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Abstract— Solar Power Management is a project based on 

automatically switching of the battery to the load and to the 

solar panel. Most of the previous work in this field is based 

on the charging of battery with solar panel but the 

difficulties is faced during that process is a manual operation 

is required to check and change the battery status. Thus 

manual help is required to do all this work. 

Solar Power Management is the project in which 

the controller automatically checks the status and switches 

the battery having highest voltage to the load and the battery 

having lowest voltage to the solar panel for charging. In this 

project we also display the voltage status of four batteries 

and also the voltage status of solar panel on Liquid Crystal 

Display (LCD). LCD also displays the number position of 

the battery which is connected to the load and solar panel. In 

this project an attempt is made to use a PIC controller which 

is an advance version of microcontroller with the help of 

this a program is made for the appropriate switching of the 

battery in desired condition. Thus by this dissertation we try 

to do the efficient management of solar power. 

Key words: Battery Management System (BMS), Solar 

Photovoltaic Modules (SPM), Switched Mode Power 

Supply (SMPS), Multi stage Constant Voltage (MCV). 

I. INTRODUCTION 

Energy sources are classified according to characteristics 

like Renewable and Nonrenewable. As the non-renewable 

energy sources like oil, coal, natural gas, nuclear etc. are 

reducing fast and the cost of the energy is rising, the 

renewable energy sources like wind, solar, biomass, water, 

geothermal etc. become an alternate for energy. 

The country is endowed with large amount of 

sustainable resource base and non-conventional energy 

technologies which are well-suited for grid connected power 

generation, energy supplies in remote areas which are not be 

connected to the grid and for captive consumption.  

Nonconventional energy sources like wind energy, solar 

energy through thermal as well as photovoltaic system, 

biomass and hybrid sources will help to a great extent in 

enhancing power generation capacity. Hence appropriate 

policies and programs that optimize the use of available 

energy resources with new technologies have to be 

propagated, promoted and adopted, if necessary, by 

budgetary support In India the annual global solar radiation 

is about 5 KWh/ sqm per day with about 2300-3200 sun-

shine hours per year. Solar radiations represent the earth’s 

most abundant energy source. The perennial source of solar 

energy provides unlimited supply, has no negative impact on 

the environment. The solar photovoltaic (PV) modules 

convert solar radiation from the sun into electrical energy in 

the form of direct current (DC).Converting solar energy into 

electricity is the answer to the mounting power problems in 

the rural areas. Its suitability for decentralized applications 

and its environment-friendly nature make it an attractive 

option to supplement the energy supply from other 

sources.1KWp of solar photo voltaic (SPV) generates 3.5-

4.5 units (KWhr) per day. If we could install Solar 

Photovoltaic Cells much of the rural exchange power needs 

could be meet, adequately cutting down harmful greenhouse 

gases. Wind energy is another viable option. The Wind 

Turbine Generator is designed for optimal operation at wind 

speed of 10-14 m/s. The Turbine Generator starts at a cut-in 

speed of 3-3.5 m/s and generates power at speeds 4.5 m/s 

and above. In India the best wind speed is available during 

monsoon from May to September and low wind speed 

during November to March. The annual national average 

wind speed considered is 5-6 m/s. Wherever average wind 

speed of 4.5 m/s. and above is available it is also an 

attractive option to supplement the energy supply. It is 

estimated that India has about 20,000 MW of wind power 

potential, out of which 1,000 MW has been installed as of 

1997. With this, India now ranks in the first five countries in 

the world in wind-power generation, and provides attractive 

incentives to local and foreign investors. 

II. BATTERY MANAGEMENT SYSTEM 

As the world’s population continues to grow and becomes 

more and more dependent on technology, the demand for 

energy is increasing. With this increasing demand, the 

resources of finite energies such as coal, oil, and natural gas 

are diminishing. The increasing demand for energy and the 

lack of fossil fuels, as well as the environmental issues 

involved with the use of fossil fuels, has lead to an increased 

need for renewable energies such as wind and solar power. 

Solar radiation is an abundant source of energy, with the 

amount of solar radiation reaching the earth’s surface 1000 

times greater than the energy released by all the fossil fuels 

consumed. Photovoltaic systems is a clean and noise free 

source of electricity. For these reasons a photovoltaic system 

is a very good source of renewable energy and as the 

technology advances the cost will be reduced. The downside 

to the use of photovoltaic systems for the production of 

electricity is that photovoltaic panels can only generate 

power at certain times of the day. A storage element is 

required in all solar energy systems that are not connected to 

the grid to bridge the mismatch between the available 

energy (during daylight hours) and the requirement for 

energy (during the night time hours). The most common 

form of energy storage for stand-alone photovoltaic systems 

is battery technology. 

