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ABSTRACT

About 70% population of a developing country like India resides in rural areas and from
those about 78% of them use biomass for cooking. The traditional biomass cookstoves
are being used in such developing countries for the cooking needs. The burning of
biomass increases health hazards due to emissions of harmful pollutants which also

contribute to climate change.

Compared to a traditional biomass cookstove, a forced draft biomass cookstove can
reduce polluting emissions to a considerable level. To achieve cleaner combustion the
forced draft stoves are provided with a small fan. The household need to be connected
with grid electricity to run the electric fan or with a battery. Many of the rural households
do not have access to electricity. The requirement of this small quantity of electricity in
such off-grid areas can be fulfilled by deploying an innovative, novel and sustainable
technology in conjunction with a biomass cookstove, a Thermo Electric Generator
(TEG). A TEG Stove can be used for cooking as well as some electricity generation from

waste heat of the stove.

The thermoelectric generators modules are mainly made of semiconductor materials like
Bismuth Telluride (BixTe3). Various types of thermoelectric generators are commercially

available in the market.

A TEG stove could, thus, make a cleaner combustion as well as light an LED lamp (or

charge a mobile phone battery) simultaneously. To achieve the adequate electricity



generation from TEG, different electrical topologies have been discussed and an

appropriate one selected.

The laboratory testing of a TEG stove developed was turned to give a much better
performance as compared to traditional cookstoves. The prototype developed is rather
costly, INR 9000. The TEG cookstove manufacturing could be commercialized for off-
grid rural areas. Scaling up the manufacturing in India may also lead to cost reduction of
TEG stoves. Extensive field testing on these cookstoves for its performance has to be

established.



RSIEY

YRA S o= -1 &1 T 70e SfaTE! TN &5 H @l § SR S ¥ 782 WM UHH
& T SN B I IR E1 WA UHH P oedl & o 0 e =t § uRuike
IR cookstoves BT STANT fHaT S T@T §1 SN e ¥ GRS UGHU & IToH & HRUI
WY $ TR §¢ Od ¢ Sl Saarg uRadd § +ff aeeH 3 g

URURS TN $HEd S ga-l H, TH Aol HYlel SRHY $HEE UguUl Ie Bl HIH! TR
IH FH HR GHal gl FIR e U HA & U AoleR AUIG T & U6 BIe URIGS & a1y
e frar St g1 oot & uRige o S & I W & s oo 9 Sier s arfeul i
uRaRl & ¥ $3 1 fooreh a ugd el ¢l W Sie-fs asf # fooell &t 59 B "@m #
IS B TAHN TAfReH TRex (o) & TOHN FHed & oH & Y Th A,
IUAN 3R febrs ol & did IRP T fHa1 o1 Tbdl 31 Th igoil Wd &1 WA TId
% oty W ¥ W uepH & Y § $o ol IAeT & o far o gwar g

Yrigdfaed TRex Aleqd & w0 ¥ fefarde Uerdf o fawy TRRe ¥ ¥4 g 81 fafid weR
¥ yHizdfaed TR dNfd U ¥ 9ok # Iuas gl

39 UBR, & lsull €I T IR G871 & IU-9IY Tage! ou (I HAeEd BF g 9 &
TH Y A GHal gl Wi foere e s & fau dsst ¥ i), faftm fagga et w =t @t

T ® SR TP IugH I T

URURS Hwld Bt gal | FTeRid e el Wi &1 YENTRIeT G0 U6 98k Ue¥H o &
fou sea far mr o1 fawRid Uidiersy T& 8, INR 9000. Cisot Hdbeld faHmfo offp-frs o
&e & forg sty T S wbar &1 WRd # fafHiUr @1 dgreR <SSl ¥ B ard §
3 Hc ¢ U7 UaRH P AT 7 cookstoves W IS & W&l R fbar ST 3




