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EXECUTIVE SUMMARY

Many farmers of the.world are faced with. the problem of reducing the. moisture content of their
harvested crops to. prevent spoilage during storage (Bukola and Bolaji, 2008); banana is one' of'

the.most important crops in Uganda with ]6.million people depending on the plant as a source of

food and income (Kikulwe, 20(8). According to (Byarugaba, 2000), Uganda produces a lot of

cooking bananas of.lackof value additionmost of it goes. to waste. Well as traditional sun drying

is the oldest, simplest and widely used method, it is unhygienic. and time consuming, In addition,

the direct mode dryers. being used .are associated with long drying hours and loss of the product

quality. Improved sun dryers are expensive because they require more than one energy source.

A solar dryer utilizing energy from the sun and.a slotted air chamber for proper heat distribution

to drying trays in the drying chamber was designed, fabricated and tested in this study and was

be for use by farmers for drying of bananas iri rural areas of Uganda and at the domestic level.

The production potential of bananas in Uganda, characterization of bananas varieties grown in

Uganda as well as the different drying methods and technologies were presented in chapter two

of this study; additionally the different ways in which dried' banana products. could be utilized

were presented.

Chapter three presented the variousmethods and tools that were usedin achieving the objectives

of the study which included; characterization of the banana varieties grown in Uganda, design of

a solar dryer for drying bananas. fabrication of'a prototype of the solar dryer as well as

.performance testing and econornlcevaluatton of the dryer.

The. major findings and discussion of the results from the performance testing of the dryer were

presented in chapter four of this report

Chapter five presented the challenges faced in carrying out this study, the conclusions as well as

recommendations.

This report also contains lists of'references arid.appendices

v



hrs
Le
. 2rn
.(113

e.t.t

J/Kg

MT
g

e.g
NPV

ppm

kJ

W/m2

FAO

UNCST
~.:. Lat

ACRONYMS

hOUI'$

that is to say

square meter

cubic meter

etcetera
Joules per Kilogram

million 'tones

grams

for example.
Net Present Value

parts pet million

Kilojoule

Watts per. meter squared

Food And Agricultural.Organisation

Uganda. National Council for Science and Technology

Latitude

vi



.,

TABLE OF CONTENTS

DECLARATION ' •....•.... ~ : ;.. ; ;. , ; , :i
A.PPROVAL.,. ""~.,.,, " ,. "..'."" "11· " .. " t •••••• " , ~ ••••• , •• ir
DEDICATION· ·..iii

AC·KNOWLEDGEM~NT ...•..._ " ,.....•.." l' : & ••••••• , ••• ~ •••••••••••• ~ & •••••• iv

EXEClJTIV.E SUMMARY , , v
ACRONYNI.S "! t " , .. ,," iii " -. vi

TABLE· OF C.ONTENTS ; ; · ; .vii
'LIS'f OF TAB'LES ; ;..•.................;., , : , ; ;·x
LIST' OF FIGURE-S ~ ~ ~ xi

'CHAPTER ·ONE ' 1.

1.0 Introduction , ; ; ~ ; 1

1.1. Background , , ~ '...•..." ~.: .:•..: ~1

1..2 Problem Statement , 2
'1..3 Objectives of the'Study. .;. ~ ; ~ 2

1;3.1 Main Objective ~.~ : ~.; ~ ~ ' ~· :·Z

13.2 SpecificObjectives ; ,,:..:'2
.l:4 Justification. , ~...•.., 2:
·1.5 Purpose 'of the: study 3-

1.6 Scope and limitations of the Study -: ;.~ ~.•..~ 3

.CHAPT.ER' TWO , ' ' ' ' 4

2.0 Literature Review ,....•..•. 4

2.1 Production Potential of Bananas in Uganda ,.; 4

2.3. Preparation steps of bananas for drying ~ : , ,4

2.4 Parameters-that affect drying, : 5

2.5 Banana fruit sun dryers 5

2.6 Drying methods applicable to bananas; •..; 7

2,7 Dried banana products' utilization ~ ; . e- , •••• ~ r» 7

CHAPTER ..·fHREE. ~ ~ ~ ~.......•.......... , 8

vii



3.0 Methodology , 8
3.1 Objective-I; Characterization of'tbe banana varieties 'grown in Uganda 8

'3.2. Objective 2:De~ign 'of'thesolar dryer , , ; :~ : , ,r:«: : 8

3..2.i Design considerations of-the dryer ,., ->». _ .8
1.2.2' Design of the solar dryer components , , , 9

3.3 Objective 3: Fabrication of the designed solar dryer , ; 15

3.3:'1 Material selection ; ;..; : ; 15

3.3.2 Fabrication ofthe different components : ~ ' ; ~.. 15

3.4 Objective 4: testing the performance of the prototype 17

3.4..1 Testing for dry effectiveness , , ; i7

3-.4.2 System Efficiency : ; , , 17

3.4.3 Procedure for testing quality of the prcduct., · 18

3..4A· Analysis of performance test results , ~ : : ; ' : 18

3.5 Ob~ectiy'e'" cont'd: ~ic ~y.sas·ofdre dry~ , "' " 18-

3.5'.1 Rate of Return from the .dryer ; , rr ,; 18

}.5,2 Net Present V.alue{NPV) · · :..; ; 19

CHAPTER, Fp:tJR_ ..- ,.., , : ..~ ; ;0 20

'4;0 Results ;__ .- " " , : , , " : ·2:0

4.1 Objective 1: Characterization of the banana varieties wown ·in Uganda 20

4.2 Objective 2: Design ofthe solar dryer ; ;..•· , 21
4.2.1 Design of the solar dryer components , ,..; ~ , , , ,.. 21

4.3 Objective ..J.: Fabrication of the designed solar dryer " " " 24

4·.3:.1 Material .selection , , - 24

4.3.2 Fabrication of the different components ; , 24

4.4 Objective-s: Testing the performance of the prototype 26

4.4..1 Testing for .dry effectiveness , ".,_ , , ~~ , < 26

4.4.2. System .Effici~ncy " " : , : -s-r-»-» : 2'6

~.4:j. Procedurefor.testing quality of the .product., : : , " 2.7
4.4.4 .Analysis of performance test.results , 1,7

