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ABSTRACT 

 

Solar panels-the vital element of this Solar  Battery Charge controller circuit makes use of 

exhausted energy. Compared to all other energy solar energy is abundant and free that can be 

used to charge batteries for any module or electrical kits which are obvious for daily usage. The 

Smart Charge Controller will be designed such that the solar battery does not get over charged 

thereby ensuring no reduction of durability of the battery. This kind of system requires sensors to 

sense whether the battery is fully charged or not. After fully charged, detection safety can be 

achieved by designing a electronic circuit in the charger, which will automatically disconnect or 

cut power to the battery when it is fully charged. When the solar batteries come into account, 

they get charged in a very short time period considering of the solar/sun/light hours per day, 

which is 5 hours in Bangladesh. Our Charge controller circuit can be used to charge any battery 

including Rickshaw battery or batteries used in Solar Home System either in rental or in monthly 

payment basis.  Electric lanterns used in village area can be charged as well.  
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Chapter  1 

Introduction  

Solar Energy is obtained through radiation produced by nuclear fusion reactions deep in the 

Sun‟s core. The Sun provides almost all the heat and light. Earth receives and therefore sustains 

every living being. Bangladesh has been suffering from environmental problems and sustainable 

energy sources one becoming more and more demanding. Solar energy can be converted to 

electricity directly by Solar Home System systems. Flow of converted electricity from 

photovoltaics (PV) is determined by charge controller. An efficient charge controller can be used 

to do the battery charging and discharging process faster and better. The existing electric grids 

are not capable of supplying the electric need. Thus the Solar Battery Charge Controller is a new 

project that has emerged to the rural Bangladesh as well as in urban areas to change the scenario.  

Being the solar energy the required manpower and financial constraint are becoming less.  

The smart charge controller is designed with a view to decrease the battery charging time, 

making it capable of charging more than one battery at a time and getting the desired current 

from the photo voltaic (PV) panel.  

Solar Battery Charge Controller provides power to trickle charging of batteries from stand-alone 

solar panels. People bring own their batteries or rent from the station for recharging up to a 

specific voltage level-which is monitored by the newly developed software dedicated for this 

project. Solar Battery Charge Controller was initially conceived worldwide to bring the price per 

household of electrification within the capacity to pay of the rural poor, and to foster the 

establishment of community businesses supplying the modest electricity demands of end users 

far from the grid in an entrepreneur-based electrification model. Considering the raising needs 

for electricity, Bangladesh strains solar energy as backup for electricity generation to enhance the 

shortage of power where as the national grid is unable to provide. Moreover our poverty 

corrupted rural area faces the toughest challenges to face the crisis of electricity.  

http://en.wikipedia.org/wiki/Photovoltaics
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Therefore, our aim is to make solar energy popular as one of the best renewable energy sources 

among our people by implementing Central Solar Battery Charging Station with a view to 

provide supplementary electricity. Resultantly, more and more people are now using solar energy 

as their main source of electricity. Using compound solar cells, solar panels manage to trap huge 

amounts of energy every single day. When the solar batteries come into account, they get 

charged in a very short time period considering of the solar/sun/light hours per day, which is 5 

hours in Bangladesh. The electricity is instantaneously converted and then stored in the charging 

station which is consumed by the batteries. If the panels produce power which is not required 

instantly, customers can at rest get hold of that energy in the outlook, whenever they oblige it. 

People whoever looking for savings and the future of the planet should indeed look into solar 

energy.  

1.1  Background 

Crisis of electricity is a major concern in the present era. This problem is even more critical for a 

densely populated poverty corrupted developing third world country like ours. Many of our 

people live here without the basic facility of electricity. In some area outside the city side, there 

is general electricity service called “PALLI BIDYUT” which can supply a very limited amount 

of electricity in those area that is unable cover up the basic demand of people from those area. 

Day by day crisis of electricity is increasing whereas no other solution is left for us without using 

the solar power or wind turbine to generate electricity. Again, not only we face electricity crisis 

but also day by the cost of gas and other natural resources like fuel, diesel , petroleum etc are 

rising up that is going beyond the availably of general people. Thereby such a system that can 

not only reduce the electricity crisis but also the crisis of petroleum or other natural resources for 

driving vehicles is desirable.  

We have designed a whole Solar Battery Charge Controller along with the successful 

implementation of hardware and software to represent all activities not only visually but also can 

be monitored and controlled from remote region. Implementation of Solar Battery Charge 

Controller also includes designing of a smart charge controller with a view to decrease the 

battery charging time, making it capable of charging more than one battery at a time and getting 

the desired current from the load.  
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1.2  Motivation  

Ours is a tropical country where the amount of sunlight is mostly available to meet up the 

demand of producing electricity. This type of project is not new but for our country of this can be 

implemented successfully for commercial purpose. It can bring a revolutionary change in the 

lifestyle and the economical prospectus that also can increase the GDP of Bangladesh. As ours is 

a massively power-deficient country with peak power shortages of around 25%. More than 60% 

of its people do not have access to the power grid. The country only produces 3500-4200 MW of 

electricity against a daily demand for 4000-5200 MW on average, according to official estimates. 

Solar energy is an ideal solution as it can provide griddles power and is totally clean in terms 12 

of pollution and health hazards. Since it saves money on constructing electricity transmission 

lines, it is economical as well. The solar panel providers in Bangladesh are now expecting the 

price of batteries and accessories to drastically reduce. Moreover, after the current budget of 

2012 the price for per unit electricity will be amplified more. It is flattering tougher for ordinary 

mass to cope up with the mounting price of per unit electricity of bangladesh power development 

board (BPDB). So the best alternative is to development of Solar Battery Charge Controller in 

our country effectively.  

Considering all these we are motivated to do this project as it will help our people in several 

ways. Our people are not too much efficient in monitoring. We can make use of software 

available too. Through monitoring we can control our system from remote areas thereby 

efficiently that paves us to do the development of software implementation thereby. 

1.3  Objectives 

1) We can charge the batteries used in solar home system or in our IPS. 

2) Our Battery Charge Controller can be used to charge any battery including Rickshaw battery 

or batteries used in Solar Home System either in rental or in monthly payment basis.  

3) Electric lanterns used in village area can be charged as well. 

4) Ways to increase the charging speed are critical in this application as well as in most of other 

applications since portable solar panel generally have low power production per square meter. 

So, this research also develops ways to optimize solar panels output power while charging the 

batteries.  

5)  Maximum Power Point Tracking (MPPT) for further study. 
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Chapter  2 

Key Terminologies 

 

Energy: energy is defined as the capacity of a physical system to do work. Work can not be 

done without the expense of energy. It is expressed in joules or kilowatt hours (KWh).  

Energy sources: they are generally defined as anything that can be used as a source of energy to 

provide heat, light and power. Some important energy resources are oil, natural gas and coal.  

Energy Conversion: it is the process of conversion of naturally occurring energy to other useful 

form of energy. Some loss is associated with it as well. So energy conversion is never 100%.  

Electrical energy: it refers to the flow of power or flow of charges along a conductor to create 

energy.  

Sustainable Energy: it means environmentally sound, safe, reliable, affordable energy, in other 

worlds, energy that supports sustainable development in all its economic, environmental, and 

social and security dimension.  

Energy security: it may be defined as the national policy actions assuring thee availability of all 

energy forms at affordable prices and in sufficient quantities for a reasonable future period (30 to 

50 years, depending on many factors).  

Energy efficiency: It is the ratio between electrical energy outputs to electrical energy input. 

Climate change: There is a long-term change in the statistical distribution of weather patterns 

over periods of time that range from decades to millions of years. It may be change in the 

average weather conditions or a change in the distribution of weather events with respect to an 

average, for example, greater or fewer extreme weather events. 
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Carbon tax: There is a levy exacted by a government on the use of carbon containing fuel for 

the purpose of influencing human behavior (specially economic behavior) to use less fossil fuels 

(and thus limit green house gas emission).  

Theoretical Potential: Projected ability of a system without taking into consideration the 

practical implications.  

Technical Potential: Projected ability of a system by taking the practical implications (real life 

scenario) into account.  

