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i 

 

ABSTRACAT 

Wind energy is among the cheapest means for the production of renewable energy currently 

existing. But wind power generation will be impossible without an effective or an efficient wind 

blade. Currently, wind turbine blades are high performance synthetic and hybrid material 

structures. Bamboo has been observed to be more sustainable than the current materials in terms 

of life cycle and renewability of the resource. Bamboo which is known to have notable properties 

of good strength and high modulus across the culm wall has been used to design wind turbine 

blade. However, it has low energy output compared to the current materials used like glass fibers. 

Hence an attempt was made to manufacture a composite by combining bamboo with banana fibers 

due to their high strength, light weight and smaller elongation to increase on the performance of 

the composite to meet the required properties to be fully used in small wind turbines. Chemical 

method of bamboo fiber extraction and mechanical method of banana fiber extraction were used. 

Treatment of fibers with sodium hydroxide to further lignin, hemicellulose and other fiber 

remnants removal for the improvement of bond and interfacial shear strength of the bamboo fiber. 

Next, the composite was fabricated in different bamboo to banana fiber ratio using hand lay-up 

technique. Then tensile and morphological properties were tested. 

 

 

 

 

 

 

 

 

 

 

 



ii 

 

DECLERATION  

I AINEBYONA RONALD, Reg. No. BU/UG/2016/5 hereby declare that this project research is 

my original work and that the information contained in this report is out of my research, except 

where denotative citation has been made and it has not been presented to any institution of higher 

learning for any academic award. 

Signature ………………………… 

Date        ………………………… 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 

 

APPROVAL 

This project report has been submitted for examination with approval from the following 

supervisors: 

MAIN SUPERVISOR 

Mr. KASSEDE ALLAN 

Signature ………………… 

Date       …………………. 

CO-SUPERVISOR 

Assoc. Prof. SAMSON RWAHWIRE 

Signature …………………. 

Date       …………………. 

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

TABLE OF CONTENTS 

 

MAIN SUPERVISOR ............................................................................................................... iii 

CO-SUPERVISOR .................................................................................................................... iii 

INTRODUCTION .......................................................................................................................... 1 

1.0 Back ground of the study ...................................................................................................... 1 

1.1 The trend of wind energy ...................................................................................................... 1 

1.2 Electricity in Uganda ............................................................................................................ 2 

1.3 Wind energy in Uganda ........................................................................................................ 2 

1.4 Main requirements of wind turbine blades ........................................................................... 3 

1.5 Small Capacity wind Turbine ............................................................................................... 3 

1.6 Modern wind turbine blade materials ................................................................................... 4 

1.7 Bamboo and banana fibers. ................................................................................................... 4 

1.8 PROBLEM STATEMENT. .................................................................................................. 5 

OBJECTIVE ................................................................................................................................... 6 

1.9.1 Main objective ................................................................................................................... 6 

1.9.2 Specific objectives ............................................................................................................. 6 

1.10.0 Purpose of the study ......................................................................................................... 6 

1.11 Justification ..................................................................................................................... 6 

1.12.0 Scope of the study ........................................................................................................ 7 

LITERATURE REVIEW ............................................................................................................... 7 

2.0 Introduction ........................................................................................................................... 7 

2.1 Wind power generation ......................................................................................................... 7 

2.2 Wind turbine blades .............................................................................................................. 8 

2.3 Types / classifications of wind turbines ................................................................................ 8 



v 

 

2.4.0 COMPOSITE MATERIALS ........................................................................................... 10 

2.4.1 Laminated Composites..................................................................................................... 10 

2.5.0 Bamboo ............................................................................................................................ 11 

2.5.1 Chemical properties of bamboo ....................................................................................... 12 

2.5.2 Mechanical properties of bamboo fibres .......................................................................... 12 

2.5.3 Diversity of Bamboo Plants and Utilization in Uganda ................................................... 12 

2.5.4 Previous work related to bamboo composite ................................................................... 13 

2.6.0 BANANA FIBRES .......................................................................................................... 14 

2.6.1 Utilization of banana fibers in Uganda ............................................................................ 16 

2.6.2 Previous Work related to banana composite .................................................................... 16 

2.6.3 Research related to bamboo and banana fibre composite ................................................ 16 

2.7.0 Polyester Resin and its Hardener ..................................................................................... 17 

2.7.1 Characteristics of unsaturated polyester resins: ............................................................... 18 

2.7.2 Applications of unsaturated polyester resin ..................................................................... 18 

METHODOLOGY ....................................................................................................................... 19 

3.0 Materials / equipment and methodology............................................................................. 19 

