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SOLAR PANELS
Monocrystalline or Polycrystalline 

Let’s compare both. 

Monocrystalline have missing 
corners, polycrystalline cells 
are square 

Doesn’t
Matter. 

Also some manufacturers now offer mono crystalline 
panels with full square cells. 

Monocrystalline cells have an 
even black color, 
polycrystalline are patterned 
and blue: 

Doesn’t
Matter. 

High performance solar cells are now treated during
processing to create pyramidal micro structures on the 
surface which improves light absorption.  Anti-reflective 
coatings are added to reduce light reflection from the 
surface. Both polycrystalline and monocrystalline cells 
can be made to look matt black with an even color. 

Monocrystalline panels are 
more efficient 

A Sort Of. See below table for details. 
If you compare the standard mono and poly products 
(code 6/60 models), you can see the range of peak power 
output runs from 250 to 270Wp for the mono panel and 
from 245 to 265Wp for the poly panel.  The difference is 
5Wp, or 2% less power for the polycrystalline. 

Monocrystalline/Polycrystallin
e  panels work better in low 
light conditions 

No Evidence! Until we see some evidence, we are going to mark this 
one down as a myth!   

Monocrystalline panels have 
better high temperature 
performance 

True – 
though
marginal

Looking again at the table, the right hand column shows 
the Power Temperature Coefficient.  This is the rate at 
which the panel power output falls as its temperature 
rises. 

Polycrystalline panels do indeed lose their power output 
more quickly, by about 0.02% more per degree C.  But 
what does this mean in practice? 

Polycrystalline panels are 
cheaper, monocrystalline are 
more expensive 

True, on 
average

So yes, on average monocrystalline solar panels are 18% 
more expensive on a per-watt basis, but the range of 
prices show that it’s perfectly possible to buy 
polycrystalline panels at the higher end of the market for 
a much higher price than the monocrystalline panels at 
the lower end of the market. 

Table below shows the product range from one of the world’s largest manufacturers JA 
Solar.

Type Code Cell Shape 
Power Range Panel

Efficiency
%

Power 
Temperature

Coefficient %/CMin (Wp) Max (Wp) 

Mono 

JAM6L Almost Square 275 295 17.0-18.0 -0.400 

JAM6R Square 260 280 15.9-17.1 -0.410 

JAM6/60 Rounded Corner 250 270 15.3-16.5 -0.410 

JAM6 BK Rounded Corner 245 265 15.0-16.2 -0.410 

Poly 

JAP MULTI Square 260 280 15.9-16.2 -0.420 

JAP 6/60 Square 245 265 15.0-16.2 -0.430 

JAP 6 BK Square 240 260 14.7-15.9 -0.430 
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Conclusion:

In mature solar markets, the domestic rooftop market starts to demand good looking solar 
panels, and has settled on solar panels with black cells and black frames with improved 
aesthetics.  For this market, your choice of solar panel will be far more about choosing a 
quality brand that you trust than worrying about whether those panels followed a 
polycrystalline or monocrystalline manufacturing route. 

As a bottom line, since the system cost is a key driver for fast return on investment, most 
people prefer polycrystalline modules. Monocrystalline modules are often chosen for solar 
projects in which space is very limited, due to their higher efficiency. 

Top Manufacturers: 

China now manufactures almost half of the world’s solar photovoltaics (China and Taiwan 
together share 60% of the world market). China’s production has been rapidly escalating – 
in 2001 it had less than 1% of the world market. By contrast, in 2001 Japan and the United 
States combined had over 70% of world production; by 2011 they produced around 15%. 

2014 Rank Module Supplier Country 

1 Trina Solar China 

2 Yingli China 

3 Canadian Solar Canada 

4 JASolar China 

5 Sharp Solar Japan 

6 Renesola China 

7 First Solar USA 

8 Hanwha SolarOne China 

9 SunPower Philippines 

10 Kyocera Japan 

Company Code Type
At STC  

(1,000 W/m2, 25°C) At NOCT Efficiency 
% Price 

Wp Vmp Imp Wp Vmp Imp

Trina 
Trina QuadMax 205 Mono 205 37.7 5.43 151 34.6 4.35 16.00 14,350 

TSM-285 PA14 285W Poly 285 35.6 8.02 207 32.1 6.46 14.70 19,500 

Yingli YL 230 P-29b   230 29.5 7.8       14.10 

Canadian 
Solar 

CS6P-250P Poly 250 30.1 8.3 181 27.5 6.6 15.54 23,000 

CS6P-255M Mono 255 30.5 8.35 184 27.8 6.62 15.85 26,000 

Every Distributer has a different quote for the panel. So price wise above data is not 
reliable, it’s just for a slight reference. On average we may assume that the price per Watt 
ranges from Rs 70 – 105. On average we can further assume this to be around Rs. 85/Watt. 
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BATTERIES
A battery is an electrical storage device. Batteries do not make electricity; they store it, just 
as a water tank stores water for future use. As chemicals in the battery change, electrical 
energy is stored or released. In rechargeable batteries this process can be repeated many 
times. Batteries are not 100% efficient - some energy is lost as heat and chemical reactions 
when charging and discharging. If you use 1000 watts from a battery, it might take 1050 or 
1250 watts or more to fully recharge it.  

Internal Resistance 

Part - or most - of the loss in charging and discharging batteries is due to internal 
resistance. This is converted to heat, which is why batteries get warm when being charged 
up. The lower the internal resistance, the better.  

Because of something called the Peukert Effect. The Peukert value is directly related to the 
internal resistance of the battery. The higher the internal resistance, the higher the losses 
while charging and discharging, especially at higher currents. This means that the faster a 
battery is used (discharged), the LOWER the AH capacity. Conversely, if it is drained slower, 
the AH capacity is higher. 