Economical Potential: Projected ability of a system measured in terms of financial loss or gain.  
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Chapter  3 

Renewable energy 

Introduction 

Renewable energy is generally defined as energy that comes from resources which are naturally 

replenished on a human timescale such as sunlight, wind, rain, tides, waves and geothermal heat. 

Renewable energy replaces conventional fuels in four distinct areas electricity generation, hot 

water/space heating, motor fuels, and rural (off-grid) energy services. 

Renewable energy resources exist over wide geographical areas, in contrast to other energy 

sources, which are concentrated in a limited number of countries. Rapid deployment of 

renewable energy and energy efficiency is resulting in significant energy security, climate 

change mitigation, and economic benefits. In international public opinion surveys there is strong 

support for promoting renewable sources such as solar power and wind power. While many 

renewable energy projects are large-scale, renewable technologies are also suited to rural and 

remote areas and developing countries, where energy is often crucial in human development. 

United Nations' Secretary-General Ban Ki-moon has said that renewable energy has the ability to 

lift the poorest nations to new levels of prosperity. 

Based on REN21's 2014 report, renewable contributed 19 percent to our energy consumption  

and 22 percent to our electricity generation in 2012 and 2013, respectively. Both, modern 

renewable, such as hydro, wind, solar and bio fuels, as well as traditional biomass, contributed in 

about equal parts to the global energy supply. Electricity generation from fossil fuels and nuclear 

accounted for about 78 percent, and worldwide investments in renewable technologies amounted 

to more than US$ 214 billion in 2013, with countries like China and the United States heavily 

investing in wind, hydro, solar and bio fuels. At the national level, at least 30 nations around the 

world already have renewable energy contributing more than 20 percent of energy supply. 

National renewable energy markets are projected to continue to grow strongly in the coming 

decade and beyond. 
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Figure 3.1  Wind, solar, and biomass are three emerging renewable sources of energy. 

 

 

 

Figure 3.2  Global growth of renewables throughout 2011 
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Renewable energy flows involve natural phenomena such as sunlight, wind, tides, plant growth, 

and geothermal heat, as the International Energy Agency explains:  

Renewable energy is derived from natural processes that are replenished constantly. In its 

various forms, it derives directly from the sun, or from heat generated deep within the earth. 

Included in the definition is electricity and heat generated from solar, wind, ocean, hydropower, 

biomass, geothermal resources, and biofuels and hydrogen derived from renewable resources. 

Wind power is growing at the rate of 30% annually, with a worldwide installed capacity of 

282,482 megawatts (MW) at the end of 2012, and is widely used in Europe, Asia, and the United 

States. At the end of 2012 the photovoltaic (PV) capacity worldwide was 100,000 MW, and PV 

power stations are popular in Germany and Italy. Solar thermal power stations operate in the 

USA and Spain, and the largest of these is the 354 MW SEGS power plant in the Mojave Desert. 

The world's largest geothermal power installation is The Geysers in California, with a rated 

capacity of 750 MW. Brazil has one of the largest renewable energy programs in the world, 

involving production of ethanol fuel from sugar cane, and ethanol now provides 18% of the 

country's automotive fuel. Ethanol fuel is also widely available in the USA. 

As of 2011, small solar PV systems provide electricity to a few million households, and micro-

hydro configured into mini-grids serves many more. Over 44 million households usebiogas made 

in household-scale digesters for lighting and/or cooking, and more than 166 million households 

rely on a new generation of more-efficient biomass cook stoves. United Nations' Secretary-

General Ban Ki-moonhas said that renewable energy has the ability to lift the poorest nations to 

new levels of prosperity.Renewable energy resources and significant opportunities for energy 

efficiency exist over wide geographical areas, in contrast to other energy sources, which are 

concentrated in a limited number of countries. Rapid deployment of renewable energy and 

energy efficiency, and technological diversification of energy sources, would result in 

significant energy security and economic benefits.Renewable energy replaces conventional fuels 

in four distinct areas: electricity generation, hot water/space heating, motor fuels, and rural (off-

grid) energy services: 

 

http://en.wikipedia.org/wiki/Sunlight
http://en.wikipedia.org/wiki/Wind
http://en.wikipedia.org/wiki/Tide
http://en.wikipedia.org/wiki/Biomass
http://en.wikipedia.org/wiki/Geothermal_heating
http://en.wikipedia.org/wiki/International_Energy_Agency
http://en.wikipedia.org/wiki/Hydropower
http://en.wikipedia.org/wiki/Wind_power
http://en.wikipedia.org/wiki/Installed_wind_power_capacity
http://en.wikipedia.org/wiki/Megawatt
http://en.wikipedia.org/wiki/Wind_power_in_the_European_Union
http://en.wikipedia.org/wiki/Wind_power_in_China
http://en.wikipedia.org/wiki/Wind_power_in_the_United_States
http://en.wikipedia.org/wiki/Wind_power_in_the_United_States
http://en.wikipedia.org/wiki/Wind_power_in_the_United_States
http://en.wikipedia.org/wiki/Photovoltaic
http://en.wikipedia.org/wiki/Solar_power_in_Germany
http://en.wikipedia.org/wiki/Solar_power_in_Italy
http://en.wikipedia.org/wiki/Solar_thermal_power
http://en.wikipedia.org/wiki/SEGS
http://en.wikipedia.org/wiki/Solar_power_plants_in_the_Mojave_Desert
http://en.wikipedia.org/wiki/Geothermal_power
http://en.wikipedia.org/wiki/The_Geysers
http://en.wikipedia.org/wiki/Renewable_energy_in_Brazil
http://en.wikipedia.org/wiki/Ethanol_fuel
http://en.wikipedia.org/wiki/Biogas
http://en.wikipedia.org/wiki/Lighting
http://en.wikipedia.org/wiki/Cooking
http://en.wikipedia.org/wiki/United_Nations
http://en.wikipedia.org/wiki/Ban_Ki-moon
http://en.wikipedia.org/wiki/Efficient_energy_use
http://en.wikipedia.org/wiki/Efficient_energy_use
http://en.wikipedia.org/wiki/Efficient_energy_use
http://en.wikipedia.org/wiki/Energy_security_and_renewable_technology
http://en.wikipedia.org/wiki/Electricity_generation
http://en.wikipedia.org/wiki/Solar_hot_water
http://en.wikipedia.org/wiki/Space_heating
http://en.wikipedia.org/wiki/Motor_fuel
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Figure 3.3  Global energy consumption by source. Renewables accounted for 17% in 2010. 

 

3.1  Power  generation 

Renewable energy provides 21.7% of electricity generation worldwide as of 2013.Renewable 

power generators are spread across many countries, and wind power alone already provides a 

significant share of electricity in some areas: for example, 14% in the U.S. state of Iowa, 40% in 

the northern German state of Schleswig-Holstein, and 49% in Denmark. Some countries get most 

of their power from renewables, including Iceland (100%), Norway (98%), Brazil (86%), Austria 

(62%), New Zealand (65%), and Sweden (54%). 

3.2  Heating 

 Solar hot water makes an important contribution to renewable heat in many countries, most 

notably in China, which now has 70% of the global total (180 GWth). Most of these systems are 

installed on multi-family apartment buildings and meet a portion of the hot water needs of an 

estimated 50–60 million households in China. Worldwide, total installed solar water 

heating systems meet a portion of the water heating needs of over 70 million households. The 

use of biomass for heating continues to grow as well. In Sweden, national use of biomass energy 

has surpassed that of oil. Direct geothermal for heating is also growing rapidly. 

http://en.wikipedia.org/wiki/Solar_hot_water
http://en.wikipedia.org/wiki/Renewable_heat
http://en.wikipedia.org/wiki/Solar_water_heating
http://en.wikipedia.org/wiki/Solar_water_heating
http://en.wikipedia.org/wiki/Solar_water_heating
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3.3  Transport fuels 

 Renewable biofuels have contributed to a significant decline in oil consumption in the United 

States since 2006.  The 93 billion liters of biofuels produced worldwide in 2009 displaced the 

equivalent of an estimated 68 billion liters of gasoline, equal to about 5% of world gasoline 

production. 

 

Figure 3.4   Global public support for different energy sources (2011).  