CONTENTS

CERTIFICATE ...ttt ettt ettt e et e et e enteenaeenaeenneas i
ACKNOWLEDGMENTS ...ttt i
ABSTRACT ...ttt ettt ettt et et \'%
LIST OF CONTENT ...ttt et ettt e vii
LIST OF FIGURES ...ttt ettt e xi
LIST OF TABLES ...ttt et XVviii
NOMENCLATURE ..ottt . XiX
CHAPTER 1- INTRODUCTION .....ooiiiiiiiiiiteeeeee et 1
1.1 Renewable energy MELICS .....ccueevuiiiriieeiieeiieeiteeiteeete et ettt e s e e e saaeeeeeenes 1

1.2 COOKING ENETZY SCENMATIO. ....uueeuiieerrerireetieeieeeteeeaeeeseeeseessseessseessseessseessseessseensseens 2
1.2.1 Problem Statement..........cc.eeiiiiiiiiniiiie et 10

1.3 SCOPE OF WOTK ...t ettt e e eeaae e e earaeeeas 11

1.4 Aim of present research WOrK ..........ccooeciiiiiiiiiiieniieie e 11

1.5 ODJECHIVES ..uveiivieiiieeiiieeiie ettt eeite et e et e et e eteesebeeesaeessbeessseessseesaeenssaenseesnsaeenseesnsens 13

1.6 Organization 0f the TRESIS ......c.ceiiuiiiiiiiiiiieiie e 13
CHAPTER 2 - LITERATURE REVIEW ... 15
2.1 Physics of thermoeEleCtrICItY ....ccuuiiiiiiieeiiiie et e 15
2.1.1 History of thermoelectric .........coouiiiiiiiiiiiieeieeeeeee e 15

2.1.2 Performance parameters of thermoelectric generator .............cceeeveereveennnnns 16

2.1.2.1 The Seebeck coefficient..........c.ceoeeveeiiiiiiiiiieicceeeee e 16

2.1.2.2 The Figure of MErit (Z).....cvveeeieeeeiiieeiie et 17



2.1.2.3 The conversion efficiency and current.............ccceeeveevveereeecieeeneenne. 18

2.1.2.4 The maximum power effiCIENCY ......cccvvvevrciiiieiiieeieeeiee e 19

2.1.2.5 Thermoelectric Materials .......c..ccoceerieriiniiiniiniinienieneereereeseeeee 19

2.2 Applications of thermoelectrics .........coovuieriieiiiieiie e 28
2.2.1 RETIZETATION ..eeeueiieiiieiie ettt ettt e e e e s beeseaeesaaeesnaeesaeensneenns 28
2.2.2 POWET ZENETALION .....eeeiueiieeiiiieeeiieeeeieeeeiiteeesteeeeereeesseeeensseeessaeesnnseeesnsseeanns 29
2.2.2.1 DC-DC CONVEITET ...ccuveiiiieiieeiiieiieeniee et 30

2.4.2.2 Battery Charging..........cccueevieeiieeiieeniieeiee et ettt eieeeieeevee s ens 30

2.3 Construction Of TEG .....cc.coiiiiiiiiiiii e 33
2.3.1 Thermocouple CONSLIUCTION ......ccvvieeririeeriiieeiieeeeiee e et ereeeereeeeeaeeeeaeees 33
2.3.2 Thermoelectric CONTACES ........coueriiriiriiniieniieriertese ettt 37
2.3.3 Thermocouple coONfigUIation..........ccueevvieriieniienieeie et 39
2.3.4 Thermal INSULAtION .......cooiiiiiiiiiiieieeee e 43
2.3.5 Interface mMaterialS..........cocuiiiiiiiiiiiiiie e 43
2.3.6 Consistency and degradation of TE module.............ccccveeeviiiieiiiiiniieen. 46

2.4 Prior TEG COOKStOVE T€SEATCRES ......ccueeiiiiiiiiiiieniieiteiteeeetete e 50
2.5 SUIMITIATY ..eeeeitiieeiiieeeeite e et ee e et e e eitee e et eeeateeesateeeesaseeeansseessnseeesnsseeennsseesnsseeennseeas 57
CHAPTER 3 - STOVE COMPONENTS CONSTRUCTION AND TESTING ........ 59
3.1 Material SEIECHION........eiiiiiiiieiie et 59
3.2 Stove components and CONSTIUCHION. .......cccuvieeriieeeiireeeiee et e eeree e e e e e sereeeeereeen 60
33 TEG Uttt ettt ettt et sttt e 65
3.3.1 Module testing and SEIECHION ........cceevuiiriieiiieciieie e e 66

