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ABSTRACT

This main idea of this thesis is to perform an exergy analysis of biomass on
agricultural wastes. Exergy analysis is a powerful tool to figure out how much
energy is destroyed not only in quantity but in quality as well. Thus engineer can
improve the combustion system by minimize the energy destroyed. This exergy
analyses were perform on bomb calorimeter, as a prototype for other closed system.
Before perform exergy analysis, experiments were conducted on few agricultural
wastes in natural state and dry state to determine its heating value. The equation in

this analysis can be use to perform exergy analysis in any closed system.
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ABSTRAK

Idea utama tests ini adalah untuk mengkaji exergy analisis dalam bidang biomass
dari sisa pertumbuhan. Exergy analisis bukan sahaja merupakan alat yang cekap
untuk menyelidik tenaga yang dimusnahkan dalam kuantiti tetapi juga dalam kualiti.
Dengan itu, jurutera dapat meningkatkan efisien sistem pembakaran dengan

minimumkan tenaga yang dimusnahkan. Exegy analisis ini dijalankan dalam bomb

kolorimeter, sebagai model bagi sistem tertutup. Sebelum exergy analisis dijalankan,

terdapat beberapa eksperimen dilaksanakan untuk sisa pertumbuhan yang bertujuan
untuk mencari nilai pembakarannya. Formula yang digunakan dalam analisis ini

boleh dijadikan sebagai rujukan untuk semua sistem tertutup.

L N




£ o DN

&

Pusat Khidmat Maklumai AKagemix
UNIVERSITI MALAYSIA SARAWAK.

CONTENTS PAGE

BORANG PENYERAHAN LAPORAN

,{ APPROVAL SHEET

{ ACKNOWLEDGEMENT |
ABSTRACT I
ABSTRAK iii
LIST OF FIGURES viii
LIST OF TABLES X
NOMENCLATURES Xi

CHAPTER 1- INTRODUCTION

1.1 Introduction to Biomass l

1.2 Introduction to Exergy 2
1.3 Biomass Resources 3
1.4 Type of biomass conversion 4
1.5 Problem Statement 5
1.6 Introduction to the Project 5
1.7 Objectives* 6
1.8 Scopes of the Project 6
1.9 The Advantages of Project 8

CHAPTER 2- LITERATURE REVIEW

2.1 Biomass 9
2.2 Agricultural Wastes as Source of Biomass Energy 10
2.3 Potential Agricultural Wastes Resources in Malaysia 12

)\,



2.3.1 Oil Palm |2

2.3.2 Paddy 13
2.3.3 Coconut 14
2.4 Biomass conversion 14
2.4.1 Direct combustion 15
2.4.2 Pyrolysis 16
2.4.3 Gasification |7
2.5 Concept of exergy 17
2.5.1 Theoretical of Exergy Analysis |8
2.5.2 Importance of exergy and it essential utilizations 19
2.5.3 Reversible work and irreversibility 20
2.5.4 Exergy associated with Kinetic energy, potential energy, 21

internal energy, flow work, enthalpy

2.5.5 Exergy transfer by heat, work, and mass 22
2.5.6 Exergy Balance: Closed system 24
2.5.7 Second-Law Efficiency of Steady flow Devices, 0 25
2.6 Case study of exergy analysis for combustion on fluidized bed 26
2.6.1 Experimental section 26
2.6.2 Results 27
2.6.3 Mass balance 27
2.6.4 Energy balance 28
2.6.5 Exergy balance 31



CHAPTER 3- METHODOLOGY

3.1

Introduction

3.2 Material Preparation

3.3 Methodology for perform exergy analysis on bomb calorimeter

3.2.1 Laboratory Works
3.2.2 Experimental apparatus and procedure

3.2.3 Calculation for Potential Energy

with paddy straw, palm oil leaves, coconut leaves
3.3.1 Calculation for exergy analysis
3.3.2 Exergy destroyed, Xgestroyed
3.3.3 Reversible work, Wy in

3.3.4 Second-Law Efficiency, ny

CHAPTER 4 RESULTS AND DISCUSSIONS

4.1

Chosen samples

4.2 The Calorific Value of Agricultural Wastes

4.3

4.4

Discussion

4.3.1 Moisture Content

4.3.2 Effect of moisture contents to the calorific value
Exergy analysis of biomass from agriculture wastes
4.4.1 Exergy destroyed, Xestroyed

