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Abstract—The project, E-Gen is about harvesting 2 different forms wind and piezoelectric energy and tapping power using 
different circuitry to obtain particular voltage and current according to the specification and ac to dc conversion using rectifiers 
to charge a rechargeable battery like a power bank. In our project we have used sensors like MEAS piezo vibration sensors, and 
stepper motor to harvest energy and miniature ICs which perform functions like rectification, storage of energy, buck control 
etc. Wind energy from the exhaust is tapped by the blades of the fan which rotates the rotor of the stepper motor thus generating 
specific amount of power. The AC power generated in each phase of the motor is converted to DC by bridge rectifier circuit. 
The two phases are connected in parallel to add up the current thus increasing the total power generated which is used to charge 
the power bank through a voltage regulator which maintains a constant supply voltage thus not causing any damage to the 
power bank. 
 
Index Terms— Piezo Sensor, Rectification, Faraday Voltage. 
 
I. INTRODUCTION 
 
Energy harvesting technique involves circuits 
designed in such a way that maximum energy can be 
tapped from generating sources which are a waste 
otherwise. Energy in this project is harvested from 
exhausts that run throughout the day. An optimum 
design of a system can be done in which the 
vibrational energy and the wind energy of the exhaust 
can be harvested. The vibrations can induce AC 
voltage generation and so can the wind energy. An 
efficient load to store the energy outflow is also built 
and tested so that a user friendly discharge outlet can 
be devised.  

 
Fig: Basic block diagram of Low power Energy Harvesting 

 
II. OBJECTIVE 
 
A. To harness energy that is being wasted otherwise 
The application has been developed to help efficiently 
harvest energy from low power machines such as 
exhaust fans and AC ducts. The energy thus generated 
is sufficient enough to charge electronic devices such 
as Mobile phones, power banks, or other rechargeable 
batteries 
Piezo modules are used to harvest the vibratory energy 
of the AC ducts and utilize this energy for low energy 
applications like room temperature regulators by using 
low power consuming microcontrollers and sensors. 
 
III. BACKGROUND 
 
The hardware and software used in this project are 
briefly described as follows: 

A. Stepper motor 
 A stepper motor contains huge number of magnetic 
tooth mounted on the stator and a shaft which acts as a 
rotor. According to Faraday’s law change in magnetic 
flux induces an electromotive force. This principle is 
used to harvest wind energy from the exhaust which 
rotates the rotor of the stepper thus introducing a 
change in magnetic flux linked to it, hereby inducing 
an emf. 
 

B. Code Composer Studio (CCS) 
Code composer studio is an integrated development 
environment for TI microcontrollers. Energia is 
another platform that can be used for this purpose. But 
low power modes (LPM) of MSP430 series are 
supported only by CCS.  
 

C. Supercapacitor 
Super capacitors have higher capacitance when 
compared to other capacitors. They have fast charge 
and discharge cycles. The energy harvested from piezo 
materials is used to charge these capacitors. It 
discharges after a particular voltage is reached to 
power up the microcontrollers and sensors. 
 

D. Low power microcontrollers 
Power generated by Piezo modules is very low. So any 
application that uses these modules should consume 
low power. Texas Instruments microcontrollers 
support low power modes. MSP430FR4133 is used 
since it supports many LPM modes, consumes few 
mA of current and works at 3.3V. 
 

E. LTC3588 
Power harvested from any source of energy will be 
AC. For any application DC power is recommended. 
Instead of using separate rectifier circuits, buck 
control and storage circuits, a single IC such as 
LTC3588 can be used. These are called Energy 
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harvesting integrated circuits. They have high 
efficiency, therefore helpful in low power energy 
harvesting circuits. 
 