 

3.4  Wind power 

 Airflows can be used to run wind turbines. Modern utility-scale wind turbines range from 

around 600 kW to 5 MW of rated power, although turbines with rated output of 1.5–3 MW have 

become the most common for commercial use; the power available from the wind is a function 

of the cube of the wind speed, so as wind speed increases, power output increases dramatically 

up to the maximum output for the particular turbine. Areas where winds are stronger and more 

http://en.wikipedia.org/wiki/Biofuel
http://en.wikipedia.org/wiki/Wind_turbine
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constant, such as offshore and high altitude sites, are preferred locations for wind farms. 

Typical capacity factors are 20-40%, with values at the upper end of the range in particularly 

favourable sites. 

 

 

 

Figure 3.5   The 845 MW Shepherds Flat Wind Farm near Arlington, Oregon, USA. 

 

3.5  Hydropower 

Energy in water can be harnessed and used. Since water is about 800 times denser than air, even 

a slow flowing stream of water, or moderate sea swell, can yield considerable amounts of energy. 

Hydropower is produced in 150 countries, with the Asia-Pacific region generating 32 percent of 

global hydropower in 2010. China is the largest hydroelectricity producer, with 721 terawatt-

hours of production in 2010, representing around 17 percent of domestic electricity use. There 

are now three hydroelectricity plants larger than 10 GW: the Three Gorges Dam in China, Itaipu 

Dam across the Brazil/Paraguay border, and Guri Dam in Venezuela. 

 

 

http://en.wikipedia.org/wiki/Altitude
http://en.wikipedia.org/wiki/Capacity_factor
http://en.wikipedia.org/wiki/Shepherds_Flat_Wind_Farm
http://en.wikipedia.org/wiki/Arlington,_Oregon
http://en.wikipedia.org/wiki/Density_of_air
http://en.wikipedia.org/wiki/Swell_(ocean)
http://en.wikipedia.org/wiki/Three_Gorges_Dam
http://en.wikipedia.org/wiki/Itaipu_Dam
http://en.wikipedia.org/wiki/Itaipu_Dam
http://en.wikipedia.org/wiki/Itaipu_Dam
http://en.wikipedia.org/wiki/Guri_Dam
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Figure 3.6  The Three Gorges Dam on the Yangtze River in China. 

 

3.6  Solar energy 

Solar energy, radiant light and heat from the sun, is harnessed using a range of ever-evolving 

technologies such as solar eating, photovoltaics, concentrated solar power, solar 

architecture and artificial photosynthesis. Solar technologies are broadly characterized as 

either passive solar or active solar depending on the way they capture, convert and distribute 

solar energy. Passive solar techniques include orienting a building to the Sun, selecting 

materials with favorable thermal mass or light dispersing properties, and designing spaces 

that naturally circulate air. 

Active solar technologies encompass solar thermal energy, using solar collectors for heating, 

and solar power, converting sunlight intoelectricity either directly using photo voltaics (PV), or 

indirectly using concentrated solar power (CSP). 

A photovoltaic system converts light into electrical direct current (DC) by taking advantage of 

the photoelectric effect. Solar PV has turned into a multi-billion, fast-growing industry, 

continues to improve its cost-effectiveness, and has the most potential of any renewable 

http://en.wikipedia.org/wiki/Three_Gorges_Dam
http://en.wikipedia.org/wiki/Yangtze_River
http://en.wikipedia.org/wiki/Solar_energy
http://en.wikipedia.org/wiki/Light
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http://en.wikipedia.org/wiki/Solar_heating
http://en.wikipedia.org/wiki/Photovoltaics
http://en.wikipedia.org/wiki/Concentrated_solar_power
http://en.wikipedia.org/wiki/Solar_architecture
http://en.wikipedia.org/wiki/Solar_architecture
http://en.wikipedia.org/wiki/Solar_architecture
http://en.wikipedia.org/wiki/Artificial_photosynthesis
http://en.wikipedia.org/wiki/Passive_solar
http://en.wikipedia.org/wiki/Active_solar
http://en.wikipedia.org/wiki/Thermal_mass
http://en.wikipedia.org/wiki/Ventilation_(architecture)
http://en.wikipedia.org/wiki/Solar_thermal_energy
http://en.wikipedia.org/wiki/Solar_thermal_collector
http://en.wikipedia.org/wiki/Solar_power
http://en.wikipedia.org/wiki/Sunlight
http://en.wikipedia.org/wiki/Electricity
http://en.wikipedia.org/wiki/Photovoltaics
http://en.wikipedia.org/wiki/Concentrated_solar_power
http://en.wikipedia.org/wiki/Photovoltaic_system
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Photoelectric_effect
http://en.wikipedia.org/wiki/Growth_of_photovoltaics
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technology. Concentrated solar power systems use lenses or mirrors and tracking systems to 

focus a large area of sunlight into a small beam. Commercial concentrated solar power plants 

were first developed in the 1980s. 

In 2011, the International Energy Agency said that "the development of affordable, inexhaustible 

and clean solar energy technologies will have huge longer-term benefits. It will increase 

countries' energy security through reliance on an indigenous, inexhaustible and mostly import-

independent resource, enhance sustainability, reduce pollution, lower the costs of 

mitigating climate change, and keep fossil fuel prices lower than otherwise. These advantages 

are global. Hence the additional costs of the incentives for early deployment should be 

considered learning investments; they must be wisely spent and need to be widely shared". 

 

Figure 3.7  The 354 MW SEGS solar complex in San Bernardino, California, USA. 

 

 

 

 

http://en.wikipedia.org/wiki/International_Energy_Agency
http://en.wikipedia.org/wiki/Sustainability
http://en.wikipedia.org/wiki/Climate_change
http://en.wikipedia.org/wiki/Fossil_fuel
http://en.wikipedia.org/wiki/SEGS
http://en.wikipedia.org/wiki/San_Bernardino_County,_California
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3.7  Biomass 

Biomass is biological material derived from living, or recently living organisms. It most often 

refers to plants or plant-derived materials which are specificallycalled lignocellulosic biomass.   

As an energy source, biomass can either be used directly via combustion to produce heat, or 

indirectly after converting it to various forms of  biofuel. Conversion of biomass to biofuel can 

be achieved by different methods which are broadly classified into thermal, chemical  

and biochemical methods. Wood remains the largest biomass energy source today. 

 

 

 

Figure 3.8  A combined heat and power plant inMetz, France. The station uses wood and 

supplies 30,000 households. 

 

According to a 2011 projection by the International Energy Agency, solar power generators may 

produce most of the world's electricity within 50 years, dramatically reducing the emissions of 

greenhouse gases that harm the environment. Cedric Philibert, senior analyst in the renewable 

energy division at the IEA said: "Photovoltaic and solar-thermal plants may meet most of the 

http://en.wikipedia.org/wiki/Biomaterial
http://en.wikipedia.org/wiki/Lignocellulosic_biomass
http://en.wikipedia.org/wiki/Biofuel
http://en.wikipedia.org/wiki/Cogeneration
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world's demand for electricity by 2060 – and half of all energy needs – with wind, hydropower 

and biomass plants supplying much of the remaining generation". "Photovoltaic and 

concentrated solar power together can become the major source of electricity", Philibert said. 

Fig 3.9  Growth of wind power and photovoltaics. 
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CHAPTER  4 

Solar cell 

4.1  Solar cell 

A solar cell (also called photovoltaic cell or photoelectric cell) is a solid state electrical device 

that converts the energy of light directly into electricity by the photovoltaic effect. The following 

are the different types of solar cells. 

 

Figure 4.1  Extraterrestrial Solar Spectrum 

The earth receives more energy from the Sun in just one hour than the world's population uses in 

a whole year. The total solar energy flux intercepted by the earth on any particular day is 4.2 X 

1018 Watthours or 1.5 X 1022 Joules (or 6.26 X 1020 Joules per hour ). This is equivalent to 

burning 360 billion tons of oil ( toe ) per day or 15 Billion toe per hour. In fact the world's total 

energy consumption of all forms in the year 2000 was only 4.24 X 1020 Joules. In year 2005 it 

was 10,537 Mtoe (Source BP Statistical Review of World Energy 2006) Solar Radiation Sunlight 

comes in many colours, combining low-energy infrared photons (1.1 eV) with high-energy 

ultraviolet photons (3.5 eV) and all the visible-light photons between. The graph below shows 
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the spectrum of the solar energy impinging on a plane, directly facing the sun, outside the Earth's 

atmosphere at the Earth's mean distance from the Sun. The area under the curve represents the 

total energy in the spectrum. Known as the "Solar Constant" G0, it is equal to 1367 Watts per 

square metre (W/m2). 