3.3.1.1 TEC12710 (Peltier module)..........ccceeevriierciiieeiiieeeiee e 66



3.3.1.2 HZ-14 (Seebeck module)...........cccceuviiiiiiiiiiiiieciieeeeeeee e 70

3.3.1.3 HZ-9 (Seebeck Mmodule).........cccveeeiiiiiiiiiiiiieeciieeeee e 77

3.3.1.4 Comparison between HZ-14 and HZ-9............ccoooiiiiiniiiniinene 83

3.3.1.5 TG12-8 (Seebeck module)..........ccccvviieiiiieciiieciee e, 87

3.3.2 Heat SINK ....eeiiiiiiiiie et 91
3.3.3 Cooling 0f the TEG........coiiiiiieiiieeeeee et 93
3.3.3.1 Air cooled forced convection...........coceeveerienienienieneeneeeceeee 93

3.3.4 Heat S1de PIate.....cccuieeiieeiieeiiecieeee ettt 95
3.3.5 ELECLIONICS. ..couieiieiieeeteee ettt ettt e et 95
34 SUIMIMATY .ttt ettt ettt ettt e e e e et e e sttt e s eabteesbteeeaabeeeeabaeeenas 96
CHAPTER 4 — EXPERIMENTS AND RESULTS.....cccooiiiiieeeeeeeeee e 97
4.1 Performance of cold side heat Sink .........cccccooiiiiiiiiiiiie 97
4.2 Performance of heat side plate..........ccccviieeiiiieiiiiieeie e 102
4.3 Electrical TOPOLOZIES ....c..eeevieeiieeiieeiieeieesie et esiteeiteesieeeteesbeesnbeesnreessseesnaeens 108
4.3.1 Battery operated electrical topology (Configuration 0)...........c..cccuvenenee. 108
4.3.1.2 Lessons learnt from field...........ccocconiiiiiiiiiinie 113

4.3.2 Battery operated electrical topology (Configuration 1)...........ccceeeeunenennee. 114
4.3.3 Non-battery operated electrical topology (Configuration 2) ..................... 123
4.3.3.1 Load conditions .........ccceerueeriieriieiieieeie e 126

4.3.3.2 Load with electronics and fan............cocceeiiiiiiiiiiiiiiieecee 127

4.3.3.3 Load with electronics, fan and LED light/Li-ion battery ............ 129

4.4 The fiNal PTOtOTYPE ...vveeiieeiieeiie ettt ettt st e e esnaeens 131

4.5 SUIMIMIATY ...eeeitieeeiiieeeiteeeeiteeeiteeeetteestaeeesatteeenaseeeensteeesnseeeesseesanseeesnnseesansseeennses 135



CHAPTER 5 - TESTING AND PERFORMANCE OF THE STOVE WITH

DIFFERENT ELECTRICAL CONFIGURATIONS. ...t 138
5.1 TeStiNg ProtOCOL....cueiiieiiiiecee ettt ettt et e et e e eeae e e eaaeeens 138
5.1.1 Equipment and ACCESSOTIES ........eevueieruieeriieeiieeiieeiieeiieeieeeieesveesreesaneens 138

5.1.2 Fuel and its Preparation............cc.eeeveerveeriieenireenieeesreeeseesseesseesseesseessneens 143

5.1.3 BUININg rat€ CAPACILY ....vvveeeerieeeiiieeeiiieeeiieeeeieeeeiree et eeesereeesaeeesnaeeeenneeas 144

S.TA PrOCEAUIE ...ttt ettt et en 145

5.2 TEStING PATAMELETS ....eeeuvieeiiieeiiieeiieeieeeieeeieesreesteesbeessseessteessseessseensseensseenseeens 147
5.2.1 Thermal effiCIENCY ....cccviiiiiiiiieiiiecie et 147

