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ABSTRACT

Thermal insulation can refer to those materials emehbinations of materials used to
reduce the rate of heat transfer, or the methodpaocesses used to retard the flow of
heat energy. Thermal insulation has been used amy rapplications such as pipe
insulation, window insulation, building insulatiomnd clothing. The problem of
managing the abundantly oil palm waste material basome critical for the
manufacturers. Thus, by utilized the wastes asuupedbducts can contribute to on how
to manage the abundantly wastes materials. Theopearpf this project is to perform
research and study on the development of thernmllation from oil palm waste
material which is oil palm mesocarp fiber and bingghis waste, the thermal insulation
for the condenser pipe in steam turbine systemilipadm mill can be designed. The
reason for choosing condenser pipe is because pleeating temperature in the
condenser pipe falls within the temperature usdtienthermal conductivity experiment.
The project mainly focuses on the data acquisibibthe thermal conductivity of the oil
palm mesocarp fiber in order to know the efficierafythe material as the thermal
insulation. The tests have been performed to thpatin mesocarp fibers characterized
by their packing density by using the Thermal Cantisity of Building and Insulating
Material Unit B480. From the result, the thermahdoctivity of the oil palm mesocarp
fiber is decrease as the packing density increfsie packing density of 155.27 kgim
the average thermal conductivity is 0.063 W/mK whig less than 0.1 W/mK. Usually
the thermal insulating materials have the thernoaldactivity of less than 0.1 W/mK.
With this value of thermal conductivity, the design of insulation for the condenser
pipe can be done. In order to keep the temperafuitee surface at 31 °C, while the hot
water temperature inside the pipe is at 65 °C aedambient temperature is 30 °C for
the purpose of energy conservation, the requiredlation thickness is 0.17 m. By
applying insulation to the condenser pipe, the gneate that can be saved for every 1
meter is equal to 155.39 W, and the fuel that casdved for every 1 meter is equal to
37.29 kg /hr.
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CHAPTER 1

INTRODUCTION

1INTRODUCTION

1.1 Background of Study

The term thermal insulation can refer either toemnats used to reduce the rate of heat
transfer, or the methods and processes used toadmat transfél. Thermal insulation

is used in many applications such as:

» Clothing - To maintain the temperature of humanybod
» Buildings - To maintain the acceptable temperaturdsiildings
* Piping - To prevent heat loss or gained for piges tarry heated or cooled

fluids and many other applications

There are three types of insulation which are fisyocellular and granular insulation.
Fibrous insulation composed of small diameter 8behich finely divide the air space.
The fibers may be perpendicular or horizontal ® $lrface being insulated, and they
may or may not be bonded together. Silica, rock lwslag wool and alumina silica
fibers are used. The most widely used insulatingenads of this type are glass fiber and
mineral wool®?. Cellular insulation composed of small individealls separated from
each other. The cellular material may be glassoamkd plastic such as polystyrene
(closed cell), polyurethane, polyisocyanurate, piatin, and elastomeri€. Granular
insulation composed of small nodules which contaiids or hollow spaces. It is not
considered a true cellular material since gas @itrdnsferred between the individual
spaces. This type may be produced as a loose oalleunaterial, or combined with a
binder and fibers to make a rigid insulation. Exésmpf these insulations are calcium

silicate, expanded vermiculite, perlite, cellulogkatomaceous earth and expanded



polystyrene[z]. Most of these materials have their own cost. tdeo to find new
materials with cheaper cost, this study is done dlkernative material comes from the
agricultural waste which is the oil palm mesocabeif. Oil palm mesocarp fiber can be

categorized as fibrous insulation.

In 2006, the production of oil palm is about 14rAfilion tons and the total solid waste
generated more than 3.96 million tdfls This shows that the waste generated is very
high. The solid wastes consist of empty fruit byntiesocarp fibers, and shell. Figure
1.0 and 2.0 shows the component of the oil palntevamterials. Oil palm empty fruit
bunch fibers are suitable for the manufacture oftn@ss, car seat, insulation, composite
panel product and particle bodfl The oil palm mesocarp fiber has been used as the
fuel in the boiler when it is mix with the shellualy in the percentage of 30% of shell
and 70% of mesocarp fiber. However, this is nofigeht for the waste management
thus; they can be transformed into useful prodsieth as thermal insulation. The source
is very cheap and the availability is very high.omler to know the suitability and the
efficiency of the oil palm waste material as thesrthal insulation, their thermal
conductivity can be determined by conducting seéwetperiments to them. The thermal
conductivity of the oil palm mesocarp fiber will dested by using the Thermal
Conductivity of Building and Insulating Materialsnlt B480 in laboratory at Block 20.
The low thermal conductivity material is a good ulagor because it reduces the

capability of heat to transfer.



Shell

Figure 1.0: Oil palm fruit componeht

Figure 2.0: Oil palm empty fruit bundfi

Mesocarp




1.2 Problem Statement

Currently, the oil palm mesocarp fiber is usedhashioiler feedstock but, not all of them
will be used and some of them are also left to aldgrHowever, it takes a long time to
break down and hence during the rainy season vigeee an ideal condition for fungi to
grow ). This will cause trouble to the oil palm manufaets in managing the wastes.
Thus, the idea is to utilize the oil palm mesochiper as the alternative material for
thermal insulation. Thermal insulation can be madevarious materials with low
thermal conductivity. Thermal conductivity is theagtity of heat transmitted through a
unit thickness in a direction normal to a surfassaadue to a unit temperature gradient
under steady state conditiofs In order to find the alternative material withwio
thermal conductivity and cheaper in cost, a reseaeed to be done. The material with
all this criteria is needed in order to make sine thermal insulation is efficient to be
used for the commercial and industrial installagion

1.3 Objectives

The objective of this study and research is to thresuitability and the efficiency of the
agricultural waste material which is the oil palnesacarp fiber as the new material for
the thermal insulation. This can be done by acagithe thermal conductivity of the oll
palm mesocarp fiber by using the Thermal Condugtiof Building and Insulating
Materials Unit B480.

The second objective is to help the manufactur@rsotve their problem regarding on
the abundantly oil palm waste material which rapiflling the space of the oil palm
mill area.

The last objective is to design the thermal insoitafrom the oil palm mesocarp fiber in
order to reduce loss of heat energy in the oil palithand achieve savings from the

conservation of the energy.



1.4 Scope Of The Study

For this Final Year Project, the scope of the stwdif be revolves around the
acquisition of the thermal conductivity of the p&lm mesocarp fiber from various oil
palm mills and the designing of thermal insulatioom oil palm mesocarp fiber for the
industrial application. The samples from two oilrpamills will be tested for many times
in order to find the range of the thermal conduttivihe thermal conductivity will be
tested against the packing density. Then, by usiegthermal conductivity of the oll
palm mesocarp fiber, the thermal insulation for thdustrial application will be

designed.



CHAPTER 2

LITERATURE REVIEW

2 LITERATURE REVIEW

Insulation is defined as those materials or contlmna of materials which retard the

flow of heat energy by performing one or more @& tbllowing functions:

1. Conserve energy by reducing heat loss or gain

2. Control surface temperatures for personnel ptiote and comfort

3. Facilitate temperature control of a process

4. Prevent vapor flow and water condensation od sotfaces

5. Increase operating efficiency of heating/vetitilg/cooling, plumbing, steam,
process and power systems found in commercialraahgbtrial installations

6. Prevent or reduce damage to equipment from expd® fire or corrosive

atmospheres

The temperature range within which the term "thérmaulation" applies is from —

73.3°C (~100°F) to 815.6°C (150098).

