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Abstract— Power grading system by using microcontroller 

for two energy source Research was done to gain insight into 

various implementations of power grading system as well as 

various methods of obtaining switching system. Power 

grading system has been used  to  utilize of non-conventional 

energy source and conventional energy source as the 

parameter of voltage level has been set as switching circuiting 

.in this  project complete based on the compatibility between 

the two source solar energy and conventional supply of 

electricity board. 
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I. INTRODUCTION 

A. Overview 

Power grading system by using microcontroller for two 

energy source (solar energy and electricity  supply)  and this 

system used to control switching operation between supply 

(conventional and non-conventional energy) and load. 

Power grading system provides continuous power 

supply to the load which controlled by microcontroller and 

it’s decide to which energy source is used but this operation 

is depend upon the programming burned in the 

microcontroller. .In power grading System many digital 

device are used for providing   accuracy in operation Devices 

are ADC and microcontrollers etc.[1] 

When non-conventional energy are available that’s 

time avoid the conventional energy source and there 

operation is performed according to programming. 

1) Purpose of power grading system 

To construct this project for better utilization of non-

conventional energy source like solar energy and to improve 

the non-conventional source and also protect environment 

from pollution of conventional energy production. 

2) Benefits of power grading system- 

 Saving of power by less use of conventional energy 

source electricity. 

 Saving of electricity bill and also saving of money. 

 In grading of power by microcontroller it’s provide the 

less operating. 

 Better compatibility between the uses of two energy 

source 

 Better use of non-conventional energy by this concept .In 

power grading System many digital device are used for 

providing accuracy in operation devices are ADC, and 

microcontrollers etc. 

B. Power grading recognize by microcontroller 

Research was done to gain insight into various 

implementations of power grading system as   well as various 

methods of obtaining switching system   Power grading 

system has been used to utilize of non-conventional energy 

source and conventional energy   source as the parameter of 

voltage level has been set as switching circuiting .In this 

project completely based on the compatibility between the 

two source solar energy and conventional supply of 

electricity board. 

1) Principle of power grading system- 

Basic principle of power grading system is completely based 

on the grading of operating voltage according the load and   

its switching is done  by transistor with operating relay that 

instructed by  microcontroller programming . 

2) Manually power grading system – 

Power grading is done by manually for the two energy source 

means as variation of the load to decide the energy source is 

on use to continuous supply for the load. 

3) Replacement of the manual method by microcontroller 

In manual method of power grading is not provides the fast 

and accurate performance because it’s based on the man 

working and mechanical devices its replace by 

microcontroller. The microcontroller is a digital device and 

it’s based on the permanent programming and the response of 

working commands is very fast and accurate so this reason 

avoid the use of manual power grading system.. 

C. Fundamental Design of the of power grading 

Fundamental Design of the of power grading system are 

shown. 

 
Fig. 1: Raw design of power grading system 

II. STRUCTURE ANALYSIS 

A. Component Used 

Research was done to gain insight into various 

implementations of power grading system by using 

microcontroller. The implementations of power reading 

system that may be of use in this project are discussed and 

these are 

 Transformer 

 Bridge rectifier 

 Analogue to digital converter (ADC) 

 Microcontroller 
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 Transistor 

 Relay 

 Inverter 

 Cristal oscillator 

 Voltage regulator 

 Capacitor 

 Liquid crystal display (LCD 

 Diode 

 PCB 

1) Transformer 

A transformer is a static electrical device that transfers energy 

by inductive coupling between its winding circuits. A varying 

current in the primary winding creates a varying magnetic 

flux in the transformer's core and thus a varying magnetic flux 

through the secondary winding. This varying magnetic flux 

induces a varying electromotive force (emf) or voltage in the 

secondary winding.[6] 

 
Fig. 2: Transformer 

a) Rating 

 230V A.C, 50 Hz (primary) 

 12V D.C. (secondary) 

2) Bridge Rectifier 

A diode bridge is an arrangement of four (or more) diodes in 

a bridge circuit configuration that provides the same polarity 

of output for either polarity of input. When used in its most 

common application, for conversion of an alternating current 

(AC) input into a direct current (DC) output, it is known as a 

bridge rectifier. A bridge rectifier provides full-wave 

rectification from a two-wire AC input, resulting in lower 

cost and weight as compared to a rectifier with a 3-wire input 

from a transformer with a center-tapped secondary winding. 