5.2.2 POWET OULPUL TALINEZ......veieeiiieeeiiieeiiieeeiieeeiieeeetreeesaeeeesaeessseeeesnsseeensseeenns 147

5.2.3 Fuel Burning Rate ...........coooiiieeiiiiciieeceee et 147

5.2.4 Standards.........cocueiiiiiiie e e e 148

5.3 RESUILS ..ttt e 148
5.4 COSt ESTIMALES. .....eeiiiiiiieiiieciie ettt ettt ettt e s e s 154
CHAPTER 6 - CONCLUSION AND FUTURE PROSPECTS .......cccoooiiiiieiree 156
5.1 CONCIUSION ..ttt ettt et ettt et e st esabeesaree e 156

5.2 FULUTE PTOSPECLS ..eieeeuiiiiieeeeiiiee e ettt e e ettt e e e eateeeeesaaaeeeeesnnaaeeeeesnnsaeeeesnnssaaesannes 160
REFERENCES ... ...ttt st e e eeeas 161
ANNEXURE — I (DATA RELATED TO CHAPTER 3).......cccccoiiiiiiieieeeeee 174
ANNEXURE —II (DATA RELATED TO CHAPTER 4) ........ccoooviiiiiieieee, 217
LIST OF PUBLICATIONS ..ottt s 227

BRIEF CURRICULAM VITAE ..ottt 233



Figure 1.

Figure 2.

Figure 3.
Figure 4.
Figure S.
Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11.

Figure 12.
Figure 13.
Figure 14.

Figure 15.

Figure 16.

LIST OF FIGURES

Total energy consumption 2010 .........cceeeviiiieriiieeiiieeeiee e 1

Global and regional trends in population relying on solid fuels as the main

COOKING TUCL ..ot e e 2
Total deaths due to HAP regionally in 2012 ........cccoeviieviieeiiiniieeieeeeeene, 3
World Clean Cooking Access and Lack of Access by Region ................... 4
Cooking in traditional mud StOVE .........ccceeviiiiiiiiiiieiieiceeee e 5
Biomass contributing to global heat and electricity generation................... 6

Thermal conductivity, electrical conductivity and Seebeck coefficient of

P-type and N-type carrier COnCentration ............ccceeeeeeeveeeiveenveenveeneeennnn 17
Basic DC-DC bo0St CONVEITET ........c.eevueiiiiiiiiieieiie e 30
Stages of charging a li-10n battery .........ccccevviiieviiiieiiiece e 32
Single stage TEG with two thermocouple ..........ccccooviiiiiiiiieiiie 34

(a) Sandwich arrangement of TE material (b) TE FOM of a sandwich

ATTANZEINEIIE ..eveieeeiiiiiee et e e ettt e e et e e e ettt e e e ee bt eeeessanbteeeesnnbeeeeennneee 35
Segmented arrangement of TEM ..o 36
Arrangement of junctions in a TEG module............ccooiiiniiiniiiniinnnnee. 40
Direction of flow of current with temperature gradient .......................... 41

Voltage and power curve in comparison to current of a operated at a AT of

The junction quality factor as compared to clamping force for different

INEETTACE TNALETIAL oo 44



Figure 17.

Figure 18.

Figure 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.

Figure 25 (a)

Figure 25 (b)

Figure 26.

Figure 27.

Effect of alternating current resistance as compared to number of thermal

Effect of figure of merit as compared to time at 160°C..............ccceeeueeen. 49
Effect of alternating current resistance operating at 100°C....................... 50
Wood Stove with Generator at Left Rear ... 51
EgoFagao stove integrated with TEG by Mastbergen in 2007 .................. 52
Commercial Biolite camp stove and Home Stove .........c.cccooeeeiiiiiienncen. 54

Enhanced commercial stove and add-on design: (i) Envirofit “rocket”
commercial stove with RTI add-on and (ii) RTI TECA design for a
continuous feed biomass STOVE. ........ceveerierienienierieeeeeeeeee e 54
Testing of TECA device with commercial Envirofit stove. (A) Photo of
RTI prototype stove being tested at the EPA - note measurement
equipment setup to record TE power generation and blower power use.
(Bi) Comparison of cookstove test results including RTI TECA
enhancement to Envirofit StOVe ........cccooviiriiiiiiiiiiiiiceec e 54

A natural draft pPower Stove Generator with a thermoelectric generator

Comparison of PM and CO emissions from 3-stone fir, StoveTech-Rocket,
StoveTech-Rocket with TEG fan and skirt and Phillips stove under a

variety 0f CONAIIONS .......ccueeriiiiiieiiieee e 55



Figure 28.
Figure 29.
Figure 30.
Figure 31.
Figure 32.
Figure 33.
Figure 34.
Figure 35.
Figure 36.

