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ABSTRACT

In this project the main idea is to propose a different type of material in usage of 

producing a product. The different type that is mention in this project is natural 

composite. This innovation can be called an act on satisfying the changing needs of 

society, in means of efficient, economical and environmental. Eco-efficient can be 

suitable in describing those aspects. In this study the evaluation of relationship 

between natural composite and eco-design product towards environmental is 

conducted. The result of each of those entities can construct a new mean of 

environmental product. Natural composite is done by combining two elements which 

is natural waste and polyester for this particular research. Oil palm empty fruit bunch 

fiber is a common waste that is increasing in Malaysia agricultural region. From the 

analysis and the study of design for environment, it shown that the quality of oil 

palm empty fruit bunch fiber composite can be used for designing an eco-efficient 

product. In the design process, evaluation is conducted using axiomatic design 

application. The result for the second level of FRI is uncoupled design matrix, FR2 

decoupled design matrix and FR3 uncouple design matrix. Results of the design 

satisfied both customer requirement and DFE (design for environmental). End 

product for this project is eco-cooler pad. The product is an efficient design with 

added environmental aspect, can be reuse, remanufactured and no waste is involved 

during the process and after life span.
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ABSTRAK

Idea utama dalam projek ini adalah untuk menawarkan jenis bahan yang berlainan 

untuk kegunaan dalam menghasilkan produk. Jenis berlainan yang dimaksudkan bagi 

projek ini ialah komposit semulajadi. Perubahan ini boleh dipanggil sebagai satu 

tindakan bagi memuaskan perubahan keperluan masyarakat iaitu kecekapan, 

ekonomik dan alam sekitar. Eco-efficient boleh dikatakan sesuai dalam menerangkan 

aspek tersebut. Dalam pembelajaran, penilaian terhadap hubungan antara komposit 

semulajadi and Eco-efficient produk terhadap alam sekitar dilaksanakan. Keputusan 

bagi setiap entiti boleh membina maksud baru dalam produk alam sekitar. Komposit 

semulajadi dihasilkan dengan menyatukan dua elemen iaitu buangan alam semulajadi 

dan polyester seperti dalam penyelidikan ini. Serat kelapa sawit ialah bahan buangan 

yang semakin meningkat dalam kawasan pertaniaan di Malaysia. Daripada analisis 

dan pembelajaran rekabentuk untuk alam sekitar, ia menunjukkan bahawa kualiti 

komposit serat kelapa sawit boleh digunakan untuk merekabentuk Eco-efficient 

produk. Dalam proses merekebentuk, penilaian dibuat dengan mengunakan aplikasi 

rekabentuk axiomatik. Keputusan untuk peringkat kedua bagi FRl adalah rekabentuk 

matrik uncoupled, FR2 adalah rekabentuk matrik decoupled dan FR3 juga rekabentuk 

matrik uncoupled. Keputusan daripada rekabentuk telah memenuhi kedua-dua 

keperluan pelanggan dan rekabentuk untuk alam sekitar. Produk untuk projek ini 

adalah Eco-cooler pad. Produk ini adalah rekabentuk kecekapan dengan penambahan 

aspek alam sekitar, yang boleh diguna semula, boleh dibuat semula dan tiada bahan 

buangan yang terlibat semasa pemprosesan dan selepas jangka hayat produk.
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CHAPTER 1

INTRODUCTION

1.1 Project Background

In the present, people are concerning more in globalization, but before society can 

think about globalization, people must consider sustainability. Sustainability 

development involves 3 dimensions which is people, profit and planet. Eco-design plays 

an important role in sustainability development. It covers the ecology dimension where 

it plays an important task in respecting the carrying capacity of nature. It is important to 

implement sustainable use of renewable and minimal use of nonrenewable material in 

designing a product.

The concept of sustainable development contains sustainable design which included 

eco-design product. Eco-design product is a design where it is strongly represent 

economic, functional safety and environmental friendly.
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Figure 1. 1 Ecological footprint by region in 1996

Figure 1.1 shows the graph of ecological footrpint by region in 1996. It shows 

that 20 % of the world population only uses 80 % of natural resources where the 

remaining world porpulation only uses 20 % of natural resources. The situation proved 

that 80 % of the world population is not using the natural resouces and prefer more in 

conventional material. Based on the graph itself only 20 percent of the world population 

acknowledge the importants of the natural resources.
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Figure 1.2 Global consumption rate of natural resources

The sense of importance in sustainability is due to the consumption rate of 

people nowdays. According to figure 1.2, the graph of global consumption rate of 

natural resources, it shows that Malaysia only consume an above average rate, hence 

shows that Malaysia is lack in supporting the sustainability development.

Eco-Efficiency come into view after combination issues of economic efficiency 

which has positive environmental benefits and cleaner production starts from issues of 

environmental efficiency which have positive economic benefits. Inovation and 

efficiency thinking must be implemented in every consumer and developer.
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Natural composites are evaluated as an eco-efficient material. Natural composite 

is the most suitable material for designing an eco-efficient product. The field of natural 

fibre-polymeric composites have grown from fundamental research to industrial 

implementation. Nowadays, the usage of natural fibres especially in the automotive 

industry has become rather common practice. In selecting material for eco-design, a 

consideration is executed where specific substance of material must be avoided. This 

substance caused problematic health and exposed a high risk of radioactive or 

environmental pollution.

In designing any eco-effieciency product, material selection is important. To 

produce an eco-design product natural resources is the suitable material. Natural 

composite strength is based on the selection of its fibres. Sustainable fibres or natural 

fibres are used in making natural composites. The product can invoke people in using 

natural composite material rather than the conventional material source such as wood, 

metal and etc.

4
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1.2 Project Objectives

The main objective of this project is to apply oil palm empty fruit bunch

composite as eco-efficient product. The other objectives are:

a) To investigate the properties of the oil palm empty fruit bunch fiber. 

b) To study and evaluate oil palm empty fruit bunch fiber as a composite. 

c) To evaluate oil palm empty fruit bunch composite as ecological-efficient 

products. 

d) To fabricate an eco-efficient product using the oil palm empty fruit bunch 

fiber.

5



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In designing an eco-efficiency product, there are a lot of areas that are needed to 

be covered. Eco-efficiency product is design based on an eco-design concept. This 

design is under the application of sustainable development where it is strongly represent 

environmental, functional and economical efficiency. To fabricate a product based on 

eco-design concept, the material must be toxic proof or environmental friendly.

Throughout the research of eco-design product it is most likely that the design 

method is seldom approach. This is due to the fact that the design itself is under research 

and slowly develops to society interest. In industrial company a lot of people are still 

using the conventional material. Natural resources is slightly neglected due to lack of 

knowledge on the benefits of using the resources. This chapter will evaluate the potential 

of natural resources and the outcome of the development that other idealist society had 

created.

6



Furthermore it is also important to know the function of eco-design and eco- 

efficiency concept. The concept explained the criteria of eco-design that is required in 

producing an environmental friendly product. This section included the material 

selection which is suitable for designing eco-design product.

This chapter included some of the example of methodology that is being used in 

designing eco-design product. The last section will discuss the advantages and 

disadvantages between conventional material and natural resources.

2.2 Eco-efficiency

Eco-efficiency has been defined as "the efficiency with which ecological 

resources are used to meet human needs" (121. The purpose of eco-efficiency is to 

maximise value creation while having minimised the use of resources and emissions of 

pollutants. Measuring ecoefficiency is important in order to measure the decoupling of 

economic growth and environmental pressure. Eco-efficiency is in most cases expressed 

by the ratio [15]

Product or service value
Eco - efficiency = Environmental influence (2.1)
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The eco-efficiency is calculated using absolute values for the product value and 

environmental influence. The improvement of eco-efficiency can be accomplished by 

the improvement of product value, the reduction of environmental influence, or the 

accomplishment of these two aspects simultaneously.

