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Thesis Title Analysis and Design of Power Generation from Waste Heat of Air

Conditioning System by Thermoelectric for Charging Battery.

Name — Surname Mr. Kanit Pimkhamlai
Program Electrical Engineering
Thesis Advisor Assistant Professor Boonyang Plangklang, Dr.-Ing
Academic Year 2014
ABSTRACT

This thesis is to study and analyze an application of using thermoelectric technology to
produce electrical power from waste heat of air conditioning system. Since the split type air
conditioning systems have been used increasingly, the energy consumption is also increase. According
to the operation of air conditioning system, it generates waste heat from the condensing unit. The air
conditioning system transfers heat from a closed room through the refrigerants and then the system
removes heat via condenser unit. This waste heat of air conditioning system can be used to generate
electric power from thermoelectric module for charging a 12 V battery and this can be used for
renewable energy in households.

The research proposed a design and construction of power generation unit by thermoelectric
modules TEG — 12750D. The designed unit was analyzed by the simulation using MATLAB/Simulink
program. The prototype was developed and tested in order to investigate the results and compared with
the simulation results. The designed thermoelectric unit was connected in from of 5 modules in series
for 1 string and 2 strings connected in parallel. The power from the such module was seat into the DC —
DC converter inorder to control the 12V battery charging.

From the experimental result, it shows that the prototype has temperature difference between
waste heat and cooling water from evaporator at 40 degrees Celsius. This can generate power for
charging a 12 V battery by 30 mA. When comparing experimental results with simulation results , both
results are similar. This can prove that the waste heat from split type air conditioning system can be

used for power generation for renewable energy household.

Keywords: thermoelectric, DC-DC converter, waste heat of air conditioning system
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Type of device Temperature,°C Temperature,°F
Nickel refining furnace 1371 - 1649 2500 — 3000
Aluminum refining furnace 649 — 760 1200 — 1400
Zinc refining furnace 760 — 1093 1400 — 2000
Copper refining furnace 760 — 816 1400 — 1500
Steel heating furnace 927 - 1038 1700 — 1900
Glass melting furnace 982 — 1538 1800 — 2800
Solid waste incinerators 649 — 982 1200 — 1800
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Type of device Temperature,”C Temperature,°F
Steam boiler exhausts 123 - 482 450 —900
Gas turbine exhausts 371 —538 700 — 1000
Reciprocating engine exhausts 316 —593 600 —1100
Heat treating furnace 427 — 649 800 — 1200
Drying and backing ovens 232 -593 450 -1100
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Type of device Temperature,°C Temperature,°F
Process staem condensate 54 - 88 130 -190
Cooling water from : Furnace 32-55 90 - 130
Cooling water from : Bearing 32 -88 90 - 190
Cooling water from : Welding machines 32 -88 90 - 190
Cooling water from : Injection molding machines 32 - 88 90 - 190
Cooling water from : Air compressor 27 —46 80—-120
Cooling water from : Internal combustion engines 66— 121 150 —250
Air — cond. and refrig. Condensers 62 —43 90-110
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Fausagu lihazdluldawauns (2.15)

V= /ﬁ (Sa(T) — Sa(T)) dT. 219
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M50 4.5 wamseynsulugain 1 uas 2 (T,=190 °C, T.= 10 °C)

Tvian (Q) 40 50 60 70 80 90 100
NILUE (mA) 34.33 22.96 14.78 14.89 10.26 10.08 9.82
1S9AU V) 1.06 0.98 1.14 1.16 1.78 1.11 1.17

a1 (mw) 36.39 22.50 16.85 17.27 18.26 11.19 11.49
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M350 4.6 wamseynsnlugai 1,2 uag 3 (T,=190 °C, T,= 10 °C)

Tran (Q) 40 50 60 70 80 90 100
NIZUE (mA) 33.68 2435 23.42 21.02 20.81 18.12 17.61
LIIAU (V) 1.14 1.56 1.38 1.27 121 1.10 0.90
mae T mw) 38.40 37.99 32.32 26.70 25.18 19.93 15.85

MINN 4.7 Hamsoynsulugan 1,2,3 uag 4 (T,=190 °C, T,= 10 °C)