4.4.2 Reversible work, Wrev.in

4.4.3 Second-Law Efficiency of Steady flow Devices, n

vi

36

37

37

38

39

40

41

41

42

42

43

43

46

46

47

48

50

54



CHAPTER 5§ CONCLUSION AND RECOMMENDATION
5.1 Conclusion

5.2 Recommendation

REFERENCES
APPENDIX A
APPENDIX B

APPENDIX C

vil

56

57

59



LIST OF FIGURES

FIGURE PAGE
.1 European Biomass Resources (Mt/y (dry) 3
1.2 lllustration for gasification process. 4
2.1 Major components of the biomass resources. 9
2.2 Combustion fluidized bed 15
2.3 Process for gasification. 17
2.4 Mechanisms of exergy transfer for a general system 24
2.5 Scheme of the atmospheric bubbling fluidized bed pilot plant 26
2.6 Percentage distribution of input exergy for the nine experiments. 34
3.1 Diagram of procedures flow for experiment | 36
3.2 Preparation of rice leaves sample for laboratory work 37
3.3 Bomb Calorimeter 38
3.4 Schematic Diagram for Bomb Calorimeter 38
3.5 Diagram of procedures flow for experiment 2 40
4.1 Calorific v‘alue for coconut leaves, paddy straw, and palm oil 45
leaves

4.2 Oven- dried sample 46
4.3 Moisture Content in sample 46
4.4 Furnace that propose for experiment 2 " 48
4.5 Sample before burn in the furnace 48
4.6 Sample after burn in the furnace 48

4.7 Schematic for bomb calorimeter 49

Vil



4.8 Schematic for bomb cylinder 49

4.9 Graph exergy destroyed for coconut leaves, and palm oil leaves St
4.10 Graph for reversible work for coconut leaves and palm oil leaves 53
4.11 Graph of Second law efficiency for Palm oil and paddy straw 54
5.1 Sample left inside cylinder after burned 57

IX



LIST OF TABLES

TABLE NUMBER

I.1 Hectareage Of Industriai Crops By States And Types Of
Crops, Malaysia 2001

2.1 Current Annual Amoﬁnt Of Crops Used For Energy

2.2 Calorific Value For Some Agricultural Waste In Natural And Dry
State

2.3 Composition For The Paddy

2.4 Summarize Of Coconut Wastes In Thailand

2.5 Flue Gas Couﬁposition Expressed In Dry Base (Mg/MJ) And 6%
Oxygen (Mg/Nm?)

2.6 Results Of The Energy Balance: Heat Transfer From The Chamber
To The Water (Quserur), The Energy Of The Input To The Chamber
(Input), The Energy Output From The Chamber (Output), The

Heat Loss To The Environment (Qyoss), And The Thermal

Efficiency-Of The Combustion Chamber (H)

2.7 Result Of The Exergy Balance For Nine Experiments Studied

4.1 Calorific Value For Coconut, Paddy Straw, Palm Oil Leaves
4.2 Exergy Destroyed For Coconut Shell, And Palm Oil Leaves
4.3 Reversible Work For Coconut Shell And Palm Oil Leaves

4.4 Second Law Efficiency For Coconut Shell And Palm Oil Leaves

PAGE

10

11

13
14

28

30

33

43
S|

52

54



Qx

Nomenclatures

Specific heat, kJ/Kg.K

Diameter, m

Formation of the compound form
Total Gibbs function, H - TS, kJ
Gravitational, m/s’

Total enthalpy, U + PV, kJ

Higher heating value, kJ/kmol fuel
Specific enthalpy, u + Pv, kJ/kg
Specific enthalpy at the dead state, kJ/kg
Irreversibility

Specific irreversibility, kJ/kg
Specific kinetic energy, kJ/kg
Low heating value, kJ/kmol fuel
Mass, kg

Pressure, kPa

Surroundings pressure, kPa
Specific potential energy, kJ/kg

Total heat transfer, kJ

Heat transfer rate, kW

Heat transfer through the boundary at temperature T at

location k

Total entropy. kJ/K

Specific entropy at dead state, kJ/K kg

Xi



T - Temperature, °C or K

Ty - Temperature at location k
To - Surroundings temperature, °C or K
t - Time, s
Xke - Exergy of kinetic energy, kJ/kg
Xpe - Exergy of potential energy, kl/kg
U - Total internal energy, kJ
U, - Specific internal energy at the dead state, kJ/kg
u - Specific internal energy, kJ/kg
, \Y - Velocity, m/s
Vo - Specific volume at the dcﬁd state, m>/kg
v - Specific volume, m’/kg
W - Total work, kJ
W - Power, kW
Weev. in - Reversible work input, kJ
Wiev out - Reversible work output, kJ
Wurr - Surroundings work, kJ
W, - Useful work, kJ
Wi in . Useful work input, kJ
W out - Useful work output, kJ
Xheat - Exergy transfer by heat, kJ
. - Exergy transfer by mass flow rate, kJ/kg.s
Xpv - Exergy of flow work, kl/kg .
Z - Elevation of the system relative to a reference level in the
environment