Thus, by introducing new alternative material wgtteaper cost for insulation will create
energy conservation with low cost for all pipingsuation. One of the alternative

materials is from the agriculture wastes such @ fthe oil palm mesocarp fiber.

For every 100 kg of crude palm oil produced dutimg oil palm milling process, 52 kg

fiber, 22 kg shell and 85 kg empty fruit bunch gemerated.



This shows that the amount of wastes generatedrishigh. Thus, these wastes can be
recycled into useful product in order to managér thisposal. In this study, the oil palm
mesocarp fiber will be recycled into a thermal iaing material. However the thermal
conductivity of the material need to be test antbmheined to know the efficiency and
the suitability of them as the thermal insulatingtenial. The oil palm mesocarp fiber

can be categorized as fibrous insulation.

Other than oil palm mesocarp fiber, empty fruit tlwes (EFB) could be a source
for conversion into useful fibers. From the Busmése Internet Edition of Financial
Daily from the Hindu group of publications, the dils from EFB have potential to be
converted into an economical, value-added produti ss thermal insulating materials.
From the research team of the Oil Palm Researclr€ender the Indian Council for
Agricultural Research (ICAR), the tensile strengtid bulk density of the fiber were
found to be 979.8 g and 27.67 kd/rithis shows that it is a good fiber to be conwbrte
into useful products. The researchers modified @wot decorticating machine for the
purpose of large-scale extraction of the fiber f&fB obtained from small as well as
large size oil palm bunches. Initially, they trige combing machine that is used in the
extraction of fiber from the Palmyra leaf but itnst so successful. Best result from the
coconut decorticating machine were obtained whenBRB were soaked in water for
two days.

Besides, the oil palm leaves also can be converita thermal insulating
materials. A thermal insulation board of averagerrital conductivity of 0.127 W/mK
has been made by mixing oil palm leaves with granwibod glue in the ratio (glue:leaf)
1:4 by weight*®!,



In order to design thermal insulation from fibrauaterial, we need to know the modes

of heat transfer in fibrous materials.

Convection, solid fiber conduction, air conductiand radiation can all be heat-transfer
modes that are present in fibrous insulations. @ mesdes of heat transfer can combine
in a complex manner to give a total conductivitysa®wn in Figure 3.0. The exact

shape of the curve in Fig. 3.0 is dependent upenntiean temperature, the type of

fibrous insulation, the fiber orientation, the sip@en size, and other factors.

Total heat transfer

Air conduction

Radiation

Increasing conductivity ——s

Conwvection

Solid conducticon

Increasing density

Figure 3.0: Modes of heat transfer in fibrous iasiohs™"!

Solid-Fiber Conduction

Solid-fiber conduction occurs when, because ofnaptrature gradient, heat energy is
transmitted down one fiber and passes to another &t their point of contact. At very
low densities this factor is small; but as the dgnscreases, the fibers are packed

closer together and the solid fiber conductioneases. In fact, as Fig 3.0 shows, this is



the mode responsible for an increase in the tdtarmal conductivity beyond its
minimum value as density increasés

Convection

Convection, the transmission of heat by mass moweroé air (or gas) particles,

depends on many factors, including the size ofctngty occupied by the particles, the
cavity orientation, and the temperature gradiemnv@ction can be significant in the
absence of insulation, but drops off when insufatimpedes the gas currents.
Commercially available fibrous insulation is desidnat high enough density to make
convection within the insulation is significant.fibrous insulation is installed such that
it essentially fills a cavity, convection within ehcavity will not be significant. If

however, the insulation is installed with one omtWwoundaries exposed to air, the

potential for natural or forced convection exists
Radiation

Radiation heat transmission is a very large fastoen there is no insulation present, but
it is reduced rapidly as the insulation densityréases. Radiation is reduced by
scattering from or absorption on and reemissiorihigyfibers. At densities beyond the
minimum total conductivity point, radiant heat tséer is negligible. Other factors that
influence radiation are the temperature level d@dsurface emissivity according to the

following equation:

_constant(T,! - T.*) g

qrad -
i+i_l+|\|
E. &

c

Where T,= hot-surface absolute temperature
T .= cold-surface absolute temperature
gc = emissivity of cold surface
en= emissivity of hot surface
N = opacity factor

Since radiation is controlled by the differencelad absolute temperatures to the fourth

power, it becomes increasingly important as thepgature increases. For this reason it



is common for high-temperature insulations to lghér in density than insulation used
for moderate temperature applicatiéis

Still-Air Conductivity

Fibrous insulation even at relatively high densiti® by volume, mostly air. Thus still-
air conductivity is an important contributor to th&al conductivity. Its influence is

nearly constant over a wide range of densitiés

Thus, the optimum packing density of oil palm mespcfiber that provides the most

insulation must be determined for the thermal iasah application.
In order to design the thermal insulation for pipdew assumptions need to be done.
The heat transfer assumptions are:

1. Inside surface temperature of the insulation isséme as the temperature of the
process fluid*?. Figure 4.0 shows the condition of the pipe;

Insulation

. Inside surface
Process fluid

of insulation /
Pipe outside
surface of

pipe

Figure 4.0: Pipe cross section

2. Thermal conductivity of the insulation is constahta value corresponded to the

mean temperature of the operating condittén

3. Convection coefficient at the outside surface isstant*?

10



4. Radiation loss from surface is included as a comgiart of the overall surface
resistancé?.

Thus in order to design the thickness of the théimsulation, all these assumptions
should be taken into account.

Since the thermal insulation from the oil palm neesp fiber will be applied to the
application in the oil palm mill itself, the instilag will be done to the condenser pipe of
the boiler and steam turbine system. While doing eélperiment using the Thermal
Conductivity of Building and Insulating Material Wi8480, the hot plate temperature is
set for 60 °C. The cold plate temperature is uguatbund 34 °C thus; the mean
temperature is 47 °C. The reason for choosing awsetepipe is because the operating
temperature in the condenser pipe (see Appendialls)within the temperature used in
the thermal conductivity experiment. The value bé tthermal conductivity of the
insulation is constant at value corresponded tontlean temperature of the operating
condition *?. Figure 5.0 below shows where the insulation wél applied. The part

where the insulation is applied is highlightedhe ted line.

Steam

Turbine

Power out

LVAVAVANS

Process o1
Condenser

Condensate Temperature = 63 *C l

Punap

Lid

0=C

i o f—
Heat out
Mean Temperature =473 °C

Figure 5.0: Boiler/Steam turbine paltd
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CHAPTER 3

METHODOLOGY

3 METHODOLOGY
3.1 Testsfor Thermal Conductivity

The main purpose of this study is to get the théromaductivity of the oil palm
mesocarp fiber. For the first step, | need to cbltbe sample of the oil palm mesocarp
fibers from various oil palm mills. Then the oillpamesocarp fiber will be dry under
the sunshine. Next, the sample from each mill w#l divided into 5 groups with
different weight in order to get different packidgnsity for the testing. The weights are
100g, 1209, 125¢g, 1409, and 160g. For each padengity, 10 tests will be done with
the set temperature. The temperature is 60°C.i$hsensure the accuracy of the value
of the thermal conductivity resulted from the te®g doing this, we can determine the
range of the thermal conductivity of the oil palnesacarp fiber. These fibers will be
tested for the thermal conductivity by using theeffhal Conductivity of Building and
Insulating Materials Unit B480 (See figure 6.0). efh the graph of Thermal
Conductivity vs. Packing Density will be plotted.