Tviam (Q) 40 50 60 70 80 90 100
AFZUE (mA) 54.4 46.7 44.0 X7 18.86 17.84 14.46
15994 (V) 221 271 2.85 3.05 2.67 1.82 1.64
mdalnih

120.22 126.56 125.40 113.46 50.36 32.47 23.71
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( - |

Ready
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n | Discrete State-Space

Difference

Discrete Dervative

Digcrete Filter

Discrete Transfer Fon

Discrete Zero-Pole

Digcrete-Time Integrator

First-Order Hold

w

MWA D11 NgW block Y94 Discrete

6. Mamruamasnlunsdiaoaifayrin (Parameters Configuration)
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o A 1 @ o 9 =~ a A o A . S 1
mavuvosymnauleliassnulumssassdaymlasldszilioniTimeauaui Step Size a1

oA . A ' " = = Y A ° Yy 1 <
lh]ﬂ\‘]‘ﬂ (Variable Step Size) A1 Step Size Vlil'lﬂ'ﬂ?“fﬂllﬁguﬂﬂﬂq@ﬁnﬂﬁﬂﬂWﬁuﬂhlﬂ @fJ'Nllﬁﬂ@ﬂll

= A A o ~ \ = ~ { . I A A o a 9 o
FSLUYUITIFINUAUN Step  Size AIANN (Fixed Step Size) Lﬂmﬁmﬂ%uﬂm‘lﬂumimam
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Ll co nfiguration Parameters: untitled/Configuration

Select:
- Solver
- Data Import/ E sport
- Dptimization
[=- Diagnosbics
I Gample Time
- Data Integity
- Conversion
Conrectivity
~ Compatibility
- Model Referencing
- Hardware Implement ation
- Model Referencing
(= Real-Time Workshop
i Comments
_' Symbils
i Custom Code
L Debug

. Interface

|

[~ Simulation time
Start time: [0.0 Stop ime: [10.0
: Solvet opbons
Type: [Variable-step | Solver: | oded5 (Damand-Prince) ~|
Max step size: |aulo Relative tolerance: |1 &3
Min step size: [auto Absolute toletance: |aulo
Initial step size: |a.|to

Zero crossing control: | Usze local settings

E

[ ]

Cancel

Help |
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Alfa= 0.045;
DT=190;
ri=0.35;

t min=0;

t max=10;

figure(1);

subplot(3,1,1);
plot(t,Vload,'blue', LineWidth',3);
grid on;
ylabel("Volts','FontSize',13);
xlabel('R [ohm]','FontSize',18);

axis([t min t max 0 10]);

subplot(3,1,2);
plot(t,I,'red','LineWidth',3);
grid on;
ylabel('Amp','FontSize',18);
xlabel('R [ohm]','FontSize',18);

axis([t_ min t max 0 10]);

subplot(3,1,3);
plot(t,P,'black’,'LineWidth',3);
grid on;
ylabel('Power','FontSize',18);
xlabel('R [ohm]','FontSize',18);

axis([t mint max 0 50]);
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figure(2);

subplot(3,1,1);
plot(t,Vp1,'blue', LineWidth',3);
grid on;
ylabel('Volts','FontSize',18);
xlabel('Time [s]','FontSize',18);

axis([t_ min t max 0 2]);

subplot(3,1,2);
plot(t,Vp2,'blue','LineWidth',3);
grid on;
ylabel('Volts','FontSize',18);
xlabel('Time [s]','FontSize',18);

axis([t min t max 0 2]);

subplot(3,1,3);
plot(t,Vp3,'blue','LineWidth',3);
grid on;
ylabel("Volts','FontSize',13);
xlabel('Time [s]','FontSize',18);

axis([t min t max 0 2]);

figure(3);

subplot(3,1,1);
plot(t,Vp4,'blue','LineWidth',3);
grid on;
ylabel('Volts','FontSize',18);
xlabel('Time [s]','FontSize',18);

axis([t mint max 0 2]);
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subplot(3,1,2);

plot(t,Vp5,'blue', LineWidth',3);
grid on;
ylabel('Volts','FontSize',18);
xlabel('Time [s]','FontSize',18);

axis([t_ min t max 0 2]);

subplot(3,1,3);
plot(t,Vp6,'blue','LineWidth',3);
grid on;
ylabel('Volts','FontSize',18);
xlabel('Time [s]','FontSize',18);

