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Abstract

In recent years, global warming and environmental pollution caused a limitation of the use of natural energy
and resource use has become more important Renewable resources. In the industrial sector, most of factories
such as Ceramic tile production, glass, and cement of devices that are used for heat production of biofuel. After
heat generation, thermal energy balance of heat production is wasted. Thermoelectric modules with exposure to
ambient air temperature difference between the devices and electrical energy will generate. Ultra long life, lack
of moving parts, quiet and relatively low price thermoelectric modules, they are a very attractive option for use in
the field. Since the temperature above the ambient heat is transferred from wasted heat energy transferred to the
surrounding environment can be used to produce electrical energy. In this study, a review of the development of
Thermoelectric cooling briefly introduced first. Next, the Ceramic Tile Production Process has been summarized.
To improve performance, have been described thermoelectric cooler modeling and numerical compact model.
Finally, simulation results are presented. The electrical energy generated can be transmitted to electrical energy

to the distribution network that the production process is simulated by MATLAB software.
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Introduction

A review of the development of thermoelectric

Thermoelectric cooling systems have advantages, including
compact in size, light in weight, high reliability, no mechanical moving
parts, being powered by direct current. Commonly Thermoelectric
cooling referred to as cooling technology using thermoelectric coolers
no working fluid. Thermoelectric module Consists of a bunch of
thermocouples wired electrically in series and thermally in parallel.
Thermocouple is made of two different semiconducting thermo
elements. Generate thermoelectric cooling effect when voltage in
direction applied through the connected junction [1-5].

Direct conversion of heat energy to electrical energy or vice versa
called thermoelectric effects. The temperature difference across the
thermoelectric effect causes a potential difference. The contrary, this
is also true; by applying a voltage to both ends of thermoelectric the
temperature difference is created. Applying temperature, in nuclear
dimension, gradient causes the moving of charge carriers from
warm side to cold side. This effect is used to produce electricity and
to calculate the objects temperature. Temperature is very effective in
thermoelectric and there is a direct relationship between temperature
and applied voltage polarity [6,7].

The main part of the thermoelectric is thermocouple. Thermocouple
is a kind of power generators. It consists of two dissimilar metals. As
Figure 1 shows, the p-type and n-type semiconductor that is located on
a metal plate for series connection. Locate between two ceramic plates
[8,9].

Quality of thermoelectric depends on parameters such as the
type of electrical current applied to the junction the p-type and
n-type semiconductor, the temperature of the hot and cold thermal
conductivity and electrical heating elements, and thermal resistance of
the thermoelectric heat sinking [8-10].

For the design and operation of thermoelectric coolers dynamic
character is very important. Here are three important effects of
thermoelectric including: Seebeck, Peltier and Thomson [11].
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Figure 1: Schematic thermoelectric effects.

Seebeck effect

The real significance of this work was unknown about a hundred
years. After the construction of dissimilar metal system, it replaced
with alternative thermal gradient capable of producing much larger
semiconductors. Thomas C. Beck, German scientist, did some tests
in 1821, the result is an electric current in a circuit made of two
dissimilar conductive passess with the conditions of different junction
temperature [12].

The potential difference is caused electricity flowing in the circuit.
In fact, the Seebeck effect suggests that the thermal gradient in the
electrical circuit, causing electrical current pass. Mathematical methods
of Seebeck express temperature difference between the two dissimilar
metals junction will cause electric propulsion. As in (1) found E is
electric propulsion volts, T1-T2 is temperature difference between two
metals, and o shows C. Beck differential coefficient or thermoelectric
power coeflicient between two conductors or semiconductors [12-15].
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Peltier effect

Jean Peltier, French physicist and watchmaker, analyzed Seebeck
Effect in 1834. Current in a circuit by connecting non-same-sex is
attracted and in another attached flow can be discharged on the same
circuit. A few years later, William Thompson measured both Seebeck
and Peltier effect. But this phenomenon was considered just as an
experiment. In 1930, scientists re-examined the old works and this led
them to the construction and development of thermoelectric devices
[16-20].

Peltier effect is an important phenomenon in the heating and
cooling. This work expresses the theme, when an electric current in
a circuit, made of two dissimilar conductors’ passes, the heat energy
is taken from one connection and the other connection. This causes
the first be cooler and the second be warmer. For this reason, the flow
creates a thermal gradient which is contrary to Seebeck effect. Seebeck
effect on the 2 is specified. QC is cold, QH the heat, B the coefficient
of Peltier differential between the two materials A and B in volts, I is
current in amperes [17-19].