[7] 

 
Fig. 3: Bridge rectifier 

a) Basic Operation 

According to the conventional model of current flow 

(originally established by Benjamin Franklin and still 

followed by most engineers today, current is assumed to flow 

through electrical conductors from the positive to the 

negative pole. In actuality, free electrons in a conductor 

nearly always flow from the negative to the positive pole. [5] 

In the vast majority of applications, however, the actual 

direction of current flow is irrelevant. Therefore, in the 

discussion below the conventional model is retained. 

In the diagrams below, when the input connected to 

the left corner of the diamond is positive, and the input 

connected to the right corner is negative, current flows from 

the upper supply terminal to the right along the red (positive) 

path to the output, and returns to the lower supply terminal 

via the blue (negative) path. [6] 

When the input connected to the left corner is 

negative, and the input connected to the right corner is 

positive, current flows from the lower supply terminal to the 

right along the red (positive) path to the output, and returns to 

the upper supply terminal via the blue (negative) path.[6] 

 
Fig. 4: Bridge Rectifier 

 
Fig. 5: Bridge Rectifier 

In each case, the upper right output remains positive 

and lower right output negative. Since this is true whether the 

input is AC or DC, this circuit not only produces a DC output 

from an AC input, it can also provide what is sometimes 

called "reverse polarity protection". That is, it permits normal 

functioning of DC-powered equipment when batteries have 

been installed backwards, or when the leads (wires) from a 

DC power source have been reversed, and protects the 

equipment from potential damage caused by reverse polarity. 

3) Anolog to digital converter (ADC) 

An analog-to-digital converter (abbreviated ADC, A/D or A 

to D) is a device that converts a continuous physical quantity 

(usually voltage) to a digital number that represents the 

quantity's amplitude. The conversion involves quantization of 

the input, so it necessarily introduces a small amount of error. 

The inverse operation is performed by a digital-to-analog 

converter (DAC). [2] Instead of doing a single conversion, an 

ADC often performs the conversions ("samples" the input) 

periodically. The result is a sequence of digital values that 

have converted a continuous-time and continuous-amplitude 

analog signal to a discrete-time and discrete-amplitude digital 

signal. 

 
Fig. 6: ADC Characteristic 

The ADC0808, ADC0809 data acquisition 

component is a monolithic CMOS device with an 8-bit 

analog-to-digital converter, 8-channel multiplexer and 

microprocessor compatible control logic. The 8-bit A/D 

converter uses successive approximation as the conversion 

technique. The converter features a high impedance chopper 

stabilized comparator, a 256R voltage divider with analog 

switch tree and a successive approximation register. The 8-
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channel multiplexer can directly access any of 8-single-ended 

analog signals. [6] The device eliminates the need for external 

zero and full-scale adjustments. Easy interfacing to 

microprocessors is provided by the latched and decoded 

multiplexer address inputs and latched TTL TRI-STATE 

outputs. The design of the ADC0808, ADC0809 has been 

optimized by incorporating the most desirable aspects of 

several A/D conversion techniques. The ADC0808, 

ADC0809 offers high speed, high accuracy, minimal 

temperature dependence, excellent long-term accuracy and 

repeatability, and consumes minimal power 

 
Fig. 7: Block diagram of ADC 

 
Fig. 8: Pin configuration of ADC 

a) Functional Description 

 
Table 1: Analog channel selection 

The device contains an 8-channel single-ended analog signal 

multiplexer. A particular input channel is selected by using 

the address decoder. Table 1 shows the input states for the 

address lines to select any channel. The address is latched into 

the decoder on the low-to-high transition of the address latch 

enable signal. 