The method of thermal conductivity measurement usdtie heat flowmeter method.
The specimen under test is placed between a hita gl the heat flowmeter which is
attached to a cold plate. The apparatus is suresltg insulation. The hot and cold
plates are maintained at suitable constant tempesat measured by surface
thermocouples. A calibration constant for the imdlial apparatus is derived from
testing a sample of known constant thermal condiigti By measuring the heat
flowmeter output and the mean temperature of tees@mple, the thermal conductivity

12



is calculated using this calibration constant. Timisthod is faster than other methods
and as the heat flow through the specimen is medsdirectly, no guarding or

estimation of the heat loss is necessary.

Figure 6.0: Thermal Conductivity of Building andstiating Material Unit B480

For the procedure of how the thermal conductiviy adl palm mesocarp fiber

experiment is done, see Appendix B.

Besides, in order to check for the accuracy offthermal Conductivity of Building and
Insulating Material Unit B480, the test has beenduxted by using the sample with
known thermal conductivity. The materials that haleen test were expanded

polystyrene. All the test procedure will be apmthiese materials.
From the data, the error analysis will be done. $tamdard deviation, variance and

standard error of the mean is calculated. The ndetbfocalculation is attached in

Appendix C.

13



3.2 Designing Thermal Insulation for Condenser Pipe in Steam Turbine System
in Oil Palm Mill

321 Pointsto Consider

In order to design the thermal insulation from tilepalm mesocarp fiber, a few points

need to be considered.

Table 1.0: Points to consider

Purpose Energy conservation; minimizing heat lgss
Availability Abundantly

Cost Very cheap or free (waste)

HSE Non-toxic

Moisture absorption - Products from oil palm are

hygroscopic which could lose and
gain moisture when there is |a
change in relative humidity”
- Hygroscpy is the ability of a
substance to attract water molecules
from the surrounding environment
through either absorption or
adsorptiorf*®
- Thermal insulators work by trapping
bubbles or pockets of gas inside a
foam structure. When these cells|of
gas are filled with moisture, thefre
are significant losses in insulating
efficiency*®
- However by Silane Treatment can
increase the hydrophobicity/’.
- By silynylation, the hydrophobi

)

coupling agent forms a protectiye

14



for moisture absorptidt’

monolayer on the proton-bearir

surfaces and thus removes the s

9
tes

3.2.2 Sketch & Data

Figure 7.0 below shows the sketching of the conelepipe.

q.lrad
X \
t — ) AN
F'y 7 - - - -7 "7-"—-=—- /-7~~~
q_lcnnd
0127 m
Te=30°C
— =083 — T.1=65°C
L T.,=31°C

Figure 7.0: Sketching of the condenser pipe witluliation

Data

Ts.1= 65 °C (Usually the condensate temperature isn&@0°C. See Appendix A)

Te2=31°C
T.=30°C
E=0.85

Tmean= 47.5 °C

15



3.2.3 Assumptions

There are few assumptions that have been donaler tw simplify the designing of the

thermal insulation for the condenser pipe.

1. Heat conduction from inner pipe surface to outpemurface

Using Lumped System Analysis

- Heat conduction within an object is much fastemthaat conduction across
the boundary of the object

- Reduce one aspect of the transient conduction ifwithe object) to an
equivalent steady state system

- Assume temperature of object is completely uniform

- Since temperature of the steam inside the pipebiS@ the inner surface
temperature of the pipe must be similar to thatsthy using lumped system

analysis, the outer temperature surface of theipipesume to be 65 °C
2. Thermal conductivity of the insulation is constahta value corresponded to the
mean temperature of operating conditith

3. Thermal conductivity, k, of oil palm mesocarp filie assume to be constant
- From the experiment to determine the thermal catidtyc of the oil palm
mesocarp fiber, the lowest thermal conductivityresn the highest packing
density tested. At 155.27 kgithe k = 0.063 W/mK.

- Thus in the calculation, the value of k used i$68.W/mK.
4. Convection coefficient at the outside surface isstant'?

5. Pipe surface is small compared to surrounditfs

6. Surrounding air is quiesceff
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3.2.4 Calculation

At steady state, the heat flow through the insofato the outside surface equals the heat
flow from the surface to the ambient &#. In equation form:

' — ! 18
qcond _q conv +q rad el

Where
J'cond = Cconduction heat flow per unit length (W/m)
g'conv = Convection heat flow per unit length(W/m)

Q'rad = radiation heat flow per unit length(W/m)

The above equation also can be written as:

27K(T, - T,
27K (T ~Tsa) _ h(2m,)(T,, -T,) +€2m,0(TS, - T4 )
In(r, /r,) ' |

Where

k = thermal conductivity (W/mK)
Ts 1= surface temperature (K)

Ts 1= outer surface temperature (K)
r, = outer diameter (m)

r, = inner diameter (m)

h = surface coefficient (W/fK)

T., = ambient temperature (K)
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€ = emissivity
o = Stefan Boltzman constant (W)

Tsur = ambient temperature (K)

By using this equation, we can calculate the thesknof the thermal insulation that is

needed in order to keep the surface at certaingeatyre for energy conservation.
3.3 Milestone

For Milestone of this Final Year Project, see ApigiD.

3.4 Work Flow

The project work flow is shown in the Figure 8.0dve

START

Collecting the sample of ¢
palm mesocarp fiber from many
other sources

|

FYP 2 Testing for the therm:
conductivity

Y
Organizing the data

A\ 4
Designing thermal insulation fi
industrial application

A 4

END

Figure 8.0: Project Work Flow
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CHAPTER 4

RESULTSAND DISCUSSION

4 RESULTS

4.1 Resultsfor Thermal Conductivity of Oil Palm Mesocarp Fiber
4.1.1 Thermal Conductivity

From the test that have been conducted, the refutie thermal conductivity of the
expanded polystyrene testing at 60°C by using The@onductivity of Building and
Insulating Material Unit B480 has been determirigelow are the results and the errors

between thermal conductivity of expanded polystgrehthe tests:
Polystyrene
Thermal Conductivity of expanded polystyrene at@®6°0.044 W/mK

Table 2.0: Results and errors of expanded polyséyre

Thermal Conductivity (W/mK)
Sample 1 2 3 | Average
Polystyrene 0.51 0.52 0.51 0.52
Error (%) 16.75% | 18.55% | 16.75% 17.35%
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Below are the results of the thermal conductivitythe oil palm mesocarp fiber from

both of the oil palm mills:

Table 3.0: Result of the thermal conductivity of thl palm mesocarp fiber from FPISB

Kilang Sawit Neram (oil palm mill Neram)

Thermal Conductivity (W/mK)

Density 1 2 3 4 5 6 7 8 9 10 | Average
100.18 kg/m® | 0.093| 0.093 0.092| 0.090 0.091 0.091 0.091 0.092 0.09091 0.092
103.51 kg/m® | 0.083| 0.082] 0.084| 0.085 0.086 0.085 0.086 0.086 0.087091 0.085
107.83 kg/m® | 0.080| 0.080 0.079| 0.074 0.080 0.080 0.0$O 0.079 0.080079 0.079
129.39kg/m® | 0.074| 0.073 0.074| 0.074 0.077 0.079 0.02‘30 0.079 0.0712079 0.077
138.02kg/m® | 0.063| 0.068 0.069| 0.071] 0.072 0.071 0.072 0.070 0.07071 0.070

Then, the result of Average Thermal Conductivity @i Palm Mesocarp Fiber vs.

Packing Density is plotted.

