT PLAN (PV PANEL INSTALLATION ON ROOF SLAB OF GYM BUILDING)



- 30kW , 10kW INVERTER AND BATTERY @ SOLAR CONTROL ROOM



400V MSB PANEL AT NEW SUBSTATION




ANALYZE RECORD DATA For 30kWP
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ANALYZE RECORD DATA



ANALYZE METER COST

JULY - 2020

For Jun,

EPC Power Consumption = 26,000Unit

EPC Meter Charges/month = 3,935,000/~ Kyats

( After Solar System Installation)

For July,
Solar Output kWH (July) =1618 Unit

EPC Power Consumption = 27,000Unit
Total Power Consumption =27000+1618 = 28618Unit
EPC Meter Charges/month = 4,100,000/~ Kyats

Estimate Relief Cost = 266,970/- Kyats






Solar Radiation In Myanmar

Solar radiation
on horizontal surface:

1650 — 2000 kWh/m2a

(4.5 - 5.5 kWh/m?d)



SOLAR RADIATION

Solar irradiation on horizontal surface in kWh/m2d



OUR PROJECT LOCATION RADIANCE



SOLAR INVESTMENT

Important for long term high performance: good quality components, good
quality design, good quality installation.



= MORNITERING BY PC AND MOBILE APPLICATION




10KW SOLAR EXTENSION PLAN
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SOLAR PANEL MAINTENANCE WORK

Solar Authorized Person should be clean and inspect.

(Because of Solar PV panel output DC power is minimum — 450V and maximum — 800V)

Should be Clean and Inspected as a minimum once every six months or two and four time per year.
Must be clean using soft brush and deionized water.

Solar panel should be clean in the morning/afternoon or pick a relatively cool day.

Solar panel can lose 15-25% of their efficiency if not cleaned properly.



Solar panel cleaning using soft brush and deionized water



SOLAR POWER SYSTEM
(Three Phase)

Hybrid Solar Inverter (10 KW x 5 Nos)









Maximum Power(Pmax)
Maximum Power Voltage(Vmp)
Maximum Power Current (Imp)
Open Circuit Voltage(Voc)
Short Circuit Current (Isc)

Maximum series fuse

445 +/- 33%
41.4V

10.75 A
49.3V =/- 3%
11.32

20A









Total quantity of Solar = 108
For 5 unit of Inverters
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Sequence of Operation

Sungrow Solar
and

Monitoring System

\_ J



















SOLAR POWER SYSTEM
(Single Phase)

Hybrid Solar Inverter (6 KW)



Practical Installation of Solar System



Growatt Inverter












|nstallation

Checking of Solar Panel Technical Specification

Wattage 250 Wp
Open circuit voltage (Voc ) 44.1V
Close circuit voltage (Voc ) 36.0 V
Maximum current ( | max) 6.0A

12 Nos of Solar panel in series connection 445V (measuring)

Checking on MPPT specification
On Inverter



Checking and Inspection of Solar Connection plug.
Make sure no lose connection

Make sure adequate cable size (AC & DC)
Solar DC wires, battery cables

Check the DC voltage and correct polarity.
(By measuring voltage with multimeter)
Solar Input Voltage from solar

Battery connection (+ tive ) ( - tive)

AC input (L, N), ACoutput (L, N)



Setting of Inverter

Program description Setting
option
01 (Solar First) SOL
(Utility First) UTI
(Solar priority, not sufficient SbU

battery power same time)

(Solar priority, not sufficient SUb
utility power same time)

02 Maximum charging current 60



AC Input Range Acceptable AC input Voltage range
90 ~ 280V (APL)

170 ~ 280 (UPS )
90 ~ 280V (GEN)
Generator capacity not <20kVA
04 Power saving Mode If disabled, no matter connected
Enable/disable load is low or high, the on/off status

of inverter output will not be
effected.(Dis)\V
If enabled, the output of inverter will
be off when connected load is pretty
low or not detected. (ENA)



05

19

20

21

AC Input Range

Battery Type

Charging Voltage

Float Charging Voltage

Low DC Cut off Voltage

Acceptable AC input Voltage range
90 ~ 280V (APL)

170 ~ 280 (UPS )
90 ~ 280V (GEN)
Generator capacity not <20kVA

AGM
Flooded
Lithium(USE,US2)




When reach low DC cut off voltage

1) If battery power is only power source available, inverter
will shut- down

2) If PV energy and battery power are available, inverter will
charge battery without AC output.

3) If PV energy, battery power and utility are all available,
inverter will transfer to line mode and provide output
power to loads, and charge the battery at the same time



Solar panel Cleaning



Study of Solar Panel Cleaning work

After Cleaning
[ ] Before Cleaning

Total Average Cleaning Finishad Inverter 140613 KWh

Total Average Cleaning Mot Finlshed Inveriar 12175 kWh

188.69 kWh

Total Average Cleaning Finished Invarier

Total Average Cleaning Not Finishid Inverer

TAUNG TAW
GWIN

159684 kWh
138789 kWh

M4.05 kWh




Total Average Cleaning Finished Inverter
Total Average Cleaning Mot Finished Inverter

Total Average Cleaning Finished Invertar
Total Average Cleaning Not Finished Inverter

THAPYAYWA

151419 kWh
1,440.66 kWh
7354 kWh
1678.75 kWh
157318 kWh
105,57 KWh




Heavy

Can not cleaning Long Time

Motor 1s 24V DC , Supply 1s 230V AC
By using AC to DC adaptor

Water Bowser are followed behind



Modify to Single Brush

Provided DC power from Batteries.