Figure 37.

Figure 38.
Figure 39.
Figure 40.

Figure 41.

Figure 42.
Figure 43.
Figure 44.
Figure 45.

Figure 46.

Inner combuStion ChAMDET ........oeee e 60

Bottom view and Top view of mould ...........cccooeviiiiiiiniiiiieeeeee s 61
Front and back of air Jacket ..........cccveeeeiiieeiiiiiiiicce e 62
Outer chamber and dUCt...........coceeviiiiiniiiii e 63
Pan support of the COOKSTOVE ......ooovviviiiiiiiiieieeeee e 63

Computer aided design of front and top view of the TEG cookstove ....... 64
Computer aided design (CAD) representation of the TEG cookstove ...... 65
Setup for testing TE modules..........coocuveviieniieiiiiniieieeece e 67
Temperature difference and load voltage in natural draft condition.......... 68
Temperature difference and load voltage, initially in natural draft
condition and later when the power of the module drives the fan and runs
in forced draft cOndition............cocoviiiiiniiniinee 69
Load voltage and Power generated by TEG using a 0.5W fan.................. 69
Characteristic of power versus load resistance of HZ-14 at AT 200°C.....74
Characteristic of load current versus voltage of HZ-14 at AT 200°C........ 74

Characteristic of load current versus Power of HZ-14 in y axis and

efficiency in secondary y axis at AT 200°C.........cceoveiiviiiieiiiieeniieeeieeene 75
Comparison of rise in load voltage as compared to rise in AT .................. 76
Comparison of rise in power as compared to rise in AT ...........ccceeeienen. 76

Comparison of power vs. voltage at different temperature difference ......77
Characteristic of power with load resistance of HZ-9 at AT 200°C ......... 81

Characteristic of load current with voltage of HZ-9 at AT=200°C............ 81



Figure 47.

Figure 48.

Figure 49.

Figure 50.

Figure 51.

Figure 52.

Figure 53.

Figure 54.

Figure 55.

Figure 56.

Figure 57.

Figure 58.

Characteristic of load current with Power of HZ-9 in y axis and efficiency
in secondary y axis at AT=200°C .......ccceeviiiieiiiiieiee et 82
Comparison of power vs. voltage at different temperature difference ......83
Comparison of rise in power as compared to rise in AT .......c.cccceeveenennee. 83
Comparison of open-circuit voltage with respect to temperature difference

between HZ-9 and HZ-14 ..o 83
Comparison of load voltage with respect to temperature difference
between HZ-9 and HZ-14 .......cooiiiiieeeee e 85
Comparison of temperature difference with internal resistance between
HZ-9 and HZ-14 ... 85
Comparison of heat flow within the module with respect to temperature
difference between HZ-9 and HZ-14 ..o, 86
Comparison of heat flow within the module with respect output power
between HZ-9 and HZ-14 ..ot 86
Comparison of power per module with respect to temperature difference
between HZ-9 and HZ-14 .......coooiiiiiiieeeeeeeeeee e 87
Performance of TG12-8 with varying hot side temperature on secondary x-
axis with heat on x-axis, optimum power in y-axis and optimum voltage in
secondary y-axis at constant cold side temperature of 50°C...................... 89
Performance of TG12-8 with varying hot side temperature on secondary x-
axis with heat on x-axis, optimum power in y-axis and optimum voltage in
secondary y-axis at constant cold side temperature of 100°C.................... 89

Benchmark testing of TEG and heat Sink ..........c.cccoceviiniiniiniincncenene. 91



Figure 59.
Figure 60.
Figure 61.
Figure 62.
Figure 63.
Figure 64.

Figure 65.

Figure 66.

