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ABSTRACT

A large part of the world’s population about 2.7 billien people rély on traditional biomass for
cooking with 657 million of these in sub-Saharan Alfrica {OECD/IEA, 2010). Like any other
developing country, Uganda is confronted with an energy sitvation of inadequate and unreliable
energy supplies. More than 90% of Uganda’s energy requirements.are met b._y biomass (MEMD,
2007). Which is often burned in open fires (three-stone) or poorly functioning stoves (Reddy et
al., 2000), such stoves exhibit high fuel consumption, incomplele combustion thus release of
‘smoke, particulate: matter and otheér constituents that cause damage to human ligalth. Therefore,
this project was uridertaken to design and construct a twir pot wood gasfier stove which greatly
reduce fuel consumiption, provides a clean cooking environment and then gives charcoal as a by-

product.

The- designed-and fabricated stove was tested and results: indicated high heat transfer from the
reactor to. saucepan by giving 54.1% thermal cfficiency, fuel saving potential portrayed by
specific fuel consumption of 75.8g/iter, reduced cooking time by achieving 12minutes and 19

minutes boiling of 3liters.and 1liter in the first and second pot respectively.

The designed and fabricated stove is simple aud easy to use, it is bateh fed which gives an

operator inore time to attend to other activitiés during cooking process:

Tieapinge Philsian BUIUG 20017228 Page i




ﬁa_jﬂqn and’ 'rf:nn;(.l;u_cf;_'m of 2 hite pﬁfﬁdﬁﬁg{' oo sfove.

DEDICATION

This report is dedicated t6 my parents Mr. Edward igiro and Mrs. Advera Higiro, for their
sacrifice and love they have rendered fo me through this academic journey. May the Almighty

God bless you abundantly.




ACKNOWLEDGEMENT

First and foremost, I am grateful to the Almighty Gad for His divine intervention all through my

lifetime and this education level.. Without you God, 1 eould do nothing.

1 am exceedingly indebted fo my sopervisors Mr. Okiving Patrick and Mr. Mugisha Moses for

their technical advice and invaluable contributions Losvards this report.

In the same-vein, I am éxtremely appreciative to my course mites, roomies and all iny ¢olleagues.
éspecially Malinga Tadeo Jude and Aligawesa Godliey for their good cooperation during my
stay at Busitema University.

Last but not least, I extend iy sinceré gratitude to the rock of my family and great friends, my
wife Lilian Tumuramye and iy children Precious and Fvans, I love you all mors than words can

tell, for your immiedsurablé contributions, love, caré, comiort and consolationis.

May God bless. you-all.

BU/ UG 2011/228

'ﬂﬂyﬂ and construstion of a fws {J‘a(jaﬂ'ﬁéﬁwﬂ%{ sfove “Tuntisraiye Philesian Pageii




DECLARATION

I TUMURAMYE PHILESIAN hereby declare that this report is my original work, except where
stated and there is no copy of this work that has been presented for any award in any University

or institution of higher learning.

-V y v
----- sasssfecrvgrefsesnarsnannanne

TUMURAMYE PHILESIAN

BU/UG/2011/228 Date. dA./.85 /. 2015

Design and construction of a two pof asifier wood stove Tursuramys Philesian BU/ UG/ 2011/228 Page iv




APPROVAL

This report has been.approved by:-

Signature: ....... DU Dater .o,
MR. OKIRING PATRICK

Main supervisor

STENAIUFEL oo iran e e Date: s
MR. MUGISHA MOSES

Co-supervisor

i?ﬂ:f?_h_ zma{ t.'_ém._rf:;‘:{fﬁfm I':f abvo ﬂaf: ﬁaﬂﬁsr'wam( ;rfati'ﬂ" : Trintsifees B ?ﬁf&n}: " RUSUG 20t/ 328 Pa gev




TABLE OF CONTENTS.