axis([t min t max 0 2]);

figure(4);

subplot(3,1,1);
plot(t,Vp7,'blue','LineWidth',3);
grid on;
ylabel("Volts','FontSize',13);
xlabel('Time [s]','FontSize',18);

axis([t_ min t max 0 2]);

subplot(3,1,2);
plot(t,Vp8,'blue','LineWidth',3);
grid on;
ylabel('Volts','FontSize',18);
xlabel('Time [s]','FontSize',18);

axis([t mint max 0 2]);
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subplot(3,1,3);

plot(t,Vp9,'blue', LineWidth',3);
grid on;
ylabel('Volts','FontSize',18);
xlabel('Time [s]','FontSize',18);

axis([t_ min t max 0 2]);
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Lychener Str. 73, 10437 Berlin, Germany, Tel: ++49+30+44650591

THERMO ELECTRICAL GENERATOR

- ~>

hot side
number of nax ftam

Bemxouyes temperstves  tunher

o }\/\ + TEG XXX = XXX - XX

TEG 127-250-37 Angaben bei AT = 230K Thor= 250 Cund Teold= 20°C

U ? | L chraft, £t smewiders Wirkungs-  aufgen. abaufilhrende
Make Uler Ulast R beisookRu lwwar, st  Wel. VK  ViKk WK KW gad Wime Wirme

open circuit i i short circuit thermalfor- thermforce thermal  thermal heatflowhot heat flow cold
LzBaH voltage uload 300K  comected curment load power ceat 300K comected conduct. resistance efficiency  side side
mm v v Q Q A W a a K R 9 Qw Qk

A
10896 5443 0800 1352 8051 4026 21391 0045 0050 1900 05%6 4200 5208 0.1
Angaben bei AT = 200K Thor: 220*Cund Teold: 20°C
sO0xs0x43 9675 483 0800 1280 7559 3779 18282 0045 0052 1900 0526 4021 4547 4390
Angaben bei AT = 200K abziigich Temp durch di (15 \imK) und W irmeleitpaste (8 WimK) bei thetm. Anbindung
7994 3997 0800 1280 6246 3123 12482 0045 0DD49 1900 056 3251 384D 3725

Die Leistungsdaten geliten bei optimaler thermischer und elektrischer Anpassung und sind berechnet bei den angegebenen Werten fiir Thot und
Teold. R kr und V/K kr geben den Temperaturkoeffizienten von Widerstand und Thermokraft bezogen auf die mittlere Temperatur zwischen Thot und
Teold an. Die Leistungswerte in den ersten beiden Zeilen gelten fiir Temperaturen an den Thermocoupels. Die Leistungsangabe der letzten Zeile
berticksichtigt den Temperaturabfall durch den Wirmewiderstand der Keramikplatte und des Warmel ittels bel mittlerem Wérmelbergangs-
koeffizienten. Im obigen Beispiel ist ein Temperaturabfall von + 15 °C auf der Warm- und 15 °C auf der Kaltseite auszugleichen. The values of the

last line consider the drop of temperature by the thermal resistance of the ceramic plates and the thermal compound. A drop of temperature of
15 °C on the warm side and 15 °C on the cold side Is to be adjusted.

Rmrmwwwmsmwmm,wmwmﬁ it
S s T

Mechanische Daten/mechanical data: ;‘g] —Vidwrstand 1
Anzahl/number of themocouples: 127 19 —cen [ |
Material/material: Bi;Te; 180 3 |
Hohentoleranz/height tolerance: AH +0,25 mm 1,70} / |
Langentoleranz/length tolerance: 0,2 mm 160, |
Gewicht/weight: 50g Ll / |
max. Temperatur/max. temperatures: 250 °C, kurzzeitig bis 260 °C 12 ‘ —
max. Scherkraft/max. shear force: pro cm?, 125N 120]. /

max. Vibration/max. vibration: bis 55 Hz, 2 m/s* 110]! /___,.. —

max. Zugkraft/ max. tension: pro cm?, 195 N 1,00,

Keramik Platten/ceramic plates: BK-96, Al203, 96 % 00| :7 |
thermal conductivity of the ceramic: 15 W/mK, Hohe/height: 1 mm 080f |
Toleranz der thermischen und elektrischen Parameter: +6% g'g J / |
tolerances of thermal and electric parameters: +6% e T —
Empfohlener Kihler/rec ded cooler: liquid cooler, Rth: 0,033 K/W 700 220 240 250,280 300 320 340 360 380 400 420 440 450 460 500 e