Slower charging and discharging rates are more efficient. A battery rated at 180 amp-hours 
over 6 hours might be rated at 220 AH at the 20-hour rate, and 260 AH at the 48-hour rate. 
Much of this loss of efficiency is due to higher internal resistance at higher amperage rates - 
internal resistance is not a constant - kind of like "the more you push, more it pushes back".  

An important fact is that ALL of the batteries commonly used in deep cycle applications are 
Lead-Acid. Most lead acid batteries are 85 to 95 percent efficient at storing the energy they 
receive. 

Types of Lead Acid Batteries: 
1) By Application 

a. Automotive 
b. Marine 
c. Deep Cycle 

2) By Construction  
a. Flooded (Wet) 
b. Gelled 
c. AGM (Absorbed Glass Mat)/Dry Batteries 

Battery Lifespan: 

The lifespan of a deep cycle battery will vary considerably with  
How it is used 
How it is maintained and charged 
Temperature
Other factors.  

Effect of Cycles: 

A battery "cycle" is one complete discharge and recharge cycle. It is usually considered 
to be discharging from 100% to 20%, and then back to 100%. However, there are often 
ratings for other depth of discharge cycles, the most common ones are 10%, 20%, and 
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50%. You have to be careful when looking at ratings that list how many cycles a battery 
is rated for unless it also states how far down it is being discharged.  

Battery life is directly related to how deep the battery is cycled each time. If a battery is 
discharged to 50% every day, it will last about twice as long as if it is cycled to 80% 
DOD (Daily Depth of Discharge). If cycled only 10% DOD, it will last about 5 times as 
long as one cycled to 50%. Obviously, there are some practical limitations on this - you 
don't usually want to have a 5 ton pile of batteries sitting there just to reduce the DOD. 
The most practical number to use is 50% DOD on a regular basis. This does NOT mean 
you cannot go to 80% once in a while. It's just that when designing a system when you 
have some idea of the loads, you should figure on an average DOD of around 50% for 
the best storage vs cost factor. Also, there is an upper limit - a battery that is 
continually cycled 5% or less will usually not last as long as one cycled down 10%. This 
happens because at very shallow cycles, the Lead Dioxide tends to build up in clumps on 
the positive plates rather in an even film. The graph below shows how lifespan is 
affected by depth of discharge. The chart is for a Concorde Lifeline battery, but all lead-
acid batteries will be similar in the shape of the curve, although the number of cycles 
will vary.  

Deep cycle batteries can be discharged up to 80 percent DOD without damage 
depending on the model.  In order to increase battery life, manufacturers recommend 
discharging deep-cycle batteries only down to 50 percent in order to increase battery 
life.  

Effect of Temperature on Capacity: 

Battery capacity (how many amp-hours it can hold) is reduced as temperature goes 
down, and increased as temperature goes up. This is why your car battery dies on a cold 
winter morning, even though it worked fine the previous afternoon. If your batteries 
spend part of the year shivering in the cold, the reduced capacity has to be taken into 
account when sizing the system batteries. The standard rating for batteries is at room 
temperature 25 degrees C (about 77 F). At freezing 0 C, capacity is reduced by 20%. At 
approximately -27 C, battery AH capacity drops to 50%. Capacity is increased at higher 
temperatures at 50 degrees C, battery capacity would be about 12% higher.  

Nearly all batteries will not reach full capacity until cycled 10-30 times. A brand new 
battery will have a capacity of about 5-10% less than the rated capacity. The generally 
accepted AH rating time period for batteries used in solar electric and backup power 
systems (and for nearly all deep cycle batteries) is the "20 hour rate" 
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Effect of Temperature on Voltage: 

Battery charging voltage also changes with temperature. It will vary from about 2.74 
volts per cell (16.4 volts) at -40 C to 2.3 volts per cell (13.8 volts) at 50 C. The higher 
the temperature the lower the voltage, due to high internal resistance. 

Effect of Temperature on Battery Life: 

Even though battery capacity at high temperatures is higher, battery life is shortened. 
Battery capacity is reduced by 50% at -27 C but battery LIFE increases by about 60%. 
Battery life is reduced at higher temperatures & for every 8C over 25, battery life is cut 
in half. This holds true for any type of Lead-Acid battery, whether sealed, gelled, AGM, 
industrial or whatever. This is actually not as bad as it seems, as the battery will tend to 
average out the good and bad times. 

A large insulated battery bank may vary as little as 5 degrees over 24 hours internally, 
even though the air temperature varies from -6 to 20 degrees in winter. For this reason, 
external (add-on) temperature sensors should be attached to one of the POSITIVE plate 
terminals, and bundled up a little with some type of insulation on the terminal. The 
sensor will then read very close to the actual internal battery temperature. 

t25 tT×2(T 25)/10

T the actual ambient temperature 
tT is designed life at T ambient temperature 
t25 is designed life at 25  ambient temperature 

The heat disseminate performance of GEL battery is bad, it’s liable to cause thermal run 
away when heat accumulates. Please improve ventilation and temperature condition 
when room temperature is high. The distances between batteries should not be smaller 
than 10mm. 

Battery AH Rating 

All deep cycle batteries are rated in amp-hours. An amp-hour is one amp for one hour, 
or 10 amps for 1/10 of an hour and so forth. The generally accepted AH rating time 
period for batteries used in solar electric and backup power systems (and for nearly all 
deep cycle batteries) is the "20 hour rate". (Some, such as the Concorde AGM, use the 
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24 hour rate, which is probably a better real-world rating).  This means that it is 
discharged down to 10.5 volts over a 20 hour period while the total actual amp-hours it 
supplies is measured. Sometimes ratings at the 6 hour rate and 100 hour rate are 
also given for comparison and for different applications.  