IV. DESIGN AND ANALYSIS 
 
Wind energy harvesting 
Wind energy through exhausts can be of great use in 
generation of ample amount of power. In our project 
we are using it to charge phone and batteries. Fan 
blades trap the energy through the exhausts and this 
mechanical energy should be used to generate 
electrical power. Old PC fans can be used for this 
purpose by removing an IC which converts electrical 
to mechanical energy, since we are using opposite 
principle. But practically the power output of these 
fans is very low. Voltage generated might suffice the 
specifications but the current output is very low. To 
get the required amount of power to charge a phone or 
a battery, stepper motors can be used. Phones when 
charged through a laptop or PC USB port consume 5V 
and 500mA of current. So the setup used should be 
able to meet this specification. 
Fan blade is mounted on the shaft of the stepper motor 
using required mechanical setup. Each phase of the 
stepper is connected to the inputs of the bridge rectifier 
circuit. When practically tested in front of the exhaust 
of wind speed around 10m/s each phase generates 
around 10V and 100mA of current. Since a phone 
would need 5V, a step down voltage regulator should 
be used. We can also use buck convertors for this 
purpose. Since the stepper used has 2 phases, it can be 
connected in series which adds up voltage or in 
parallel which will add up the current outputs. Since 
we need the current to be added up, the two phases are 
connected in parallel. It is then given as input to the 
buck convertor which will supply a constant voltage of 
5V as output. The output is given to the two pins Vcc 
and ground of the USB port to which a phone or power 
bank can be connected via micro USB cable. Charging 
of phone was practically tested and is apparently 
slower when compared to normal charges. But 
efficiency can be increased by placing the setup in 
front of faster exhausts with proper mechanical 
support and in precise angle. Current can be increased 
by connecting more number of such models in parallel 
thus increasing the speed of charging. 
 

 
Fig: Flowchart of Wind E-Gen module 

 
Bridge rectifier ICs cannot be used directly since they 
have more voltage drop thus decreasing the efficiency 

of the model. Hence rectifier circuit is made by 
connecting 4 MBRS340 diodes in bridge 
configuration. These diodes also have lesser voltage 
drops and can withstand higher voltages thus 
increasing the efficiency of the circuit. 
 

 
Fig: Design of enclosure for charger circuit which can 

accommodate a USB charger port 
 

 
Fig: Design of fan to be 3D printed 

 
Piezoelectric energy harvesting 
Energy due to vibration can be harvested by using 
piezoelectric materials. The vibration causes change in 
stress and strain in the piezo material thus generating 
voltage and current. Current practically generated is in 
the range of MicroAmps. LTC3588 IC is used for 
overall operations like rectification, storage, buck 
boost etc. 
In our project we are using MEAS piezo vibration 
sensors and PZT strips for generating power. These 
sensors are mounted on AC ducts which have pretty 
high vibration. The leads of these sensors are given as 
input to the circuit containing LTC3588. 4 such setups 
are cascaded to get the required voltage and current 
and further given as input to super capacitor hence 
charging it. The supercapacitor is charged up to 3.3V 
or so which is enough to power up a low power 
microcontroller such as MSP430. Piezo module is 
used to setup a room temperature regulator. A 
temperature sensor TMP002 is used to measure the 
temperature conditions of the room it is installed at. 
This data is given to the microcontroller which is then 
displayed on a LCD screen. The microcontroller will 
be in sleep mode all the time and switches on to active 
mode only when the super capacitor is charged up to a 
required voltage of 3.3V. The temperature sensor is 
also powered only during this interval of time. Once 
powered the sensor will fetch data for few seconds and 
is again turned off. This is an efficient way to regulate 
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temperature of a place with very less power 
consumption. It can further be improvised to switch on 
heaters or coolers in a room depending on the 
prevailing temperature conditions. Larger power 
output can be generated by installing more number of 
such sensors on all the ducts and connecting few in 
series and few in parallel to obtain the required amount 
of power. 
 

 
Fig: Flowchart of Piezo E-Gen module 

 
IV. IMPLEMENTATION RESULTS 
 
This setup was tested by keeping the setup in front of 
an exhaust with a wind speed of 10m/s. The wind 
E-Gen module could generate a voltage of 10V and 
100-150mA of current from one phase. The 
experimental circuit was connected to a phone through 
a USB cable and was charged. Piezo moduleswere 
installed on the vibrating ducts for testing purpose and 
they generated low currents in the range of few micro 
Amps and a voltage of about 600-700mV,which 
charged the supercapacitor at a decent rate. Installation 
of large number of piezo modules will increase the 
current generated and thus the speed of charging of the 
super capacitor.  

V. FUTURE IMPROVEMENTS 
 
More number of already built modules can be set to 
harvest current in the range of amps. This will increase 
the speed of charging. Piezo modules can be used to 
set up a room temperature regulator which will check 
the temperature conditions of the room and switches 
ON a cooler or a heater depending upon the prevailing 
conditions. On the contrary a small weather station can 
also be installed using these low power modules at a 
cheaper and more efficient way. 
 
CONCLUSION 
 
E-Gen modules were successfully tested by setting up 
test circuits in front of exhaust. Wind module 
generated necessary amount of power to charge 
phones and piezo modules could charge a super 
capacitor. Wind modules can be used to charge any 
battery with a voltage specification up to 9V. 
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