As a rough indication, battery management 

involves implementing at ensure optimum use of the battery 
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in a portable device. Examples of such functions are proper 

charging handling and protecting the battery from misuse. 

Power management involves the implementation of 

functions that ensure a proper distribution of power through 

the system and minimum power consumption by each 

system part. Examples are active hardware and software 

design changes for minimizing power consumption, such as 

reducing clock rates in digital system parts and powering 

down system parts that are not in use. Energy management 

involves implementing functions that ensure that energy 

conversions in a system are made as efficient as possible. It 

also involves handling the storage of energy in a system. An 

example is applying zero-voltage and zero-current switching 

to reduce switching losses in a Switched-Mode Power 

Supply (SMPS). This increases the efficiency of energy 

transfer from the mains to the battery. It should be noted that 

the implementation of a certain function may involve more 

than one of the three management terms simultaneously. 

This thesis will focus on battery management and its 

inclusion in a system. A definition of the basic task of a 

Battery Management System can be given as follows: 

The basic task of a Battery Management System 

(BMS) is to ensure that optimum use is made of the energy 

inside the battery powering the portable product and that the 

risk of damage inflicted upon the battery is minimized. This 

is achieved by monitoring and controlling the battery’s 

charging and discharging process. 

The concept of the Battery Management system 

was explained above. In more general terms, the charger can 

be called a Power Module (PM). This PM is capable of 

charging the battery, but can also power the load directly. A 

general BMS consists of a PM, a battery, a MOSFETS and a 

load. 

The intelligence in the BMS is included in monitor 

and control functions. As described the monitor functions 

involve the measurement of, for example, battery voltage, 

and charger status or load activity. The control functions act 

on the charging and discharging of the battery on the basis 

of these measured variables. Implementation of these 

monitor and control functions should ensure optimum use of 

the battery and should prevent the risk of any damage being 

inflicted on the battery. 

III. SOLAR CELL 

The term "photovoltaic" comes from the Greek word  

“phos” meaning light, and "voltaic" meaning electric, from 

the name of the Italian physicist Volta, after whom a unit of 

electrical potential, the volt, is named. The term "photo-

voltaic" has been in use in English since 1849. 

Most solar cells are constructed from 

semiconductor material, such as silicon (the fourteenth 

element in the Mendeleyev table of elements). Silicon is a 

semiconductor that has the combined properties of a 

conductor and an insulator. Metals such as gold, copper, and 

iron are conductors; they have loosely bound electrons in the 

outer shell or orbit of their atomic configuration. These 

electrons can be detached when subjected to an electric 

voltage or current.  

On the contrary, atoms of insulators, such as glass, 

have very strongly bonded electrons in the atomic 

configuration and do not allow the flow of electrons even 

under the severest application of voltage or current. 

Semiconductor materials, on the other hand, bind electrons 

midway between that of metals and insulators. 

Semiconductor elements used in electronics are constructed 

by fusing two adjacently doped silicon wafer elements.  

Doping implies impregnation of silicon by positive 

and negative agents, such as phosphor and boron. Phosphor 

creates a free electron that produces so-called N-type 

material. Boron creates a “hole,” or a shortage of an 

electron, which produces so-called P-type material. 

Impregnation is accomplished by depositing the previously 

referenced do pants on the surface of silicon using a certain 

heating or chemical process.  

The N-type material has a propensity to lose 

electrons and gain holes, so it acquires a positive charge. 

The P-type material has a propensity to lose holes and gain 

electrons, so it acquires a negative charge. When N-type and 

P-type doped silicon wafers are fused together, they form a 

PN junction. The negative charge on P type material 

prevents electrons from crossing the junction, and the 

positive charge on the N type material prevents holes from 

crossing the junction.  

A space created by the P and N, or PN, wafers 

creates a potential barrier across the junction. This PN 

junction, which forms the basic block of most electronic 

components, such as diodes and transistors, has the 

following specific operational uses when applied in 

electronics: In diodes, a PN device allows for the flow of 

electrons and, therefore, current in one direction. For 

example, a battery, with direct current, connected across a 

diode allows the flow of current from positive to negative 

leads. 

IV. BASIC CHARGING PROFILES 

Traditionally, simple battery chargers did not feature well 

regulated current or voltage limits. The advent of switching 

power supplies has given the battery charger well regulated 

charging profiles, thus reducing charging times, enhancing 

overvoltage protection and providing longer battery life. 

This section discusses the basic charging profiles. Attention 

to end-of-charge and equalization functions is also 

discussed. 