0.120

0.100

0.080

0.060

0.040

0.020

Thermal Conductivity, W/m.K

0.000

Average Thermal Conductivity vs. Packing Density

100.18 kg/m3

103.51 kg/m3

107.83 kg/m3

129.39 kg/m3

Packing Density, kg/m?3

138.02 kg/m3

Figure 9.0: Average Thermal Conductivity of Oil PaMesocarp Fiber vs. Packing
Density (Oil Palm Mill Neram)
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Table 4.0: Result of the thermal conductivity o thl palm mesocarp fiber from FPISB

Kilang Sawit Kerteh (oil palm mill Kerteh)

Thermal Conductivity (W/mK)

Density 1 2 3 4 5 6 7 8 10 | Average
0.096| 0.092 0.093| 0.086 0.093 0.092 0.092 0.087 0.0&7086 0.090

118.30 kg/m®
0.092| 0.089 0.091| 0.088 0.088 0.088 0.089 0.088 0.0&V089 0.089

120.77 kg/m®
0.071| 0.071 0.071| 0.056 0.062 0.064 0.065 0.066 0.0&E066 0.066

129.39 kg/m®
0.072| 0.073 0.072] 0.071 0.074 0.073 0.073 0.073 0.0TB0O73 0.072

154.04 kg/m®
0.052| 0.058 0.060| 0.058 0.06¢6 0.068 0.068 0.069 0.0&B064 0.063

155.27 kg/m®

Then, the result of Average Thermal Conductivity @i Palm Mesocarp Fiber vs.

Packing Density is plotted.

0.12

0.1

0.08

0.06

0.04

0.02

Thermal Conductivity, W/m.K

Average Thermal Conductivity vs. Packing Density

I —

118.30 kg/m3

120.77 kg/m3

129.39 kg/m3

154.04 kg/m3

Packing Density, kg/m?3

155.27 kg/m3

Figure 10.0: Average Thermal Conductivity of OilllRaMesocarp Fiber vs. Packing
Density (Oil Palm Mill Kerteh)
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4.1.2 Error calculation

In order to analyze the data, we need to calctgtedard deviation and standard error
of the thermal conductivity for each packing denddar samples from both oil palm

mills.

Example of standard error calculation for oil paimsocarp fiber with packing density

of 100.18 kg/mfrom oil palm mill Neram:

Where

o = standard deviation
X; = data
X = mean value

N = number of data

N
3" ((0093-0092? +(0.093 0.0922 +(0.092- 0.092§ +(0.090-0.092§

i=1
+(0.09%0.092 +(0.09% 0.092¥ +(0.091 0.092§ + (0.092- 0.092¥
+(0.09% 0.0925 +(0.09%0.092%)

10

c = 0.00097

Example of variance calculation for oil palm mespcéber with packing density of

100.18 kg/mfrom oil palm mill Neram:
o= variance = 0.00097

o2= 0.0000009444
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Example of standard error of the mean calculatmndil palm mesocarp fiber with
packing density of 100.18 kgAfrom oil palm mill Neram:

ag. =

X

2

Where

oy = standard error of the mean

o = 0.00097
X \/E
ox = 0.00031

By using the method above, the standard deviatiariance and standard error of the
mean of the thermal conductivity of the oil palmsoearp fiber from both oil palm mills
are calculated and tabulate in the table below

Table 5.0: Standard deviation, variance and stahelaor of the mean of thermal

conductivity of oil palm mesocarp fiber from oillpamill Neram

Standard
Density deviation Variance [ Standard error of the mean
100.18 kg/m* 0.00097 0.0000009444 0.00031
103.51 kg/m® 0.00246 0.0000060556 0.00078
107.83 kg/m* 0.00185 0.0000034333 0.00059
129.39 kg/m* 0.00274 0.000007511{1 0.00087
138.02 kg/m® 0.00270 0.0000072889 0.00085
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Table 6.0: Standard deviation, variance and stahel@or of the mean of thermal

conductivity of oil palm mesocarp fiber from oillpamill Kerteh

Standard
Density deviation Variance Standard error of the mean
118.30 kg/m® 0.00357 0.0000127111 0.00113
120.77 kg/m® 0.00137 0.0000018774 0.00043
129.39 kg/m® 0.00467 0.000021788¢4 0.00148
154.04 kg/m® 0.00084 0.0000007111 0.00027
155.27 kg/m® 0.00552 0.000030488¢ 0.00175

The Graph of Normal Distribution for Thermal Contivity of Oil Palm Mesocarp

Fiber is plotted in Appendix E.
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4.1.3 Uncertainty Analyses

The uncertainty analysis is calculated by usingdhiération error. From the result of
the thermal conductivity of the expanded polystgretested by using Thermal
Conductivity of Building and Insulating Material WrB480, the percentage of error
compared to the value from the research is 17.38%as this value is the calibration
error. However, the accurate uncertainty analysisukl be done by method in
Appendix F but due to unavailable of some inforowtithe analysis is simplified by
using calibration error. Below are the results & tuncertainty analysis by using

calibration error.

Table 7.0: Uncertainty analysis of sample from@alm Mill Neram

Density Average Uncertainty
100.18 kg/m® 0.092 +0.016
103.51 kg/m® 0.085 +0.015
107.83 kg/m® 0.079 +0.014
129.39 kg/m® 0.077 +0.013
138.02 kg/m® 0.070 +0.012

Table 8.0: Uncertainty analysis of sample fromalm Mill Kerteh

Densit Average Uncertainty
ensity

118.30 kg/m® 0.090 +0.016
120.77 kg/m® 0.089 +0.015
129.39 kg/m® 0.066 +0.011
154.04 kg/m® 0.072 +0.012
155.27 kg/m® 0.063 +0.011

The uncertainties are plotted using the error b&né Figure 9.0 and 10.0.
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4.2 Result for Designing Thermal I nsulation for Condenser Pipein Steam Turbine
System in Oil Palm Mill

4.2.1 Schematic

qlrac qlCOH\;
\ /
t ez - AN
. -t —
q'conc I'I i
0.127 m I
| '|I rl
\ A
______________ _ \
T.=30°C
— =085 Ts1= 65 °C
L T,,=31°C

Figure 7.0: Sketching of the condenser pipe witlulation
* Tg1can be refer to Appendix A

4.2.2 Assumptions

1. Pipe surface is small compared to surrounditfys
2. Surrounding air is quiesceh?

4.2.3 Properties
T =(T,+T,)/2
T, =(304K +303K) /2=303.5K
From Table of Thermophysical Properties of Gasesrabspheric Pressufé’,

When air at T= 303.5 K

k =0.0266 W/mK
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v=16.2 x 1¢ m?/s
o =23.02 x 16 m%s
P. = 0.707

B=3.295x 16K™

4.24 Analyss

The convection coefficient may be obtained fromagun below:

1/6 2
Nu, =4 060+ O58Ma, el
[L+ (0559/Pr)*"]¥"?7

Where

— 9B8(T, -T,)D? (18]

Ra,
va

_ 98m/s°x3295d0°K ™ 31-30)°C (0127m)°

Ray, 6, 2 6 2
162x10°m°/sx2302x10° m-/s

Ra, = 017&L0°

Hence

2
_ 0387 (0177x10%)°
NUD =4 060+ 9/1618/27
[1+ (0559/0707) °9

Nu, = 904

And

h :LNuD 8l
D

h= 0.0266/N / mK

904
0.127m ( )

h =189V /m?K
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At steady state, the heat flow through the insofato the outside surface equals the heat
flow from the surface to the ambient air. In eqortiorm:

qlcond :qlconv +qlrad 18]
Zlka-s,l - Ts,2 )

=h(@m,)T,, -T.) +e2m,o(T, - T4 ) 1
|n(r2/r1) ( 2)( s,2 oo) 2 ( s,2 sur)

_ 2(7)(0063V / mK)(338- 304K
B In(r, /0.0635m)