Why amp-hours are specified at a particular rate: 

Because of something called the Peukert Effect. The Peukert value is directly related to 
the internal resistance of the battery. The higher the internal resistance, the higher the 
losses while charging and discharging, especially at higher currents. This means that the 
faster a battery is used (discharged), the LOWER the AH capacity. Conversely, if it is 
drained slower, the AH capacity is higher. This is important because some manufacturers 
and vendors have chosen to rate their batteries at the 100 hour rate which makes them 
look a lot better than they really are. Here are some typical battery capacities from the 
global manufacturer’s data sheets. Not all are available in Pakistan. 

Battery Type 100 hr rate 20 hr rate 8 Hr rate
Trojan T-105 250 AH 225 AH n/a 
US Battery 2200 n/a 225 AH 181 AH 
Concorde PVX-6220 255 AH 221 AH 183 AH 
Surrette S-460 (L-16) 429 AH 344 AH 282 AH 
Trojan L-16 400 AH 360 AH n/a 
Surrette CS-25-PS 974 AH 779 AH 639 AH 

Thus Surrette S-460 (L-16) will provide a total of  
429 A if discharged evenly over 100 hrs. 
344 A if discharged evenly over 20 hrs. 
282 A if discharged evenly over 20 hrs. 

Typical No load voltages of a Battery: 

State of Charge DOD 12 Volt battery Volts per Cell Category 
100% 0% 12.7 2.12 Above Safe 
90% 10% 12.5 2.08 Above Safe 
80% 20% 12.42 2.07 Safe Range 
70% 30% 12.32 2.05 Safe Range
60% 40% 12.20 2.03 Safe Range
50% 50% 12.06 2.01 Safe Range
40% 60% 11.9 1.98 Safe Range
30% 70% 11.75 1.96 Below Safe 
20% 80% 11.58 1.93 Below Safe 
10% 90% 11.31 1.89 Critical 
0% 100% 10.5 1.75 Critical 

Battery is considered dead at 10.5 V (0% charge) 

at around 10.5 volts, the specific gravity of the acid in the battery gets so low that there is 
very little left that can do. In a dead battery, the specific gravity can fall below 1.1. Some 
actual testing was done recently on a battery by one of forum posters, and these are his 
results:

I just tested a 225 AHR deep cycle battery that is in good working order. 
I put a load on it 30a for 4 hrs it dropped its voltage to 11.2 V 
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I then let it cool down for 2 hrs 

Then put the load back on again in 1hr 42 mins it dropped to 10.3 V 
35 mins under 30A load 9.1V (273w) 
10 mins later max output current 11.6A 8.5V (98.6w) 
5 mins later max output current 5.2 amps 7.9V (41w) 
3 mins later 7.6V and 2.3A (17.5w) 

This shows after it gets below 10.3 V you only have 35 mins of anything useful 
available from the battery. 

Battery is now dead and most likely will not fully recover

Battery Connections: 

In situations where multiple batteries are connected in series, parallel or series/parallel, 
replacement batteries should be the same size, type and manufacturer (if possible). Age 
and usage level should be the same as the companion batteries. Do not put a new battery 
in a pack which is more than 6 months old or has more than 75 cycles. Either replace with 
all new or use a good used battery. For long life batteries, you can have up to a one year 
age difference. 

Lead-Acid batteries do NOT have a memory, and the rumor that they should be fully 
discharged to avoid this "memory" is totally false and will lead to early battery failure. 

Parallel or Series Strings: 

Do not have more than two parallel strings. When you are building a battery bank, you will 
often have to wire your batteries in parallel to get the required amp hours. Most experts 
agree that paralleling battery strings is not the best idea. Having two parallel strings will not 
cause any issue but three or more will result in unbalanced batteries as some will take most 
of the charge and discharge, while others will sit almost dormant. If you must use three or 
more strings in parallel be sure to tie them together as shown in the diagram and equalize a 
little more frequently than usual.

Notice that the connections to the main installation are all taken from one end, i.e. from the 
end battery. The interconnecting leads will have some resistance. It will be low, but it still 
exists, and at the level of charge and discharge currents we see in these installations, the 
resistance will be significant in that it will have a measurable effect. 

Typically the batteries are linked together with 35mm cable in a good installation (often 
much smaller in a poor installation). 35mm copper cable has a resistance of around 0.0006 
Ohms per meter so the 20cm length between each battery will have a resistance of 0.00012 
Ohms. This, admittedly, is close to nothing. But add onto this the 0.0002 Ohms for each 
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connection interface (i.e. cable to crimp, crimp to battery post etc) and we find that the 
resistance between each battery post is around 0.0015 Ohms.

The problem is that in very low resistance circuits (as we have here) huge differences in 
current can be produced by tiny variations in battery voltage.  

Let’s consider the problematic case diagram where the distance of each battery terminal 
cable length is not the same towards inverter. 

Battery internal resistance = 0.02 Ohms 
Interconnecting lead resistance = 0.0015 Ohms per link 
Total load on batteries = 100 amps 
The bottom battery provides 35.9 amps of this. 
The next battery up provides 26.2 amps. 
The next battery up provides 20.4 amps. 
The top battery provides 17.8 amps. 

So the bottom battery provides over twice the current of the top battery. This is an 
enormous imbalance between the batteries. The bottom battery is being worked over twice 
as hard as the top battery. The effects of this are rather complex and do not mean that the 
life of the bottom battery will be half that of the top battery, because as the bottom battery 
loses capacity quicker (due to it being worked harder) the other three batteries will start to 
take more of the load. But the net effect is that the battery bank, as a whole, ages much 
quicker than with proper balancing.  

