
Universiti Teknologi MARA 

Determination of Primary Specifications of 
An Oil Palm Biomass Processing Machine 

Through Quality Function Deployment 

Mahmudin Saleh 

Thesis submitted in fulfilment of the requirements 
for the degree of 

Master of Science 
Faculty of Mechanical Engineering 

February 2004 



ACKNOWLEDGEMENTS 

I wish to acknowledge and express my gratitude and appreciation to: (i) my 

supervisor, Associate Professor Ir. Dr. Abdul Rahman Omar for his 

supervision, encouragement, suggestions and assistance throughout the 

study; (ii) my wife, Mastura Mohtar whose constant encouragement, faith 

and material support besides significant contribution in proof reading the 

manuscript were a tremendous contribution: (iii) Dr. Mohd. Nor Mohd. 

Yusoff, the division director of Wood Chemistry, Forest Research Institute 

Malaysia (FRIM) cum co-supervisor for his thoughtful critique throughout the 

duration of the study, (iv) Associate Professor Dr. Ahmed Jaffar (UiTM), 

being the co-supervisor for his full confidence and encouragement in 

pursuant of the study, and (v) Mohd. Shukri Said for the assistance 

rendered during the related analytical work. 

Similar gratitude also goes to (i) Ministry of Science, Technology and 

the Environment Malaysia for the scholarship awarded, (ii) Dato' Dr. Abdul 

Razak Mohd. AN, the Director General of FRIM for the permission and 

ample opportunity accorded throughout my study, (iii) Chew Kian Sang of 

Szetech Engineering Sdn. Bhd. and Faisal Abdul Rahman of Sabutek Sdn. 

Bhd., whose help had facilitated fruitful field studies, and (iv) last but not 

least, to all the individuals and colleagues who have contributed so much 

throughout my study, I could offer here only an inadequate gesture of my 

appreciation. 



TABLE OF CONTENTS 

Preface iii 

Acknowledgements iv 

Table of Contents v 

List of Tables x 

List of Figures xi 

List of Abbreviations xiii 

Glossary of Terminologies xiv 

Abstract xvii 

CHAPTER ONE: INTRODUCTION 1 

1.1 Background 1 

1.1.1 The Past and Present Oil Palm Industry 1 

1.1.2 A Preview on Oil Palm Biomass 3 

1.1.3 Attempts to Utilise Oil Palm Biomass 5 

1.1.4 Issues in Commercial Processing of Oil Palm Biomass 6 

1.1.5 Justification of the Study 9 

1.2 Objectives of the Study 12 

1.3 Benefits from the Study 14 

1.4 Research Outline 16 

1.5 Illustration of the Research Outline 18 

1.6 Structure of the Thesis 20 

CHAPTER TWO: LITERATURE REVIEW 25 

2.1 Introduction 25 

2.2 Oil Palm Biomass Outlook in Malaysia 26 

2.2.1 Linkages between Oil Palm Industry and the Biomass 26 

2.2.2 Estimated Availability of Oil Palm Biomass 29 

2.2.3 Summary of Oil Palm Biomass Outlook in Malaysia 32 

2.3 Processing of Oil Palm Biomass into Fibres 33 

2.3.1 Some Notable Practices in Oil Palm Biomass Utilisation 33 



2.3.2 Desired Oil Palm Biomass Processing for Fibres 34 

2.3.3 Summary of Oil Palm Biomass Processing 36 

2.4 Converting Oil Palm Fibres into Products 37 

2.4.1 Reconstituted Boards 38 

2.4.2 Pulp and Paper 39 

2.4.3 Other Products 39 

2.4.4 Summary of Converting Oil Palm Fibres into Products 40 

2.5 QFD Adoption in Design and Development 41 

2.5.1 History and Definition of QFD 41 

2.5.2 Fundamentals in the Application of QFD 42 

2.5.3 Testimony on Advantages and Opportunities in Adopting 50 
QFD 

2.5.4 Four Phases QFD Method 52 

2.5.5 Preview on QFD Application Software: A Supporting Tool 54 

CHAPTER THREE: RESEARCH METHODOLOGY 57 

3.1 Introduction 57 

3.2 Understanding the Fundamentals of Extracting Oil Palm Fibres 58 

3.2.1 Overview of Field Studies 58 

3.2.2 Analysis Criteria 59 

3.3 Assessment at Key Implementing Agencies 60 

3.3.1 Questionnaire Structure 60 

3.3.2 Selection Criteria 62 

3.3.3 Data Collection 63 

3.4 QFD Adoption in Specifications Determination 64 

3.4.1 House of Quality 64 

3.4.2 Inside the House of Quality 66 

3.5 A Step-by-step HoQ Construction 68 

3.5.1 Customer Requirements and Their Relative Importance 69 

3.5.2 Engineering Characteristics and Relationship Matrix 70 

3.5.3 Competitive Benchmarks and Technical Importance 72 

3.5.4 Correlation Matrix and Target Values 75 

3.6 Summary of the Research Methodology 77 

VI 



ABSTRACT 

Despite sound economic growth recorded over the years, oil palm industry 

is recognised to generate a substantial amount of biomass, i.e., about 90% 

of the entire industry's dry matters. In the forms of trunks, fronds and empty 

fruit bunches (EFB), the biomass albeit underutilised contains lignocellulosic 

fibres suitable in wood-based industries. Wood processing machines 

however, are unable to extract these fibres effectively. A study on 

establishment of primary specifications for an indigenous oil palm biomass 

processing machinery, is thus demonstrated which encompasses: (i) 

understanding the fundamentals in oil palm fibres extraction; (ii) assessment 

at key agencies on resources available and oil palm biomass related R&D 

activities conducted and (iii) adoption of Quality Function Deployment (QFD) 

method for customer requirements to machine characteristics 

transformation. Findings reveal that a three-stage processing: biomass 

primary breaking-up, unwanted particles isolation and moisture removal are 

pre-requisites to extract the fibres. Whilst, moisture level, purity and length 

are the fibres' critical characteristics toward specific end uses. Furthermore, 

scientists and design facilities are two critical resources at key agencies 

toward conducting fundamental, applied and specialised designs on oil palm 

biomass processing machine. Nine characteristics meanwhile are 

concluded as major primary specifications for the indigenous oil palm 

biomass processing machine leaving ten others as minor. Besides being 

relevant for future oil palm fibres-based industries, it is envisaged that 

findings from this study would further catalyse knowledge and technology 

advancements indicated in the recommendations. 
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