The two most important applications for eco-efficiency are as an internal tool for 

measuring progress, and for internal and external communication of economic and 

environmental performance. The table 2.1 shows the recomended indicators that can 

solves the problem that `traditional' environmental performance indicators might 

fluctuate as a result of changes in production volume and thus hide real changes in 

environmental performance. [12)

Environmental performance indicators recommended by WBCSD (from Verfaillie and

Bidwell, 2000)

Generality applicable indicators Energy consumption 
Material consumption 
Water consumption 
Green house emmision 
Ozone depleting substance emission 

Future general\ly applicable indicatiors Acidification emissions to air 
Total waste

Table 2.1 Enviromental performance indicators recomended by WBCSD

(WBCSD, 2005)

8



2.2.1 Eco-design Concept

Eco-design is one of the element in sustainability development. From figure 2.1 

it shows that eco-design focus on economic, functional aesthetic, safety and 

enviromental prespectives.
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Figure 2.1 : Sustainable development chart 131

The drivers and motives for using eco design are based on the aspect such as 

serious health risks, recycling legislation, green public, ergonomic, safety and standards, 

consumer awareness and long term business success.

Eco-design solution is to be more eco-efficient, better value of money and must 

be convenient, better quality/function and increases the quality of life. Seven success 

factors for eco-efficiency are to reduce the material intensity of goods and services,
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reduce the energy intensity of goods and services, reduce toxic dispersion, enhance 

material reyclability, maximise sustainable use of renewable resources recluce material 

durability and to increase the service intensity of goods and services.

2.2.2 Material Choice for Ecodesign

In making selection for material, important criteria is evaluated. The material 

must be environmentally efficient. Each of the following criteria invovles question. 

Important Criteria for Material Choice are as follows : [31

a) Consumption of resources: define as answering how question in regarding resource 

intensive (including water) is the production and supply of the material. In this criteria it 

is important in reducing resource consumption as much as possible. For good execute it 

is prefer efficiently grown and harvested renewables.

b) Consumption of energy: How energy intensive is the production and supply of the

material? It is important to reduce energy consumption as much as possible.

c) Hazardous substances/ emissions: Question if any hazardous substances is involved 

in production and supply of the material or use, or waste disposal of the material? 

Eliminate and reduce hazardous substance use and emissions are the best factors for 

ecodesign.

10



d) Origin and transportation: Where does the material originate from and how much 

material handling is involved in production and supply? Reducing transportation 

distances as much as possible and prefer environmentally friendly transportation means.

2.3 Composite Material

In general, Composite Materials are engineered materials made from two or 

more constituent materials with significantly different physical or chemical properties 

and which remain separate and distinct on a macroscopic level within the finished 

structure.

2.3.1 Eco-composite

An eco-composite material is primed of natural materials that are non-toxic and 

biodegradable. Modern application on eco-composites has increased in recent years but 

several engineers and material development specialists are still unfamiliar with 

traditional materials such as linen (flax), hemp and natural resins (cashew nutshell resin) 

and recent developments such as waste based plastics made from chicken feathers. [41

Eco-composite materials is usually known as natural materials such as puffed 

millet (popcorn has occasionally been used) and natural binders such as starch, shellac 

or hide glue. Modern eco-composites that are still used and gaining favor include

11



linoleum (which has solid wear resistance), natural fiber panels used in cars and

paneling and trim used in architecture and interior design.

2.3.2 Categories and combination of composite materials.

There are 2 categories of constituent materials, namely matrix and reinforcement. In 

any composition, at least one portion of each type is required. The matrix material 

surrounds and supports the reinforcement materials by maintaining their relative 

positions while the reinforcements impart their special mechanical and physical 

properties to enhance the matrix properties. The synergism thus produces material 

properties that are unavailable from the individual constituent materials while the wide 

variety of matrix and strengthening materials allows the designer of the product/structure 

to choose an optimum combination. [1]

The matrix material can be introduced to the reinforcement before or after the 

reinforcement material is place into the mold cavity/mold surface. The matrix material 

experiences a melding event, after which the part shape is essentially set. Depending 

upon the nature of the matrix material, this melding event can occur in various ways 

from the melted state such as chemical polymerization or solidification. [21

The principal factors impacting the methodology are: (21

" The natures of the chosen matrix and reinforcement,

12



" The gross quantity of material to be produced. Large quantities can be used to 

justify high capital expenditures for rapid and automated manufacturing 

technology. However small production quantities are accommodated with lower 

capital expenditures but higher labor and tooling costs at a correspondingly 

slower rate.

Most commercially produced composites use a polymer matrix material called resin 

solution. There are many different polymers available depending upon the starting raw 

ingredients. There are several broad categories, each with numerous variations. The 

most common are known as:

polyester Vinyl ester epoxy Phenolic 

polyimide polypropylene PEEK Polyamide

The reinforcement materials are often fibers but also commonly ground material.

2.3.3 Matrix

The matrix is a vital key in performing several functions which represent the 

performance of a composite. The role of matrix in fiber is to reinforced and particulate 

the composite. Matrix performs a variety function where it characterized the behavior of 

composites. [18]
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The matrix bind and hold the fiber aligned in an important stress direction. It 

enables the composite to withstand any force such as compression, flexural, shear and 

even tensile loads [181. The efficient of any composite design is depending on the quality 

of the fiber-matrix bond.

The composite performance is influenced by the matrix properties. The matrix 

properties are elastic constant yield and ultimate strength, failure strain of ductility, 

fracture toughness, chemical resistant and thermal and oxidative stability.

2.3.3.1 Types of matrix materials

Suitable matrix materials for natural-fibre reinforced polymers are duroplastic 

resin systems, thermoplastic starch and the polyolefins, polyethylene (PE) and 

polypropylene (PP) [171. There are four types of matrix material at the present. The 

matrix types are as polymer matrix such as thermosets and thermoplastics, metal matrix, 

ceramic matrix and carbon matrix.

14



2.3.4 Reinforcement

Natural fiber composites (bio-based composite materials) are economical 

commodity composites that have useable structural properties at relatively low cost (131. 

The manufacture, use and replacement of conventional building materials (e. g. 

petroleum-based plastics, glass fibers, etc. ) are becoming priorities because of the 

growing environmental consciousness . There is a growing interest in the use of 

natural/bio-fibers as reinforcing components for thermoplastics and thermosets.

REINFORCING NATURAL FEBERS/FILLERS

NON-WOOD NATURALBIO-FIBERS

STRAW 
FIBERS

. _. -IExamples: 
Coro/Wbt t 
/Ria Straws

BAST
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Jna, Hemp

LEAF

WOOD 
FIBERS

1 
GRASS 

SEED/FRUIT FIBERS

EwnpIcs: 
Cotton, Coir

Esampka: 
Skal, Hraeqaea, 

Plaeappk LtatFfber

IV
EZamples: 
Soft md 

Hard wo. d:

Esamples: 
Bambeo tiberSwiteb grau, 

Elephant grau etk.

Figure 2.2 Broad classification of Natural/Bio-fibers: Strong potential reinforcing fibers 

in designing bio-composites for Building Products Industry 1131
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Figure 2.3 Photos of the existing natural fiber I"]

Jute is a stiff fiber and its application in the packaging industry as a load-bearing 

fiber is quite common. The structure of jute is porous and it has a tendency to absorb 

moisture from the atmosphere, which results in its deterioration at the interface. The 

theoretical model for prediction of strength for such composites having porous 

reinforcement is developed in the present work, by considering a hexagonal fiber 

packing. The area occupied by voids is considered as a region of ineffectiveness for load 

transfer to the fibers through the matrix.