The radiant energy falling within the visible spectrum is about 43% of the total with about 52% 

in the infra red region and 5% in the ultra violet region. 

 

The graph below shows the energy at sea level. Direct energy is the energy received directly 

from the sun. Global energy includes energy diffused, scattered or reflected from clouds and 

energy re-radiated by the earth itself. Energy received at sea level is about 1kW/m2 at noon near 

the equator. 

 

 

 

Figure 4.2  Terrestrial Solar Spectrum  
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4.2  Irradiance and Insolation 

Total solar irradiance is defined as the  amount of radiant energy emitted by the Sun over all 

wavelengths, not just visible light, falling each second on a 1 square meter perpendicular plane 

outside Earth's atmosphere at a given distance from the Sun. It is roughly constant, fluctuating by 

only a few parts per thousand from day to day. On the outer surface of the Earth's atmosphere the 

irradiance is known as the solar constant and is equal to about 1367 Watts per square meter. The 

amount of solar energy that actually passes through the atmosphere and strikes a given area on 

the Earth over a specific time varies with latitude and with the seasons as well as the weather and 

is known as the insolation  (incident solar radiation).When he Sun is directly overhead the 

insolation, that is the incident energy arriving on a surface on the ground perpendicular to the 

Sun's rays,is typically 1000 Watts per square metre. This is due to the absorption of the Sun's 

energy by the Earth's atmosphere which dissipates about25% to 30% of the radiant 

energy.Insolation increases with altitudeThe terms "irradiance" and "insolation" are often used 

interchangeably to mean the same thing. 

4.3  Available Solar Energy 

 Since the Earth's cross sectional area is 127,400,000 km², the total Sun's power it intercepted by 

the Earth is 1.740×1017 Watts but as it rotates, no energy is received during the night and the 

Sun's energy is distributed across the Earth's entire surface area, most of which is not normal to 

the Sun's rays for most of the day, so that the average insolation is only one quarter of the solar 

constant or about 342 Watts per square meter. Taking into account the seasonal and climatic 

conditions the actual power reaching the ground generally averages less than 200 Watts per 

square meter. Thus the average power intercepted at any time by the earth's surface is around 

127.4 X 106 X 106 X 200 = 25.4 X 1015 Watts or 25,400 TeraWatts. Integrating this power over 

the whole year the total solar energy received by the earth will be: 25,400 TW X 24 X 365 = 

222,504,000 eraWatthours (TWh) To put this into perspective, the total annual electrical energy 

(not the total energy) consumed in the world from all sources in 2011 was 22,126 TWh 

(International Energy Agency (IEA)). Thus the available solar energy is over 10,056 times the 

world's consumption. The solar energy must of course be converted into electrical energy, but 

even with a low conversion efficiency of only 10% the available energy will be 22,250,400 TWh 

or over a thousand times the consumption. Using the same low conversion efficiency, the entire 



28 
 

world's electricity demand could be supplied from a solar panel of 127,000 km2. Theoretically 

this could be provided by six solar plants of 21,100 km2 or 145,3 km per side, one plant in each 

of the hot, barren continental deserts in Australia, China, the Middle East, Northern Africa, 

South America and the USA or one large solar plant covering 1% of the Sahara desert. 

Unfortunately the Sun's bounty can only be harvested during daylight hours and some energy 

must be stored for use during the hours of darkness and the requirement to distribute the energy 

over great distances to where it is needed make this proposition impractical. The example merely 

serves to illustrate the abundance of the sun's energy. What is practical however is to build 

smaller, more efficient solar power plants to serve the demands of local communities using free 

solar energy when it is available in conjunction with other other energy sources or some local 

energy storage where possible. Despite this, less than 0.1% of the world's primary energy 

demand is supplied by solar energy. While using photovoltaic solar cells to to supply the world's 

electrical power needs may be technically practical, is still the most expensive way to generate 

electricity. See chart of Electricity Generating Costs and Domestic Solar PV System Economics.  

4.4  Equivalent Hours of Full Sun (EHS) 

Because of the variation in the intensity of the Sun's radiation during the day and also the 

variations in the length of the day it is difficult to make comparisons of the Sun's energy falling 

upon the Earth at different locations. The graph opposite shows an example in which the 

insolation reaches 1000 W/m2 at noon when the sun is at its highest point in the sky. An 

insolation of 1000 W/m2 is known as the "Full Sun". Most of the time the incident energy is 

below this value because it depends on the angle of incidence of the Sun's rays with the ground, 

increasing during the day from a very low value at dawn as the Sun rises to a peak at noon and 

falling again as the Sun sets. (See Angle of Incidence below). Similarly the insulation will be 

reduced as higher latitudes due to the effect of air mass - (See below).  

The graph also shows that, in this case, the total received energy over the 10 hours of daylight 

will be 3.5 kWh. 
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Figure 4.3  Daily variation in isulation. 

 

 If the insolation had been constant at 1000 W/m2 the same amount of energy would have been 

received in 3.5 hours. The Equivalent Hours of Full Sun is a measure of average insolation at 

different locations. In this case the EHS is 3.5 hours. The available solar energy and thus the 

Equivalent Hours of Full Sun (EHS) also depend on the atmospheric conditions of cloud cover 

and pollution. See Available Energy - Practical Systems below. The concept of EHS is useful for 

comparing the potential of solar energy systems when installed at different geographic locations. 

4.5  Capturing Solar Energy 

Solar energy can be captured in two forms, either as heat or as electrical energy. 

4.5.1  Thermal Systems 

Thermal systems capture the Sun's heat energy (infra red radiation) in some form of solar 

collector and use it to mostly to provide hot water or for space heating, but the heat can alsoused 

to generate electricity by heating the working fluid in heat engine which in turn drives a 

generator. 
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4.5.2  Photovoltaic Systems 

Photovoltaic systems capture the sun's higher frequency radiation (visible and ultra violet) in an 

array of semiconductor, photovoltaic cells which convert the radiant energy directly into 

electricity. The actual solar energy or insolation reaching a solar collector or array depends on its 

position on the Earth, its orientation and it also varies continuously with time as well as weather 

conditions. The amount of energy captured is directly proportional to the area of the Sun's energy 

front intercepted by the collector. 

4.6  Some Geometry 

The orientation of the solar collector or the photovoltaic array with respect to the position of the 

Sun is a major determinant in the efficiency of the solar power system. 

 

4.6.1  Angle of Incidence 

The amount of energy impinging on a collector or array is directly proportional to the area of the 

radiation wave-front it intercepts. For optimum energy capture the collector must be 

perpendicular to the Sun's rays when the angle of incidence is 90°. For a flat plate on the ground 

this occurs only when the Sun is directly overhead. Unfortunately unless you live in the tropics 

this will never be the case and solar arrays must be tilted towards the Sun to receive the 

maximum insolation. When the incident energy is not perpendicular to the collector, the angle of 

incidence is (90° - Θ) and the effective area of the collector is A.cosΘ where A is the area of the 

collector and Θ is the deviation from perpendicular of the radiation. 

 

Figure 4.4  Incident Energy on Inclined Plane. 
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4.6.2  Air Mass 

The Air Mass is a dimensionless quantity defined as the ratio between the actual path length of 

the solar radiation through the atmosphere and the vertical path length through the atmosphere at 

sea level. If the Sun's radiation is not perpendicular to the Earth, the transit path through the 

Earth's atmosphere will be longer and hence the energy absorbed on the way to the collector or 

array will be greater. The effect of the longer route through the atmosphere is to increase the 

energy absorption (or lost energy) by a factor of 1/cosΦ where Φ is the deviation from 

perpendicular of the radiation, also called the zenith angle. Thus in the polar regions as Φ 

approaches 90 degrees (cosΦ>0) the insolation is very low, even if the collector is pointed 

directly at the Sun, due to the longer path through the atmosphere. 