3.1.1 Extraction of bamboo fibres............................................................................................. 20 

3.1.2. Extraction process of banana fibres. ............................................................................... 21 

3.1.3 Characterization of fibres using SEM. ............................................................................. 21 

3.1.4 Determining tensile strength of fibers.............................................................................. 22 

3.2.0 Fiber and matrix volume content of the composite ......................................................... 22 

3.2.1 Mold fabrication............................................................................................................... 22 

3.2.2 Fabrication of composite.................................................................................................. 23 

3.3 Experimental set up............................................................................................................. 24 

3.3.1 Tensile test ....................................................................................................................... 24 



vi 

 

4.2.0 FTIR and SEM ................................................................................................................. 25 

4.0 RESULTS AND DISCUSSION ............................................................................................. 26 

SEM images .............................................................................................................................. 26 

4.2 Tensile properties. ............................................................................................................... 27 

4.2.1 Tensile strength ................................................................................................................ 28 

4.3.2 Youngs modulus .............................................................................................................. 29 

4.4 SEM analysis of the composite. .......................................................................................... 29 

4.5 FTIR analysis of the composite .......................................................................................... 30 

4.6 Anova results ...................................................................................................................... 30 

CONCLUSIONS AND RECOMMENDATIONS ....................................................................... 31 

5.1 Conclusions ......................................................................................................................... 31 

5.2 Recommendations ............................................................................................................... 31 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

 

LIST OF TABLES 

TABLE 0.1:CHEMICAL COMPOSITION OF BAMBOO FIBRES .................................................................... 12 

TABLE 0.2: MECHANICAL PROPERTIES OF BAMBOO FIBRES ................................................................. 12 

TABLE 0.3: CHEMICAL COMPOSITION OF BANANA FIBRES .................................................................... 15 

TABLE 0.4: MECHANICAL PROPERTIES OF BANANA FIBRES .................................................................. 15 

TABLE 0.5: MATERIALS USED IN COMPOSITE MANUFACTURE………………………………………..19 

TABLE 0.6: EQUIPMENT USED IN MANUFACTURE AND TESTING OF COMPOSITE………………..19 

TABLE 0.7: COMPOSITE COMPOSITION……………………………………………………………………..23 

FIGURE–1:TENSILE STRENGTH OF FIBRES……………………………………………………………….26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 

 

LIST OF FIGURES 

FIGURE–1 FORMS OF COMPOSITES ............................................................................................................................... 10 

FIGURE–2 STRUCTURE OF A LAMINATED COMPOSITE ......................................................................................................... 11 

FIGURE–3 UTILIZATION OF BAMBOO IN UGANDA ............................................................................................................. 13 

FIGURE–4: EXTRACTED AND TREATED BAMBOO FIBRES ...................................................................................................... 21 

FIGURE–5: EXTRACTED AND TREATED BANANA FIBRES ....................................................................................................... 21 

FIGURE–6: TESTING TENSILE STRENGTH OF FIBRES ............................................................................................................ 22 

FIGURE–7: UNIDIRECTIONAL FIBRE MATS ....................................................................................................................... 23 

FIGURE–8: COMPOSITE SAMPLES ................................................................................................................................. 24 

FIGURE–9: COMPOSITE TENSILE TESTING ........................................................................................................................ 25 

FIGURE–10: COMPOSITE AND FIBRES IN SEM ................................................................................................................. 25 

FIGURE–11 SEM IMAGE OF BAMBOO FIBRE    FIGURE–12 SEM IMAGE FOR BANANA FIBRES. ................................................. 26 

FIGURE–13 65/35 BAMBOO-BANANA COMPOSITE .......................................................................................................... 29 

FIGURE–14 . BAMBOO / BANANA 100/0%   FIGURE–15BAMBOO/BANANA. 65/35 ........................................................... 30 

FIGURE–16. BAMBOO/BANANA. 57/43%  FIGURE–17. BAMBOO/BANANA 39/61% ......................................................... 30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 

 

LIST OF ACRONYMS AND SYMBOLS 

GW gigawatts 

MW megawatts 

NDPII second National Development Plan 

Kwp kilowatt peak 

KV kilo volt 

W Watts 

KW kilowatts 

NFRP Natural Fibre Reinforced Polymer 

GFRP Glass Fibre Reinforced Polymer 

CFRP Carbon Fibre Reinforced Polymer 

AFRP Aramid Fibre Reinforced Polymer 

Mpa mega pascals 

Gpa giga pascals 

CAN chemical assisted natural retting 

CMT compression molding technique 

RMT Roller mill te