Figure 67.

Figure 68.

Figure 69.

Figure 70.

Figure 71.

Figure 72.

Figure 73.

Figure 74.

Figure 75.

Performance measurement setup for TEG.........cccooovieviiiiieciiiciieeieee, 92

Vertical fin, flower fin, extended flower fin, pin fin heat sink................... 94
Vertical fin heat SInK ......c..ooeiiiiiiiiii 97
Flower fin heat SInkK ..........cocooiiiiiiniiniee 98
Extended flower fin heat Sink ..........cccoiiiiiiiiii 98
Pin fin heat SINK .......ooiiiiiiiii e 99

Comparison of different heat sinks by natural draft with HZ-9 TEG
INOAULL. ..ottt ettt st 100
Comparison of heat sink by forced draft with HZ-9 module................... 101

Comparison of heat sink in forced draft enclosed within a duct with one

side opening with HZ-9 module ............cccovveieiiiiiiiiiieeeee e 102
Heat plate aluminium metal block ...........ccooiieiiiiiiiiiie 104
Thin stainless steel heat plate with single stainless steel probes ............ 104
Copper heat plate with four copper probes .........ccccceveeeviieniienieenieennen. 105
Heat plate of thin aluminium plate with five cyl. aluminium probes ......105

Heat plate with stainless steel plate with five cylindrical stainless steel
probes inserted inside the plate..........cccveeviiiriieiiieniieic e 107
Comparison of heat plate metal and design with respect to time and open-
circuit voltage of TEG .......oooviiiiiiiiiie e 108
Configuration 1 (a) Battery charging circuit by TEG (b) Fan driving
circuit (battery discharging end) .........c.ccoeecveeiiiiieniiiiece e 109
(1) 5V DC-DC step-up converter, (i1) 12 V DC-DC step-up converter, (iii)

integrated CIFCUIL DOX ...cc.eoviiiiiiiiiiiiiiieiieeeteseeeee e 110



Figure 76.

Figure 77.

Figure 78.

Figure 79.
Figure 80.
Figure 81.
Figure 82.
Figure 83.
Figure 84.
Figure 85.
Figure 86.
Figure 87.

Figure 88.

Figure 89.
Figure 90.
Figure 91.
Figure 92.

Figure 93.

Arrangement of the various components in the TEG fitted cookstove....111

Load voltage was plotted with respect to time of configuration 0 for six

Comparison of temperature difference was plotted with respect to time of

configuration 0 fOr SiX teStS........ccvvvieriieriieiieeiiieeiee e 112
Comparison of time as compared to power of configuration O .............. 112
The actual use of TEG cookstove in field.........cccceoeeniiniiniininncnncnnne. 114
1.5-12 V step up converter and 3-5 V step up converter ......................... 115
Circuit boX fOr TEG .....oiiiiiieiiiieeeeee e 115
Configuration 1 of battery operated TEG stove........ccccevveevieeniiennenne. 116
Step-wise functional path of power flow in the configuration 1 ............ 120
Load voltage with time of configuration 1 ............cccoeeiieiiiiniienires 122
Temperature difference with time of configurationl ............c..ccceeeeeeennee. 122
Power with time of configuration 1 ..........ccccoevviiiniiiiiiieeeee e, 123

Configuration 2 for running fan and battery charging simultaneously with

TEG POWET ...tieeiiite ettt ettt sttt e et e e et ee e aneeas 124
Temperature difference with respect to time .........cccceeveerirenvieniieeneeennen. 126
Load voltage Versus tME ........cc.eeeevvieeiiieeeiiie et 127
Load current versus load voltage .........c.cccecvvveeviiieiiiieecie e 128
POWET VEISUS TIME ..ottt 128

Black marker shows the start of fan, red marker shows the range of
running fan only, and green marker shows the running of fan and lighting

of LED simultaneously with the power of TEG .......c..ccocoeciinininnne. 130



Figure 94.
Figure 95.
Figure 96.
Figure 97.
Figure 98.

Figure 99.

Figure 100.
Figure 101.
Figure 102.

Figure 103.

Figure 104.

Figure 105.

Figure 106.

Figure 107.