(085)(2)(71)(r, )(GH7XLO®W / m*K *)(304* —303")K *

= (L8 m2K)(2)(7)(r, )B1-30)°C +

_ 13459V /m
In(r, /0.0635m)

= 11878V /m?(r,) + 33863V / m?(r,)

__ 02043m _.
In(r, /0.0635m) °

In order to find thex we can use try and error method by construdble tand plot a
graph. The point where they intersect is the nigthie of . The initial guessing for=
0.15 and the table is construct for the incremégt @l

Table 9.0: Try and error table

Trial ra 0.2943/In(r »/0/0635)
1 0.15 0.34
2 0.16 0.32
3 0.17 0.30
4 0.18 0.28
5 0.19 0.27
6 0.20 0.26
7 0.21 0.25
8 0.22 0.24
9 0.23 0.23
10 0.24 0.22
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Then the graph is plotted corresponding to theevaiuthe table:

Try and error value

0.40

0.35

0.30

0.25

0.24
0.22

0.20

Value

0.15

0.10

0.05

0.00

6 7 8 9 10 11 12 13
Trial

—0—r2 ——0.2943/In(r2/0/0635)

14

15

Figure 11.0: Graph of try and error value

From the graph, the point where the two lines gdgetis aty=0.23 m

Thus, thickness of the insulation,
t=n-n
t=0.23m-0.0635=0.1665m

t~0.17m
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4.3 Discussions
4.3.1 Discussion for Thermal Conductivity of Oil Palm Mesocar p Fiber

From the Figure 9.0 and 10.0, we can see the oakltip between the average thermal
conductivity of the oil palm mesocarp fiber and lpag density. As the packing density
of the oil palm mesocarp fiber increase, the thémoaductivity will decrease. This is
due to the decreased in radiative and/or convebipat transfer. As the packing density
increase, the amount of the fiber for a unit volusiéncreased thus the voids between
the fibers will decreased. There will be less afphesic air that trapped in the fibers.
Thus, the convection and radiation mode of heaistea will decrease. This explained
why the thermal conductivity of the oil palm mesqgctber decreased when the packing
density increased. However if the packing densitgreased further, the thermal
conductivity may be increased. This is due to tbkdsconduction heat transfer that
takes place. This can be explained in Figure 3hisTthe proper and optimum packing
density of oil palm mesocarp fiber must be detegdito make the convection within
the insulation insignificant in order to get thevist thermal conductivity possible. Low

thermal conductivity material will act as betteeimal insulation.

However in the Figure 10.0, we can see that there ipoint where the thermal
conductivity is increased. At packing density ot 18! kg/ni, the thermal conductivity

suddenly increased. This is may be due to the eludng the reading is taken or the
error in the procedure of testing the sample. Enier can be repair by taking more

reading for the sample and ensure all the procedwerrect.

From the results, we can see that there is a littedifference of the thermal
conductivity for the nearly same packing densitynir both of oil palm mills. For
example, for packing density of 129.39 kd/the thermal conductivity is a little bit
higher for samples from oil palm mill Neram comghte Kerteh. This may be due to
the different in size of the individual fiber itéeThe individual fiber size for samples of
oil palm mill Kerteh is smaller than the samplesodfpalm mill Neram. This owes to
the fact that a quantity of gas, usually air, iedied in the material’s mass. Dry and

firm air, when not moving and in small quantitibas the lowest thermal conductivity
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factor (approximatelyh = 0.024 W/mK) over a wide range of temperatureBe T
atmospheric air is trapped between the fibers.eimegal, short fibers are more difficult
to align and pack densely than the longer one. ;Tlausa given fiber content the short
fiber length makes a lot of voids leading, therefaio low thermal conductivity of
specimen due to insignificant of solid conductidrhis explains why the thermal
conductivity of samples from oil palm mill Kertes $lightly smaller than the samples of

oil palm mill Neram.

However, when the test is conducted to the materinht have known thermal
conductivity which is expanded polystyrene, there significant errors between the
tested thermal conductivity and thermal condugtifiom the research. The average
error percentage is around 17.35%. The error mayddee to the accuracy of the
equipment or the error in procedure during the erpent is done. This is the systematic
error. In order to make sure that this is a vaidor result, more tests should be
conducted on this material. This is to ensure tatepn of the errors of the result.
Besides, more materials with known thermal conghtgtalso should be test. Thus if the
error is constant for each test, this error caafg@ied to the thermal conductivity of the

oil palm mesocarp fiber in order to get more acuvalue of thermal conductivity.

From the data gathered, we can see that at padkimgjty of 155.27 kg/f the thermal
conductivity is 0.063 W/mK. This reflects that theaterial is quite a good thermal
insulating material. Usually the thermal condudyivimaterials have the thermal
conductivity of less than 0.1 W/mK. Besides, thet that this material is cheap can be a
strong point for them to be utilized as an insalgtimaterial. This can help the
manufacturer to save cost on insulation and also sw@ve their problem on the

abundantly oil palm waste materials.

Under the error calculation, for a set of datahsrinal conductivity for each packing
density, the standard deviation, variance and stahdrror of the mean is calculated.
From the standard deviation, we can get an iddewftightly the group a set of data is
by seeing if the variation is small or large. Foe data gathered by using the sample
from Oil Palm Mill Neram, we can see that the stadddeviation for each packing

density is varied. The lowest is for packing densit 100.18 kg/m which its standard
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deviation is 0.00097. This shows that the dataery tightly to each other and reflect the
accuracy and correctness of thermal conductivitytiiat packing density. The highest
standard deviation is for packing density of 129k8@nt. This may be due to some
human error during reading is taken and the acyuséthe device that is used for the
test. For the data gathered by using the sample @d Palm Mill Kerteh, we can see
the same pattern in the variation of the standawdation. The standard deviation is
quite low. The lowest is for packing density of 1®#kg/nt with standard deviation of

0.00084. The data is very precise to each othee. Aiphest standard deviation is for
packing density of 155.27 kgfwith value of 0.00552. This shows that the datatoot

tight to each other. However the standard deviatian be considered as low. Thus,

these reflect that the data gathered for both segriplquite tight and is a reliable data.

The uncertainty analysis is done in order to shbg range of value that the thermal
conductivity will varies for each time the testtienducted. This range of value will acts
as reference for the next tests. Each value teatdutside the range can be assumed as

invalid and the test must be repeated.
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4.3.2 Comparison of oil palm mesocar p fiber and rock wool
Rock wool is a common insulating material usedandenser pipe$®. Below are the
comparison between the insulation characteristia®ak wool and oil palm mesocarp

fiber insulation:

Table 10.0: Insulation characteristics of oil paimasocarp fiber and rock wool

Properties Oil Palm Mesocarp Fiber Rock Wool
Thermal Conductivity| Lowest tested = 0.063 W/mK 4D G- 0.045 W/mK
Moisture Absorption | -Hygroscopic Does not absorb any water [or

-Silane treatment can increasmoisture

hydrophobicity
Fire Resistance Not fire resistant -Fire resistant
-Not a combustible material
Aging effect -May aging with time -Chemically inert fiber
-Maintain its characteristic
with time
Weight Light weight Light weight

From Table 10.0, we can see the comparison betiveenil palm mesocarp fiber and
rock wool. The rock wool has more advantage contptrehe oil palm mesocarp fiber.
However, the oil palm mesocarp fiber is a free maleince it is waste materials. So,
the problem regarding aging effect and moistur@gdi®n can be solved. It is because,
since it will be used in the oil palm mill itsethe source is abundant thus when problem
occurred to the material, it can be replace inBtamhus, oil palm mesocarp fiber can be

an alternative thermal insulating material for toemdenser pipe in the oil palm mill.
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4.3.3 Discussion for Designing Thermal Insulation for Condenser Pipein
Steam Turbine System in Oil Palm Mill