The experiments are carried out for jute- polyester composite with variation in 

volume fraction from 4 to 36% [1-21. The specimens are prepared at a constant pressure of 

3.43 104 N/m2 by the compression molding method and special care is taken to maintain

16



a long continuous aligned reinforcement [1-2] 
. The strengths of the specimen are 

measured as per ASTM D 3039-76 [1-2]. The results obtained by experiments are 

observed to be between 0.307 and 2.41% with the theoretical model and simulated FEM 

results, while it is deviating 25.87% with ROM. [1-2]

Biodegradable plastics and bio-based polymer products based on annually 

renewable agricultural and biomass feedstock can form the basis for a portfolio of 

sustainable, eco-efficient products that can compete and capture markets currently 

dominated by products based exclusively on petroleum feedstock.

Natural/Biofiber composites (Bio-Composites) are emerging as a viable 

alternative to glass fiber reinforced composites especially in automotive and building 

product applications. The combination of biofibers such as kenaf, hemp, flax, jute, 

henequen, pineapple leaf fiber, and sisal with polymer matrices from both nonrenewable 

and renewable resources to produce composite materials that are competitive with 

synthetic composites requires special attention, i. e., biofiber-matrix interface and novel 

processing.

Natural fiber-reinforced polypropylene composites have attained commercial 

attraction in automotive industries. Natural fiber-polypropylene or natural fiber- 

polyester composites are not sufficiently eco-friendly because of the petroleum-based 

source and the nonbiodegradable nature of the polymer matrix. Using natural fibers with 

polymers based on renewable resources will allow many environmental issues to be
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solved. By embedding biofibers with renewable resource-based biopolymers such as 

cellulosic plastics; polylactides; starch plastics; polyhydroxyalkanoates (bacterial 

polyesters); and soy-based plastics, the so-called green bio-composites are continuously 

being developed.

2.4 The evaluation of natural composites

In evaluating how natural composite material can become the most economy 

efficient product that bring such great benefits to mankind. An economy that uses 

progressively less material an energy and where the quality of consumer services 

continues to improve and where environmental deterioration stops and gets reversed. 

Sustainability, industrial ecology, eco-efficiency, and green chemistry are guiding the 

development of materials, products, and processes.

2.5 Background of natural Composite Materials

Natural composite materials have become a necessity in recent times due to their 

attractive properties. The use of natural fibers is also having enough potential in the 

formation of feasible composites. The use of such composites in structural application as 

a low cost material has created a new horizon.

18



2.6 Advantages of natural fibers.

Renewable resources in the field of fibre reinforced materials with their new 

range of applications represent an important basis in order to fulfil the ecological 

objective of creating closed material circuits [17]. Because of their low density, good 

mechanical performance, unlimited availability and problem-free disposal, natural fibres 

offer a real alternative to the technical reinforcing fibres presently available [17]. In 

Germany, flax and hemp are currently predominantly used (171. Their specific mechanical 

properties are similar to those of glass fibres.

Moreover, the natural fibres are advantageous in the processing because of their 

low abrasivity and the physiological harmlessness [171. Because of its low price, the 

problem-free ecological recycling behaviour and its good thermal stability, PP 

undoubtedly has economic, ecological and practical advantages over PE. Natural-fibre 

reinforced polymers are used to a great extent for the interior lining of cars and 

commercial vehicles. For these applications the strength and stiffness properties have to 

satisfy the requirements of low temperatures of about -20 eC up to temperatures of 

about 100 C. E171

Natural fibres offer numerous advantages compared to "man-made" fibres, such 

as good specific mechanical properties, physiological harmlessness during processing 

"1 and use, C02-neutrality, recycleability, etc
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The temperature curves of storage modulus and loss factor shown in figure 2.4 

reveal the differences between the pure polymer matrix and a composite system with 15 
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2.6.1 Advantages and disadvantages of natural fibers and glass fibers materials

The advantages and disadvantages matrix of natural fibers and glass fiber

material is showned in the table 2.2

Natural fiber Glass fiber 
Advantages Disadvantages Advantages Disadvantages 

Abundant Non-unifrom fiber 
1 source size Cheap Untreated 

Not suitable for 
high temperature Uniform and Form poor interface 

2 Stron usage easily made with matrix material 
Biodegradabl 

3 e Strong Non-biodegradable 
Low health 

4 risks Health risks

Table 2.2 : Advantages and disadvantages between natural and glass fiber [21]

2.6.2 Example of natural fiber application in industry

The long and short fibers are separated with the long fibers used for linen and the 

short ones for industrial uses, such as cars. Not only is the processing of the natural 

fibers easier and more environmentally friendly than synthetic materials, but also offers 

greater scope for the designers, because the flax /sisal mats can be formed into 

complicated shapes and curves.
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r i . ! i-, (1l[ I' IN THE H " . 

Natur,, t 1 ih i I r. iýIinq ['I (ItI mq +. cuiril '' Applif 'Ition' 
Banana Philippines, Uganda, India, Brazil, Ecuador Reinforcement of polyester resins 

Cotton China, U. S., India, Pakistan, Brazil, Manufacture of interior trims, supports 
Uzbekistan, Turkey, Australia, and sound insulation mats 
Turkmenistan, Eqypt, Mexico 

Flax Canada, China, Argentina, India, Manufacture of interior supports; 
Poland, Romania reinforcement of plastics 

Hemp India, Romania, Thailand, China, Backing for carpets 
1 Hungary, Poland, Turkey, France 

Jute India, China, Bangladesh, Brazil Reinforcement fibers and filling 
for automotive plastics 

Coir Philippines, Indonesia, India, Rubber/hair matting for seats and head-rests; 
Mexico, Vietnam reinforcement fibers for plastics 

Ramie China, Japan, Brazil, India, Reinforcement for composite materials; 
Taiwan, Philippines creation of blended fabrics for car textiles 

Sisal Brazil, Tanzania, Angola, Kenya, Manufacture of supports for interior; 
Madagascar, Mexico reinforcement for plastics

Table 2.3 Natural fiber used in automotive industry worldwide 1221

Natural Fiber Composite (NFC) in Baraboo, Wisconsin is marketing plastic 

composites made from recycled wood and plastic. Compounded wood with injection 

molded and extruded plastic is used to manufacture automotive parts and window 

frames [221. In July 1996, Mike Ford founded NFC to market the wood/plastic composite, 

called Wood-Com® [221. The technology has been in Europe, where it is used for door 

panels, chime boxes, and other parts. Applications in the automotive industry include 

chime boxes, speaker brackets, and bracing for seats (support). These products are 

currently being used in the automotive industry by such companies as the Chrysler 

Corporation. [221
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2.7 Environmental aspect

Life cycle Approach (LCA) is a methodological framework for estimating and 

assessing the environmental impacts that contribute to the life cycle of a product, such as 

climate change, stratospheric ozone depletion, smog creation, eutrophication, 

acidification, toxicological stress on human health and ecosystems, the depletion of

resources. 
[16]

The LCA consists of the following four stages: goal and scope definition, LCI, 

Life Cycle Impact Assessment (LCIA), and life cycle interpretation. This method was 

developed for quantifying the environmental impacts that are induced by the occurrence 

of environmental loading as accurately as possible and with a high degree of 

transparency. One of the mandatory steps of the LCIA, produces an indicator for each 

impact category, such as global warming and stratospheric ozone depletion. The 

indicators are then used in damage assessment where they are aggregated together into a 

smaller number of safeguard subjects (human health, biodiversity, social assets, and 

primary production).