Few Battery Manufacturers, rating and Price: 

Brand Series Model Nominal 
Voltage 

Capacity  
(10hr rate) 

Type Charge  
Voltage 

Charge
Im 

Design  
Life 

Price 
N

A
R
A
D

A

MPG MPG12V150F 12V 150Ah Polymer Gel 14.4-14.8V 37.5 A 12+ years 26,500 

MPG MPG12V200 12V 200Ah Polymer Gel 14.4-14.8V 50 A 12+ years 36,000 

EosG EOS G 300 2V 300Ah Polymer Gel 2.25-2.35V 75 A 15+ years 15,000 

EosG EOS G 600 2V 600Ah Polymer Gel 2.25-2.35V 150 A 15+ years 26,000 

GP 6-FM-150 12V 150Ah AGM 14.4-14.8V 38 A 8 Years 25,000 

Exide NS-200 Ex-200 12V 200Ah FLA 14.4-14.8V  5 Years 14,000 

Number of Batteries: 

Do not try to get away with the minimum amount of batteries. Trying to save money in the 
beginning by installing the bare minimum battery bank will always end in disaster. Your 
system will never perform well. Having an undersized battery bank will mean deep cycles 
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and very limited battery life. In the short term, you will save some money but in the long 
term it will cost you when you have to buy a second battery bank. Almost everyone makes 
this mistake.  

While calculating the number of batteries and overall capacity, do include following 
considerations. 

What is the overall capacity requirement? 
How many batteries will serve this considering series connection as priority? 
What is the required DOD and rated DOD? 
How much is the effect of temperature? 

Practical studies 

Many VRLA batteries are installed throughout the world and the industry is beginning to 
acknowledge that a 20 year VRLA battery life is unlikely to realize. Recent industry 
experience indicates that a 4 to 7 year VRLA battery life is more likely, regardless of cell 
size or warranty claims.

In one study of almost 25,000 VRLA cells from 9 different manufacturers, the failure rates 
ranged from 27% to 86%, depending on the manufacturer. These cells were only 3 to 7 
years old. The average failure rate was 64% for the entire tested population. This study 
concluded that the failures were generic and appeared to be independent of size or 
manufacturer over a range from 25 to 1,000 ampere-hours.  

A European study of over 1,000 installations, of various system voltages and cell capacities, 
containing about 35,000 cells concluded that VRLA batteries require replacement after 5 to 
8 years of operation. The shorter lifetime (5 years) was associated with batteries operating 
at 110 V or higher system voltages. The longer lifetime (up to 8 years) was applicable to 
better quality batteries and those of lower system voltages.  

Absorbed Glass Matt-type cells demonstrated a higher failure rate than did gel-type cells. 
No single or systematic factor was determined to cause this short lifetime. Representatives 
of a major battery company recently provided an update regarding VRLA cells’ expected life. 
Four different VRLA cells were tested, including three different AGM types and one gel-type. 
It was concluded that 20-year class AGM cells actually have an expected life of 5 years at 
25°C (77°F), dropping to about 3 years at 32°C (90°F).  
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BATTERY CASE STUDY
CASE A: 

Case A40 (DOD 40%): 

Case A50 (DOD 50%): 

Case A60 (DOD 60%): 

Case A70 (DOD 70%): 

Case A80 (DOD 80%): 
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CASE B: (Use Refrigerator to control temp to 20C) 

Case B40 (DOD 40%): 

Case B50 (DOD 50%): 

Case B60 (DOD 60%): 

Case B70 (DOD 70%): 

Case B80 (DOD 80%): 
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Conclusion:

From results of above presented 10 cases, it is very much clear that temp plays an 
important role in battery life. Controlled temp gives an incredible battery life. And finally FLA 
lead acid battery performs the best out of all other similar competitors with best cost 
estimates over 25 years under 20C temp and 60% DOD. 

Assumption:

Batteries will fall below 80% capacity at calculated life and will be replaced.
Batteries are properly maintained.
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INVERTOR & CHARGE CONTROLLER

Inverters convert DC electricity into AC electricity. Solar panels (and most small wind 
turbines) produce DC electricity. That electricity is used to charge a battery bank in off-grid 
systems or sent directly to an grid tie inverter which feeds the electricity directly to the 
electric grid.  

Hybrid Inverters 

These inverters are primarily used for grid-tie purposes but also have the added feature that 
they provide backup power to your home when the electric utility fails. 

Hybrid Inverter Types: 

1. All-in-one hybrid inverter 
a. All-in-one no UPS 
b. All-in-one UPS 

2. Grid interactive Inverter  

Off-Grid Inverters 

These inverters are principally meant to be used with solar for a home or business totally 
disconnected from the electric utility company. They can also be used for providing 
emergency backup power to homes that currently use the power from an electric company. 
Inverters with the built-in AC charger option are particularly well suited to providing 
seamless backup power. 

Grid-Tie Inverters 

Inverters which are connected to your electric utility company and do not use a battery 
bank. These "grid-tie" systems tend to be lower in cost due to the fact that they don't use 
batteries. However, if the utility company's power goes down then your system will also 
shut down. If blackouts are frequent in your location or you want to have backup power, 
consider purchasing an inverter that is Hybrid. 

Our Case: 

There can be multiple cases; 

Using Solar as an input energy. 
Utility only as 2nd input if required in addition to solar cells. 
Batteries as a backup option during evening and night.

Recommendation: Hybrid Inverter (All-in-one UPS) 

The traditional off-grid solar system uses a simple battery inverter that converters DC 
power from a battery bank to AC power to supply your home or appliances, these systems 
need separate battery chargers and regulators.  
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There are more advanced versions of these battery inverters with built in chargers known as 
inverter/chargers. More recently very advanced inverters have become available which are 
inverter/chargers with in-built generator control systems, advanced monitoring capabilities 
and other features, these are known as interactive inverters. They combine a solar inverter 
and inverter/charger into one simple unit. These inverters are a very economical way to 
enable what is known as ‘self-use’ or 'load shifting' of energy. Allowing us to store solar or 
off-peak energy to be used during peak times. Although it is important to know that some 
all-in-one inverters cannot function during a power outage such as when there is a blackout. 
They also have limited functionality and monitoring capabilities. 