ABSTRACT ccovcvonnisiasiinassannies SO ST OROOFOOe PSSO OV POTO T STRNOIORRIONS |
DEDICATION w...esciheerrrscsreasisenesessnsseiessessismsasatasonsss s simsnestooseneesssossoseneen i seaisssessss s s sins B
ACKNOWLEDGEMENT...covurne irerer e e beee R s e Ee b e b aerdaaes st coverrrrenrens HI
DECLARATION ......... pevei ettt s naeae et SO HROR OO UTOTUIUIOOO s rsna 1V
APPROVAL....cocrmmemirsenraricaressssimasinesssanans e e s revebiannbereab s dmee s penbenerea WY
TABLE OF CONTENTS .1svtverttssssstssectossmasseassssesemoseseeseorenesemgeeeseesessonsssss oo OOV vi
LIST OF FIGURES ...ove et serienenns enteer et e A AR e a e ab s s st et et o D
LIST OF TABLES ....vvovvevorens [ ettt s ISR ceeertenrnrores vttt geresien ix.
LIST OF APPENDICES ..oveeesveeeiiaenn. ettt eb et oot e ne e e evrreateonns X
CHAPTER ONE ..ouvrevereernnrrrsarrarnans e e et b et e RO 1
1.0 INTRODUCTION ..onronerncrrrcrnnen W s e reeeab b e e e .1
1.1 Backgrounid....ovcviiieninianinne RO SOOI S s SO
1.2 Problem Statemient........ e i eeerories eeveeaenreeneeenead e e ieses e 2

P IR Lo ot 0o O O OO U TP T 2
1.4 Objective......... T TSP PRI SO VP SO S
1.4.1 Main objective ........... P Y AP STIOR b OO U
1.4.2 Specific OBJECHIVE ..o, O VO RUUUURE FOIRURIES. |

L3 8C0PE. s sl dierers e ieb Ferbin e e e i P P earin3
CHAPTER TWO 1.ciiinsiseresiessssesssniisnsssssessssssansans s et oo B
2.0 LITERATURE REVIEW ....oooooormreseecrcrmmsererseenccee et e et sttt 4
2.1 Biomass Stoves .....eweevnneenineinns reern i eratraia e et e ettt n s 4
2.2 Gasification....c.eervevecernnneen, vesriens PRI e e n e aermerereries s e a e rasaryseranes prrrrseairnen 4
2.3 (ASITICALION PIOCEES coovertecertrmeeaesemsaremetgaaesesrassser srm rmsssesessararasesesseeassrasangenssgrasrsansrsrarsssssbesrsresarsnsss S
2:4 Micro-gasification......e.ceerecennne. e eh e aan AT pR e SR eRTE S TeA YRR e RS ea S R AT b e pa e s earae s vttt 3
2,5 Types of 2asi fCAtion . werermimscessemrarissesseres eern st v st s etss et secene s saesgosesinreenoes B
2.6 Updraft Gasification........... SR it e ar e as rere e rarnr e JUTTT eernn B
2.7 History of gasifier Stoves......... e indererenge e et eraneaen rerereereennns R et r et ettt e reeg et s eenetrarenseatae e &
2.8 Various Gasfier Designs .....vumnmrsrssmsirences . SV BTV .

2.9 Natural DFaft oo oo sensseenss RO et oot et an st P




2._9.2Disadvantages:....-..........-..........-....- ....... et eeern e e peaaeanns rerres e e s et eeanannn S e B

2.10 Forced Draft...cccvvvvcnne T e omta e fea R e e r e i e B
2.10.1 Advantages......... O SOOI SRS SO R OO LSOOI SR eirinririe e raes g
2:10.2 Disadvantages ... s as s et bbb e i @

2.11 Other Stave DESIBNS vt iierses st s ettt eb et ae e e e r s e 9
2.11.1 Rocket STOVE.....ivmuniiivinnnininsigursesenninnes R ettt b s R T 9
2.11.2 Three Stone SEOVES .. sriesis e ssnsvnas ettt s ey s e g s .9

CHAPTER THREE .ot ssnsosreosoooseeres et et eerseees e 12

3OMETHODOLOGY .iveivvmsmimconiemsceseenceneeas i e et et nee s ennsr s s anarbes e rereens SRR 12