 

 

Figure 4.5  Energy Absorption by the Atmosphere.  

4.6.3  Altitude 

Insolation increases with altitude since the radiation passes through less air mass hence the 

energy absorption by the atmosphere is less. 

4.7  Some Astronomy 

To calculate how solar insolation varies with time and with the position of the collector on the 

Earth's surface we need to know a little astronomy. 

 

Though the Earth moves around the Sun, for the purposes of calculating the energy intercepted 

by our collectors it is often convenient to assume that the Earth is stationary and the Sun moves 

relative to the earth in much the same way as the ancients did before Copernicus pointed out 
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their error. Assuming the Earth does not rotate, the apparent trajectory of the Sun follows a two-

dimensional plane in the sky called the ecliptic. 

 

 

 

 

 

Figure 4.6  Azimath and Altitude for Northern latitudes. 

 

4.7.1  The Earth's Orbit 

The Earth orbits the Sun with one revolution per year in an elliptical orbit with the Sun at one of 

the foci of the ellipse. The orbit's two foci are very close together however so that the orbit is 

almost circular, the distance to the Sun from the perihelion, the point in its orbit closest to the 

Sun, being only about 3% less than its distance from the aphelion, its furthest distance. Because 

the orbit is almost circular, the effect of the orbit on solar irradiance remains essentially constant 
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throughout the year as the Earth orbits the Sun. The actual energy received at any distance from 

the Sun is determined by the inverse square law. Thus a 3% change in distance gives rise to a 6% 

change in the irradiance. 

 

 

4.7.2  The Earth's Rotation 

The Earth's rotation of once per day defines our day and night. As the Earth rotates the insolation 

at any point on its surface rises to a maximum at mid-day and falls to zero during the night as the 

Earth presents a different face towards the Sun. For maximum efficiency the orientation of the 

collector should follow the Sun as it passes overhead from East to West. 

 

4.7.3  Latitude 

A solar collector or array placed on the ground will only receive the maximum insolation when 

the Sun is directly overhead. Because the Earth is roughly spherical, the angle between the plane 

of the Earth's surface and the incident solar radiation will gradually increase from 90 degrees as 

we move away from the equator to the upper and lower latitudes by an angle Θ equal to the 

latitude of the observer. At this point the altitude angle α of the Sun will be (90 - Θ) degrees. 

Because of the increased inclination of the Earth's surface the insolation received by a collector 

placed on the surface will gradually decrease. For maximum effect the axis of the inclination 

should be perpendicular to the polar axis. That is, in the Northern hemisphere the direction of the 

collector should point due South. Note that the polar axis is not the same as the compass bearing 

because the magnetic poles do not necessarily line up exactly with the geometric poles. The 

angle between the magnetic and geographical meridians at any place is called the magnetic 

declination or variation and can be as much as 20 degrees or more. It is expressed in degrees east 

or west to indicate the direction of magnetic north from true north. Unfortunately the Sun does 

not appear to follow a constant path in the Earth's equatorial plane. It appears to move North in 

the Summer and South in the Winter. In fact the Sun is stationary and the effect is due to the tilt 

of the Earth's axis of rotation. 
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4.8  The Earth's Tilt 

The Earth's rotational axis is tipped over about 23.45 degrees from the plane of its orbit. This tilt 

is essentially constant, maintained in that direction due to the gyroscopic action of the earth's 

rotation, and always points in the same direction relative to the stars, so that the North Pole 

points towards the star Polaris, the North Star. Over very long time periods however, measured 

in thousands of years, the direction of Earth's axis slowly changes due to gyroscopic precession. 

 

4.8.1  Solar Tracking 

As indicated above the amount of energy captured by a solar system can be maximised if the 

collector can follow the ecliptic path of the Sun so that the plane of the collector or array is 

always perpendicular to the direction of the Sun. Automatic mechanical tracking systems make it 

possible to track both the azimuth and the elevation of the Sun's position to maximize energy 

capture. 

 

Figure 4.7  Solar Tracking. 
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Note the lower zenith and the reduced azimuth range of the winter Sun. The chart below shows 

that, in the UK, the available energy from the winter Sun is between one sixth and one twelfth of 

the energy from the summer Sun depending on the latitude. 

 

4.8.2  Azimuth Tracking 

Azimuth tracking keeps the collector pointing at the Sun as the Earth rotates. The insolation 

varies between zero and its maximum value during the course of every day and remains around 

its maximum value for a relatively short period of time. Azimuth tracking enables the collector to 

follow the Sun from East to West throughout the day and brings the most benefits. Passive 

systems provide the simplest form of azimuth tracking. They have no motors, controllers or gears 

and they don't use up any of the energy captured by the collector. They depend on the differential 

heating of two interconnected tubes of gaseous refrigerants, one on either side of the collector. If 

the collector is not pointing towards the Sun, one side heats up more than the other and vaporises 

its refrigerant. The resulting change in weight is used in a mechanical drive mechanism to turn 

the collector towards the Sun where it will remain when the temperature and weight of the two 

tubes will be balanced. Active tracking is also possible by employing temperature sensors and a 

control system with linear actuating motors taking their drive power from the system. 

 

4.8.3  Altitude/Elevation Tracking 

Elevation tracking enables the collector to follow the seasonal variations in the Sun's altitude but 

the economic benefits are less than for azimuth tracking. Compared with the daily variations in 

insolation, the seasonal variations are very slow and the range of the variation, due to the solar 

declination is much more restricted. Because of this, reasonable efficiency gains can be obtained 

simply by manually adjusting the elevation of the collectors every two months. To avoid the cost 

and complexity of elevation tracking, it may be more cost effective just to specify larger 

collectors. 
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4.9  Solar Power Generation (Voltaic) 

Solar voltaic power generation is the direct conversion of solar energy into electricity. Sunlight 

comes in many colours, combining low-energy (1.1 electronVolts (eV)) infrared photons with 

high-energy (3.5 eV) ultraviolet photons and all the rainbow of visible-light photons in between. 

Solar cells, also called photovoltaic or PV cells, are semiconductor devices designed to capture 

these photons and convert their energy directly into electrical energy. 

 

4.10  How Solar Cells Work 

When a photon with sufficient energy impinges upon a semiconductor it can transfer enough 

energy to a electron to free it from the bonds of the semiconductor's valence band so that it is 

free to move and thus carry an electric current. The junction in a semiconductor diode provides 

the necessary electric field to cause the current to flow in an external circuit. A more detailed 

explanation of how solar cells work is given in the section on photovoltaic diodes. The typical 

output voltage of a PV cell is between 0.5 and 0.6 Volts and the energy conversion efficiency 

ranges from less than 10% to over 20%. An array of cells can therefore generate about 200 Watts 

of electrical power per square metre when illuminated by solar radiation of 1000 Watts per 

square metre. The corresponding current density will be about 400 Amps/m2. Because of 

climatic conditions the intensity of the insolation rarely reaches 1000 W/m2. Practical cells are 

also much smaller than one square meter with actual sizes of commercially available cells anging 

from about one centimeter square to 15 centimetres square. The corresponding output Wattages 

for these cells range from 20 milliWatts to about 4 Watts. 

 

4.11  Solar Cell Operating Characteristics 

The graph below shows that with constant irradiance the output voltage of a cell or an array of 

cells falls as it is called upon to deliver more current. 
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Figure 4.8  V-I Curve of  PV Cell. 

Maximum power delivery occurs the voltage has dropped to about 80% of open circuit voltage 

voltage. The Fill Factor (FF) is defined as the ratio between the power at the maximum power 

point and the product of the open circuit voltage and short circuit current. It is typically better 

than 75% for good quality solar cells. 

 

4.12  Solar Cell Efficiency 

The following graphs show the same information as those above but in a slightly different form 

showing how increased temperature reduces the efficiency. 

 

 

Figure 4.9  DC Efficiency & Power output. 
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In real outdoor conditions the rated peak power Wp is seldom achieved, since module 

temperature usually is more in the range of 40°C - 60°C. Efficiency can be improved by cooling 

the cells and some systems have been designed to make use of the heat absorbed by the cooling 

fluid in solar heating applications. 