In eco-design, it is important to implement `environment', because economic 

growth or Industrialization for globalisation. Sustainable development, stated the 

important conscious about the environment including product designers. In addition, 

countries especially EU and Japan established laws about environmental friendly 

products such as IPP (Integrated Product Policy) [4].
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Eco-design is a strategy of designing an eco products which implemented 

economical and environmental friendly factors where considering whole life cycle of the 

product is important [31. Designers and product developers have to adjust the design 

philosophy from `quality and cost' focused design to `environment as well as quality and 

cost' conscious design. The fact that there is no specific design developed or introduced 

for creating eco-innovative products, there are other methodology which are useful.

2.8 Application of Axiomatic Design

Axiomatic methodologies are suitable developed for ecodesign and are useful for 

problem identification or evaluation. This systems design methodology is using matrix 

methods to systematically evaluate the transformation of customer requirements into 

functional requirements, design parameters, and process variables [5l. The design 

principles or design Axioms is implemented a cause in analysis and decision making 

process in developing high quality product or system designs. The design has provided 

designers with logical and rational thought processes and design tools.

2.8.1 Elements of Axiomatic Design

The axiomatic approach to any subject begins with the premise that there are 

general principles that govern the underlying behavior of the system being investigated. 

Axioms generate new abstract concepts, such as force, energy, and entropy. The 

axiomatic approach to design is based on the abstraction of good design decisions and
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processes. The design axioms were created by identifying common elements that are 

present in all good designs. Once the common elements could be stated, they were 

reduced to two axioms through a logical reasoning process (Suh, 1990). They are 

general principles. [61

2.8.2 The Concept of Domains

The concept of domains interplay between "what we want to achieve" and "how 

we choose to satisfy the need (i. e., the what)". [101 The domain concept created a 

demarcation lines between four different kinds of design activities. This provides an 

important foundation of axiomatic design.

Customer 
domain

Functional 
domain

Physical 
domain

Process 

domain

Figure 2.5 Four domains of the design world [7]

The design system is consisted of four domains: the customer domain, the 

functional domain, the physical domain, and the process domain. The domain structure 

is illustrated in Figure 7. The first domain represents "what we want to achieve, " the
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following domain on the right represents the design solution, "how we propose to satisfy 

the requirements specified in the left domain. " [7]

The customer domain represent the customer requirement in a product. In the 

case of eco- design product, the customer domain consists of enviromental and 

economical attributes. In functional domain, it is more specified in terms of functional 

requirements (FRs) and constraints (Cs). The FRs is defined as engineering 

specifications, and constraint.

In order to achieved the specified FRs, design parameters (DPs) is considered in 

the physical domain. To produce the required product in the parameter of DPs, a process 

is deveoped where it is characterized by process variables (PVs) in the process domain.

2.8.3 Axioms

Axiomatic Design theory is consisted of two axioms and some theorems and 

corollaries. The first axiom is Independence Axiom. It means that independence of 

functional requirements must be always constant and maintained. When there are two or 

more FRs, one of the FRs should not affect the other FRs. Therefore, designer has to 

choose proper DPs to satisfy the FRs and independence. [61

26



The axioms are formally stated as: 

" Axiom 1: The Independence Axiom 

Maintain the independence of the functional requirements (FRs). 

" Axiom 2: The Information Axiom 

Minimize the information content of the design.

2.8.3.1 The First Axiom: The Independence Axiom

The Independence Axiom states that when there are two or more FRs, the design 

solution must be such that each of the FRs can be satisfied without affecting any of the 

other FRs. This means that we have to choose a correct set of DPs to be able to satisfy 

the FRs and maintain their independence. In design, mapping is required in answering 

from "what" in the functional domain to "how" in the physical domain [61. 

Between the domains the mapping process can be expressed as in terms of 

mathematically where the characteristic vectors is define as design goals and design 

solutions.

The set of design parameters in the physical domain satisfy the FRs constitutes 

the {DP} vector. The relationship between these two vectors can be written as 

{FR} = [A] {DP} (2.2) 

where [A] is called the Design Matrix that relates FRs to DPs and potrays the product 

design.
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2.8.3.2 The Second Axiom: The Information Axiom

The Information Axiom indicate the quantity measurement of the merits of a 

given design, and it is useful in selecting the best among those designs that are 

acceptable [6]. The Information Axiom provides the theoretical basic for designing an 

optimization design and for this project an eco-design.

Among the designs that are certain element that are acceptable from the 

functional point of view, one if the element may be more superior to others in terms of 

the probability in achieving the design goals as expressed by the functional 

requirements. The Information Axiom provides the data where it can interpret the design 

with the highest probability of success. The higher the probability, the higher is the 

potential of the design. The best design is the highest rate of probability.

2.8.4 Axiomatic Design Framework

Relation between FRs and DPs could be illustrated by matrix. If more than one 

FRs and DPs exist in the system, design matrix can be divided by three types. Following 

example shows when three FRs and DPs are in the system - X means relationship and 0 

means non-relationship. 110
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{Fffi} 
- 

{OXýDP2} {FR2} 
- 

{OX}{DP2} {FR2} 
- 

{XXýDP2}

If design matrix is diagonal (uncoupled design), each of the FRs can be satisfied 

independently by one DP. And if design matrix is triangular (decoupled design), FRs can 

be satisfied independently by the DPs when DPs were set in a proper sequence. Thus, 

both uncoupled design and decoupled design satisfy Independence Axiom. On the other 

hand, if design matrix is neither diagonal nor triangular (coupled design), usually, FRs 

cannot be satisfied by the DPs. Therefore, when the system was proved to be coupled, 

designer would better change the system to uncoupled or decoupled design.

2.8.5 The examples of eco-design application in Vacuum cleaner design

Life Cycle Assessment (LCA) is a methodology that evaluates total 

environmental load of the product and service. Its a tool for estimating environmental 

impact of products and services by calculating both consumption and emission of energy 

and resources from raw material to disposal. Therefore, by using LCA, designers can 

identify total environmental impact of the product or service and able to find the weak 

points of the product or services in the point of environment.

An abridged LCA for a standard vacuum cleaner with filter bag was as shown in 

figure 2.6, the use phase with its electricity consumption was the most environmental 
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load causing phase. Therefore, it is recommendable to focus use phase for reducing 

environmental impact of the vacuum cleaner. Marc Ernzer and Herbert Birkhofer found 

that loss of suction force is due to clogged dust bags and fine-mesh filters. And they 

redesigned vacuum cleaner replacing dust bag with cyclone filter and fine-mesh filter to 

fine dust filter tape. [10]

Figure 2.6 : Environmental impacts of a vacuum cleaner with filter bag

Figure 2.7 : Prototype of vacuum cleaner
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As shown in figure 2.7 the design matrix of the vacuum cleaner with filter bag

would be as follows:

improve suction force (-x 1 1 , , motor 

dust bag 

filter

collect sucked dust 1 O \ ( ) 

protect motor O O x 
from dust

It is decoupled design. Design matrix shows that to improve suction force, 

influences of dust bag and filter on suction force have to be minimized. However, if both 

dust bag and mesh filter is removed, motor will have some troubles due to dusts. 

Besides, sucked dusts should be collected to somewhere. Therefore, vacuum cleaner 

with dust bag system has technical contradiction.

Figure 2.8 "Thin filter of the vacuum cleaner

Figure 2.8 shows the filter tape which is substitution of fine mesh filter comes 

under 'Thin films', use thin films instead of voluminous elements and `Discarding and 

recovering' discard objects which have performed their own functions. Thin filter tape
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does not hinder as much air flow as mesh filter because its volume is much smaller than

before.