4) Microcontroller 

A microcontroller (sometimes abbreviated µC, uC or MCU) 

is a small computer on a single integrated circuit containing a 

processor core, memory, and programmable input/output 

peripherals. Program memory in the form of NOR flash or 

OTP ROM is also often included on chip, as well as a 

typically small amount of RAM. Microcontrollers are 

designed for embedded applications, in contrast to the 

microprocessors used in personal computers or other general 

purpose applications. 

 
Fig. 9: Microcontroller 

 
Fig. 10: Block diagram of Microcontroller 

5) Transistor 

A transistor is a semiconductor device used to amplify and 

switch electronic signals and electrical power. It is composed 

of semiconductor material with at least three terminals for 

connection to an external circuit. A voltage or current applied 

to one pair of the transistor's terminals changes the current 

through another pair of terminals. Because the controlled 

(output) power can be higher than the controlling (input) 

power, a transistor can amplify a signal. [5]Today, some 

transistors are packaged individually, but many more are 

found embedded in integrated circuits. 

 
Fig. 11: Transistor 

6) Types of Transistor 

There are two types of standard transistors, NPN and PNP, 

with different circuit symbols. The letters refer to the layers 

of semiconductor material used to make the transistor. Most 

transistors used today are NPN because this is the easiest type 
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to make from silicon. If you are new to electronics it is best 

to start by learning how to use NPN transistors. 

In our project we are using SK100 transistor. SK100 

is a general purpose, medium power PNP transistor. The basic 

applications of a transistor are switching, amplification and 

regulation. Its DC current gain ranges from 100 to a 

maximum of 300. 

 
Fig. 12: Transistor 

7) Relay 

A relay is an electrically operated switch. Many relays use an 

electromagnet to operate a switching mechanism 

mechanically, but other operating principles are also used. 

Relays are used where it is necessary to control a circuit by a 

low-power signal (with complete electrical isolation between 

control and controlled circuits), or where several circuits must 

be controlled by one signal. The first relays were used in long 

distance telegraph circuits, repeating the signal coming in 

from one circuit and re-transmitting it to another. Relays were 

used extensively in telephone exchanges and early computers 

to perform logical operations [5] 

 
Fig. 13: Relay 

8) Inverter 

A power inverter, or inverter, is an electrical power converter 

that changes direct current (DC) to alternating current (AC) 

the converted AC can be at any required voltage and 

frequency with the use of appropriate transformers, 

switching, and control circuits. 

Solid-state inverters have no moving parts and are 

used in a wide range of applications, from small switching 

power supplies in computers, to large electric utility high-

voltage direct current applications that transport bulk power. 

Inverters are commonly used to supply AC power from DC 

sources such as solar panels or batteries.[1] 

9) Cristal Oscillator 

A crystal is a very narrow band filter element based on the 

vibration resonance of a slice of quartz and the fact that 

applying voltage to the slice causes it to change shape, and 

changing the shape by mechanical force generates voltage. 

They are normally used as the frequency 

determining element in oscillator circuits, by connecting 

them in a signal loop, in series with a gain block. This 

combination generates an endless echo with duration equal to 

the period of the quartz resonance. The stability of quartz 

oscillators is measured in parts per million, whereas the 

stability of oscillators based on RC time constants or inductor 

capacitor resonances is measured in percent.[5] 

 
Fig. 14: Cristal Oscillator 

10) Voltage Regulator 

A voltage regulator is designed to automatically maintain a 

constant voltage level. A voltage regulator may be a simple 

"feed-forward" design or may include negative feedback 

control loops. It may use an electromechanical mechanism, 

or electronic components. Depending on the design, it may 

be used to regulate one or more AC or DC voltages.[3] 