 

4.13  Maximum Power Point Tracking (MPPT) 

A power source will deliver its maximum power to a load when the load has the same impedance 

as the internal impedance of the power source. (Jacobi's Law). Unfortunately, batteries are far 

from the ideal load for a solar array and the mismatch results in major efficiency losses. A 

typical PV array designed to charge 12 Volt batteries delivers its maximum power at an  perating 

voltage around 17 Volts. Lead Acid batteries are normally charged up to 14 Volts though the 

voltage quickly drops to 12 Volts as they start to deliver current and lower still as the depth of 

discharge (DOD) increases. In its simplest form, charging is carried out by connecting the PV 

array directly across the battery. The battery however is a power source itself and presents an 

opposing voltage to the PV array. This pulls the operating voltage of the array down to the 

voltage of the discharged battery and this is far from the optimum operating point of the array. 

The diagram below shows the performance of a17 Volt, 4.4 Amp, 75 Watt PV array used to top 

up a 12 Volt battery. If the actual battery voltage is 12 Volts, the resulting current will only be 

about 2.5 Amps and the power delivered by the array will be just over 50 Watts rather than the 

specified 75 Watts: an efficiency loss of over 30%. Maximum Power Point Tracking is designed 

to overcome this problem. 
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Figure 4.10  Battery Charging Power transfer. 

 

The power tracker module is a form of voltage regulator which is placed between the PV array 

and the battery. It presents an ideal load to the PV array allowing it to operate at its optimum 

voltage, in this case 17 Volts, delivering its full 75 Watts regardless of the battery voltage. A 

variable DC/DC converter in the module automatically adjusts the DC output from the module to 

match the battery voltage of 12 Volts. As the voltage is stepped down in the DC/DC converter, 

the current will be stepped up in the same ratio.  

Thus the charging current will be 17/12 X 4.4 = 6.2 Amps and, assuming no losses in the 

module, the power delivered to the battery will be 12 X 6.23 = the full 75 Watts generated by the 

PV array. It is not enough however to match the voltage at the specified maximum power point 

(MPP) of the PV array to the varying battery voltage as the battery charges up. Due to changes in 

the intensity of the radiation falling on the array during the day as well as to changes in the 

ambient temperature, the operating characteristic of the PV array is constantly changing and with 

it the MPP of the PV also changes. Thus we have a moving reference point and a moving target. 

For optimum power transfer, the system needs to track the MPP as the solar intensity and 

ambient temperature changes in order to provide a dynamic reference point to the voltage 

regulator.  
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High performance MPPT modules may incorporate software algorithms to take account of the 

variations in insolation and temperature. A typical job for fuzzy logic or a neural network. 

Alternatively the optimisation can be accomplished in hardware by means of a perturbation 

signal incorporated in a feedback loop which drives the system operating point to the MPP. 

A small dither voltage is superimposed on the PV voltage and its affect on the regulator output 

current feeding the battery is monitored. If the current drawn by the battery increases when the 

dither voltage increases, then the operating point has moved towards the MPP and therefore, the 

operating voltage must be increased in the same direction. On the other hand, if the current into 

the battery decreases, then the operating point has moved away from the MPP and the operating 

voltage must be decreased to bring it back. 
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CHAPTER  5 

Battery 

5.1  Battery Information 

Learn how to optimize charging conditions to extend service life. 

We now study various charging methods and examine why some systems work better than 

others. We focus on closed-loop techniques that communicate with the battery and terminate 

charge when certain responses occur. Lead acid charging uses a voltage-based algorithm that is 

similar to lithium-ion. The charge time of a sealed lead acid battery is 12–16 hours, up to 36–48 

hours for large stationary batteries. With higher charge currents and multi-stage charge methods, 

the charge time can be reduced to 10 hours or less; however, the topping charge may not be 

complete. Lead acid is sluggish and cannot be charged as quickly as other battery systems. 

 

5.2  12v,7.5ah, lead acid Battery Charging  

 

 

 

 

 

 

 

 

 

Figure 5.1  Lead acid battery. 

 

 

 



42 
 

Table 1  Basic Information of  a battery 

Capacity: 7.5Ah (7,500mAh) 

Weight: 2.6kg 

Constant Voltage Charge: 14.4 - 15V 

Float Use: 13.5 - 13.8V 

Recommended 1st charge max current: 2.3A (2,300mA) 

 

Lead acid batteries should be charged in three stages, which are constant-current charge, topping 

charge and  float charge. The constant-current charge applies the bulk of the charge and takes up 

roughly half of the required charge time; the topping charge continues at a lower charge current 

and provides saturation, and the float charge compensates for the loss caused by self-discharge. 

Figure 6.2 illustrates these three stages.

 

 

Figure 5.2  Charge stages of a lead acid battery. 
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The battery is fully charged when the current drops to a pre-determined level or levels out in 

stage 2. The float voltage must be reduced at full charge. 

Courtesy of Codex During the constant-current charge, the battery charges to 70 percent in 5–8 

hours; the remaining 30 percent is filled with the slower topping charge that lasts another 7–10 

hours. The topping charge is essential for the well-being of the battery and can be compared to a 

little rest after a good meal. If deprived, the battery will eventually lose the ability to accept a full 

charge and the performance will decrease due to sulfation. The float charge in the third stage 

maintains the battery at full charge. 

The switch from Stage 1 to 2 occurs seamlessly and happens when the battery reaches the set 

voltage limit. The current begins to drop as the battery starts to saturate, and full charge is 

reached when the current decreases to the three percent level of the rated current. A battery with 

high leakage may never attain this low saturation current, and a plateau timer takes over to 

initialize the charge termination. 

The correct setting of the charge voltage is critical and ranges from 2.30 to 2.45V per cell. 

Setting the voltage threshold is a compromise, and battery experts refer to this as “dancing on the 

head of a needle.” On one hand, the battery wants to be fully charged to get maximum capacity 

and avoid sulfation on the negative plate; on the other hand, an over-saturated condition causes 

grid corrosion on the positive plate and induces gassing. 

To make “dancing on the head of a needle” more difficult, the battery voltage shifts with 

temperature. Warmer surroundings require slightly lower voltage thresholds and a cold ambient 

prefers a higher level. Chargers exposed to temperature fluctuations should include temperature 

sensors to adjust the charge voltage for optimum charge efficiency. If this is not possible, it is 

better to choose a lower voltage for safety reasons. Table 4-5 compares the advantages and 

limitations of various peak voltage settings. 

 

 

 

 

 

 

 



44 
 

 

 

 

  

2.30V to 2.35V/cell 2.40V to 2.45V/cell 

Advantages 

Maximum service life; 

battery stays cool; charge 

temperature can exceed 30°C 

(86°F). 

Higher and more consistent 

capacity readings; less 

sulfation. 

Disadvantages 

Slow charge time; capacity 

readings may be inconsistent 

and declining with each 

cycle. Sulfation may occur 

without equalizing charge. 

Subject to corrosion and 

gassing. Needs constant 

water. Not suitable for 

charging at high room 

temperatures, causing severe 

overcharge. 

 
Table 5.1  Effects of charge voltage on a small lead acid battery. 

 

Cylindrical lead acid cells have higher voltage settings than VRLA and starter batteries. 

Once fully charged through saturation, the battery should not dwell at the topping voltage for 

more than 48 hours and must be reduced to the float voltage level. This is especially critical for 

sealed systems because these systems are less able to tolerate overcharge than the flooded type. 

