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Abstract: 
We suggest an efficient energy generator for powering wireless sensor network. This battery free generator absorbs energy from 

the environment and thus stores it in the super capacitor. In case thermal gradient vanishing, multisource energy contributes for 

energy harvesting during cruise. Ultralow power consumption is achieved by the use of active diodes.  

 

I.INTRODUCTION 

In this paper, we present an ultralow power converter for a 

multisource free energy generator dedicated to aeronautics 

applications that would enable almost infinite energy 

autonomy to a WSN (wireless sensor network) node.  This 

free energy generator captures energy from its environment 

(transient thermal gradients as a main source, and 

vibrations as a secondary source allowing early biasing of 

the generator).  

The proposed system is used to generate the power from 
heat, vibrational energy using Peltier . The renewable 

source is stored into the super capacitor. The stored energy 

is given to the input of the boost converter. The Boost 

converter will step-up the output Voltage than the input 

voltage. The Boost converter output Voltage is given to the 

rechargeable battery for charging purpose. The battery 

output is given to the inverter and then the inverter will 

convert DC voltage into AC voltage. The Converted AC 

voltage is given to the high voltage load. 

  

II.ARCHITECTURE FOR MULTISOURCE 

BATTERY FREE ENERGY GENERATOR 
 

The ultimate aim of the project is energy harvesting. Here 

the energy harvesting scheme injects power into the 

capacitor which is then boosted or regulated by a voltage 

regulator which is then given to the microprocessor. A 

sensor application is used for power and a wireless method 

is used for storing or transmitting data. Using TEG as a 

primary source of energy is the basic principle. 

Thermoelectric generators consist of two dissimilar 

materials which form a junction and a thermal gradient is 

present. When the junctions are connected electrically in 
series and thermally in parallel we can get large voltage 

outputs. From industrial equipments and from human body 

we can capture mWs of energy by using this. A cooling 

system follows the TEG which may be either active or 

passive. Examples for such cooling systems are fan heat 

cooled sink, fluid cooled. TEGs are coupled with heat sinks 

to improve the temperature gradient.Three major 

components of thermoelectric generators are: 

thermoelectric materials, thermoelectric modules and 

thermoelectric systems that interface with the heat surface. 

 

THERMOELECTRIC MATERIALS 

By converting temperature differences into electric voltage 

thermoelectric materials directly generate power. To 

generate a large voltage in temperature gradient, on side is 

made hot and the other side is made cold by having low 

thermal conductivity. Seebeck coefficient (S) is when there 

is a temperature difference across a material electrons will 

flow. “Figure of merit” is the efficiency of a given material 

to produce a thermoelectric power. 

 
THERMOELECTRIC MODULE 

A thermoelectric module is a circuit containing 

thermoelectric materials that generate electricity from heat 

directly. Two dissimilar materials are joined in two ends in 

a thermoelectric module: an n type (negatively charged); 

and a p-type (positively charged) semiconductors. When 

there is a temperature difference between the materials 

direct electric current will flow. The current magnitude is 

directly proportional to the temperature difference. The 

more the temperature difference, the higher the 

current.Thermoelectric modules in power generation work 

in very tough mechanical and thermal conditions. The 
modules are subjected to large thermally induced stresses 

and strains for long periods of time, since they operate in a 

tough conditions.To survive these tough mechanical and 

thermal conditions, the junctions and materials must be 

selected properly. The two thermoelectric materials are 

thermally in parallel, but electrically in series. The 

efficiency of thermoelectric modules are greatly affected by 

its geometrical design. 

 

THERMOELECTRIC SYSTEM 

 A thermoelectric system generally generates power from 
hot exhaust flue with the help of thermoelectric modules. A 

large temperature gradient is needed but it is a tedious 

process. Using water or air the cold side must be cooled. 

For supplying heat and cool heat exchangers are employed 

on both the sides. To design a TEG system with high 

reliability there are numerous challenges. In order to 

achieve high efficiency the system requires extensive 

engineering design in order to balance between the heat 

flow through the modules and maximizing the temperature 

gradient across them.  