If you require a hybrid inverter which is capable of supplying your entire home when the 
grid is down (Uninterruptible Power Supply or UPS) then you may require an interactive 
inverter as mentioned above.  

Suggested Inverters: 

Sample Inverters Price Rated
Power 

DC
charging
voltage 

Solar
Nominal 
Input DC 
voltage 

Solar
Charge
Current

Infini hybrid inverter 3KW 120,000 3000 48 360 to 500 25 

Axpert MKS MPPT 5KVA- 48V 75,000 4000 48 145 60 

Axpert MKS MPPT 3KVA- 24V 43,000 2400 24 102 18 
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SOLAR CHARGE CONTROLLER: PWM OR MPPT?

PWM and MPPT charge controllers are both widely used to charge batteries with solar power. 
The PWM controller is in essence a switch that connects a solar array to the battery. The 
result is that the voltage of the array will be pulled down to near that of the battery. 

The MPPT controller is more sophisticated (and more expensive): it will adjust its input 
voltage to harvest the maximum power from the solar array and then transform this power 
to supply the varying voltage requirement of the battery plus load. Thus, it essentially 
decouples the array and battery voltages so that there can be, for example, a 12 volt 
battery on one side of the MPPT charge controller and panels wired in series to produce 36 
volts on the other. 

It is generally accepted that MPPT will outperform PWM in a cold to temperate climate, while 
both controllers will show approximately the same performance in a subtropical to tropical 
climate.  

The current-voltage curve and the power-voltage curve of a solar panel:  

Standard Test Conditions (STC): cell temperature: 25°C, irradiance: 1000 W/m², AM: 1,5  

From this basic curve the power-voltage curve can be derived by plotting P = V x I against 
V. The result is the blue curve in figure below. 

Obviously, the power obtained from the panel is zero when it is short circuited (0 x Isc = 0) 
or when no current is drawn from the panel (Voc x 0 = 0). In between those two zero power 
points the product P = V x I reaches a maximum: the Maximum Power Point (Pm = Vm x 
Im).
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The importance of the Maximum Power Point can be visualized as follows: The product Vm x 
Im is proportional to the surface of the rectangle shown in previous figure. Pm is reached 
when the surface of this rectangle is at its largest. Figures above show two less optimal 
results obtained when power is harvested at a voltage which is too low or too high. 

In order to get the maximum out of a solar panel, a charge controller should be able to 
choose the optimum current-voltage point on the current-voltage curve: the Maximum 
Power Point. An MPPT controller does exactly that. The input voltage of a PWM controller is, 
in principle, equal to the voltage of the battery connected to its output (plus voltage losses 
in the cabling and controller). The solar panel, therefore, is not used at its Maximum Power 
Point, in most cases.  

The MPPT charge controller

The MPPT charge controller is a DC to DC transformer that can transform power from a 
higher voltage to power at a lower voltage. The amount of power does not change (except 
for a small loss in the transformation process). Therefore, if the output voltage is lower than 
the input voltage, the output current will be higher than the input current, so that the 
product P = V x I remains constant.  

When charging a battery at Vbat = 13 V, the output current will therefore be Ibat = 100 W / 
13 V = 7,7 A.  
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The PWM charge controller: 

A PWM controller is not a DC to DC transformer. The PWM controller is a switch which 
connects the solar panel to the battery. When the switch is closed, the panel and the 
battery will be at nearly the same voltage. Assuming a discharged battery the initial charge 
voltage will be around 13 V, and assuming a voltage loss of 0,5 V over the cabling plus 
controller, the panel will be at Vpwm = 13,5 V. The voltage will slowly increase with 
increasing state of charge of the battery. When absorption voltage is reached the PWM 
controller will start to disconnect and reconnect the panel to prevent overcharge (hence the 
name: Pulse Width Modulated controller).  

In our example, with Vbat = 13 V and Vpwm = Vbat +0,5 V = 13,5 V, the power harvested 
from the panel is Vpwm x Ipwm = 13,5 V x 6 A = 81 W, which is 19% less than the 100 W 
harvested with the MPPT controller. Clearly, at 25°C a MPPT controller is preferable to a 
PWM controller.

The effect of temperature: 

When a panel heats up due to the sun shining on it, both the open circuit voltage and the 
Maximum Power Point voltage become lower. The current however remains practically 
constant. In other words: the current-voltage curve moves to the left with increasing 
temperature, as shown 

Obviously, as shown in figure below, the Maximum Power Point also moves to the left, and 
downwards because the product Vm x Im decreases with increasing temperature.  
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The MPPT controller when cell temperature is 75°C 

MPPT power, current and voltage can be derived as follows from the specification of the 
solar panel:  

Pm (75°C) = Pm (25°C) x (1 + (75°C - 25°C) x ) = 100 x (1 + (50 x – 0,45 / 100) = 77,5 W  

And, following the same method:  
Im (75°C) = 5,6 A  
Vm (75°C) = 13,8 V  

And a check: Im (75°C) x Vm (75°C) = 5,6 x 13,8 = 77,3 W.  

This is a difference of 0,2 W compared to the Pm (75°C), as calculated earlier, so this is 
close enough and correlates. 
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The PWM controller when cell temperature is 75°C:  

Still assuming a battery voltage of 13 V, the voltage imposed on the panel will be 13,5 V. 
With the help of figure 11 the PWM current can be found by drawing the vertical voltage line 
and the horizontal current line. The resulting PWM current is 5,95 A and solar panel output 
is 13,5 V x 5,7 A = 77 W. 

Conclusion: At Tcell = 75°C and Vbat = 13 V the difference in performance between the two 
controllers is negligible.  