Electronic voltage regulators are found in devices 

such as computer power supplies where they stabilize the DC 

voltages used by the processor and other elements. In 

automobile alternators and central power station generator 

plants, voltage regulators control the output of the plant. In an 

electric power distribution system, voltage regulators may be 

installed at a substation or along distribution lines so that all 

customers receive steady voltage independent of how much 

power is drawn from the line 

 
Fig. 15: Voltage regulator L7808CV 6CC1A0317 

MOR0CC0 

11) Capacitor 

A capacitor (originally known as condenser) is a passive two-

terminal electrical component used to store energy in an 

electric field. The forms of practical capacitors vary widely, 

but all contain at least two electrical conductors separated by 

a dielectric (insulator); for example, one common 

construction consists of metal foils separated by a thin layer 

of insulating film. Capacitors are widely used as parts of 

electrical circuits in many common electrical devices. 

 
Fig. 16: Capacitor 
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12) Liquid-crystal display (LCD-016M002B 

A liquid-crystal display (LCD) is a flat panel display, 

electronic visual display, or video display that uses the light 

modulating properties of liquid crystals. Liquid crystals do 

not emit light directly. 

LCDs are available to display arbitrary images (as in 

a general-purpose computer display) or fixed images which 

can be displayed or hidden, such as preset words, digits, and 

7-segment displays as in a digital clock. They use the same 

basic technology, except that arbitrary images are made up of 

a large number of small pixels, while other displays have 

larger elements.[5] 

13) Feature 

 5 x 8 dots with cursor 

 Built-in controller (KS 0066 or Equivalent) 

 + 5V power supply (Also available for + 3V) 

 1/16 duty cycle 

 B/L to be driven by pin 1, pin 2 or pin 15, pin 16 or A.K 

(LED) 

 N.V. optional for + 3V power supply 

 
Fig. 17: LCD 

14) Diode 

In electronics, a diode is a two-terminal electronic component 

with an asymmetric transfer characteristic, with low (ideally 

zero) resistance to current flow in one direction, and high 

(ideally infinite) resistance in the other. A semiconductor 

diode, the most common type today, is a crystalline piece of 

semiconductor material with a p–n junction connected to two 

electrical terminals.[5] A vacuum tube diode is a vacuum tube 

with two electrodes, a plate (anode) and a heated cathode.[6] 

 
Fig. 18: Diode and V-I characteristic 

15) Printed circuit board 

A printed circuit board, or PCB, is used to mechanically 

support and electrically connect electronic components using 

conductive pathways, tracks or signal traces etched from 

copper sheets laminated onto a non-conductive substrate. 

When the board has only copper tracks and features, and no 

circuit elements such as capacitors, resistors or active devices 

have been manufactured into the actual substrate of the board, 

it is more correctly referred to as printed wiring board (PWB) 

or etched wiring board. [5]Use of the term PWB or printed 

wiring board although more accurate and distinct from what 

would be known as a true printed circuit board, has generally 

fallen by the wayside for many people as the distinction 

between circuit and wiring has become blurred. Today 

printed wiring (circuit) boards are used in virtually all but the 

simplest commercially produced electronic devices, and 

allow fully automated assembly processes that were not 

possible or practical in earlier era tag type circuit assembly 

processes.[3] 

 
Fig. 19:  PCB process flow chart 

III. BLOCK DIAGRAM AND PROJECT DESCRIPTION 

A. Basic Block Diagram 

 
Fig. 20: Basic block diagram 

B. Project Description 

The power grading system is used to grade the power of the 

system by microcontroller. The simple methodology of this 

concept use the two source of energy and these are 

conventional (electricity supply by substation) and non-

convention (solar energy) energy. 