 

Research Article                                                                                                         Volume 6 Issue No. 3 

 



International Journal of Engineering Science and Computing, March 2016                 3163                                                      http://ijesc.org/ 

Heat exchanger technology design is the vital aspect in this. 
And also the thermal losses due to interfaces between 

materials must also be minimized. Avoiding large pressure 

drops between the heating and cooling sources is also 

important. The TEG produces AC power which in turn , 

requires an integrated power electronics system to deliver it 

to the consumer.  

 

EFFICIENCY 

The efficiency of TEGs is around 5-8%. Bulky bimetallic 

junctions were used by old devices. More recent devices 

uses highly doped semiconductors made from bismuth 
telluride (Bi2 Te3) , lead telluride (PbTe), calcium 

manganese oxide (Ca2 Mn3O8) or combinations thereof 

depending on temperature.  

 

MAXIMIZING THE OUTPUT POWER 

An N-type thermoelectric material electrically in series with 

a P-type thermoelectric material is the basic construction of 

a thermal harvester. Heat flow from hot side to cold side 

occurs when a difference in temperature is applied across 

the  semiconductor. During the heat flow from one side to 
another side,the free electrons and holes are allowed to 

move and form an electric potential by the energy from the 

applied heat. Commonly used thermal harvesters for power 

generation consist of P and N doped legs, each of which 

generates around 0.2 mV/K of temperature difference 

between the hot and cold sides. 

If many of these legs are connected electrically in series 

and thermally in parallel to form a thermopile we can get 

more output voltage. The thermal harvester can be 

considered as a voltage source in series with a resistance 

where the open circuit voltage can be expressed as ST, 
where S is the Seebeck coefficient of the material. The 

maximum power   available from the thermal harvester is: 

Pmax = VT2 / 4RT 

 

PELTIER 

It is a device which converts heat energy into electrical 

energy. It contains two side where the input side is the hot 

body, where the heat energy is applied and the other side is 

the cold body which is kept at the aluminium sheet. 

 

III.BLOCK DIAGRAM 
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SUPER CAPACITOR :

 

A super capacitor is used for faster charging and slows in 
discharging. It consists of three types they are, 

- Double-layered capacitors 

- Pseudo capacitors 

- Hybrid capacitors 

 

In our system we are using a super capacitor, which can 

provide a long-term power once it get fully charged. 

It is an ultimate method of using super capacitor than 

electrolytic capacitors. 

 

POWER SENSING CIRCUIT 

It is a sensing circuit which records the power that is 
discharged from the super capacitor and also records the 

charge of the 6V battery.  

 

BOOST CONVERTER: 

A boost converter is a converter which has its output 

voltage greater than its input voltage 

 

In a boost converter, the input voltage is always lesser than 

the output voltage. 

 
 

OPERATING PRINCIPLE: 

(a) When the switch has been closed, current passes 

through the inductor and it stores some energy by 

generating a magnetic field in clockwise direction. The left 
side polarity of the inductor is positive. 

 

(b) When the switch is opened ,as the impedance is higher 

the current will be reduced. To maintain the current flow 

towards the load the magnetic field previously created will 

be destroyed. Thus the polarity will be exchanged. Finally 

two sources will be in series resulting in higher voltage in 

charging the capacitor through the diode D. 

 

If the switch is cycled fast enough, the inductor may not 

discharge completely in between charging stages, and the 

load will have a greater voltage than the input source, when 
the switch is opened. When the switch is opened, the 

capacitor connected in parallel with the load is charged with 

this combined voltage. When the switch is closed, then  the 
capacitor is  able to provide the voltage and energy to the 

load. During this time, the capacitor discharged through the 

switch is prevented by the blocking diode. Thus to prevent 

the capacitor from over discharging the switch must be 

opened again.  

 

VI.INVERTER 

Inverters use high-speed electrical switches and 

transformers to modify the DC to AC. In this system we use 

inverter to convert the input DC to AC so that it can be 

given as input to the step-up transformer. 