3.1 DESIZN PALDMELETS «...cscevuvvreseareass sssesssssosessanessnsasneonaressseremssnessssssnoasssarsssensesonsssessszostseemseressegessesensss 12
321,10 FURT CONSUMPEION FALR ..vvveerevvarssearseresneroressssensrsss e cesenssesssesas emsestorssevssemssas s ssssesiasisnssssassnnns 12
3.1.2 Height of the combUSHION ChamMBEE (FEACEEIY wverenieee i resrstrer e esresesssressass s aseseneesesreesens 12
3.1,3 Diameter of the combustion ChambBer (FEACEOT) «.....ocovewoerviiumisssisss s sessssicseemssseessesersosianes 13
3.1.4 The Cross-Sectional Area 0F ThE REACION i.v..iv.rermreeeesossieresesssees st bssessssissosssessssensensesessonsnes 13
3.1.5-AirFlow Rate.....ccoeverernnee rrerr et e S OO U SRS b 18
3. LG AN N HOSIEN cooervevsrcerrcrernrrrevsens e ettt bttt eeteirereseis oo 14
3:1.7 Chimney Design.......ccoieas SRV et it T T P UPRORP TP 1.
3,1.8 THE TraME. cvvviosss e eeerrcsssessssessssesinsons vt oot ene st ssnessssmnen s oeseisensonnd 10
3. 1.9 The POL NOJEET it aris e st et e et smera s st bt b bt gacsesbeainsyaessragedressi ranessarnssbronns 15

3.2 FabifiCation .eu o esecsiomenessiinsnnaszienesrnsrses st RS e b e s 16

3.2.1 Material Selection ..ot rminivnnn. OO SOOIV SUIN feee e renesems- 10
3.3 Testing of the prototype ......o...... RO erer e s e et bt oo 17
3.3.1 Thermal efficiency. . v in i b ey 1T
3.8.2 Specific fuel consumption ..o e, et aeE ST Se et Rt e ea e e e me ek 4hsra s n e rens e 17
3.4 Economic evaluation......c..vcreean rerere e et e e pesverenenis rerateneran e w18
3.5 Data analysis --.......... et e perresrereresananns ettt oo peeresmriesarene retvrions 18

CHAPTER FOUR -cvvvrvnmmeerasenes eereene s bt et s caee et oot ereeeeeeraens L)

4.0 RESULTS AND DISCUSEONS wcootirrerermarimneems e mssesmssesseasasssensssesseraseeasessssssasrssesssersasssacs - 19
4,1 The designed two pot gasifier wood stove ..., eerrare e errrenaansares ST, 19
4.2 The fabricated two pot gasifier wood stove ......... U rerreneersrenees e ety 23
4.3 Testing 0F the fabricated ProtOIYPE. .o simrs et aes cesseerecssmnssssbassens e ssrsssressssesencsssenssnas 24

4,3.1 Mechanism of operation.

Design and canstruntivi of a o piof ganifier wood stade Ty Dhilesian BUSHG 20017228 Page vil




4,3.2 Materials and _equipmen't used INTESHING s pveeriesnren [ vereeis vrerirran 24

4,33 Therm’al.Efﬁcien‘cy (e viere et e e tearenstes e e——— N rrerebresenresetesvornaaayaans evrererans 25
4.3.4 Specific Fuel Consumption............. e eEr et st b nin i st TSROV TORN oo 26
4.3.5Burning rate ,...oeen R ereerrenerins S N P s - 27
4.3.6 Time'taketi to boll water ....occirnns U R POV ST RTINS 27
4.4 Economic evaluation of the project. ... v e 28

CHAPTER FIVE oot sienteiain e et e im e e e fe et e siene e e e et i ndasen e 3 ey et rasenes s aasmaasabe entsemiasrsavns resenracistin res 29

5.0 CONCLUSIONS AND RECOMMENDATIONS ..o dnne st s eerarnanionns 29
5.2 CONCLUSIONS ............ SR eere e e vt raead eericenrer e ranareans i 28
5.2 RECOMMENDATIONS ..o e sioreonesosegeseconesisnesaonessesssesonsreces et 29

REFERENCES 1 ovcvcc s cererrecosesssssesionionsiesinsensessiiosessasssiansssosieit s arsssssssssssssssisassssesssmrasssiromsarsessssassfonsrrstsnsis 30
APPENDICES fuvvinsimcssiinissecans st ek 080 g rms£ e 2 2 e e s s s 2o pm s et esem s e ra s A

Disign and constraction nf i bwo pot gosifine wood stove. ity Philesion BU UG 200/328 Page viii




LIST OF FIGURES

Fig 2.1: Gasification process, source (Jared and John, June 2002} ..o v, eend
Fig 2.2: micro-gasification, source (Anderson & Reed. 2004)...0veiiinciniiiinin vy s 5

Fig-2.3: Natural draft gasifiers, source (Arniderson ef ¢l 2007) ... i it v e el 7