OC=px1 (2)
OH = px1

This effect is used for cooling or heating. For example, the use of
Peltier thermoelectric is [20,21]:

e Water extraction: Peltier effect devices used Dehumidifier for
the process of taking water from the air.

* Composition: DNA of the effect of thermal cycle used for the
construction of DNA.

* Spacecraft: Peltier effect on the space shuttle, to mitigate the
effects of sunlight on both sides of the ship. This phenomenon
helps to distribute heat because of direct sunlight; one side of the
ship to the other side of the sun does not get cooler.

Ceramic Tile Production Process

Overall manufacturing process can be explained in multi-step.
Currently in the world there are two methods for manufacturing
ceramic tiles. The main difference between these two methods is in the
firing and drying tiles [12,14,22].

The first batch of ardent (double firing) is. In this method, then dry
in the dryer tiles, tile has a high thermal load is cooked on the grill.
The next step is to add the glaze and bake again for re-sent into the
furnace. Most manufacturers are enthusiastic approach. The second
method ardent single (single firing) is called. The first baking process
is eliminated. Stained Glass tile is glazed after drying in the dryer. The
next step is to bake furnace.

Process Description Ceramic tile is divided into 10 stages [12-
15,22]:

Weighing raw materials

In order to maintain quality, raw materials are carefully weighed. So
it is necessary to accurately scale materials may be used.

Ball mill

Ball mill is a type of grinder used to grind and blend materials for

use in mineral dressing processes, ceramics and selective laser sintering.
A ball mill consists of a hollow cylindrical shell rotating about its axis.
The axis of the shell may be either horizontal or at a small angle to
the horizontal. It is partially filled with balls. The grinding media is the
balls, which may be made of steel, stainless steel, ceramic, or rubber. The
inner surface of the cylindrical shell is usually lined with an abrasion-
resistant material such as manganese steel or rubber. Less wear takes
place in rubber lined mills. The length of the mill is approximately
equal to its diameter. A device that consists of a cylindrical ball mill
within which there are balls. Cylindrical rotated at constant speed by an
electric motor and its rotation is due to roll-over bullet on each other. In
this process the mixed soil with water inside the mill to be ground due
to the collision with bullets.

Spray dryer

A spray dryer takes a liquid stream and separates the solute or
suspension as a solid and the solvent into a vapor. The solid is usually
collected in a drum or cyclone. The liquid input stream is sprayed
through a nozzle into a hot vapor stream and vaporized. Solids form as
moisture quickly leaves the droplets. A nozzle is usually used to make
the droplets as small as possible, maximizing heat transfer and the rate
of water vaporization.

Spray dryer powder produced in factories producing ceramic tile
with uniform density, particle size distribution is fixed and used the
same moisture. Spry dryer used to prepare the powder to form slurry.
Material obtained from the mill slurry accumulated in the tanks.
This leads to homogeneity of the slurry and improve the property is
plasticity. Tanks had entered the slurry is spray dried. High-pressure
piston pumps the slurry into the hot cylindrical chamber spray dryer
falls apart. The slurry after colliding with hot air and water vapor
specific humidity and grain powder becomes clear. Ambient air and
water vapor passes through the silicon and the output dusting spray
dried out.

Forming

Pressing using products from the spry dryer converted into
granules. When the water content in the pellets is more than 4 percent
from the press semi-arid, and in cases where the amount of water in the
dry granules is less than 4 percent of the press.

Dryer

After entering pellets into the dryer, the water content of less than
one percent and is ready for cooking. In the old days took dryers can be
done to this process. But in the new dryers can reduce this time to about
20 minutes is reached.

Engob

Engob cover for covering the enamel used to color granular level.
This process begins when the bulk amount of water lost is not yet
completely dry.

Glaze

Glaze thin glass layer which covers granular levels caused by melting
minerals. Glazed temperature is always lower than the temperature of
pellets. Glaze the density, hardness, polished and color of the ceramic.
Glazed ceramic objects quite dense and penetration of liquids and gases
into the tissue and thus prevents corrosion effect and reduces other
adverse factors.
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Oven

After the glaze, ceramic stoves for cooking should be. Enamel
furnace temperature furnace temperature is less granular. Usually
between 1000 to 1040 degrees for about 35 minutes are done.