 
STEP-UP TRANSFORMER: 

A step-up transformer has more turns on its secondary 

winding than its primary winding. Thus, a small amount of 

voltage can be converted to larger one. By the principle of 

conservation of energy, the transformer converts low 

voltage, high-current to high voltage-low current. Here, we 

are using this step-up transformer to convert millivolts into 

230volt, which can be used for home appliances.  

 

LCD: It is used to visualize the voltage output in power. 

PWM (PULSE WIDTH MODULATION) PWM Mode 
(PWM) 

 

In Pulse Width Modulation mode, the CCPx pin produces a 

result upto 10-bit resolution of PWM output the TRISC<2> 

bit must be cleared to make the CCP1 pin an output hence 

the CCP1 pin is multiplexed with the PORTC data latch . 

 

V.SIMPLIFIED PWM BLOCK DIAGRAM 
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A PWM output had a time base (period) and a time where 

that the output stays high (duty cycle). The frequency of the 

PWM is the inversely proportional of the period (1/period). 

 

PWM OUTPUT: 

 

 
 

 
 

VI.PWM PERIOD 

The PWM period is initiated by writing to the PR2 register. 

The PWM period can be calculated using the formula given 

below: 

 

PWM Period = [(PR2) + 1] • 4 • TOSC •(TMR2 Prescale 

Value) 

 

PWM frequency is written as 1/[PWM period]. 

 

When PR2 is equal to TMR2, the corresponding three 
events occur on the next increment cycle: 

 

• TMR2 has been cleared 

• The CCP1 pin has been set  

• The PWM duty cycle is latched into CCPR1H from 

CCPR1L 

 

PWM DUTY CYCLE: 

The PWM duty cycle is initiated by the CCPR1L register 

and to the CCP1CON<5:4> bits. It is available up to 10-bit 

resolution. The CCP1CON<5:4> contains the two LSbs and 

the CCPR1L contains the eight MSbs. It is represented by 
CCPR1L:CCP1CON<5:4>. The given equation is used to 

calculate the PWM duty cycle in time: 

 

PWM Duty Cycle = (CCPR1L:CCP1CON<5:4>) •(TMR2 

Prescale Value) • TOSC 

 

CCPR1L and CCP1CON<5:4> can be given to at any time, 

but the duty cycle value is not latched into CCPR1H until 

after a match between TMR2 and PR2 occurs. CCPR1H is 

a read-only register in PWM mode. 

The CCPR1H register and a 2-bit internal latch are mainly 

used to double-buffer the PWM duty cycle. This double-

buffering is used for glitch-free PWM operation. 

 

When the 2-bit latch match TMR2 and CCPR1H , the 

CCP1 pin is cleared when it is concatenated with an 

internal 2-bit Q clock or 2 bits of the TMR2 prescaler,. 

SETUP FOR PWM OPERATION: 

 
The following steps must be taken when configuring the 

CCP module for the given PWM operation: 

1. Set the PWM period by entering in to the PR2 register. 

 

2. Set the PWM duty cycle by writing to the CCPR1L 

registers and CCP1CON<5:4>bits   

 

3. By clearing the TRISC<2> bit the CCP1 is made as 

output. 

 

4. Set the TMR2 prescale value and thus  enable Timer2 by 

writing to T2CON. 
 

5. Configure the CCP1 module for  the given PWM 

operation. 

 

BATTERY OUTPUT: 

 
 

CURRENT OUTPUT: 

 
 

VII.FINAL PROJECT KIT DISPLAY 

 

 
 

III.CONCLUSION 

The multisource energy generator explained in this paper 

exhibits two merits compared to the available commercial 

solutions reports. It is done using two sources of energy, 

which has a significant advantage for the concept of energy 

harvesting since the availability of a single energy source 
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from the given environment is not guaranteed. Since 

ultralow power consumption used for the autonomy of a 

battery-free Wireless sensor node. 
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