Cell temperature 100°C: 

At 100°C panel temperature the Maximum Power Point voltage is 11,7 V 

Most MPPT controllers cannot transform a lower voltage to a higher voltage, as that’s not 
what they are made for. If the MPPT voltage Vm becomes lower than Vbat, they will 
therefore operate like a PWM controller, connecting the panel directly to the battery. As 
shown in figure if Vbat = 13 V, the current harvested from the panel will be limited to 4 A.  

And the situation becomes worse with increasing battery voltage (or increasing 
temperature): the charge current quickly reduces to only a few amps 
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The solution to temperature effects:  

Clearly, in our example, both MPPT and PWM controllers do not perform at high cell 
temperatures. The solution to improve MPPT controller performance at high cell 
temperatures is to increase panel voltage by increasing number of cells in series.  

Obviously, this solution is not applicable to PWM controllers: increasing the number of cells 
in series will reduce performance at low temperature.  

In case of the MPPT controller: replace the 12 V / 100 W panel by a 24 V / 100 W panel or 
by two 12 V / 50 W panels in series. This will double the output voltage and the MPPT 
controller will charge a 12 V battery with 66 W (5,1 A @ 13 V), at 100°C cell temperature, 
see figure below.  

An additional advantage: because the panel voltage has doubled, the panel current is 
reduced by half (P = V x I and P has not changed but V has doubled).  

Ohm’s law tells us that losses due to cable resistance are Pc (Watt) = Rc x I², where Rc is 
the resistance of the cable. What this formula shows is that for a given cable loss, cable 
cross sectional area can be reduced by a factor of four when doubling the array voltage.  

Conclusion (MPPT):  

When using an MPPT charge controller there are two compelling reasons to increase the PV 
voltage (by increasing the number of cells in series):  

1) Harvest as much power as possible from the solar array, even at high cell 
temperature.

2) Decrease cable cross sectional area and therefore decrease cost.
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Relative performance graphs MPPT/PWM: 

Relative performance as a function of temperature: 

Let us now assume that the MPPT controller is connected to a solar array with sufficient cells 
in series to achieve an MPPT voltage several volts higher than the highest battery voltage.  

For example: 12 V battery: 72 cells (a 24 V array) or more 24 V battery: 108 cells (a 36 V 
array) or more 48 V battery: 216 cells (a 72 V array) or more The PWM controller is 
connected to a solar array of exactly the same Wp power, with the usual number of cells in 
series and used to charge a 12 V, 24 V or 48 V battery: respectively 36, 72 or 144 cells.  

The relative performance of the two controllers as a function of cell temperature can be 
compared as shown in figure. 

The performance of the MPPT controller is set at 100%. PWM performance will match MPPT 
performance (100% relative performance) when the battery voltage plus losses in the 
cabling and the controller happens to be equal to the MPPT voltage. Three PWM relative 
performance curves are shown, based on three different battery voltages, and, as expected, 
the 100% point is achieved at lower temperatures when the battery voltage increases.  

Absolute performance as a function of temperature: 

The performance of the MPPT controller is set at 100% at 25°C using STC 
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The blue area shows that a PWM controller performs nearly as well (within 10%) as an MPPT 
controller over a relatively wide battery charge voltage (13 V to 15 V) and temperature 
range (45°C and 75°C). The 10% limit is given by the thin blue line in figure 14 and 15. 
Before drawing any conclusions a few other solar cell and system parameters have to be 
considered.

The influence of irradiance: 

The output of a solar panel is approximately proportional to irradiance, but Vm remains 
nearly constant as long as irradiance exceeds 200 W / m². Irradiance therefore does not 
materially influence the MPPT / PWM performance ratio as long as irradiance exceeds 200 W 
/ m² (see figure 16). But at low irradiance (overcast sky, wintertime) Vm drops rapidly and 
an MPPT controller connected to an array with a much higher nominal voltage than the 
battery, will perform far better than a PWM controller.  

Partial shading  

Partial shading lowers the output voltage. MPPT therefore has a clear advantage over PWM 
in the case of partial shading.  

Cell temperature:

A standard crystalline solar panel with a nominal voltage of 12 volts consists of 36 cells in 
series. At 25°C cell temperature, the output current of this panel will be nearly constant up 
to about 17 volts. Above this voltage, current drops off rapidly, resulting in maximum power 
being produced at around 18 volts. Unfortunately the voltage point at which the current 
starts to drop of decreases with increasing temperature. Below that voltage point the 
current however remains practically constant, and is not influenced by temperature. The 
output power and output voltage both decrease by about 4,5% for every 10°C of 
temperature increase.

From study done at PCSIR labs Lahore following are the temperature readings in Lahore.  

Date Time Range Temp 
C

23-Jun 09.15AM - 12.45PM 36 
23-Jul 10.15AM - 01.45PM 36 
25-Jun 09.15AM - 12.45PM 38 
25-Jun 02.15PM - 05.45PM 42 
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PWM controller  
When a solar array is connected to the battery through a PWM charge controller, its 
voltage will be pulled down to near that of the battery. This leads to a suboptimal 
power output wattage (Watt = Amp x Volt) at low and at very high solar cell 
temperatures. In times of rainy or heavily clouded days or during heavy intermittent 
loads a situation may occur where the battery voltage becomes lower than is normal. 
This would further pull down the panel voltage; thus degrading the output even 
further. At very high cell temperatures the voltage drop off point may decrease 
below the voltage needed to fully charge the battery. As array area increases linearly 
with power, cabling cross sectional area and cable length therefore both increase 
with power, resulting in substantial cable costs, in the case of arrays exceeding a few 
100 Watts. The PWM charge controller is therefore a good low cost solution for small 
systems only, when cell temperature is moderate too high (between 45°C and 75°C). 