Grading and classification

Rating: There may be bugs when cooking for glazing ceramics is
required before packing them in terms of visual quality rating. Based
on the appearance, size and surface are determined. This is done by
the operator and the eyes. Operators are based on defects in ceramics
to rank them. Categories: Ceramic Then after calibration phase of the
transmitted classified.

Packing

At this stage, ceramics are categorized transferred for placement
within the carton. Devices for sorting and packaging of ceramics by
more arms are placed in a row. Transportation by wind suction is
transferred into the input device. Far be labeled cartons. Sharing
devices per carton after carton lifted and folded according to the degree
laid on a wooden or metal pallets and stretch nylon is wrapped around
it with another device has been transferred to the warehouse pallets to
be transported from there to the consumer market.

Modeling and Simulation

Thermoelectric generator connected to the ceramic tile
factories grid

Today, part of the energy derived from fuel combustion in industry,
as heat wasted. Since the temperatures generated by the device is higher
than the surrounding environment, the energy contained in them can
used for power production. One of the methods of extraction of this
energy waste is the use thermoelectric technology. Thermoelectric
modules with exposure to ambient air temperature difference between
the device and the electrical energy will generate. Ultra long life, lack
of moving parts, quiet and relatively low price thermoelectric modules,
they are a very attractive option for use in the field.

In recent years, the use of renewable resources is common. The
aim of this study was to investigate the feasibility thermoelectric
modules for power generation is heating industries. Renewable
energy generators can be connected to the distribution grid. In order
to connect Thermoelectric Generator system to the grid an inverter is
always needed. In Figure 2 Connecting the thermoelectric generator
to the Bus grid is shown. Thermoelectric generator is connected to the
AC Bus network through the boost converter and inverter [20,21].
Here the inverter is used as a free controller.
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Figure 2: Schematic thermoelectric generators connected to grid.

Using the output heat in the production of ceramic tiles

Three systems, as the manufacturing processes for ceramic tiles
described, produced a lot of heat. Features of this device can be seen
in Table 1. The heat can be used to produce electrical energy. In other
words, the loss of heat energy is prevented; recycling can also be
prepared and used to generate electrical energy.

Thermoelectric generator module design

To generate power from thermoelectric, thermoelectric module
sets as a layer between the heat source and a heat sink and the
temperature difference between the hot and cold causes the electric
power generation [23,24]. Math thermoelectric module is shown in the
form of 3 to 7 [21]:

V. =2aNAT (3)

v, - VT — aNAT (4)
a A

l.= ;ZAT (5)
la A4

Imp:5;7AT (6)

P.=3 22N (7)

Here the 4 is the number of Thermocouples, A Thermocouples
level, I the temperature difference between the two levels, / current
passing through the module, K thickness, K heat transfer coefficient,
Ty and T thermoelectric hot and cold surface temperatures, P,
maximum power output, [ + Short-circuit current, and J/_ is open
circuit voltage of the thermoelectric are.

Among the existing thermoelectric with high power, it can
be referred to thermoelectric Bismuth Telluride Bj,Te,[25-27].
Most thermoelectric Volatility factor is between 20 and 300°C.
Thermoelectric properties of bismuth are given in Table 2.

Using the values from Table 2, and placement of voltage, current
and power relations will be achieved 8 to 11 [28-30].

V.. =2x190x](Q) "x NAT (8)
V,,=190x10 *x NAT (9)
A

[mp = 0.06ZAT (10)
4 NA

P,=0.114x10 X—AT (11)

As of 9 is specified, and no matter how small inversely larger. But
actually such a situation does not occur on very small length. Power
and efficiency in real-mode equations 12 and 13 are the ties [31-33].
NA

4 2
P,=0114x10 ; AT (12)
(L+n)| 14275
L
Heat (°C) Device Name
450-650 Spray Dryer
300-400 Ceramic Dryer
1000-1040 Curing Devices

Table 1: Profile of heat energy dissipation devices.

Innov Ener Res, an open access journal
ISSN: 2576-1463

Volume 7 - Issue 3 + 1000212



Citation: Mohammadi AM (2018) Renewable Energy from Thermal: Electrical Power Generation in Ceramic and Tile Industry. Innov Ener Res 7: 212.

doi: 10.4172/2576-1463.1000212

Page 4 of 7
Parameter Value Parameter Value
Leg length, (L) 0.125cm
Seebeck coefficient Leg area, (A 0.0196 cm?
a=190HV/ g area, (A)
K Couples, (N) 127
Insulation, Thickness (1,) 0.8 mm
Thermal resistance K=15 [/17 Advantage, Factor (z= 1/°C) 0.003
’ mK Thermal conductivity contact, (r) 0.21/°C
Contact electrical resistance, (n) 0.1 mm
Electrical resistance — -
' ' p=16x1(Q mQ Table 3: Profile Thermoelectric TEP 1-12708.