Condenser pipe is one of the components in a baitet steam turbine system.
Condenser pipe carries condensate from the condbask into the boiler as feedwater
to generate steam. Usually the condensate temper&ubelow the 100 °C (see
Appendix A). In boiler, the condensate will be heatil it evaporates into steam in
order to be used for the steam turbine. Energgdsired in order to heat the condensate.
By insulating the condenser pipe, the heat lossbeareduced. Thus, we can save the
energy required to heat the condensate into stéaom the result above, in order to
keep the temperature of the surface at 31 °C, whédenot water temperature inside the
pipe is at 65 °C and the ambient temperature is’@G0or the purpose of energy
conservation, the insulation thickness of 0.17 meeded. At steady state, the heat flow
through the insulation to the outside surface exjtted heat flow from the surface to the
ambient ait''®. In order to design for the thermal insulatiorckiniess, the rate of heat
transfer from the outside surface to the ambienheeds to be calculated. This rate of
heat transfer then is used in the conduction heaster formula in order to determine
the thickness of the thermal insulation neededinBylating the condenser pipe, the fuel
needed for that certain amount of heating can bedsaln the long period run, this type

of savings will become significant to the oil patnil manufacturers.
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434 Energy saved

In other to calculate the amount of energy save@nwimsulation is applied to the

condenser pipe, the amount of heat loss when nolatnsn is applied must be

calculated.
4.3.4.1 Calculation for natural convection coefficient without
insulation
Schematic
q'rac qICOI’W
X
e jaN N
y = < >
0.127 m
L
T, =30°C L Ts=65°C L £=0.85
Figure 12.0: Sketching of condenser pipe withosulation
Properties

T =(T,+T,)/2

T, =(338K +303K) /2=320.5K

From Table of Thermophysical Properties of Gasegrmbspheric Pressuf,
When air at T= 320.5 K
k =0.0278 W/mK

v=18.0x 10 m?s
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o =25.53 x 16 m%/s
P.=0.704

p=3.120x 16K™

Analysis

The convection coefficient may be obtained fromagun below:

16 2
Nu, =4 060+ D=0 Ma, it
[L+ (0559/Pr)*™)¥/7

Where

_ 98(, -T,)D° g
va

Ra,

_ 98m/s*x3120x1.0°K * (65-30)°C (0127m)*

Ray, 6 2 5 2
180x10°m“ /sx2553x10° m“ /s

Ra, = 4770d0°

Hence

2
_ 0387 (4770xL0%) Y
NUD =4 060+ 9/1678/27
[1+ (0559/0704) 9

Nu, = 2271
And

h :LNuD 8]
D

= 0.0278N /K

— (2271
0.127m

h=497W/m’K
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4.3.4.2 Heat L oss without I nsulation
[18]

qI :qlconv +qlrad

q =h/D(,-T,)+ ,ﬁ‘Zi)J(TS"‘2 -T2)

q = (A9MW/m?K)(77)(0127m)(65-30)°C +
(085)(77)(0127m)(667x1L0°W / m’K *)(338' =303 )K*

g =15829W /m

4.3.4.3 Heat Losswith I nsulation
[18]

ql :qlconv +qlrad

qI = hZD(rs _Too) + £7D0'(r:2 _Tsir)

q = (L8W/m?K)(77)(0127m)(31-30)°C +
(085)(77)(0127m)(567x10°W / m*K *)(304" - 303")K *

g =290W /m

4.3.4.4 Energy Saved
Heat Saved = Heat loss without insulation — Hesd lith insulation
Heat Saved = 158.29 W/m — 2.90 W/m = 155.39 W/m

By applying oil palm mesocarp fiber as thermal latan to the condenser pipe, we can
save the amount of energy required for 155.39 W/heating.
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In most palm oil mills, the boiler used is the miotiéckers Babcock TW16” and it
operates at 21 bar gauge, and produces 21 tonnsteadn per hour at saturation
temperature. In normal operation, palm fiber anbinpshell fed into the boiler are 6.5
tonnes (6500 kg) and 2.25 tonnes (2250 kg) per hespectively®. However, by

applying insulation to the condenser pipe, the arhotifuel can be reduced.

Heat saved

Heat saved = Heat saved per length x length ofdineélenser pipe
Heat saved = 155.39 W/mxxm

Where

x = length of condenser pipe

Heat saved = 155.39V

For every 1 meter of condenser pipeline, savings of energy rate = 155.39 W

Fuel saved

Fuel saved = Heat saved / higher heating value
Fuel saved = 155.39V / 15 kJ/kg

Fuel saved = 37.29g /hr

For every 1 meter of condenser pipe, savings of fuel = 37.29 kg/hr

Energy rate available

Energy rate available = Biomass mass rate x hilghating value
Energy rate available = 8750 kg/hr x 15 kJ/kg =281 kJ/hr
Energy rate available = 131250 kJ/hr = 36458.33 W

Energy rate reduced

Energy rate reduced = Energy rate available — Bi@atd
Energy rate reduced = (36458.33 — 15%)3%
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Fuel reduced

Fuel reduced = Energy rate reduced / higher hestihge
Fuel reduced = (36458.33 — 155¢39V / 15 kJ/kg

Fuel reduced = (8750 + 37:2%g /hr

By applying insulation to the condenser pipe, thergy rate that can be saved for every
1 meter is equal to 155.39 W, and the fuel thatimmeaved for every 1 meter is equal to
37.29 kg /hr.

By applying insulation to the condenser pipe, thergy rate that can be reduced is

equal to (36458.33 — 155.809W, wherex = length of condenser pipe and the fuel that
can be reduced is equal to (8750 + 3X)2@ /hr.
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CHAPTER 5

CONCLUSION

5 CONCLUSION

As a conclusion, from the results of the test pentd using the Thermal conductivity of
Building and Insulating Material Unit B480, the theal conductivity of the oil palm
mesocarp fiber is decrease as the packing demsitgase. With a high packing density,
the thermal conductivity of the oil palm mesocaiipef will become very low and
become more suitable and efficient as thermal a&tgg material. At the packing
density of 155.27 kg/fathe average thermal conductivity is 0.063 W/mKiahihreflect
the low thermal conductivity of the material. Udyahe thermal insulating materials
have the thermal conductivity of less than 0.1 W/TK The oil palm mesocarp fiber's
thermal conductivity is in this range thus qualifithem as a good thermal insulating
material. By knowing the thermal conductivity ofetloil palm mesocarp fiber, the
suitability of this fiber as thermal insulating regal can be determined thus can
contribute to the way of how to manage the abungailtpalm waste material. For the
energy conservation the right thickness of thentiaiinsulation is important in order to
reduce the heat loss from a system. By improvirgethergy conservation, savings can
be achieved in term of the fuel cost needed towercthe loss. From the calculation, the
thermal insulation thickness needed for the eneayservation of condenser pipe is
0.17 m for the hot water temperature of 65 °C, aeftemperature of 31 °C, and the
ambient temperature of 30 °C. By applying insulatio the condenser pipe, the energy
rate that can be saved for every 1 meter is equab5.39 W, and the fuel that can be
saved for every 1 meter is equal to 37.29 kg /imsTan be done by the oil palm
manufacturers in order to solve two problems wlaoh the abundantly oil palm waste

material and conservation of energy in their mill.
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Appendix A: Turbine Vapor Cycleon T-h Diagram
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Figure 13.0: Turbine Vapor Cycle on T-h diagram

Steam cycle on Temp - Enthalpy Diagram
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Appendix B: Experiment Procedure

1. The samples FPISB Kilang Sawit Neram (oil palifi Meram) are measured
into 5 different weights which are 100g, 120g, 1,2%40g, and 160g to get
different packing density.