Moreover, cyclone filter which is substitution of dust bag falls under `Extraction' 

extract a disturbance element. On account of cyclone filter, loss of suction force reduced 

dramatically since dust is collected far from motor. And cyclone filter is more 

environmental friendly than dust bag since it does not require bags for collecting dust 

any more as well as enhancing suction force. 1101

The design matrix of new vacuum cleaner is as follows:

improve suction force 

collect sucked dust 

protect dust 
from dust

X O O motor 

O x 0 cyclone 

0 0 X thin filter

The vacuum cleaner system changed decoupled to uncoupled design. Thus, it 

becomes more favorable system in point of not only ecodesign but also Axiomatic 

Design.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter will discuss the methodology that is used in this project. The 

discussion includes the procedures during conceptual design stage until the embodiment 

design stage.

3.2 The design process

This project is to evaluate the potential of using natural resource waste as a 

material in designing an eco-efficient product. The selected fiber that is used in this 

project is oil palm empty fruit bunch fiber. Figure 3.1 shows the overall design phase or 

process that is used during the development of the project. The design phase or 

processes are modified with the application of eco-efficient design criteria.
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In the design process it will include fabrication of natural composite, conceptual 

design of a product, design approach, and fabrication of the prototype and result analysis 

comparison between other material and the material used in this project.

3.2.1 Fabrication of natural composite

3.2.1.1 Natural resource finding

At the first stage of the design process, information on the natural resource waste 

is gathered. During this phase, the data is collected from internet and other form such as 

interviewing people that has been using natural resource. The selected natural resource is 

then analyzed for its potential as a natural composite. A tensile testing and 3-point 

bending test is conducted in order to indicate its advantages and mechanical properties 

as natural composite.

During the fabrication of the natural composite, analyst of resin is required to 

indicate the suitable resin material for the natural composite. Different resin can alter the 

end result of analysis towards the natural composite.

3.2.1.2 Natural fiber selection

Natural fiber composites are emerging as a realistic alternative to glass- 

reinforced composites. According to table 3, they can deliver the same performance for 

lower weight; they can also be 25-30 percent stronger for the same. It shows that it is
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possible to produce bio composites with properties that can compete with glass fiber 

reinforced composites. Natural fiber (NF) unsaturated polyester (UP) composites show 

lower density, equal flexural modulus, comparable flexural strength but relatively poor 

impact strength as compared to a glass fiber (GF) composites.

Fiber 
Type 

Density 
(g/cm 

Elastic 
Modulus 

GPU 

Specific 
modulus 

E- 2.55 73 29 
Hemp 1A8 70 47 
Flax 1A 60.80 43-57 
Jute 1.46 1030 7.21 
Sisal 1.33 38 29 
Coir 1.25 6 5 

Cotton 1.51 12 8

Table 3: Modulus comparison of E-glass and some important Natural fibers [13]

Selection of blends of bio-fibers is also based on the fact that the correct blend 

achieves an optimum balance in mechanical properties. The Kenaf and/or Hemp based 

composites exhibit excellent tensile and flexural properties, while leaf fiber (PALF) 

composites give the best impact properties of the composites.

For this project, the selected fiber is a natural fiber extracted from oil palm empty 

fruit bunch. Oil palm is very well known for its usage in Malaysia, but the waste of oil 

palm empty fruit bunch is a lot. In Malaysia the waste of oil palm empty fruit bunch 

fiber is used for burning as energy for boiler. In this project an alteration of usage 

towards the fiber usage as energy with as material in making a product. With its 

potential it can develop into an eco-efficient product and environmental product.
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3.2.1.3 Fiber volume fraction

In fabrication of natural composite, volume fraction is important. Volume 

fraction of reinforcement will decide the potential strength of the composite. The fiber 

volume fraction that is usually used in industry is 10 % to 60 %. The strength of the 

composite is based on the fiber and its fiber volume fraction percentage. The fiber 

volume fraction that is aim in this project is range from 10 to 20 percent.

Weight fraction (3.1)

Wf_Wf 
Wc

Wm
Wm - - wc

Volume fraction (3.2)

rf - 
Yf 
YC 

Ym 
YC

Fiber volume fraction (3.3) 

Y 
pmWf 

pfWm + pmWf

Wf = Weight fraction Vf = volume fiber pf = density fiber 

Wm= weight matrix Vm = volume matrix pm = density matrix 

We = weight composite Vc = volume composite

37



3.2.1.4 Fabrication of Natural Composite

In general, the reinforcing and matrix materials are combined, compacted and 

processed to undergo a melding event after which the part shape is essentially set. For 

this project, the method that is implemented in fabricating the natural composite is cool 

press method. Cool press method is a simple method that is used in fabricating a small 

range volume of composite. It consists of male and female molding set. Figure 3.2 

shows all the molding set for cool press method.

�1

Figure 3.2 Cool press molding sets 
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Before fabricating the composite, both molding set is sprayed with a pigmented 

gel in order to produce a high quality surface. The fiber with the specific volume is set 

inside the female molding before pouring the resin inside. As shown in figure 3.3 the 

fiber and resin is inserted in the 28 cm X 28 cm female mold. Once the resin and fiber is 

intact, the male molding is squeezed towards the female molding hence removing the 

trapped air inside. The fiber-resin composite harden when it's curing in ambient air or 

room-temperature. The composite is removed when it is completely harden and form the 

molding shape.

Figure 3.3 Females mold with dimension of 28cm X 28cm
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3.2.1.5 Fabrication of part

Once the material is extracted, it is shaped for different parts of the design. Each 

part of the design is based on the mechanical properties result from the testing. In this 

project the fiber volume fraction that is used is 10 % and 20 % with variety thickness. 

Each part of the design used a different fiber volume fraction and thickness.

3.2.2. Fabrication of design

3.2.2.1 Design phase

In design phase, product finding is conducted in selecting type of product to 

design. Axiomatic design is implemented in designing an eco-efficient design. The 

potential material will be the advantages of the product. Natural material is the main 

target for an eco-efficient product.

3.2.2.2 Type of design product

The design is characterized by the timing and type of information being 

processed as in the design phases such as formulation, concept, configuration, 

parametric or detail design. Interactions are between function, material, shape and 

process. The target for this project is to implement the natural resource material in 

designing a product hence eco-efficient product.
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3.2.2.3 Design for environment (DFE)

In this project the purpose for the design is to develop a product that is 

environmental friendly. The product must be designed for environment (DFE) in 

achieving an eco-design. In the studies of DFE, the main objective is reducing the 

environmental impact of a product. The wider term of reducing environmental impact is 

included in a more articulated range of aspects a below: 

" Reduction of scrap and waste (allowing more efficient use of resource and 

reduce in the volume of refuse and more specific in reduction of waste 

materials). 

" Optimal management of materials (consisting the correct use of materials on the 

basis of the performance required, in their recovery at the end of the product's 

life and in the reduction of toxic or polluting materials). 

" Optimization of production processes (consisting of the planning of the processes 

that reduce emission and efficient). 

" Improvement of the product (to reduce the consumption of resources or the need 

for additional resources during its operation).

The ideal in design for environment is obtaining a product manufactured, used and 

retired without giving rise to significant impacts to environment. This can be achieved 

through a design intervention which has the characteristics of DFE. A product life cycle 

and flows of resources is developed as shown in figure 3.4.
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Figure 3.4 The life cycle of DFE product

3.2.2.4 Concept development

In this phase a few conceptual design is created. Here the design is based on 

material replacement and new design of a product. The product can be varies but in 

small sized shape. The project aim is to turn any product into an eco-efficient product.

3.2.2.5 Concept evaluation

In concept evaluation the conceptual design is evaluated with the axiomatic 

design approach. Once the axiomatic design is implemented, an analysis is conducted. 

