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ABSTRACT In this paper we propose the conventional method for developing thermoelectric energy harvesting mod-

ule (TEHM) with battery storage system using low power thermoelectric generator. Thermoelectric generator
generates low electric output due to small temperature difference between hot side and cold side. This leads to low productivity and
it does not contribute to recharge the battery to store energy. To overcome this, maximum power point tracking is exposed with modi-
fied hill climbing fuzzy logic control using PIC microcontroller is taken. This improves voltage and overall efficiency of the system and
gives steady state output for battery recharging and storing system. Here we are analyzed TEG with various parameters that shown
on MATLAB simulation and also verified this output with TEHM hardware output with maximum efficiency.

1. INTRODUCTION

The most common sources of energy available for harvesting
are light (solar), heat (thermal) and vibration. In this thermal
energy harvesting using TEM has recently attracted and aug-
mented attention as independent, renewable and clean energy
source. Thermoelectric generator (TEG) is a solid state port-
able device that generates electric power with the temperature
variance between hot side and cold side. In most of the cases, a
considerable amount of energy is wasted or unused in the form
of heat exhaust. TEHM consists of thermoelectric generators
generates electric power with the available heat energy (unused
exhaust heat). This has been impeded by inconsistent output
because of temperature fluctuation. To improve the system effi-
ciency [3]-[4] and steady state, maximum power point tracking
(MPPT) control is introduced.

Many of MPPT schemes like perturbation and observation, in-
cremental conductance schemes, adaptive MPPT schemes have
been proposed in TEG applications. These perturbation and ob-
servation, incremental conductance schemes have been widely
used because of its simplicity and easy implementation but
these schemes frequently struggle with steady state oscillation
and slow dynamic performance [5]. Hence we go for modified
MPPT schemes which overcome these difficulties and employ a
variable step size. This MPPT scheme is designed with modified
fuzzy logic based hill climbing method [8].

Here we implemented the MPPT based control for getting maxi-
mum output from TEG through dc to dc boost converter. This
energy is taken to recharge the battery system.

2. TEG CHARACTERISTICS AND PARAMETERS

TEG is working with the principle of Seeback effect. It consists
of two sides, hot side and cold side. The temperature difference
between these two sides causes voltage. The temperature at hot
side is taken as T, and the temperature at the cold side is taken
as T,

The characteristic of every TEG may vary depending on manu-
facturer. The parameters of TEG like Seeback coefficients, gain,
operating temperature and coupled ratio are given on the tech-
nical guide provided by them [1]. The basic model of TEG is
shown in figure 1.

Fig 1: Basic model of TEG.

3. MPPT SCHEME BASED ON MODIFIED FLC METHOD
Modified hill climbing technique operates by Fuzzy Logic Con-
trol (FLC) based algorithm [2]. MPPT controller is designed to
take advantage of hill climbing simplicity and eliminate all the
conventional method drawbacks mentioned below

1) During steady state condition, the output power oscillates
that cause power loss in the system.

2) Slow converging to the operating point.

3) Duringirradiance, the operating point moves away from the
maximum power point.

The block diagram of the MPPT scheme based on modified FLC

is shown in figure 2.
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Fig 2: Block diagram of MPPT controller with modified hill
climbing FLC method.

The fuzzy logic controller inputs are
AP=Pnl—Pn-1)

Al=In)—In—1)

The output equation of FLC is
AD =Din) —Din—1)

where P, isthermoelectric generator output power and
I,..is output current from the TEG module. Also 4 Fa P
is power change in output and A [A [ is output current
change in TEG [9]. A PA P, Alaland & DA D can obtain
by comparing the present value with the past values.» I
4 Dis the change of duty cycle in the boost converter.