Charging beyond what the battery can take turns the redundant energy into heat and the battery 

begins to gas. The recommended float voltage of most low-pressure lead acid batteries is 2.25 to 

2.27V/cell. (Large stationary batteries float at 2.25V at 25°C (77°F.) Manufacturers recommend 

lowering the float charge at ambient temperatures above 29°C (85°F). Not all chargers feature 

float charge. If your charger stays on topping charge and does not drop below 2.30V/cell, remove 

the charge after 48 hours of charge. Whereas the voltage settings in Table 4-5 apply to low-

pressure lead acid batteries with a pressure relief valve of about 34kPa (5psi), cylindrical sealed 

lead acid, such as the Hawker Cyclon cell, requires higher voltage settings and the limits should 

be set according to the manufacturer‟s specifications. Failing to apply the recommended voltage 
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will cause a gradual decrease in capacity due to sulfation. The Hawker Cyclon cell has a pressure 

relief setting of 345kPa (50psi) and this allows some recombination of the gases generated 

during charge. Aging batteries pose a challenge when setting the optimal float charge voltage 

because each cell has its own age-related condition. Weak cells may go into hydrogen evolution 

as part of overcharge early on, while the stronger ones undergo oxygen recombination in an 

almost starved state. Connected in a string, all cells receive the same charge current and 

controlling individual cell voltages is almost impossible. A float current that is too high for the 

faded cell might starve the strong neighbor and cause sulfation due to undercharge. Companies 

have developed cell-balancing devices, which are placed on the battery and compensate the 

differences in cell voltages that occur as a result of cell imbalance. 

Ripple voltage imposed on the voltage of large stationary batteries also causes a problem. The 

voltage peak constitutes an overcharge, causing hydrogen evolution, while the valleys induce a 

brief discharge that creates a starved state that results in electrolyte depletion. Manufacturers 

typically limit the ripple to five percent, or 5A for a 100Ah battery. 

Much has been said about pulse charging of lead acid batteries. There are apparent advantages in 

reducing sulfation; however, manufacturers and service technicians are divided on the benefits, 

and the results are inconclusive. If sulfation could be measured with accuracy and the pulses 

applied as a corrective service, then the remedy could be beneficial. Assumptions without 

knowing the underlying results can be harmful. 

Most stationary batteries are kept on float charge. To reduce stress, the so-called hysteresis 

chargedisconnects the float current when the battery is full. As the terminal voltage drops due to 

self-discharge, an occasional topping charge replenishes the lost energy.  

In essence, the battery is only “borrowed” from time to time for brief moments. This mode works 

well for installations that do not draw a load when on standby. 

Lead acid batteries must always be stored in a charged state. A topping charge should be applied 

every six months to prevent the voltage from dropping below 2.10V/cell. With AGM, these 

requirements can be somewhat relaxed. 

Measuring the open circuit voltage (OCV) while in storage provides a reliable indication as to 

the state-of-charge of the battery. A voltage of 2.10V at room temperature reveals a charge of 

about 90 percent. Such a battery is in good condition and needs only a brief full charge prior to 

use. If the voltage drops below 2.10V, the battery must be charged to prevent sulfation. Observe 



46 
 

the storage temperature when measuring the open circuit voltage. A cool battery lowers the 

voltage slightly and a warm one increases it. Using OCV to estimate state-of-charge works best 

when the battery has rested for a few hours, because a charge or discharge agitates the battery 

and distorts the voltage. 

Some buyers do not accept shipments of new batteries if the OCV at incoming inspection is 

below 2.10V per cell. A low voltage suggests partial charge due to long storage or a high self-

discharge induced by a possible micro-short. Battery users have indeed found that a pack 

arriving at a lower than specified voltage has a higher failure rate than the others. Although in-

house service can often bring such batteries to full performance, the time and equipment required 

adds to operational costs. (Please note that the 2.10V/cell acceptance threshold does not apply to 

all lead acid types.) 

 

5.3  Simple Guidelines for Charging Lead Acid Batteries 

 Charge in a well-ventilated area. Hydrogen gas generated during charging is explosive.  

 Choose the appropriate charge program for flooded, gel and AGM batteries. Check 

manufacturer‟s specifications on recommended voltage thresholds. 

 Charge lead acid batteries after each use to prevent sulfation. Do not store on low charge. 

 The plates of flooded batteries must always be fully submerged in electrolyte. Fill battery 

with distilled or de-ionized water to cover the plates if low. Tap water may be acceptable 

in some regions. Never add electrolyte.  

 Fill water level to designated level after charging. Overfilling when the battery is empty 

can cause acid spillage.  

 Formation of gas bubbles in a flooded lead acid indicates that the battery is reaching full 

state-of-charge (hydrogen on negative plate and oxygen on positive plate). 

 Reduce float charge if the ambient temperature is higher than 29°C (85°F). 
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 Do not allow a lead acid to freeze. An empty battery freezes sooner than one that is fully 

charged. Never charge a frozen battery.  

 Do not charge at temperatures above 49°C (120°F). 

5.4  Lead Acid Batteries Application 

1. Provide electricity to start the engine 

2. Provide electrical power to the vehicle when the engine is off 

3. Help the alternator if the electrical load exceeds alternator capacity 
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CHAPTER 6 

Charge Controller 

 Introduction 

One of the problems with solar power is that the output of the solar panel is variable. These solar 

charge controllers are designed to extract the maximum amount of power available from the 

solar panels and deposit it in the battery. Solar PV charge controllers take the uncertain voltage 

from a solar panel and condition it to safely charge lead acid batteries. These solar PV charge 

controllers energy harvesting, and a three-stage charging method, bulk, absorption, and float 

(maintenance) charge, but due to the nature of solar panels these are different in nature than a 

typical AC driven charger. They pulse charge the battery. During the pulse the solar panel is 

virtually short-circuited to extract the maximum power from the panel and also to allow the 

panel to work more efficiently. These solar charge controllers also protect your panels from 

discharging through the batteries after the sun goes down. Solar charge controllers are necessary 

to protect your PV battery investment. 

These solar charge controllers also have system functions, for example dusk detection which can 

be used to turn on the load connected to the DC output at dusk, and turn off the load to prevent 

the batteries from being over-discharged. They have very low quiescent current draw, which 

means that when the solar panels are not producing enough power to charge, and when the 

battery current is not called for, the system can sleep without draining the batteries. 

 

6.1 Theory 

The SCC is a Solar Charge Controller, its function is to regulate the power flowing from a 

photovoltaic panel into a rechargeable battery. It features easy setup with one potentiometer for 

the float voltage adjustment, an equalize function for periodic overcharging, and automatic 

temperature compensation for better charging over a range of temperatures. The goal of the 

circuit design was to make a charge controller with analog simplicity, high efficiency, and 

reliability. A medium power solar system can be built with a 12V solar panel up to 10amps, the 

SCC, and a rechargeable battery. The SCC works with lead acid, NiCD and NiMH batteries with 
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ratings from less than one to several hundred amp-hours. With the appropriate parts selection, the 

SCC can be operated at 6V, 12V, 24V or other voltages. 

 

6.2  Description of Different component those are using in project   

6.2.1  Voltage comparator circuit 

Voltage comparator is a circuit which compares two voltages and switches the output to either 

high or low state depending upon which voltage is higher. A voltage comparator based on op 

amp is shown here. Fig6.1 shows a voltage comparator in inverting mode and Fig shows a 

voltage comparator in non inverting mode. 

 

Figure 6.1   Voltage comparator using lm741 

 

6.2.2  Non inverting comparator. 

In non inverting comparator the reference voltage is applied to the inverting input and the 

voltage to be compared is applied to the non inverting input. Whenever the voltage to be 

compared (Vin) goes above the reference voltage, the output of the op amp swings to positive 

saturation (V+) and vice versa. Actually what happens is that, the difference between Vin and 

Vref, (Vin – Vref) will be a positive value and is amplified to infinity by the op amp. Since there 

is no feedback resistor Rf, the op amp is in open loop mode and so the voltage gain (Av) will be 
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close to infinity. So the output voltage swings to the maximum possible value ie; V+. Remember 

the equation Av = 1 + (Rf/R1). When the Vin goes below Vref, the reverse occurs. 

 

6.2.3  Inverting comparator 

In the case of an inverting comparator, the reference voltage is applied to the non inverting input 

and voltage to be compared is applied to the inverting input. Whenever the input voltage (Vin) 

goes above the Vref, the output of the op amp swings to negative saturation. Here the difference 

between two voltages (Vin-Vref) is inverted and amplified to infinity by the op amp. Remember 

the equation Av = -Rf/R1. The equation for voltage gain in the inverting mode is Av = -

Rf/R1.Since there is no feedback resistor, the gain will be close to infinity and the output voltage 

will be as negative as possible ie; V-. 