 Constant Current Constant Voltage A.

A simple charging profile which gives good results features 

a current limit, then a voltage limit. 

 

Fig. 1: Basic CC-CV charging profile vs. time with shut off 

function at t2 

This "constant current constant voltage" (CCCV) profile is 

further enhanced with a shut off function as shown in Figure 

5.2. This method is effectively used for fast charging of 

http://en.wikipedia.org/wiki/Greek_language
http://en.wikipedia.org/wiki/Italian_people
http://en.wikipedia.org/wiki/Alessandro_Volta
http://en.wikipedia.org/wiki/Volt
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VRLA batteries. The maximum voltage level Vset, is 

required to avoid excessive grid (electrode) corrosion. 

 Shut Off B.

The shut off function can be determined by the following 

conditions (It < Imin) or (t2-t1 > Tmax12) or (t2 > Tmax). Where 

Imin must be greater than or equal to the expected gassing 

current at Vset. Tmax12 and Tmax can also be implemented to 

avoid excessively long application of the charger. 

 Trickle Charging C.

Normally the above Shut Off feature will not allow the 

charger to achieve 100% SOC in the battery. The 

application of a trickle current is an effective means of 

slowly approaching 100% SOC. The level of the trickle 

current, Itrkl, is set to a known value of gassing current which 

occurs at a safe temperature and voltage (Itrkl @ In/30). Once 

the battery has fully charged and Recharge is very large, the 

trickle current is fully supplying the known gassing current. 

This method of charging is often used with Valve 

Regulated Lead Acid (VRLA) cells. VRLA cells have low 

gassing currents, and the evolved oxygen and hydrogen are 

internally recombined into H2O to prevent water loss, hence 

sustained gassing can be maintained. The termination of 

trickle charging for VRLA batteries is not always necessary. 

 

Fig. 2: Trickle charging profile vs. time with termination at 

t3 

 Pulse Trickle Charging D.

For batteries which are less thermally stable, or for batteries 

which are being "fast charged," a pulse type trickle charging 

is often preferred. After the end of the normal constant 

voltage charging regime, a set of current pulses are applied 

to the battery as shown in Figure 5.4. The pulses are at some 

current level. This method of charging is often used with 

VRLA, high power Ni-Cad and Ni-MH cells. 

 

Fig. 3: Pulse trickle charging profile vs. time with 

termination at t3 

The application of the current pulses is 

accomplished either by a simple timer or by the level of the 

terminal voltage (Vplo < Vt < Vphi). The advantage to the 

spaced pulses is that the cells in the battery have time to 

thermally equalize and the accumulated acid at the 

electrode-electrolyte interface has a chance to diffuse into 

the electrolyte. The termination of Pulse Trickle Charging 

may not be necessary, but it can be done at one of the below 

conditions; (t3-t2 > Tmax23) or (t3 > Tmax3). 

Temperature Terminated Charging: The effects of 

heat buildup are significant for Ni-Cad and Ni-MH cells. 

The accumulation of heat is primarily during the gassing 

stage when Recharge is high and the cell is close to 100% 

SOC. These cells often require temperature sensing to avoid 

damage. Terminating the recharge of the battery based 

solely on the temperature response is an effective means of 

protecting the cell while achieving short recharge times. 

V. BATTERY CHARGER DESIGN AND HARDWARE 

RESULT 

The design of the hardware of lead acid battery charger is 

clearly illustrated by the block diagram shown below: 

The full charger feedback control circuit can be 

seen in figure below. This circuit implements a three stage 

charger algorithm: constant current state, constant voltage 

full charge state, and constant voltage float charges state. 

This circuit will require an input voltage of at least 17 volts 

to output the 14.7V for charging because of the 2V drop 

across the regulator. 

 

Fig. 4: Circuit diagram of Battery Charger 

The simulation was slowly built up piece by piece 

to ensure proper simulation of the complete circuit, as well 

as catch any simulation problems that might be encountered. 

Our circuit will include an LM317, 3-Amp, adjustable 

voltage regulator, but since the model for this regulator was 

not available in multisim, a comparable adjustable regulator 

was used for simulation purposes. 

After the complete process of simulation various 

results of output voltage of battery charger, 555 timers and 
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charging and discharging capacitor voltage shown at 

different duty cycles. 

 

Fig. 5: Simulation circuit of Battery Charger using 

MULTISIM 

 

 

 
Fig. 6: simulation results of output voltage of battery 

charger, 555 timers and charging and discharging capacitor 

voltage at 50% duty cycle 

 

 

Fig. 7: simulation results of output voltage of battery 

charger, 555 timer and charging and dis charging capacitor 

voltage at 75% duty cycle 

Below figure shows the hardware of battery charger, in that 

we have connected 18 V input source, LM317 regulator, 

resistors, transistors and 555 Timer to control the duty cycle. 

