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Abstract— Energy harvesting has become a key factor in 

Biomedical applications. Research on energy scavenging 

from body motion has been investigated to evaluate the 

feasibility of powering wearable or implantable systems. 

Energy from walking has been previously extracted using 

generators placed on shoes, backpacks, and knee braces 

while producing power levels ranging from milliwatts to 

watts. The research presented in this paper examines the 

available power from body locations. The finger, wrist and 

palm, were the chosen target localizations. There are many 

untapped renewable energy resources such as wireless 

charging, thermal energy, vibration energy, etc. that can be 

used as an alternative to the conventional sources such as 

solar, wind and hydro. As we are moving towards Industry 

4.0, new advancements in technology has been introduced 

and with great advancement comes a greater need for 

powering up devices by thermal technique. Implantable 

biomedical equipment such as pacemaker and battery using 

biomedical wearables such as the blood pressure monitor 

consumes low power and provides greater consistency. In 

order to provide continuous supply to the devices a new 

approach of extracting power from the heat of the human 

body is implemented, thus avoiding unnecessary surgeries 

for implant. 
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I. INTRODUCTION  

A fast-growing class of such devices is wearable, where 

sensors nodes are tightly coupled with the human body low 

power consumption is crucial in wearable systems due to the 

tight weight and size constraints for batteries, which 

severely limit the energy that can be stored in the device. 

Wearables are, however, very tightly constrained in terms of 

size and weight and must also couple with the body. 

Therefore, the possibilities for EH systems are more 

restricted than for other applications. Energy can be 

harvested from various environmental sources [5] including 

light using photovoltaics [6], movement of the wearer [7], 

from radio frequency energy (RF) [8] or from temperature 

differences using thermoelectric generators (TEG) [9, 10]. 

The human body in contrast is a constant heat source and 

typically a temperature difference exists between body core 

and the environment. Because the voltages produced by 

thermal harvesting are typically too low to power wearable 

electronics, a conversion stage (DC-DC) with high 

conversion efficiency needs to be included into a wearable 

system. A complete system analysis from body core heat to 

the application is required to maximize both output power 

and wearability. Thermal energy harvesting is another 

method of reducing the dependability on non-renewable 

sources. There are various energy harvesting available, 

among them are electromagnetic, electrostatic, solar and 

thermal methods. However, these mechanisms only 

produced very limited power. To meet the power necessity 

for most biomedical devices, we use boost converter to 

obtain the required output in order to satisfy the biomedical 

wearable’s power requirement. The chosen target locations 

for power generation here are finger; palm and wrist. 

 

II. METHODOLOGY 

 

MATHEMATICAL EQUATION: 

 

2.1 Thermal Energy Harvesting: 

 

                                                Vo𝑐  = 𝛼 ×Δ𝑇                       (1) 

 

 

Where Voc is the output voltage, 𝛼 is the Seebeck 

coefficient and Δ𝑇 is the difference in temperature between 

the hot and cold surfaces.  

                                               𝑃   =    𝜂𝑄                             (2) 

 

Where P is power, 𝜂 is thermal efficiency and Q is the heat 

generated.  

 

From another equation,  

                                              𝑃   =    𝑉𝑜𝑐
2 

                                                         4𝑅𝑒𝑙                            (3) 

 

Where 𝑅𝑒𝑙 is the electric resistance   

 

Substituting equation (2) in (3) we get,  

                                              𝑄   =    𝑉𝑜𝑐
2 

                                                         4𝜂𝑅𝑒l                          (4) 

 

Substituting equation (1) in (4) we get,  

                                              𝑄   =    𝛼2×(Δ𝑇)2 

                                                          4𝜂𝑅𝑒𝑙                         (5) 

  

Thus equation (5) is the equation we simulate in MATLAB 

Simulink  
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Simulink Block: 

 

Thermal Energy Harvesting: 

 MATLAB SIMULINK BLOCK DIAGRAM 

 CONCLUSION: 

In conclusion, it is found that the thermal energy harvesting 

simulation from MATLAB Simulink produced an output 

voltage, Voc of 0.976V which is very similar to the 

theoretical value 0.95V. However, when conducting the 

experiment at 3 points on the hand; fingers, wrist and palm 

from the purchased TEG, it is found that the output voltage 

produced is significantly lower due to external factors such 

as thermal equilibrium and fluctuating atmospheric 

temperature. The maximum output voltage obtained from 

the fingers, wrist and palm are 13.6mV, 22.4mV, 17.2mV 

respectively. 
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