Table 2: Values Thermoelectric Bi,Te,.

QZ[T”_T”]X(H%ICJ M 2_l M +i l-li
I I N Ty ) 2Tp\lH2l,

In equation (13) has shown, efficiency, insulation thickness,
coefficient advantage, the contact thermal conductivity and electrical
resistivity ratio is [25,26,34]. Here the thermoelectric model is used
which its specification is specified in Table 3 [35].

The model thermoelectric connection

At this stage thermoelectric connection is mentioned. When heat is
applied to the thermoelectric energy is produced around it. So you can
imagine it like an ideal capacitor and capacitor equations can be applied
to it. Here V" capacitor according to the farad, /" saved by Kelvin and

V' is the potential difference [10,36,37]. Thermoelectric series circuit
equations shown in Equation 14:

L:L_FL_F..._FL (14)
Cc, C C, C.
O=CxVv
c-£
14

Veq:V1+V2+.“+Vn

For thermoelectric parallel connection, capacitors in parallel
relationship are used are shown in 15 equation [10,36,37].

C.,=C+C,++C, (15)

O=Cxvr
o Q
v

Boost converter and controller

Boost converter steps up the input voltage magnitude to a required
output voltage magnitude without the use of a transformer. The boost
converter increases the amplitude of the input voltage to a required
output voltage value without the use of a transformer. Has been
formed boost converter are an inductor, a diode and a high frequency

switch. This coordination manner supply power to the load at a voltage
greater than the input voltage magnitude. Method control lies in the
manipulation of the duty cycle of the switch which causes the voltage
change [38].

There are two modes of operation for the boost converter, for the
opening and closing of the switch. The first mode when the switch is
closed, the operation is known as the state of charge. The second mode
when the switch is open, this practice is known as a discharged state
[38].

In Charging Mode, switch is closed and the inductor is charged by
the source through the switch. The charging current is exponential in
nature, but for simplicity is assumed to be linearly varying [38]. The
diode restricts the flow of current from the source to the load. Demand
of the load is met by the discharging of the capacitor.

In Discharging Mode the switch is open and the diode is forward
biased [38]. The inductor now discharges and together with the source
charges the capacitor and meets the load demands. Times change is very
small and in many cases is assumed to be constant during operation.

A voltage boost converter DC/DC, for thermoelectric generating,
is intended as reinforcement. Capacitors are used between boost
converter and a thermoelectric generator reduce harmonics in the high
frequency of the. Here & is work cycles between 0 and 1, T, Duration
of a switching cycle when IGBT is attached, and inductor and capacitor
voltage for open and closed circuit mode for ties 16 and 17 are [10,36-
40].

L.~ dl -

Cu

=V .=
dVdc

V L(on) (1 6)

- Idc iC(on)

L Jdr = VT@ - Vdc Vi) (17)
adV .
C. dt . =li= 1= lc(uﬁ

Here utilization of a boost converter for control of thermoelectric
power using Maximum Power Point Tracking (MPPT) control
mechanism is presented. Thermoelectric module is analyzed using
SIMULINK software. The main objective of boost converter is to be
used along with a MPPT control mechanism. The MPPT is responsible
for extracting the maximum possible power from the Thermoelectric.
Feed it to the load via the boost converter which steps up the voltage to
required magnitude [39].

In order to increase the efficiency of thermoelectric modules,
methods are to be undertaken to match the source and load properly.
One such method is the Maximum Power Point Tracking (MPPT),
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used to obtain the maximum possible power from a varying source.
The boost converter is used to get the maximum power. Methods used
for maximum power point tracking a few are listed below [40]:

o Perturb and Observe method

o Incremental Conductance method
« Parasitic Capacitance method

« Constant Voltage method
 Constant Current method

Perturb and Observe methods is the most common. The two
methods very less number of sensors are utilized [22].

Inverter connected grid

After connecting thermoelectric generator it is connected to the
boost converter by the inverter. The filter type is used in the inverter is
a kind of low pass and set by network voltage. In order to reduce high-
order harmonics of the filter PWM modulation is used in the inverter.
Inverter controller is designed for voltages of 400 volts. Active and
reactive power inverter 18 is as follows [41-45].