In this power grading system mainly used power of 

non-conventional energy sources. the requirement of energy 

from conventional and non-convention energy sources is 

depend upon the load (consumer) and the microcontroller is 

decide which type of energy is consumed by the load. When 

the non-convention energy is not capable to supply the 

required power to the load then microcontroller is 

automatically connect the conventional energy source to the 

load. 

C. Implementation 

1) better connection between the supply voltage of 

conventional energy and non-conventional energy 

sources to relay and transistor 
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2) Connection among the all digital devices 

Power grading system provides continuous power 

supply to the load which controlled by microcontroller and its 

decide to which energy source is used but this operation is 

depend upon the programming burned in the microcontroller. 

.In power grading System many digital device are used for 

providing accuracy in operation Devices are ADC, and 

microcontrollers etc. Research was done to gain insight into 

various implementations of power grading system as   well as 

various methods of obtaining switching system Power 

grading system has been used to utilize of non-conventional 

energy source and conventional energy   source as the 

parameter of voltage level has been set as switching 

circuiting. In this project completely based on the 

compatibility between the two source solar energy and 

conventional supply of electricity board. 

IV. METHODOLOGY 

A. Basic operating function of the power grading system 

Basic principle of power grading system is completely based 

on the grading of operating voltage according the load and its 

switching is done  by transistor with operating relay that 

instructed by  microcontroller programming. In this power 

grading system mainly used power of non-conventional 

energy sources. the requirement of energy from conventional 

and non-convention energy sources is depend upon the load 

(consumer) and the microcontroller is decide which type of 

energy is consumed by the load. 

B. Working of power grading system 

Power grading system provides continuous power supply to 

the load which controlled by microcontroller and it’s decide 

to which energy source is used but this operation is depend 

upon the programming burned in the microcontroller. .In 

power grading System many digital device are use for 

providing   accuracy in operation   Devices are ADC, and 

microcontrollers etc 

The power grading system is used to grade the 

power of the system by microcontroller. The simple 

methodology of this concept use the two source of energy and 

these are conventional (electricity supply by substation) and 

non-convention (solar energy) energy. In this power grading 

system mainly used power of non-conventional energy 

sources. the requirement of energy from conventional and 

non-convention energy sources is depend upon the load 

(consumer) and the microcontroller is decide which type of 

energy is consumed by the load. 

When the non-convention energy is not capable to 

supply the required power to the load then microcontroller is 

automatically connect the conventional energy source to the 

load. 

C. Connection diagram of the circuits 

 
Fig. 21: Connection diagram of the circuits 

V. RESULT 

By   power   grading system we have successfully utilize   the 

non- conventional energy and conserve the conventional 

energy. In power grading system all supporting device are 

running successfully. 

A. Discussion 

In overall power grading system purpose to saving of 

conventional energy that’s generated by thermal, natural oil 

power plants and also to protects the community from 

environmental pollution that generated by power plants in the 

form of smoke and ash, dust many other toxic gases that’s are 

harmful for the community .To more utilize the non-

conventional energy sources it provided by nature with free 

of cost and it not produce the pollution for healthy 

environment. 

B. Conclusion 

Power grading system provides the efficient and desired 

performance according to loads. Power grading is done on 

basis of programming of microcontroller that’s provides 

working commands to transistor and relays. In this system 

completely concentrates on saving of conventional energy 

and to reduce the electricity bill and to utilize the natural 

source of energy that’s are free of cost by nature 

VI. FUTURE WORKS AND SCOPE 

 We should utilize the more than two non-conventional 

sources –As per availability  of  the sources two use in 

this concepts of the project  like wind energy source and 

other biogas related non-conventional sources of energy. 

 We should use faster operating type digital device for 

switching operation. 

 We should also connect the storing device (battery) with 

non-conventional energy sources when that’s are not in 

use to electrical drives. 

There scope is in future for utilization of non-

conventional energy and saving of conventional supply by 

sub –station. It should employed with conventional energy 

supply on the commercial complex and also for domestic 
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supply therefore saving of electricity bills and convention 

energy. 
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