In modified hill climbing FLC method one input is com-
pared with all other inputs in order to find all possibili-
ties [2]. Here we have two inputs in FLC & PA P anda [
4 1. Thus we get totally sixteen fuzzification rules. The
input and output variable are classified into four subsets
negative small (NS), negative big (NB), positive small
(PS), positive big (PB). Hence there are sixteen control
rules are available on fuzzy rule algorithm based on
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modified hill climbing algorithm. The fuzzification rules
are given below

1. IfAPis NBand Al is NB then AD is PB

2. IfAPis NB and Al is NS then AD is PB

3. IfAPis NBand Al is PB then AD is NB

4. If AP is NB and Al is PS then AD is NB

5. IfAPis NS and Al is NB then AD is PS

6. If AP is NS and Al is PB then AD is PS

7. If AP is NS and Al is PS then AD is NS

8. IfAPis NS and Al is PS then AD is NS

9. IfAPis PBand Al is PB then AD is PB

10.If AP is PB and Al is PS then AD is PB

11.If AP is PB and Al is NB then AD is NB

12.1f AP is PB and Al is NS then AD is NB

13.If AP is PS and Al is PS then AD is PS

14.1f AP is PS and Al is PB then AD is PS

15.1f AP is PS and Al is NB then AD is NS

16.If AP is PS and Al is PS then AD is NS

To work with these fuzzy rules, Mamdani’s method with max-
min is used. The Simulink model gives the fuzzification output
as per the modified hill climbing FLC method represented in [2].
The input and output of the fuzzification is show in figure 4.
The inputs of fuzzy control are varying with variable step size
with respect to TEHM. Also the duty cycle can increment or dec-
rement depending on the variable step sizes computed by the

FLC [10]. So that the tracking time is small and the performance
of steady state is improved.
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Fig 4: Membership functions: (a) input &4 P4 P (b) input
ATAT and (c) outputs DA D,

4. DESIGN METHODOLOGY

The thermoelectric generator gets the input temperature from
the device which interfaced with it. If the input temperature
meets the constant required value of TEG energy conversion
takes place. The complete block diagram is shown in figure 5.

Input temperature is given as step input signal to the simulation
and is taken into TEHM. Thermoelectric TEHM has the maxi-
mum temperature value and minimum temperature value [12].
These values are taken as hot side temperature and cold side
temperature. The hot side temperature value can obtain from
maximum temperature and input temperature.

T, =T ..+T,

AT=T,-T,

where T is hot side temperature and T__ is maximum tempera-
ture and T, is input temperature. AT is temperature difference
between hot side and cold side. This difference gives the small
amount of unsteady voltage and current.

Fig 5: Block Diagram of Thermoelectric Energy Harvesting
Module

This output voltage is taken to dc - dc converter with MPPT con-
troller using modified hill climbing algorithm. The voltage gets
maximum boosted by MPP tracking algorithm. Thus the open
circuit voltage of thermoelectric TEHM is obtain from the fol-
lowing equation

V.=n

oc coupled *2*K*AT

Here V. is open circuitvoltage,n_  .is coupled ratio, Kis index
constant and AT is temperature difterence. To calculate modula-
tion index and load resistor following equations are used.

K, =ncoupled *2*K*G

R *2*P) /G

mod (ncnupled
here the variables G, K, P are constant parameters available on
TEG module. And R, = 0.5. To calculate output current

I= VOC / (Rmod = Rload)

The steady state output current and boosted voltage can meets
the battery specification by means of dc-dc boost converter
[11]. So battery gets easily recharged with the help of its own
energy also sustain the battery standby time and improves the
performance. The result of this module is carried with the help
of Simulink in MATLAB. This can be shown in experimental re-
sults.

5. EXPERIMENTAL RESULTS

By using the equations and parameters as mentioned above we
calculate the output voltage and output current. The MATLAB
simulation output is shown in figure 5.
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Fig 5: Block Diagram of Thermoelectric Energy Harvesting
Module
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Fig 5: MATLAB Simulation Output

The simulation output shows the proposed system performance
and it is compared with the corresponding TEHM hardware out-
put. The hardware of TEHM contains microcontroller unit and
TEG unit. The output of MATLAB simulation is compared with
TEHM hardware output. The hardware consists of PIC16F88
microcontroller and boost converter modules with TEHM. It has
the overall control system to produce steady state output with
fuzzy control method. This proves the proposed system is stable
and also exhibits maximum performance of TEHM for battery
storage system for portable applications.

6. CONCLUSION

This paper shows the design and output performance of TEHM
with maximum power point tracking algorithm. The MPPT is
designed with modified hill climbing method with FLC control-
ler. This provides steady state output and improves overall per-
formance and efficiency. This also improves battery duration
and keeps long working. Also it can easy to design and imple-
ment in any of portable applications which runs on battery.
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