P. =V 50tV X0tV X

Q:LX(V xj +V . xj. +V x‘) (18)
g \/g gab lgc gbc l ga gca lgb

Where Vga, ng and Vgc three-phase voltage and iga, igb and igc
current are injected AC Bus. With 13 ties will become a park.

Pg:1'5X(ngxigd+ngxigq)

(19)
QgZI'SX(ngXigd_ngxigq)

That V_ and V , represents voltage components and connection
points, I and I, reflects the current components are in line. In the
frame of reference V=V, and V_ =0 synchronized with the grid
voltage, so be 20 relationships have been obtained.

P.=15xV ,<i.,
O, =—15xV %1,

Equation three-phase voltage inverter is in the AC form of 21. That
filters inductance L and R, resistance..

Vga=Va—[fo‘f,f“+foiaj
Vb LoD i) @
Vv g i

(20)

Park into equations by applying a voltage three-phase electrical
model of the network with axes § and d appear to be between 22
shown.

= — x dl" + X7 |+aox x7
Va=Vi-|L, dr R >i,|rox L >,

_ di, : .
ng_Vq_ fo dr +folq _a)XLled

(22)
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Figure 3: Three-phase voltage inverter output in the bass.
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Figure 5: Power output inverter the bass.

Here P frequency and flow control using the P
is described in [41-45].

regulator 23

o K| . . .

ng,ref:Vd+[Kgd,p+ ;d X(ld,ref_ld)_wXLxlq
. (23)
Sg"'in(l'qﬂf—l'q)—waxl’d

ng‘ref = Vd+{K;zq,p +

Simulation Results

With regard to the relations mentioned in the thermoelectric, usable
output power generated from devices heat, spry dryer, drying ovens,
have been studied. All devices information that generates heat has been
displayed in Table 1. The average temperature is between 400 to 1000°C.
Thermoelectric characteristics are also specified in Table 2 and tolerate
temperatures for this electricity generator has been defined between 20
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Figure 7: Fashion index current controller.

and 300 [46-55]. As indicated in Figure 2 simulation, the output of the
first three producers of heat energy enters to the chamber until be set
to the usable temperature. Then, it is transferred to the thermoelectric
generator. The use of electrical energy generated by the boost DC/
DC converter is to strengthen the electrical energy produced by the
thermoelectric generator. Energy amplified by the boost converter is
delivered to the inverter to convert the AC voltage. The inverter output
is connected to the network. The inverter output is connected to the
network. Finally, resistance, inductance and capacitance in the circuit
Bus DC for C=200 x 103 FE L=0.02H, R=5Q and Bus AC: F=50 HZ, V
=400V Are. At 300°C, thermoelectric able to produce about 14 watts of
electrical power and voltage is 8V [53, 60]. Thermoelectric generation
is connected in series and parallel connections and 14 and 15 equations.
In accordance with these relationships in output, the voltage of 60
volts and 6 Amps will flow. The project was carried out by MATLAB
simulation software. Three-phase voltage connected to the bus AC in
Figure 3, the three-phase current connected to the bus AC is shown in
Figure 4. Figure 5 shows the output power of the Inverter. Figures 6 and
7 shows the boost converter is controlled.

Discussion and Conclusion

As it is clear in Figure 1, the ceramic tile production in the factory
was shown. In this cycle, there are devices such as: Spry dryer, dryer,
and furnace that produce much heat. In other words, the produced heat
energy is wasted. This study aimed to replace fossil fuels with renewable
energy and optimizing fuel consumption by increasing the efficiency of
the process. The aim of this research is to prevent losing of heat energy
and change it to electrical energy. In fact, the thermal energy will
efficiently be used. The recovery method of wasted heat energy is to use
thermoelectric generator. Thermoelectric is used to produce electric
energy in car [16-19]. Moreover, it is used to produce thermoelectric

train [35]. Production of electrical energy to heat energy that high heat
can used in Industries such as factories glass, cement and steel could be
used [56-59].

» The advantages of this study are formulated as follows:

* This generator can be connected to the distribution network and
transfers electrical energy to network.

» The recovery of thermal energy helps optimally use of it.

* Using of available space and available equipment without
changing the working process.

» The method of electrical energy production from heat energy
can be used in industries such as glass, cement and steel factories.

» Ultra long life, lack of moving parts, quiet and relatively low
price thermoelectric modules, they are a very attractive option
for use in the field.

* Using the DG of environmental pollution cut.
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