MPPT controller  
Besides performing the function of a basic controller, an MPPT controller also includes 
a DC to DC voltage converter, converting the voltage of the array to that required by 
the batteries, with very little loss of power. An MPPT controller attempts to harvest 
power from the array near its Maximum Power Point, whilst supplying the varying 
voltage requirements of the battery plus load. Thus, it essentially decouples the 
array and battery voltages, so that there can be a 12 volt battery on one side of the 
MPPT charge controller and two 12 Vpanels wired in series to produce 36 volts on the 
other. If connected to a PV array with a substantially higher nominal voltage than the 
battery voltage, an MPPT controller will therefore provide charge current even at 
very high cell temperatures or in low irradiance conditions when a PWM controller 
would not help much. As array size increases, both cabling cross sectional area and 
cable length will increase. The option to wire more panels in series and thereby 
decrease current, is a compelling reason to install an MPPT controller as soon as the 
array power exceeds a few hundred Watts (12 V battery), or several 100 Watts (24 V 
or 48 V battery). 

Conclusion:

An MPPT charge controller is therefore the solution of choice:  
1) If cell temperature will frequently be low (below 45°C) or very high (more than 

75°C).
2) If cabling cost can be reduced substantially by increasing array voltage.  
3) If system output at low irradiance is important.  
4) If partial shading is a concern. 
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POWER REQUIRED FOR HOME APPLIANCES

To help you with calculating the energy load, we are listing below few things with the 
respective energy load they consume to operate: 

Energy Saver: 10/20/40 Watts 
Fan: 90-110 Watts 

o Some Older fans consumer 120 Watts 
Tube Lights: 

o Full tube: 40 Watts 
o Half tube: 20 Watts 

LED Bulbs: 7 Watts 
LED TV (Almost all sizes): 30 to 40 Watts 
LCD TV (Almost all sizes): 90-100 Watts 
Old TVs: 300-400 Watts 
Iron: 1000 Watts 
Refrigerator: They consume 250 Watts to 700 Watts depending on make and type 
Deep Freezers: 600 Watts 
Water Motor 

o half horse power: 325 Watts 
o One Horse Power: 750 Watts 

Laptop: 15-20 Watts 
Router/Modems/Chargers (Combined): 10-15 Watts 
ACs:

o During first half an hour or so when compressor runs at full throttle: 2800-
3000 Watts 

o Rest of the time when temperature settles down: 1500 Watts 
Invertor ACs: 

o During first half an hour or so when compressor runs at full throttle: 1800 
Watts 

o Rest of the time when temperature settles down: 500-600 Watts 

Items listed above and their corresponding energy requirements may vary for different 
situations, depending on conditions, make and their age. But we can take above mentioned 
values to plan our solar energy plant. 
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SAMPLE CASE SOLUTION

Requirements:

To operate 1.3kW – 1.4kW load 24/7 without utility. 
To design a solar based solution that will run for 25 years max.  

Assumptions: 

Avg Temp of solar cell = 40 C (Lahore – PCSIR Study) 
Avg Battery temp = 20 C (maintained through a refrigerator set at 20 C) 

MAX LOAD:
Below is provided the MAX load at one time in watts.  

Appliances Qty Power/Item Total Load

Fans 4 80           320  
LED Tube 5 23           115  
Refrigerator 1 250           250  
Freezer 1 400           400  
LCD TV 1 100           100  
Laptop 1 20            20  

LED Bulbs 10 10           100  

Total Load            1,305  

Solution (Based on balance between quality and cost): 

Solar Cells: 

Company Code Type
At STC  

(1,000 W/m2, 25°C) At NOCT 
Voc Eff

% Price 
Wp Vmp Imp Wp Vmp Imp 

Trina Trina QuadMax 205 Mono 205 37.7 5.43 151 34.6 4.35 46.2 16.00 14,350 

We will use a total of 21 Solar panels, 6 parallel strings of solar cells having 3 solar 
cells each in series. 

 Overall at NOCT,  

Voc = 46.2 x 3 = 138.6 V 
Vmp = 34.6 x 3 = 103.8 V 
Imp = 4.35 x 7 Strings = 30.45 A 
Wp = 103.8  x 30.45 = 3,161 Watts  

Code Type Item Cost/item Qty Max Power Total Cost Life 
Trina QuadMax 

205 
Solar
Cell Trina 14,350 21 3,161 301,350 25 Years 
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The solution will provide 1.5 kW to the Batteries for Night load and will provide 1.5kW in 
day from solar cells to appliances via inverter. 

The Voc, Vmp, Imp, Wp are all within limits of Axpert MKS MPPT 5KVA- 48V. 

Inverter (MPPT): 

Sample Inverters Rated
Power 

DC 
charging 
voltage 

PV max 
Voc 

Solar 
Nominal 
Input DC 
voltage 

Solar 
Charge 
Current 

Price 

Axpert MKS MPPT 5KVA- 48V 4000 48 145 60-115 60 75,000 

Battery:

Brand Series Model Nominal
Voltage 

Capacity  
(10hr rate)

Type Charge Voltage Life Price 

Exide NS200 Ex-200 12 200Ah FLA 14.4-14.8V 5 Years 14,000 

Operating Temperature C 20 
Load (watts/hr) 1,600 
Utilization (Hrs/Day) 12 
Nominal voltage of Inverter (V) 48 
Total Power Req + Ref Power (Watts/day) 20,140 
DC Current per Day (A/Day) 420 
DOD % 60% 
DC Current per day with req DOD (A/Day) 700 
Battery Type NS-200 
No of Batteries Per String 4 
No of Battery Strings 3 
Total Battery units 12 
Price for Total Battery Units + 
Refrigerator unit cost (PKR) 218,000 

Estimated Life Cycle Range per 
Battery (considering DOD) (cycles) 800 - 950 

Estimated Life Cycle Range per 
Battery (considering DOD & Temp) (cycles) 1132 - 1344 