 

Fig. 8: Photograph of hardware of Battery Charger 

Below figure shows the hardware results of PWM of battery 

charger at different duty cycles. Whenever the duty cycle is 

high then the output voltage is increase. 
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Fig. 9: Result of PWM of Battery Charger at 30%, 75% and 

85% duty cycle on 

VI. HARDWARE AND RESULT OF BATTERY 

MANAGEMENT SYSTEM 

 

Fig. 10:  Block Diagram of Battery Management System 

This is the Block Diagram of Battery Management System 

in which the Solar Panel is the input source. It has 18 V 

input voltage. After that solar panel there is a battery 

charger. This charger is used to regulate the voltage up to 14 

V. Now the output voltage of charger is used to charge the 

battery with the help of charging MOSFET’s driver. The 

working of charging MOSFET’s driver is controlled by 

Micro-Controller. 

 

Fig. 11: Circuit Diagram of a Battery Management System 

Fig.11 shows the circuit diagram of a battery management 

system using solar power. Here we connected 

microcontroller, battery charger, LCD, batteries, charging 

and discharging MOSFET’s driver and DC load. 

 

Fig. 12: Flow chart of a Battery Management System 

 

Fig. 13: Proposed circuit diagram of charging MOSFET’s 

driver 

Fig.13 is the Circuit Diagram of Charging MOSFET’s 

Driver by which the batteries of the system will be charged. 

In this figure shown that the voltage from the battery 

charger is comes to the MOSFET’s driver which is 

controlled by the PIC- Controller and batteries are charged 

one by one. 

 

Fig. 14: Hardware of charging MOSFET’s driver 

Fig.14 shows the hardware of charging MOSFET’s driver. 

In that we have connected opt coupler and MOSFET’s 

driver. Optocoupler is a combination of LED and transistors, 

in which when voltage is low than LED indicate the signal. 

It means when Optocoupler and MOSFET’s both 

are low than the voltage of battery charger is high. 
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Below figures shows the output voltage of charging 

MOSFET’s driver at different duty cycles. 

 

Fig. 15: Output voltage of charging MOSFET’s driver 85% 

duty cycle OFF 

 

Fig. 16: Output voltage of charging MOSFET’s driver 75% 

duty cycle OFF 

 

Fig. 17: Circuit diagram of discharging MOSFET’s driver 

This is the circuit diagram of discharging MOSFET’s driver 

by which the batteries of the system will be discharged. In 

this diagram shown that the voltage from the battery is 

comes to the MOSFET’s driver which is controlled by the 

PIC- Controller. With the help of the output voltage it comes 

to the DC load. 

 

Fig. 18: Hardware of discharging MOSFET’s driver 

Fig.18 shows the hardware of discharging MOSFET’s 

driver. In that we have connected Optocoupler and 

MOSFET’s driver. Optocoupler is a combination of LED 

and transistors, in which when voltage is low than LED 

indicate the signal. It means when Optocoupler and 

MOSFET’s both are high than the voltage of battery charger 

is low and battery get discharge through connected load. 

 

 

Fig. 19: Output voltage of discharging MOSFET’s driver 

Fig.19 shows the hardware and simulation result of output 

voltage of discharging MOSFET’s driver. 

 

Fig. 20: Hardware photo graph of Battery Management 

System with Microcontroller 

This is the hardware of a battery management system with 

microcontroller unit. Voltage sensor sense the voltage of 

batteries and display using analogue to digital converter 

(ADC) and given to the microcontroller. Then controller 

compare battery voltages and gives signal to the charging 

and discharging driver. 

Above figure shows the hardware of battery 

management system with Solar panel. Here we connect solar 

panel which gives supply to the battery charger. 
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Fig. 21: Hardware photo graph of a Battery Management 

System with solar panel 

 

Fig. 22: Hardware result of Battery Management System on 

LCD 

VII. CONCLUSION 

From this thesis, we get as regularly shifting of the battery 

having highest voltage is done, as a result we get continuous 

power supply at load side. Solar energy is continuously 

drawn from the panel and utilize maximum by the shifting 

of the battery at regular interval. Solar power is not wasted 

by continuously giving the supply to the one battery. 

Regularly shifting of the battery is done, so that maximum 

power is utilize. Thus efficient management of solar power 

achieved. Solar panel converts 25% of solar energy into 

electrical energy. Out of that converted energy we can use 

around 80% of that energy. 
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