POWET VEISUS TIMNE ...oovviiiiieeiiieiieeiie ettt ettt e e 130
Time vs. temperature difference of TEG ........ccccooeiiiiiiiiniieieieeee. 131

Load current with load voltage of six tests for five TEG cookstoves......133

Power with time of six tests for five TEG Stovesc ........cccccveeeveeiiieennennne. 135
Design setup for StOVE teSTING .....eeervieeriieeiieeiie et 143
Thermal efficiency of different electrical config. with its TEGs ............ 148
Power output of different electrical configuration with its TEGs ........... 149

Particulate matter of different electrical configuration with its TEGs.....149
Carbon monooxide of different electrical config. with its TEGs............. 150
Thermal efficiency of configuration 2 with TGI12-8 of five TEG
COOKSTOVES ...ttt 151
Power output of configuration 2 with TG12-8 of five TEG stoves......... 152

Particulate matter of configuration 2 with TG12-8 of five TEG cookstoves

Carbonmono oxide of configuration 2 with TGI12-8 of five TEG
COOKSTOVES ...ttt sttt sttt 153

Body temperature of configuration 2 with TG12-8 of five TEG cookstoves



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

Table 12.

Table 13.

Table 14.

Table 15.

Table 16.

Table 17.

Table 18.

Table 19.

LIST OF TABLES

The thermoelectric properties of different semiconductors ...................... 22
Comparison of different rechargeable batteries ............ccccceeveeeiieiiienncnn. 31
Charging characteristics of a li-ion battery ..........ccccceeveeriiienieeiieciieeeee 33
TECA device electric pPOWEr SUMMATY ........cceeevveeerreeriieenveereeeenieeesseeesseens 54
Author Name, year and name of Stove of TEG cookstove researches......56
Raw materials for the design of the TEG cookstove .........ccccecuvevveennnennee. 59
The thermal and electrical properties of HZ-14 .........cccoocvvveiiinciieniienen. 70
Characteristics Of HZ-14 ......cooiiiiiiiiiteeeeeeee e 71
Output parameters of HZ-14 at a AT of 200°C ......ccooiieiiiiiiiiiieeieeee, 72
The thermal and electrical properties of HZ-9 ...........ccccoovvieiviviieniiennn. 78
Characteristics Of HZ-9......ooouiiiiiiiiieeeee e 78
Output parameters of HZ-9 at a AT of 200°C ........ccoeieiiiieiiiieeieeeieeas 79
The thermal and electrical properties of TG12-8.........ccccoovveviieiiiiriieenen. 88

The thermal and electrical properties of HZ-14, HZ-9 and TG12-8 at

QITRIENt AT ..o 90
Aluminium vessels for thermal efficiency test ..........ccccoeevvveviiieeeciieennne. 139
Cookstove standard performance parameters ...........cocceeeveerveenveennnnne. 148
Cost of the stove and TEG, HZ-9 .......eeeneeeeeeeeeeeeeeeeeeeeeeeeee 154
Cost of the stove and TEG, TG1208-1LS.....ccoooiiiiiiiiiiiiiiiiiii 155

Comparison of different configurations with respect to electrical and stove

tESTING PATAMETIETS ....veevviieiieeiieeiieeieeeteeeteeseteestaeeseeeebeeesseeeseesseesnseennns 159



NOMENCLATURE

a Seebeck coefficient V/°C
zZ figure of merit dimensionless

Tu hot side temperature °C
Tc cold side temperature °C
)3 electrical conductivity Q'em!
k thermal conductivity W/em°C
p electrical resistivity Qcm
L length of one thermo-electric leg cm
A cross-sectional area of one thermo-electric leg cm
Qu Heat flow from hot side w
Qc Heat flow from cold side W
R; load resistance Q
I current A
P power \W%

Ne conversion efficiency %
Voc  open circuit voltage \Y
Ppax maximum power W
Lnax ~Maximum current A

R;,: internal resistance Q

AT Temperature difference °C
w mass of water in vessel kg

W mass of vessel with lid kg



F rate of consumption of fuel wood kg/h

Hfel  calorific value of wood (or solid fuel) kJ/kg
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