Life in Years  
(1 DOD per day) (Years) 3.39 

Cost Per 25 Years (PKR) 1,606,826

Cost of refrigerator to maintain system temp: 

 Assumption: 50,000 

Cables/Stands/Installation Charges: 

Assumption: 50,000 
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Final Analysis, Solution & Cost: 

Items Calculated
Life / Item 

Fixed  
Cost 

Variable  
Cost 

Total Cost  
over  

25 Years 

%age Cost 
Distribution

Solar Cells 25        301,350              301,350  13% 

Battery 3.39        218,000         1,388,826         1,606,826  70% 

Installation 25          50,000                50,000  02% 

Refrigerator 12.5          50,000              50,000            100,000  04% 

Inverter 10          75,000            150,000            225,000  10% 

           694,350        1,588,826        2,283,176  

This is an independent solar power generation for a small house with major load of 1300 to 
1400 watts. Rs. 694k/- is the starting cost while around Rs. 63k/- per years is an average 
variable cost for remaining 24 years. 

Assuming we are utilizing 1.3kW – 1.4kW load from the system throughout without 
any break. Monthly Utilization is 1000 kW or 20,000 PKR (assuming Rs. 20 per utility 
unit). Therefore it will take us 2 yrs 11 months (35 months) to cover the fixed cost. 

For overall system, it will take around 9.5 years to cover the entire cost of 25 years 
of the solution. This will effectively save us 190,000 units of energy or in term of PKR 
it will save PKR 3,768,000/- with an assumption that unit price and other factors will 
remain same for 25 years. The ROI (Return on investment) is 1.65, for every rupee 
invested we get 2.65 back (1.65 is profit). 

Another important thing to notice that 70+4% of the cost is related to Batteries and its 
temperature controller refrigerator. If we are ok with using energy from utility at night and 
from solar cells in morning, we can save more than 80% cost (with batteries eliminated, 
solar cells reduced to half, refrigerator gone) 

Items Calculated
Life / Item 

Fixed  
Cost 

Variable  
Cost 

Total Cost  
over  

25 Years 

%age Cost 
Distribution

Solar Cells 25        172,200             172,200 39% 

Installation 25          50,000                50,000  11% 

Inverter 10          75,000            150,000            225,000  50% 

           297,200           150,000           447,200  

Assuming we are utilizing 1.3kW – 1.4kW load from system throughout without any 
break for 12 hrs at daytime. Monthly Utilization is 500 kW or 10,000 PKR (assuming 
Rs. 20 per utility unit). Therefore it will take us 2.5 yrs to cover the fixed cost.  

For overall system, it will take 3.7 yrs to cover the entire cost of 25 years. This will 
effectively save us 131,000 units of energy or in term of PKR it will save PKR 
2,616,768/- with an assumption that unit price & other factors will remain same for 
25 years. ROI is 5.85, for every rupee invested we get 6.85 back (5.85 is profit).  

Thus looking at ROI comparison, solar solution without batteries is 3.5 times better than the 
one with batteries backup. 



Prepared (also subject responsible if other) No. 

HASSAN GILANI SOLAR SOLUTION FEASIBILITY REPORT
Approved Page Date Rev Reference 

29 27-JUL-2015 A1 SD-01:000002 UEN

29 | P a g e

REFERENCES

JASolar: http://www.jasolar.com/webroot/products/modules.php 
Study:http://www.power-
thru.com/documents/The%20Truth%20About%20Batteries%20-
%20POWERTHRU%20White%20Paper.pdf 
Berndt, Dietrich, “Maintenance Free Batteries,” p. 334, John Wiley & Sons, New York, 
1993.
Vinal, George, “Storage Batteries,” Third Edition, pp. 45-59, John Wiley & Sons, New 
York, April 1949.  
ZVEI (German Electrical and Electronic Manufacturer’s Association), Information 
Leaflet No 23e, “Definition of Different Lifetime Terms for Batteries,” p.2, August 
2013.
O’Donnell, Carey, “Got Warranty? Taking Another Look at the 20-year Battery 
Warranty,” p. 3.2, Battcon Proceedings, 2005.  
The Eurobat Guide for the Specification of Valve Regulated Lead-Acid Stationary 
Batteries, p. 2, January 1992.  
Berndt, Dietrich, “Maintenance Free Batteries,” p. 323, John Wiley & Sons, New York, 
1993.
IEEE 535™, “IEEE Standard for Qualification of Class 1E Vented Lead Acid Storage 
Batteries for Nuclear Power Generating Stations,” p. 7, ¶8.3, IEEE Society, New 
Jersey, 2013.  
Rusch, Wieland, “Flooded (VLA), Sealed (VRLA), GEL, AGM Type, Flat Plate, Tubular 
Plate: The When, Where and Why; How does the End User Decide on the Best 
Solution,” Table 2, p. 5, Battcon Proceedings, 2006.  
Moore, Michael R., “Real-time Expected Life on VRLA Products, a Manufacturer’s 
Perspective,” Yuasa-Exide, Reading PA, date unknown.  
O’Donnell, Carey, “Got Warranty? Taking Another Look at the 20-year Battery 
Warranty,” Battcon Proceedings, 2005.  
15 “Twenty Year Limited Warranty,” C&D Technologies, Inc., January 2009.  
“Lead-Acid Battery Limited Warranty,” Hoppecke Batteries, Inc., May 2008.  
“Standard Limited Warranty,” BAE Batterien GmbH, Version 01, 2007.  
Schiemann, Michael, “Lifetime Discussion, Optimal Application Conditions,” 
Presentation to BAE Batteries USA, February 2013.  
Victron energy, http://www.victronenergy.com/upload/documents/White-paper-
Which-solar-charge-controller-PWM-or-MPPT.pdf 
PCSIR study, http://www.ciitlahore.edu.pk/Papers/Abstracts/403-
8588761642614383730.pdf   