2. The unit is switched on at the main unit.

3. Ensure that there is no specimen in the pl&lese both of the silicon mats onto
the cold plate. The lid is close and the two clamessecured.

4, The screw handwheel is rotated anticlockwiséoteer the hot plate assembly
down onto the heat flowmeter plate. The turningtegpped at the point when the
green ‘Test Position’ lamp illuminates. This shobklrepeated a few times and
an average reading taken.

5. The screw handwheel is turned clockwise in otddift the hot plate assembly.
It should be brought to a position, such that teelt between the horizontal
lifting bar and screw cup lid is greater than thiekness of the specimen.

6. The lid of the box is opened and one of thewile mats is placed onto the cold
plate (See Figure 14.0).

Figure 14.0: A silicone mat is placed onto the qukie

7. The wooden frame of 27.8 cm x 27.8 cm x 1 ciplased above the silicon mat
(See Figure 15.0). The purpose of this wooden freésmi® hold the specimen
during the test.
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Figure 15.0: A wooden frame is placed on the siliomat

The first specimen which is the oil palm mespdaver with 100g in weight is
put into the wooden frame (see Figure 16.0). Thezispen is carefully spread in
order to cover all the surface of the cold plateider to make sure that all the

heat will be insulated from the hot plate whenlitiés closed.

Figure 16.0: The oil palm mesocarp fiber is sprieefill the wooden frame

Another silicone mat is placed onto the oil pah@socarp fiber in order to cover

all the fiber and distributed the pressure fairlyen the lid is closed (See Figure
17.0).
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Figure 17.0: Another silicone mat is put onto tiigpalm mesocarp fiber

10. The lid is closed and the two clasps at thetfame secured (See Figure 18.0).

Figure 18.0: The lid is closed and the handwherdtisted

11. The screw handwheel is turned anticlockwiseweer the hot plate assembly to
the specimen. The hot plate will touch the specikuet as the handle is turned
further the whole assembly will move down on therfeupporting springs. The
handle is turned until the green test position lathpninates to denote that
correct pressure has been applied. The new diding# noted. The handwheel
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12.

13.

14.
15.

16.

17.

18.

19.

20.
21.

is turned to raise and lower the plate a few tilenaed the average dial reading is
taken.

The original dial reading is subtract (no sp®si) from the new reading (with
specimen). The value is multiplied by 2.5 (the scthread pitch) to give the
thickness of the specimen under test in mm.

The hot plate temperature;(Tet point is set on the controller to the desired

level. In this test, the testing temperature igcéhe 60°C.

The coolant supply is turned on.

The cold plate temperature;Tand the milivolt output (HFM) is allowed to
stabilize.

At each sample interval, the values @f T,, and the heat flowmeter output is
noted. The mean temperature,(& (T1 + T») / 2) and the temperature difference
(dT) between T and T, are then calculated. By using the sets of calimat

constants (k1 to k6) supplied in the unit in thenb@la equation, the thermal

conductivity are then determined.

Thermal conductivity formula
h=lo X [(Ka + (ko X Tin) + (ks + (Ka X i) X HEM) + ((ks + (Ks X T)) X HFM?)]
dT

To calculate the value of the specimen therreaistance, R, the specimen
thickness is divided by the thermal conductivity.

Then, the test is repeated again by using ctmples of different weight from
FPISB Kilang Sawit Neram (oil palm mill Neram).

The step 3 — 18 is repeated for the samples FBISB Kilang Sawit Kerteh (oil
palm mill Kerteh).

The density can be measured by dividing thesrtathe volume.

All the data will be organized into a table.
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Appendix C: Error Calculation

« Standard deviation

Where

o = standard deviation
X; = data
X = mean value

N = number of data

« Variance

N
Z (Xi _X)z
i=1
N-1
Where

o’ =

o2 = variance
X; = data
X = mean value

N = number of data
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» Standard error of the mean

P
X \/N
Where

oy = standard error of the mean

» Uncertainty Analysis

The uncertainty is calculated by using the calibragrror.
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Appendix D: Final Year Project Milestone

FYP1

No

Detail/Week

13

Selection of project topic

Preliminary Research Work

Submission of Preliminary Repor

Consult with technician regarding
on using

the laboratory equipment

Picking oil palm waste material
(fiber)

Test for thermal conductivity

Submission of Progress Report

0N

Seminar

10

Submission of Interim Final Repor

Draft

—

11

Oral Presentation

During Study Wee

Figure 19.0: Milestone of Final Year Project 1

FYP2

14

Detail/Week

13

14

Picking oil palm waste materiz
(fiber)

Test for thermal conductivity

Submission of progress Report

Submission of progress Report

g | W N (-

Seminar

»

Designing thermal insulation fa
steam pipe

B

Poster preparation

o (N

Poster exhibition

Submission of Dissertation Fina
Draft

10

Oral Presentation

During Study Week

11

Submission of Dissertation (Hard
Bound)

7 days after oral presentation

Figure 20.0: Milestone of Final Year Project 2
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APPENNDI X E: Graph Of Normal Distribution For Thermal Conductivity Of Oil
Palm M esocarp Fiber

From the error calculation, the graph of normatrihstion for thermal conductivity of
oil palm mesocarp fiber can be constructed. Belog the graphs for each packing
density:

Oil Palm Mill Neram

1. 100.18 kg/m

0.42

0.48
0.44
04

0.38

. /

()

0
0.09 0.0802 00904 00906 00908 009 009z 00814 00916 00918 0092 00922 00924 00926 00928 00832
X

Figure 21.0: Normal distribution for packing degsif 100.18 kg/m

Table 11.0: Descriptive Statistics for packing dgnsf 100.18 kg/r

Statistic Yalue Percentile VYalue
Sample Size 10 Min 0.09
Fange 0.003 5% 0.09
Mean 0.0915 10% 0.0901
Wariance 9.4444E-7 25% (01) 0.091
Std, Deviation Q.7183E-4 50% (Median) | 0.091
Coef. of Yariation | 0.01062 75% (Q3) 0.092235
Std. Error J.0732E-4 o0%: 0.0932
Skewness 0.43397 95% 0.093
Excess Kurtosis -0.51607 Max 0.093

52



)

2. 103.51 kg/m

042

0.48

0.44

0.4

0.36

0.32

0.28

0.24

0.z

016

012

o.og

0.04

T~

n.0e24 0.0832

0.084 n.0e4e 0.0556

0.0264
X

0.0872 0.038

n.oegs 0.0596 0.0804

Figure 22.0: Normal distribution for packing degsif 103.51 kg/m

Table 12.0: Descriptive Statistics for packing dgnsf 103.51 kg/m

Statistic Yalue Percentile Yalue
Sample Size 10 Min 0.0s2
Fange o.a09 2% o.0s2
Mean 0.0855 10%: 00821
ariance 6.0556E-6 25% (1) 0.08375
Std, Deviation 0.00245 50% (Median) | 0.0855
Coef, of Wariation | 0.02878 75% (03 0.08625
Std. Error F.7B17E-4 Q0% 0.0906
Skewness 1.0066 Q5% 0.091
Excess Kurtosis 2.2948 Ma 0.091
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3.