4.4,-5 Performance testing procedure r zs
4.5 ObjeotNe4'POnt~d: Economic Analysis of the dryer : : , ; 30

viii



Cr:iAPTEltf.JVE •..... ~ JI

.. oj 5.··1 'Challenges .~..r : ~.4 ••• • + ••••••••••• "i ..~•••••••••••• ;......• ;•••••••••••••••••••••••.•••.•••••••••••••••••• ,., ; 3J

5.~. Conclusions, :,..! ••••••••••••.••••• ;·••• , ••.••.• , , ••• : : , ••:~••••••••••••• .' J 1

5:3' Recommendations " , ,.31
RBFER£NCES .. _.__4 •••••• _" ••••• • _4 •••• 4 •• 4." ••••••••••• ~ •• '" ~4 ••••••••••••••• • 32
APPENDIX I: ORYEa DlAGRA~-IK _.. __ ~ _.. :... "_._ __ _..• _~__•._._ .35

APPENDIX Il: ENGINEERING DRA W.lNGS (DRYER COMPONENt PARTS) , 36

APPENDIX II.CONIT'D ENGINEERlNG ORA WINGS (DRYER) 041

APPEND.IX HI BUDGET FOR THE DESIGNED SOLAR DRYER " " 42

ix

e.:



LIST OF TABLES

Table3.l Characterization of bananas ...• ~ _ ~.. ,,; _ ~.. ~~.__. __•. _ J~

Table 3.3 fabsicaUoo 'Oflbe different oom~cn1S __.~ _!, "_,_""",_., __ ,,_,.,~,.,,,, __ ,, __ 7:5

Table 4.4(a) Moisture loss (%) with dcying time __.;_ _.~.~.•.. ~.~ _~ _._~ ._ _ _..1.8

T~bleA4(b) Ay.er~e ~y rlcying (emperature.wid'l aver.ag~drying ~. -.. -.~- _.. -"'..• ---.29
TableA.5 Net present worth method.i.c., ... _.. __.._.. ~~._•. ;._.__.... .... _.... .__... ... _.... 3!l

x



t-IST OF FIGl)RES

Figure 2.5 0pem1i9R principle of'a direct solar dryer, ._._.•__ ~.~ 6

Figure 4.4(:a) Domestic solar dryer for banana fruits-in operation ..~ ~..•.•..... ·.~.. _~.__••21

Figure 4A(b) (Moismre IQ$S(%) wM dcylngtime .•....•...... .,_ ~ _ _ _.. _28.

Figure4.4(~J Av.ar:iation()ftempeG3iDrewib.n·dcymg,tr.ays_ ..•.•...... _.•. · •._~_•.. .. _29

'.,.

xi



, "

CHAPTER ONE

1.0 Introduction

This chapter presents the background to the stud>" problem statement, objectives, justification,

-purpose, as well as scope and limitations of the study .

.1) Background'
" ,

Most of the farmers Of the world are normally faced with the problem ofreducing the moisture

content of their harvested crops to prevent spoilage during storage. The situation is worse for

farmers in the rural areas of developing countries where there is no access .to electricity and

harvested crops arc often stored in heaps (Buk~~ and &laji, 2008). Banana as one of die, mnSt

'importantcfQPS in Uganda with 16 million people-depending on the plant 'as a, source of'food and

income (Kikulwe, 2008). According to: (Byarugaba, 20(0), Uganda produces a lot of cooking

bananas 'of lack of value .addition most of it goes' to waste; thus losses from bananas as an

agricultural produce in banana growing in therural areas of Uganda are an.important issue, The

practical use ofthe energy from the sun for the purpose of drying agricultural products will go a

long way in reducing post-harvest losses (Lawrence', 2013).

"Traditional sun dry"ili~:is' one 'of the oldest, simplest and widely practiced drying method

by local farmers llJ the rural areas; The process requites relatively low capital .investment,

large drying area, is' time consuming and is generally unhygienic. Mechanized dryers, which

are of recent being preferred to the traditional open air sun drying process, aremuch faster in

drying process, lise less drying area, but require a .substantial quantity of fossil fuels or electricity

to operate, which makes it energy intensive, (Ertekin and Yaldiz,2004; airi and Prasad, 2007;

Ajao and Adegun ..~O:O9;Yesilata and Aktacir, 2009).. However, the ever rising cost-of electricity

and natural.fuels coupled with thegrowingconcern about their availability i,n both theshorrand

long terms, has resulted in growing interest in the use of renewable resources especially solar

energy; in both direct and Indirect forms (Adaramola et (/1. 2004; Koua et al ..,2009); most of the

solar dryers are however associated with high humidity levels in their 'drying chambers that

results in longer dcyii),ghours of the crop under consideration.
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