The purpose is to select the best conceptual design. When the requirement is identified 

and satisfied, the design is selected and hence fabrication will conduct.
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3.3 Process of development

3.3.1 Product development

In this phase, the selected conceptual design is developed into a product. The 

product must be evaluated for its functionality in achieving the requirement of the 

project. The detailed drawing will be executed in any available engineering drawing 

software.

3.3.2 Process of fabrication

The process in fabrication of the product is important because it will represent 

the quality of the end product. In this project the material would be 100 % natural 

composite and no other conventional material such as iron or wood is added.

3.3.3 End review product

The product is then evaluated if it answered all the objectives of the project. The 

product is reviewed if the market can accept the design and its functionality.
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

4.1 Introduction

This chapter will discuss the results that had obtained throughout the project and 

discussion for the entire project in details.

4.2 Identify the needs

A survey is done in order to indicate if the user of our product concern about the 

environmental. The product is a cooler pad. The cooler pad is a product that cools the 

laptop hence lowering the temperature. This analysis can indicate if the user is aware 

about eco-efficient product and it's potential. The survey is conducted throughout the 

University Malaysia Sarawak's (UNIMAS) student that uses laptop.
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SURVEY ON LAPTOP USER (STUDENT)
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Figure 4 The percentage of answering yes, no and not sure for each question in

the questionnaire.

Figure 4 shows the result of the survey in percentage of answering yes, no and 

not sure. The survey aim is for laptop user that aware of the importance of the cooler pad 

but overlook due to its cost and performance. Selling product such as cooler pad is 

costly based on its material and its performance. The most expensive cooler pad is made 

by aluminum. Based from the questionnaire percentage, most of the laptop user is aware 

of the importance of eco-friendly product. A lot of the student prefers and willingly to 

purchase the product even if the material is made from waste material. This is a good 

result in designing a product based on design for environment.
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4.3 Types of the design projects

The product that is selected for this project is a cooler pad. This type of product 

is well known for the entire laptop user. The cooler pad is usually used for cooling and 

lowering the laptop temperature. For this type of design product it is important to 

consider the functionality of the existing product.

The main reason in selecting this type of product is to promote a cooler pad with 

eco-friendly aspect. Cooler pad is usually made by aluminum and plastic material. Since 

there are no sign of eco-design or DFE cooler pad, it is an advantage of this project in 

promoting new defines to cooler pad product. Improvement is an important aspect in 

defining more quality towards the existing product. For this particular project eco- 

efficient is implemented as improvement.

4.4 Develop engineering specification

When the identifying customer user is identified, the next step is the 

development of engineering specification. In this area the requirement of customer is 

generated. From the questionnaire we can determine the urge of improvement and 

change is available. There are 2 part of requirement that is required in this project. The 

first is to design for environment and at the same time it's efficient of the product.
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More eco-friendly 

Can lower the laptop temperature 

More comfortable 

More safety aspect 

Lighter 

Portable

Table 4 The list of functional requirement

A set of engineering specification from the customer requirement is developed. 

The table 4 is the list of functional requirement from the survey conducted earlier. The 

specification is to define the parameter that is required in designing the product. From 

the engineering specification. and the requirement, axiomatic evaluation can be 

conducted. After the evaluation, the strength and weakness of the product can be 

achieved.
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4.5 Conceptual Design

4.5.1 Drawing of cooler pad product

All the drawing for this project is done using software called Solid work 2003. 

This software is selected because it's specific engineering software for drawing small 

product. Below is the picture of the overall product that is design for this project.

Figure 4.1 Body Part of cooler pad

The figure 4.3.1 shows the design body part of the cooler pad for this project. It 

is different from the present cooler pad due to its small body and fronted with a degree 

slope. The purpose for the degree slope is for air flow.

48



Figure 4.1.1 Side part of cooler pad

The design for this project is added ergonomic features. An ergonomic product 

must eliminate the stress point that human confront during the usage of the product. In 

implementing the application of ergonomic, the side part of the cooler pad design is 

sloped with a slight degree as shown in figure 4.3.2.

_I

Figure 4.1.2 Overall view of cooler pad
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Overall view of the design is shown in figure 4.3.3. The design top surface is 

completed with a grid. The grid as shown in figure 4.3.4 is implemented for the purpose 

of avoiding dust created when the fan is switch on. Dust can decrease the functionality 

of both fan and hence decrease the efficient of cooling the laptop.

Figure 4.1.3 Top view of cooler pad

Figure 4.1.4 Overall top view of cooler pad
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Figure 4.1.5 Bottom view of cooler pad

The hot air is ventilated out from the cooler pad from the back of the 

product. As the figure 4.3.7, the back of the cooler pad has a ventilated hollow from the 

2 fan and from the bottom surface. Figure 4.3.6 shows the slope degree from the front 

creating a ventilation or air flow from front to the back. The 2 holes act as an air flow 

directing the heat from the laptop to the bottom and ventilated out to the back.

Overall this design is different in many ways in means of function compared 

to the present design. The present design preferred to use plastic and aluminum material. 

Plastic is cheap and aluminum is expensive. Aluminum is a very good conductor in 

means of heat transfer. When a designer designs this type of product using aluminum 

material, they decrease the function of the design in order to cut cost.
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4.5.2 Concept generation

As a result the functional requirement hierarchy can be developed. The 

improvement is composed into a subsystem. The hierarchy of functional requirement 

and the hierarchy of design parameter are shown as figure below.

Cooling 
. . 'FIT] 

(4weNrlil - 
0

I

. - ý

I- % - a -

" r.

" r. " - 

F-u

1iNnTf

ý

ý. ý ..
ý

ý ý . ý

.. ..

.. . ..

Figure 4.2 Hierarchy of functional requirement for cooler pad
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Figure 4.3 Hierarchy design parameter for cooler pad 

4.5.3 Axiomatic evaluation 

The product is evaluated using axiomatic design. As shown in figure, the first 

level of functional requirement (FRs) of Eco-cooler pad is;

FR, = Eco-friendly 

FR-, = Adjust the cooling system 

FR3 = comfortable
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The design parameters (DPs) for eco-cooler pad is define; 

DP1 = Material 

DP2 = Cooling system 

DP3 = Overall shape part 

In order to satisfy the FRI, FR2 and FR3, each FR� and DP� should affect one 

another. The design equation can be expressed as;

FRI
1

X 0 0 

0 X 0 

0 0 X

DPI

FR2

FR3 J

DP2

DP3

These design matrix diagonals hence indicate it as uncoupled design. The second 

Level of FR1, the FRs is; 

FR11 = Safety aspect 

FR 12 = Environmental friendly 

DP11 = Use non toxic material 

DP12= use natural waste composite as material
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f
FR11

FR12

X 0

0 X

DP11 

DP12

These design matrix diagonals hence indicate it as uncoupled design. The FRs 

meets with DPs requirement. Functional Requirement FR2 for level 2 the FRS as stated 

below;

FR21 = Absorb heat 

FR22 = cooling laptop with fan 

FR23 = cooling laptop with air flow 

The design parameters (DPs) second level for eco-cooler pad is defined; 

DP21 = Add more air flow 

DP22 = Add high RPM fan 

DP23 = Add big size fan 

The design equation for level 2 of FR2 can be expressed as;

f
FR21

FR22

FR23

X X 0 

X x 0 

0 0 X 
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As a result the design matrix is evaluated as decoupled design matrix. Decoupled 

can be an acceptable design matrix even though it is not as satisfying as an ideal matrix 

which is the uncoupled matrix. The second Level of FR3, the FRs is;

FR31 = Ergonomic 

FR32 = Lighter 

DP31 = Adjust to ergonomic 

DP32 = Adjust the shape to be small size

{
FR1 i

FR12

X 0

0 x

DPI 1 

DP12

These design matrix diagonals hence indicate it as uncoupled design
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4.6 Natural composite fabrication

4.6.1 Fiber selection

After conducting research on varies of fiber that is available in Malaysia as 

waste, one fiber had been selected. Fiber can be extracted from waste such as banana 

leaf, corn leaf and other wastes. This fiber can be collected or gain from oil palm empty 

fruit bunch waste. In Malaysia there are lots of natural resources of oil palm. After the 

extraction of oil for energy industry, the waste is reused for other purpose. For this 

project the natural fiber from oil palm is supplied by varies oil plant and company in 

Malaysia. Generally there are a lot of product values that can be gained from the waste. 