0.96

0.8

0.a
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107.83 kg/m
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Figure 23.0: Normal distribution for packing degsif 107.83 kg/m

Table 13.0: Descriptive Statistics for packing dgnsf 107.83 kg/m

Statistic
Sample Size
Fange
Mean
Wariance
Std. Deviation
Coef. of Wariation
Std. Error
Skewness

Excess Kurtosis

Value Percentile
10 Min
0.006 5%
0.0791 10%:
3.4333E-6 25% (1)
0.00185 S0% (Median)
0.02343 75% (03]
5.8595E-4 Q0%
-2.8006 O5%
8.2396 Max
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Value
0.074
0.074
0.0745
0.7
o.as
o.as
o.as
o.as
0.08



4. 129.39 kg/m

0.4z

0.4g

044
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0.3z

0.28

0.24

016

01z
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Figure 24.0: Normal distribution for packing degsif 129.39 kg/m

Table 14.0: Descriptive Statistics for packing dgnsf 129.39 kg/m

Statistic Value Percentile
Sample Size 10 Min
Fange 0.007 2%
Mean 0.0763 10%
Yariance 7.5111E-A 25% (Q1)
Std, Deviation 0.00274 S0% (Median)
Coef, of Yariation | 0.03569 75% (03]
Std. Error 3.6667E-4 Q0%
Skewness -0.30604 95%
Excess Kurtosis -2.0511 Max
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Value
0.073
0.073
0.0731
0.074
0.a7a
0.a79
0.a799
o.as
o.as

n.0s
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5.
072
0.64
0.56
0.43
0.4
0.3z
0.24
016

n.0g

138.02 kg/m

/

—_

0.0632 0.064 0.0648 0.0658

0.0664

0.0672 0.068 0.0688 0.0696 0.0704 007z 0.072

Figure 25.0: Normal distribution for packing degsif 138.02 kg/m

Table 15.0: Descriptive Statistics for packing dgnsf 138.02 kg/m

Statistic
Sample Size
Fange
Mean
Wariance
Std. Deviation
Coef. of Wariation
Std. Error
Skewness

Excess Kurtosis

Value
10
o.a09
0.06932
F.2BE9E-6
0.a0z27
0.03868
8.5373E-4
-2.0649
4. 7157

Percentile
Min
2%
10%s
25% (Q1)
S50% (Median)
7S5% (Q3)
Q0%s
5%

Max

56

Value
0.063
0.063
0.0635
006875
0.071
0.07125
0.072
0.072
0.072



Oil Palm Mill Kerteh

1. 118.30 kg/m
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Figure 26.0: Normal distribution for packing degsif 118.30 kg/m

Table 16.0: Descriptive Statistics for packing dgnsf 118.30 kg/m

Statistic
Sample Size
Fange
Mean
Wariance
Std. Deviation
Coef. of Yariation
Std. Error
Skewness

Excess Kurtosis

Value
10
0.01
0.0904
1.2711E-5
0.00357
0.03944
0.00113
-0.07944
-1.4872

Percentile
Min
2%
10%:
25% (1)
S50% (Median)
75% (03}
Q0%
Q5%

Max

57

Value
0.0286
0.0286
0.0286
0.08675
o092
0093
0.0957
0.096
0.096

0.096
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2. 120.77 kg/m
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Figure 27.0: Normal distribution fSr packing degsif 120.77 kg/rm

Table 17.0: Descriptive Statistics for packing dgnsf 120.77 kg/m

Statistic
Sample Size
Range
Mean
wariance
Std. Deviation
Coef, of Variation
Std. Errar
Skewness

Excess Kurtosis

Value Percentile
10 Min
0.0o04 2%
0.0291 10%
1.87738E-6 25% (1)
0.00137 S0% (Median)
0.015338 75% (03}
4.3333E-4 Q0%
1.3991 Q5%
1.2078 Max

58

Value
0.082
0.082
0.082
0.082
0.089
0.0895
0.0919
o092
o092

0.08z
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Figure 28.0: Normal distribution for packing degsif 129.39 kg/m

Table 18.0: Descriptive Statistics for packing dgnsf 129.39 kg/m

Statistic
Sample Size
Fange
Mean
Wariance
Std. Deviation
Coef, of Wariation
Std. Error
Skewness

Excess Kurtosis

0.081 0.062

0.063 0.064 0.065 0.066 0.067

Value Percentile
10 Min
0.015 5%
0.0657 10%:
2.1789E-5 25% (1)
0.00467 S0% (Median)
0.07105 75% (03]
0.00143 Q0%
-0.71316 05 %
020902 Mz

59

0.068 0.069

Value
0.056
0.056
0.0566
0.0635
0.0655
0.071
0.071
0.071
0.071

ooy

INIFR]



4. 154.04 kg/m
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Figure 29.0: Normal distribution fSr packing degsif 154.04 kg/m

Table 19.0: Descriptive Statistics for packing dgnsf 154.04 kg/m

Statistic VYalue Percentile Yalue
Sample Size 10 Mir 0071
Range o.00z2 5% 0.071
Mean 0.0724 10%: 0.071
ariance J1111E-7 25% (1) 0.07175
Std, Deviation 2.4327E-4 S50% (Median) | 0.073
Coef, of Yariation | 0.01165 79% (03 0.073
Std. Error 2.6667E-4 Q0% 0.073
Skewness -1.0006 Q5% 0.073
Excess Kurtosis -0.66546 Ma 0.073
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Figure 30.0: Normal distribution f(;r packing degsif 155.27 kg/m

Table 20.0: Descriptive Statistics for packing dgnsf 155.27 kg/m

Statistic
Sample Size
Fange
Mean
Wariance
Std. Deviation
Coef, of Wariation
Std. Error
Skewness

Excess Kurtosis

0.058

0.06 0.062 0.064

Value Percentile
10 Min
0.017 5%
0.0626 10%:
3.0439E-5 25% (1)
0.00552 S0% (Median)
008821 75% (03]
0.00175 Q0%
-0.64687 05 %
-0.32866 Mz
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(0.066

Value
0.as2
0.as2
0.0526
0.asa
0.0635
0.06a
0.0629
0.a69
0.a69

0.068




Appendix F: Uncertainty Analysis

The uncertainty analyses of the thermal condugtieftoil palm mesocarp fiber were
calculated using the methods of Kline and Mclin{@R53), Wheeler and Ganji (2004)
and Taylor (1997).

1. The systematic uncertainty is calculated for theamef the mean temperature,
Tm. For example, given that the Thermal Conductieituilding and Insulating
Material Unit B480 have 10% accuracy. In this cése packing density of
100.18 kg/m, 10 % x 47.2 °C = 4.72 °C

2. To find random uncertainty, the standard deviatdrthermal conductivity is
required, and for packing density of 100.18 kg/rtie standard deviation is
0.055 °C. The random uncertainty is then calculated 95% confidence
according to Students t distribution with a samgiee of 10. The result is a
random uncertainty of 0.055 x 2.26 = 0.1243 °C

3. Both the random and systematic uncertainties angbgwed using a root square

sum calculation to give a total uncertainty fog thermal conductivity of :

V4722 +0.1243 = 472°C

4. The remainder of the variables which appear irthieemal conductivity
calculation equation,
_ Tk, + (Ko XT)) + ((Kg + (K XT ))XHEM ) + (K + (Ko XT,0)) XHFM %))
dT
Are subject to the same analysis as in step le3t

A
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5. The results are propagated through the heat tnacséficient equation using

the following formula
aA_ Y ( o “rar Y
T.| + HFM | +| ——dT
{[aTm j (OHFM J [adT )]
Where,

01 1. x(k, + k,HFM +k,HFM 2)
aT dT

m

04 Ix(ks + KT, +2k;HFM + 2k, T HFM)
OHFM dT

0 _ _1X(ky + (K,XT,,)) + (K + (KyXT ))XHEM) + (K + (KeXT,,))XHFM ®)]

odT dT?

To give a final uncertainty (with 95%).
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