Fig2.4: Forced draft, Source (ANAErSOn ef el 2007) ... . oo . o oe s ead s e e s i v Y

Fig 2.4: Rocket stove; source (Alessandro B, 2004). ...ccovinmecnrvnieiens et e e 9
Fig 2.5: Three stove, source (Aless_andro-B, 2004, vt e e e 10
Fig4.1: Inner cylinder (reacter) dimensions ....... e e b eia e aans e e aaaas ]
Fig4.2: Top view of the stove........ccovevrivierrennn.n. s et 22
Fig 4.3: The designed two pot gasifier wood Stove.............cc.ovvnes, ST ferrieramanreaenn 23
Fig 4.:4: The fabricated two pot gastfier wood SIOVE .......ccviiiiicsiiniiisinstins s e 23
Fig 4.5: Mechanism of operation of the fabricated stove:............... e e e o}
Fig 4.6; Average stove performance of three tests......c.oovirinnnnns U heeeens TR 27
Fig:4.7: Time taken to boil water in each-pot..,....coc.oeerinonn... N s reens e et 28
LIST OF TABLES
Table 4.1: Water boiling test results for the two pot gasifier wood SIOVE.....o.ceoeern, enee 260
Table 4.2: Time taken to-boil water in pots I and 2 respeetively...... et e e 27

ﬂmﬁn ;_r.nd 'éun.i'fmt'ffan-af a iy ﬂafﬁﬁﬂﬁér-muj sfave -?’r,mziri‘{mw.r,'. Philesian BUAUG 2008/758 Pa ge ix




LIST OF APPENDICES
Appendix 1: TWA Perfomance tiers ... ... oo i i s o v v e i v et s s v e oo e cer e

Appendix 2: Marking, cutting and welding processes during fubrication.. ... .. ... .o 4

Appendix 3: Testing the fabricated stove........ e R B
Appendix 4: Data calculatioh sheet ................ it it i ieeenienn e C
Appendix 5: Cost Budget. ..o oovin i [ OR b

ﬂmﬁi‘gn and cansfruction ofa fivn pn{_ga.r_;ﬁer waaé’ sfovs Tty e ?ﬁ':’ﬁsj'r}m_- BUM Q/z{;r'rf(’,?;zg_ Page x




CHAPTER ONE
1.0 INTRODUCTION
1.1 Background

A large part of the world’s population about 2.7 billion people rely on traditional biomass for
cooking with 657 million of these in sub-Saharan Alrica (OECD/IEA, 2010). A large proportion
of these users (85%) are in rural areas where financial and structural challenges have made
access to modern energy alternatives difficult. Nearly in all developing-countries’ households,
wood, cliarcoal and other solid fuels (mainly agricultural residues and ¢dal) are often burhed

in open fites or poorly functioning stovés. (Reddy ef al., 2000)

Like any other devéloping country, Uganda is confronted with an energy sitvation of inadequate
and unieliable energy supplies. More than 90% of Uganda’s energy requirements are met by
biomass (MEMD, 2007). With mote than §5% of Uganda's population lives in rural areas,
almost all of them depend on biomass (woeod and crop residues) for cooking and heating often
using inefficient technologies. Even in urban are2s, 4 vast majority of the population use charcodl
for cooking. Electricity is available only to 9% of the total population aitd 3% in- the rural areas

(UES,; 2013y

Firewood is used miaiily with thrée-stone stoveés in ryral households for cooking and for food
prepatation by commiercial vendors in urban arcas. Less than 9% of all households use efficient
wood stoves. This is much associated with incomplete combustion in these inefficient stoves
which leads to the release of smoke, particulate. matter and otlier constituents that cause damage
to human health (mostly women and children) in the cooking environment. The conversion of
firewood to ‘charcoal -uses, mainty earth mounds and pits, which give an average conversion

efficiency of about 10% - 15% (MEMD, 2007).

With introduction of gasification (micro) in houseéhold application, energy challénges associated
‘with cooking can be minimized. Therefore, this jsroject was undertaken to design and construct a
two pot wood ‘gasfier stove which greatly reduce fuel consumption, clean cooking envifonment

and then gives. charcoal as a by-produect.

ﬁdf_@rhﬁnd’ consfyuciion ﬂfﬂ fivh pa’fﬂm&'ﬁ‘er‘ wood stove ?’Lr_mzélm:w&' Phifria BU/UG 201 228 .Pa'_ge. 1
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