One of the examples of product made gain from the waste is high quality fertilizer, 

papers, medium density fiberboard, briquette charcoal, and other application in terms of 

raw material.

4.6.2 Fiber preparation and composite specification

The general preparation of the fiber at first is to extract the fiber out of the empty 

fruit bunch. At first the empty fruit bunch is sterilization and bunch threshing. Then the 

fruit is continuously digestion and pulp pressing to gain the fiber. Lastly, the process like 

nut recovery, drying, cracking and abstraction is done.
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Figure 4.4 Cool press methods

After the fiber is extracted it is slicing the fiber to a random length. When the 

fiber is clean and drying, it is ready for composite fabrication. It is important to dry the 

fiber, in order to extract the water from the fiber, in gaining its highest strength of the 

fiber. The fiber is then applied with the polyester like as shown in figure 4.4.
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In this project no treatment is added. The project will evaluate the material 

without any treatment. The chosen fiber volume fraction in this project is 10 percent and 

20 percent. For the fabrication of the composite, the fiber is mixed with polyester and 

hardener. If the fiber is 10 percent in volume than the polyester that is required should be 

90 % in volume.

Fiber volume 10% 10% 10% 20% 

fraction 

Fiber weight 21.0 gram 35.1 gram 42.1 gram 42 gram 

Composite 3 mm 5 mm 6 mm 3 mm 

thickness 

Composite 28 cm x 28 cm 28 cm x 28 cm 28 cm x 28 cm 28 cm x 28 cm 

parameter

Table 4.1 Composite material specification in project

The chosen matrix for this project is polyester; polyester is a common polymer 

for composite fabrication. Polyester is selected due to its potential in mechanical 

properties which is less creep and stress relaxation rather than thermoplastic. Based on 

the table 4.2, comparison of other matrix can be shown. From the table 4.2, the reason of 

polyester is chosen for these product matrices because of its minimal thermal expansion. 

The product is always under heat constancy; based on figure 4.2, polyester has a 

potential of minimal thermal expansion.
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Property Epoxy Polyester Vinyl Ester 

Specific Gravity 1.2-1.3 1.1-1.4 1.12-1.32 

Tensile Strength MPa 55-130 34.5-103 73-81 

Tensile Modulus Gpa 2.75-4.1 2.1-6.1 3-3.5 

Poisson Ratio 0.2-0.33 - - 

Coefficient of thermal 

expansion and times, 10- 

6 m/m 

50-80 - - 

Cure shrinkage 1-5 5-12 5-10

Table 4.2 Some properties of important commercial thermosets- polymer matrix

4.6.3 Natural composite analysis

After the fabrication is completed, analysis of material is evaluated. For the 

material analysis and testing, the result is collected from a colleague that is 

experimenting on oil palm fiber composite. Based from figure 4.5.1, the fiber with 20 % 

fiber volume fraction has a high ultimate tensile strength from others.
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Stress-Strain Curve for Tensile Test of 
10%, 15% and 20% of Fibre Volume 

Fraction with no Treatment (Untreated)
12

Vf=10% 

Vf=15°i� 

Vf=20%

Figure 4.5 The graph of comparison stress over strain for 10%, 15% and 20% fiber

volume fraction

From the figure 4.5.1, we can see clearly the comparison of each percentage of 

fiber volume fractions of oil palm composite. From there we can evaluate its potential 

mechanical properties. Figure 4.5.2 confirm that with fiber volume fraction of 20 %, it 

can sustain a 3 point bending of highest 25 Newton. An average mass of different laptop 

is 2.49 kg hence the material can sustain a laptop load. In this project the fiber volume 

fraction of 20 % is used for body part and the 10 % is used for the structure and others.
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FORCE VS DEFLECTION OF 
OIL PALM FIBER COMPOSITE 10 %, 15% AND 

20%
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Figure 4.6 The graph of comparison 3 point bending test for 10%, 15% and 20% Fiber

volume fraction

4.6.4 Process selection

For the process in fabricating the product is simple. The material is cut and shape 

using disc grinder and grinder tools. Holes and hollow part is drilled using a drill 

machine and milling machine. Fabrication for this product is simple and easy this is 

because the product is design for environment. Eco- design product process should be 

energy safe and no waste should be involved. For the bonding method in this project,

ýý 

ý 
ýý 

_ýr
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adhesive method is implemented. Adhesive for composite is chosen. The reason for

choosing this method is explained in the discussion part.

4.7 Product specification and function

An eco-cooler pad is an accessory for laptop computers that helps reduce their 

operating temperature. Normally used when the laptop's fan device is unable to 

sufficiently cool the laptop, a cooling pad that house 2 fans and rests beneath the laptop. 

This product runs on power drawn through one of the laptop's USB ports. Eco-coolers 

are designed to draw heat from the underside of the computer. The fan speed is 3200

rpm.

The contribution of heat from the energy requirement of the cooler is very 

minimal impact as USB ports are limited to 2.5 watts of output power, therefore the 

cooling effect is dominant. Eco-cooler pad make the laptop situated at an angle 

compared to a laptop in a horizontal position. Free air cooling which is a passive method 

and requires no additional power has been proven as an effective method of laptop 

cooling. Figure 4.9 will list down the eco-cooler pad specification and figure 4.10 shows 

the eco-cooler pad model.
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Figure 4.7 Eco-cooler pad function of cooling and air flow system

From figure 4.7, the red arrow indicate the heat is drawn from the laptop core, 

the green arrow indicate the air flow system and the blue arrow shows the output of heat 

which is at the back bottom.

The product is also ergonomic. Ergonomics or commonly known as human 

factors is the application of scientific information concerning objects, systems and 

environment for human. The goal of ergonomics and human factors is to make the 

interaction of humans with machines as smooth as possible, enhancing performance, 

reducing error, and increasing user satisfaction through comfort and aesthetics. It is the 

applied science of equipment design intended to maximize productivity by reducing 

operator fatigue and discomfort. Figure 4.8 explain how the eco-cooler pad eliminates 

stress point.

64



Uncomforta 
ble Comfortabl

Figure 4.8 of Ergonomic features in Eco-cooler pad

Dimension 34 cm (wide) x 28 cm (long) 5.6 cm (height) 

2 Cooler fan 6 cm (wide) x 6 cm (long) x 1 cm (height) 

Cooler fan 3200 rpm 

Material oil palm fiber composite

Figure 4.9 The specification of Eco-cooler pad

Figure 4. 10 Eco-cooler pad for laptop
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4.8 Discussion

4.8.1 Material Fabrication

In material fabrication, there is a lot of lack of information in regarding other 

potential natural resources. The mechanical properties for natural composite data are still 

low and slow. If there are more data on other natural resource, it could benefit this 

project in designing a more quality of eco-efficient product.

Fabrication of natural composite is very delicate and unique. Achieving a 100 % 

composite without bubbles of air requires skill and experience. There is a lot of more 

potential method of molding that is available, but there is no time for collecting data on 

tools, making or purchasing, so the only method that is available in the mechanical lab is 

the cool press method.