Die Rauhtiefe der Einbaufléche sollte mindestens RZ 10, die Planizitit mindestens 0,01 mm betragen. Optimaler Anpressdruck: 2-4 kg/cm?. Die
mittlere Schichtdicke des Warmeleitmittels solite weniger als 20um betragen. Mit den drei Werten: a = Thermokraft, p = Widerstand und x =
Wirmeleitfahigkeit ist der Thermogenerator in seiner Leistung volistandig beschrieben. Jedoch sind diese GroSen temper angig und mil
mit Hilfe des oben stehenden Diag! fiir jede absolute Temperatur einer speziellen Anwendung wie folgt korrigiert werden.

The purity of surface processing on which TEG is installed must be better than 0,01 mm. The pressing force must be not less than 2-4 kg/cm?.
The thickness of the thermal compound must be not less than 20um. With the three values: « = thermalforce, p = el. resistance und x = thermal
conductivity the TEG is completely descriptive. The module parameters given above are valid for 300 K. As these parameters depend on the
absolute temperature, they have to be corrected using the correction chart above and can be calculated as follows.

Die effektive der BN N A P 774 (S ool  Tou=TautRu '@, -P

Die am Element auftretende Spannung/occurring voitage: U=a(T_)-fM—a(f‘_u)~1~:w—ﬁ-l oG Ntngflpawes; P=I'R  oder. P=UT

Thot p(T) Thot 1
Srwa_ ey Ve w@
Der mittlere P=— Die mittiere ! F=e—=
[ Thot " i
Teold x(T P = Teold *(T)
o ox 0 =Z.p-q.1.F -F-AT o
Die auf der heigen Seite aufgenommene Warme berechnet sich/heat fiow on hot side: i o
Bl =
Die auf der kalten Seite abgegebene Warme betragt/ heat flow on cold side : Dl = Enl el g SEAAT
N 2
Der Wirkungsgrad berechnet sich/the efficiency: 7 = E— 100 Die Gilteziffer (nach Altenkirch)/figure of merit: Z = 2
e K
Thot : absolute der hot side «(T): korriglerte Thermokraft/corrected thermal force
Teold : absolute der Kaitselte ( hot side p(T): korriglerter Widerstand/corrected electric resistance
Runhot: i der | risistance hot side «(T): korrig thermal
(der Keramikplatten, der Warmeleitpaste etc. )/(ceramik plate, thermal compound, etc.) i effektiver el. Widerstand/ effective electric resistance
Rth,k: thermischer Widerstand der Kaltseite/ thermal risistance cold side i+ effektive Wa i ive thermal
(ger der etc. ik plate, thermal d, etc.) P : die vom Element abgegebene elektrische Leistung/el. power
Tt i der i i on the hot side
£ s der effekti on the cold side

Qe : Warmestrom ber as Element/heat flow needed on the hot side

Der d steigt mit der i AT und sinkt mit der mittieren Temperatur, Der Wirkungsgrad ist optimal, wenn der Wi des dem i des
entspricht. Die der ist der des schwarz = plus; rot = minus.

The efficiency Is optimal with current consumer which complies with an ohm resistive load of effective electric resistance. Black wire = plus; red wire = minus. Handling 2 small device is much easler than
handling of a big one. In many cases the use of two smaller TEG gives better results compared with only one big TEG. Please read the handling instructions for thermoelectric modules.
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Abstract

This article presents the investigation and analysis of muitiple connections of Thermo Electric
modules in order to find the best effective connection. To study the properties of the Thermo Electric
modules, each module is constructed by installing the hot-side with heating rod 1000W and cooling-side
with cooling water box. Thermo Electric module is connected together in parallel and series.By adjusting
the load to investigate the output power, the result showed that the series connection has the power rate
lower than the parallel connection. The parallel connection is taking the higher power output than the
series connection. Therefore parallel connection is recommended for higher power circuit.

Keywords: Thermo Electric, serial, parallel.
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