Created Water bucket and water
spray pump instead of water
bowser.



Creating of Thread brush with
compressed air for day time
cleaning









Creating of Thread brush with blower air for day time cleaning



Other Roof top Solar Installation



ROOF TOP SOLAR SYSTEM
Electrical Plant & Pump House 400 kW Roof-Top Solar System



ROOF TOP SOLAR SYSTEM
Office building 200 kW Roof-Top Solar System



ROOF TOP SOLAR SYSTEM
Car Parking 250 kW Roof-Top Solar System



Project 1 Project 2 Project 3 Project 4 Total
Date 400 KW 200 KW 250 KW 800 KW 1600 KW
Effective Hour of Rooftop solar production in Yangon area
4.34 4.01 5.17 4.61 4.40




ROOF TOP SOLAR SYSTEM
Donation of 110 kW RoofTop Solar system to Waibargi Infectious Hospital



Study of ON Grid solar System
(Comsume / Solar Production/ Flow into Grid)



30MW Solar Power Generation Plant

With B.E.S.S

Battery Energy Storage System



Total Install Capacity of Transformers

33kV 33kV
33kV 33kV 33kV
6.6 MW 6.6 M
6.6 MW 6.6 MW, 6.6 MW,
630V 630V 630V 630V
630V 630V 630V 630v 030V 630V .
3.3MW 3 3MW 3.3MW 3.3MW 3.3MW 33MW :
3.3M : 33MW 3.3MW 3.
W

6600KW , 33/630 -630V Transformer x 5 Sets = 33,000kW=33 MW



2.75MW, 33kV/550V
Transformer

1.375MW Inverter x 2 =2.75MW

DC Volt =1300- 1500V
AC Volt =550V, 50 Hz

DC/DC converter = 16 sets |

LFP container 8 Nos
(Lithium Ferrous Phosphate)

Battery
2.293MWh x2 = 4,586 MWh

#

Energy Storage Equipment

_.@_.

C

fit m'ii

== | 3 Sets
48 sets

W 8.25MW

E—b 8.25MW

13.758
MWh




Detail Function of Transformer

To Grid

Day Time Function

33kV Bus
From Solar Farm

Night Time Function

Secondary 33kV

Primary 33kV

2.75 MW

Primary 550V

Secondary 550V




Function of AC/DC Equipment

Day Time Function 550\/ (AC) Night Time Function
AC 550V AC 550V
| il
Rectifier INVERTER
T 1.375 MW 1.375 MW T

1300 -1500 V (DC) ";

1300 -1500 V (DC)

ﬁﬁﬁﬁ n’i’iﬁﬁ

B1 Directional
Inverters




Function of DC/DC Converter and
LFP Batteries Container

LBS (Load Break Switch)

DC-DC converter / } } ’ ’ ;

DC Voltage Range =500 ~ 1500 V i
Step Up
Batteries Containers
Battery Cell = 280Ah, 3.2V DO D 87%
Battery 1 Cell Power = 280 x 3.2 = 896 Wh= 0.896 kWh . . . . . .

Series of Batteries for 1 Pack=0. 896kWh x 64 = 57.344 kWh ( 3.2V x 64 = 204.8 V)
Energy Storage for 1 Rack =(57.344 kWh x 5 = 286.72 kWh (204.8 x 5 = 1024 V) (One Container)

Single container 8 rack Energy storage = 286.72 x 8 =2293.76 kWh = 2.293 MWh
3 transformer
== 13.761MWh
Energy Storage System of 1 Transformer = 2293.76 x 2= 4587.53 kWh = 4.587 MWh == System



33kV Switchgear

AC SPD
AC Breakers

Inverters(1.1MW) >:

DC Surge Protect Device

DCtload I
:i\ﬁﬂiﬁhi(ﬂ::/' I
DC Fuses( 30 Nos)

3

1

1
>I

1

|

1

1

1

1

1

: 6.6 MW

! 33kV/630- 630V

Transformer >

|

1

1

1

1

1
>I
%

el cabl Cobinet Lood il Cobinet _ Brecler Cabined

BOX TYPE Transformer
Single line diagram
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Energy Storage System Single Line diagram

Transformer > : I 2.75MW
- 33kV/550V
Bi-Directiona r T
Inverters I I
ACto DC

& DCto AC
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Day Time

Main Single Line Diagram

To Grid

U

0 [HOEL

JUI
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Main Single Line Diagram

To Grid

L

Night Time

(i O

A0 OORL




Q&A



Thank You