The oil palm composite is not quite perfect due to unpracticed assign in 

mechanical lab. There are a lot of defect sample obtain throughout the project, hence 

required more time for the fabrication of the material than the product itself.

The reason of choosing the smaller fiber volume fraction is because of an advise

word "Design, if it is to be ecological responsible and socially responsive, must be
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revolutionary and radical in the truest sense. It must dedicate itself to natures principle of 

least effort, that means consuming less, using things longer, recycling materials and 

probably not wasting paper printing books" (Adapted from Victor Papanek, Design for 

Real World XX AD)

4.8.2 Design matrix

X represents a very strong decency affect by the DPs on the FRs where the 0 

indicates weak affect. In this project the design achieved a decoupled design matrix for 

2nd level FR2, even though decoupled is not satisfying as an uncoupled design matrix but 

it is acceptable. Uncoupled design more likely a satisfying design, it is a design that 

meet its ideal requirement. The objectives of using axiomatic evaluation on eco-efficient 

product are a success.

4.8.3 Design fabrication

During the fabrication of the design, the process is not suitable for fabrication 

using natural composites. Drilling and grinding is not suitable for fabricating a design 

using natural composite. The suitable and more approved is to mold the natural 

composite into the design shape. A molding shape of the design is supposed to be 

fabricated so that the shape is done within the curing of the composite. Using methods
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such as grinding and drilling will create crack and other defect due to the imperfect

fabrication of composite.

When molding with the specific shape it is easier to fabricate a design. Fastening 

method such as clip on and rivet can be used. It is better than adhesive bonding. The 

design can be better if used this method.

68



CHAPTER 5

CONCLUSION AND

RECOMMENDATIONS

5.1 Conclusion and recommendation

The objectives for this project were to investigate the potential of oil palm empty 

fruit bunch fiber and fabricate an eco-efficient product using the oil palm empty fruit 

bunch composite. The objectives is met and the project was accomplished. In the 

conceptual design, based on the axiomatic evaluation, the design of the eco-cooler pad 

was satisfying.

This project have succesfully completed with learning on the DFE (design for 

environment), application of axiomatic implemented with Eco-design and hands on 

practice fabricating natural composite and eco-effiecient product. The project of
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desinging an eco-cooler pad was exciting and new, this project have benefit a lot of new

experience in designing a product.

Axiomatic design had help in placing careful emphasis on the importance of 

recognizing the hierarchical nature of design and ensuring the process interation between 

FR (functional reqiurement) and DP (design paramater) carried out in a systematic 

manner.

In the future, more product should be design using oil palm empty fruit bunch 

composite. The material has a lot of pontential and are as equal to the conventional 

material than is used in this present. By using this type of material, we can preserve our 

conventional material that is depleding constantly everyday.

Finally, a lot of experienced had gained throughout the entire time of the project. 

The eco-efficient desinging product is quite and interesting knowlege. The fabrication 

part of eco-cooler pad is quite an interesting session. There are a lot of method in 

desining an eco-efficient product, in the future research the usage of different application 

can make a different result of design. For this project time is crucial where there is no 

time for learning all the methods in design for environment DFE. For the future more 

research regarding eco-product should be conducted in order to generate eco-product 

designer.
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APPENDIX A
Ouestionaire

I am Mohd Faliq Bin Mohd Jalani (10513) from faculty on engineering, program mechanical 
and manufacturing engineering. I am currently conducting a survey regarding my Final year 
project. I would like to use a few of your time in helping me answering a few of my question 
hence helping me in my analysis of my FYP.

Please answer the following question sincerely, circle the answer of rating from I to 5 

1= Definitely no 

2= No 

3= Not sure 

4= Yes 

5= Definitely yes

1. Do you prefer your cooler pad for laptop be made by 1 2 3 4 5 
other material beside aluminum and plastic? 

2. Do you buy if the cooler pad is an eco-efficient design 1 2 3 4 5 
product? (environmental safe product) 

3. If the product is an environmental safe product, do 1 2 3 4 5 
you consider the cost of buying it? 

4. Would u buy it if the material is different but the 1 2 3 4 5 
function of the product system is the same? 

5. Would u be interested if the material that is used for 1 2 3 4 5 
manufacturing the product is from natural waste 
material? 

6. Is cooler pad important to laptop user? 1 2 3 4 5 

7. Is material one of the aspect of user specification in 1 2 3 4 5 
finding a cooler pad?
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APPENDIX B

Eco-cooler pad with laptop

Eco-cooler pad
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Eco-cooler pad top view

-__ ; ý..

Example of present available cooler pad
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Oil palm empty fruit bunch fiber (unsaturated)

Oil palm empty fruit bunch composite
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Polyester

Filling putty used for product surface
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Polyester putty for filling surface defect

78



APPENDIX C



I-e
u

ý,

iI I I 

I 
T 

I ITýý 
III 

4ý'I 
IL I I I 

fl-1

L. il

Name: Mohd Faliq Bin Mohd Jalani

S` 
ý1 A 1.. 1) , tiý 

ýý 
9s 

ýý' ý ý 

ý
0-4 ! a

; ý 

(/1V I M 

ý 
ý ý 

'*-

TITLE: Eco-cooler pad

DWG NO.

Material:

Oil palm empty 
Fruit bunch 
composite

Fan complete
A4

mm
1, . AII, I 

I 
CHFFi I(if I



rB
260 , ý ýý. 

ý 
`ý9

Name: Mohd Faliq Bin Mohd Jalani

Material:

ýýAL4ýSj y, 
f. (ýj

TITLE: Eco-cooler pad Oil palm empty 
Fruit bunch 
composite

DWG NO. 
side structure

SC. AIF: I: I 
I 

SHEEI I OF I

A4

mm



ov

I

ýý

Cr

4 4+

3 ,10

Name: Mohd Faliq Bin Mohd Jalani

U`41: 

ý ý. f 
11 
a 

i 

ý ý 
ti, i 1l ý

ou Eco-cooler pad

Material:

ý_)

Oil palm empty 
Fruit hunch 
composite

°W`""laptop body d2
SC M 1 I? 

1 
SHEfI I OF I

A4

mm



A

C) 
ý_-,

}_.. I"`= _

I

340
t:. -=-+ l'ý==1

60

ýý1

Name: Mohd Faliq Bin Mohd Jalani

Material:

Eco-cooler pad

DWG NO.

ý

Oil palm empty 
Fruit bunch 
composite

Fan holder
SCAFF: I: 7 

1 
SHFF? I OF I

A4

mm



A

ý

ý ýi B O' 
ly7

C

ý--:

Name: Mohd Faliq Bin Mohd Jalani

lq-

rý 

rJ

Material:
I, TEE: Eco-cooler pad

DWG NO.

340

cover

"i N!

-Eý- ,

ö 
ý,

Oil palm empty 
Fruit bunch 
composite

SCAl 1'J: 7 I 
SHEET I OF 1

A4

mm



i 1

LLfi I
--_ ý ý 
_ i TrTi !

I
I

,, E: Eco-cooler pad

I
ý 
ý

Name: Mohd Faliq Bin Mohd Jalani

Material:

o-ý ýY f 
a4 

ý 

! N 4

uw(s NO.

ý

Oil palm empty 
Fruit bunch 
composite

Fan n holder
SCALE: 1: 2 

I 
SHEET I OF I

---_ -ý 

, 
ýýr ýhý

I

A4

mm



Name: Mohd Faliq Bin Mohd Jalani

Material:

4L4ý Sý A 

s ý 
ý 
ý

MEE: Eco-cooler pad

DWG NO.

Oil palm empty 
Fruit bunch 
composite

Overall 1
SCAIF: IZ 

1 
SHFEI I OV I

A4

mm