 

6.2.4  Function of MOSFET 

MOSFET stands for metal-oxide semiconductor field-effect transistor. It is a special type of 

field-effect transistor (FET). 

Unlike BJT which is „current controlled‟, the MOSFET is a voltage controlled evice. The 

MOSFET has “gate“, “Drain” and “Source”  terminals instead of a “base”, “collector”, and 

“emitter” terminals in a bipolar transistor. By applying voltage at the gate, it generates an 

electrical field to control the current flow through the channel between drain and source, and 

there is no current flow from the gate into the MOSFET. 

 

     

  

 

 

Figure 6.2  hardware system and symbol of MOSFET 

http://blog.oscarliang.net/bjt-bipolar-junction-transistor-beginner-tutorial/
http://en.wikipedia.org/wiki/MOSFET
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6.2.5  How to use MOSFET as a switch 

 

Figure 6.3  Basic operation of MOSFET 

To use a MOSFET as a switch, you have to have its gate voltage (Vgs) higher than the source. If 

you connect the gate to the source (Vgs=0) it is turned off. 

For example we have a IRF9Z34N which is a “standard” MOSFET and only turns on when 

Vgs=2V – 5V.  However if you want to drive which is running at 5V, you will need a “logic-

level” MOSFET that can be turned on at 5V (Vgs = 5V).  

The MOSFET are used differently compared to the conventional junction FET. 

 The infinite high input impedance makes MOSFETs useful for power amplifiers. The 

devices are also well suited to high-speed switching applications. Some integrated 

circuits contain tiny MOSFETs and are used in computers. 
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 Because the oxide layer is so thin, the MOSFET can be damaged by built up electrostatic 

charges. In weak-signal radio-frequency  work, MOSFET devices do not generally 

perform as well as other types of FET. 

 

6.2.6  Voltage Regulator (78L05) 

The LM78L05 is a three terminal (T0-92) 5V Voltage regulator that is capable of sourcing 

100mA. The LM78L05 is a three terminal IN, OUT and GND  5VVoltage regulator that is 

capable of sourcing 100mA. 

If varying the input voltage (Vin) output always will be given 5v. This voltage are using to 

reference and op amp positive biased voltage. 

 

 

  

 

Figure 6.4  Voltage Regulator (78L05) 

 

6.3 Operation of Charge Controller Circuit 

The SCC acts as a medium power DC current switch between the + terminals of the PV and 

battery. Diode D1 prevents reverse night time current flow from the battery back to the PV panel. 

When the PV voltage is high enough to charge the battery, zener diode D2 conducts and turns on 

transistor Q2. Q2 switches the power for the rest of the circuit on. The circuit is switched off at 

night. IC2 provides a 5 volt regulated voltage to power the comparator circuits, it also provides a 

reference voltage for comparator IC1a. When the battery voltage is below the desired full voltage 

and needs charging, comparator IC1a 
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turns on and activates Q1 and Q3, this allows the solar charging current to flow into the battery. 

Note that Q3 is a P-channel mosfet, this allows the circuit to be wired with a common ground for 

the solar panel and battery. The solar current loop is drawn in heavy lines on the schematic.  

 
 

 Figure 6.5  Started the Battery Charging “red light on” (Using Protious) 

 

When the battery reaches the full charge point, IC1a operates as a comparator based schmidt  

trigger oscillator, it switches the solar current off and on. The switching causes the battery 

voltage to oscillate a few tens of mill volts above and below the desired set point. A rail-to-rail 

op-amp is required for proper operation, lm741 style op-amps will not work in this circuit. The 

red/green charging/full LED is driven between the output of IC1A and IC1B. IC1B has an 

inverted version of the IC1A signal. Pin 5 of IC1B only needs an approximate center point to 

work as an on-off comparator, it is connected to the varying IC1A pin 2 so that it does not 

require another reference divider circuit. The resistors and thermistor on the input side of  IC1A 

form a resistive bridge circuit that is used to compare the battery voltage to a reference voltage 

coming from IC2/R8/R9. The potentiometer adjusts the voltage point around which the circuit 
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will oscillate on full charge. Resistor R7 adds positive feedback to IC1A for a schmidt trigger 

characteristic and C6 sets the maximum frequency of oscillation. The thermistor (battery 

temperature) provides thermal compensation, as the temperature goes down, the float voltage 

setting goes up. The equalize switch, SW1, forces the circuit on for intentional overcharging. 

Switch SW2 and R1 can be used to select a different float voltage range, you can experiment 

with this by using different values of  R1, typically R1 should be greater than 1M. 

6.3.1  Battery Reached to Our Desired Voltage 

When battery voltage reached to the desired voltage 12V in this time inverting terminal voltage 

will be higher than  the non inverting voltage, which given output of op amp (IC1A) reset to zero 

due to the transistor Q1 will be cut off . For Q1 cut off no biased voltage getting of FET Q3. No 

current flow from drain to source terminal in this situation LED2 light emitted this means battery 

reached to full charge, fig-6.3 is below  

 
  

Figure 6.6  Battery voltage reached to desired level “Green Light” 

BATTERY
12V

R4

10k

Q3

IRF9Z34N

C9
0.1uF

Q1
2N3904

R13

100

C3
.1uF

VI
3

VO
1

G
N

D
2

IC2
78L05C4

.1uF

R8
100k

R9
200k

R5

100k

R7

4.7M

C6

0.1uF

R11
75k

C7
0.1uF

R12
100k

RV1
100K

D1
1N5231B

D2

1N5242B

C1
47uF

C2
0.1uF

FUSE

10A

R2

3.9K

C5

.01uF

Q2
2N3906

SW1

SOLAR PANEL
16V

LED 2

LED-GREEN(Float Voltage Reached)

R6

750

Volts

+5.01

3

2

6

7
4

1
5

IC1A

LM741

3

2

6

7
4

1
5

IC1B

LM741
LED 1

LED-RED (Charging)

SW2

Amps

+0.67

R1
1 ohm

R3

10k

C8
1uF



55 
 

We can easily control the desired charging level by SW1 and SW2. By SW1 (off/on) switch 

forcedly battery charging level lower to upper, and by S2 (off/on) switch battery charging from 

lower to upper.   

6.4  Hardware Construction   

We are done this circuit step by step forward for checking each parts which working yes/no 

conformed us. During the hardware simulation one BJT Q2 burned, at that moment we are didn‟t 

identify. Huge time lost for that fault, when we did checked again step by step in this way 

identified that fault. 

  At the end Project then connect with the Photovoltaic (PV) panel also load. We are getting 

different reading from different places. This reading shown our supervisor also another teachers. 

 

 

Figure 6.7  Hardware Structure our Project 

 

Now we make a table according to battery different stages of charging (using Protious) 
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Table 2  Result of  the charging Current & Voltage of the Battery and solar Panel. 

 

 

 

  

Sun Light 

at    

10am-3pm  

 

Solar Panel  

Voltage 

   (V)  

 

Solar Panel  

Current  

   (mA)  

 

Battery 

Voltage  

     (V)  

 

Battery 

Current  

   (mA)  

 

14 2.63 4 2.62 

15 2.24 6 2.23 

16 1.86 8 1.84 

16 1.47 10 1.84 

16 1.08 12.6(max) 1.07 
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Conclusion 
 

The control of battery charging is so important that most manufacturers of high quality 

batteries (with warranties of five years or longer) specify the requirements for voltage 

regulation, low voltage disconnect and temperature compensation. When these limits are 

not respected, it is common for batteries to fail after less than one quarter of their normal 

life expectancy, regardless of their quality or their cost.We have been Designed the 

charge controller circuit for the maximum charging level at 12.6 volt (100%) and the 

maximum discharging level at 11.9 volt (40%) Also we have been simulated by protius 

software. Finally we have been constructed hardware circuit construction. This charge 

controller circuit also can be use for either 6 volt or 12 volt battery charging. 

Our Charge controller circuit can be used to charge any battery including Rickshaw 

battery or batteries used in Solar Home System either in rental or in monthly payment 

basis.  Electric lanterns used in village area can be charged as well. 

Prediction of the project may be standardized through convert DC to AC purpose. Also 

find out the Maximum Power Pont Tracing (MPPT) of solar panel.  
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