Xii



Greek Letters

Subscripts

ch -
el -
gen -
in -

out -

rcy -
SUIT -

Sys -

Finite change in quantity

Stream availability, kJ/kg

Second law efficiency, %

Chemical

Elements in the compound

Generation
Input

Output
physical
Reversible
Surroundings

System
Dead state
Initial or inlet state

Final or exit state

Xifi



Superscripts

(dot) - Quantity per unit time
" (bar) - Quantity per unit mole
? (circle) - Standard reference state

X1V



CHAPTER 1

INTRODUCTION

1.1 Introduction to Biomass

Most of the fuel that using by our world today is limited. Therefore there is an
urgency to find the solution before the problem become worst. Nowadays many
research and technology proved that biomass is the answer for our non-renewable
fuel resource. B‘iomass 1s totally renewable resource. The toxic emissions is
dramatically reduce due to the biodisel is using oxygenated if compare to petroleum
diesel. Biofuels and biodiesel become the primary biofuels today because they can
substitute for gasoline and diesel or blended with them to reduce greenhouse gas

build-up. Biomass currently supplies over 3% of the U.S. total energy consumption.



1.2 Introduction to Exergy

Exergy, which 1s also called the availability. The main purpose of exergy
analysis is to detect and evaluate quantitatively the causes of the thermodynamic
imperfection of thermal processes. Exergy analysis can, therefore, give information
about the possibilities of improving thermal processes.

Exergy analysis is highly effective method of analysis for thermal processes
because it can provide the information that cannot be obtained from energy analysis
alone. Furthermore, exergy analysis is a tool for identifying the types, locations and
magnitudes of thermal losses. Identification and quantification of these losses allows
us to evaluate and improve the design of a thermodynamic system.

The exergy of the system is defined as the maximum shaft work that could be
produced by the composite of the system and a specified reference environment that
s assumed to be infinite in equilibrium an ultimately to enclose all other system.

In particular, exergy analysis takes into account the different thermodynamic values
of work and heat. The exergy transfer associated with shaft work is equal to the shaft
work. The exergy transfer associated with heat transfer, however depends on the
temperature level at which it occurs in relation to the temperature of the

environment.



1.3 Biomass Resources

There are many types of biomass resources that can be found from the earth.
That is form agriculture waste, wood wastes, municiple sludge waste. wood wastes.
other energy crops. According to Wrixon ef al (1993), the main biomass resources
form Europe is agriculture waste. Where else the wood wastes contribute the

smallest amount. Figure |.1

.
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Figure 1.1: European Biomass Resources (Mt/y (dry)

Source: Wrixon et. al (1993), Renewable Energy- 2000
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1.4 Type of biomass conversion

The energy of electricity power form biomass can be converted through three

common methods, which are incineration, pyrolysis, and gasification.

Fluid bed system is one type of the incineration, which is a vessel, contains
inert granular material that expands and acts theoretically as a fluid when gases are
injected up through the material bed from nozzles. Fluid bed system operates within

temperature from 750-1000° C, which can handle liquid, sludge, solid, and gases. It

offers nearly isothermal operation.

Pyrolysis is a destructive distillation affected by the application of heat in an

insufficiency of oxygen to yield gaseous, liquid (after cooling).and solid product.

(Walter R. Niesen, 1995) [ 1]

Gasification is the cleanest. most efficient combustion method. Gasification

system consists of a gasifier, a gas cleaning system and an engine generator system

to convert the biomass material fed into the gasifier into electricity

Figure 1.2 Illustration for gasification process.



1.5 Problem Statement

The first law of thermodynamics deals with the quantity of energy and asserts
that energy cannot be created or destroyed. The first law also gives no information
about direction which it merely states that when one form of energy is converted into
another, identical quantities of energy are involved regardless of feasibility of the
process. The second law of thermodynamics, however, deals with the quality of
energy. It is concerned with the degradation of energy during a process and the lost
opportunities to do work. The exergy method of analysis overcomes the limitations
of the first law of thermodynamics. The exergy analysis is based on both the First
and the Second Laws of Thermodynamics. Exergy analysis can clearly indicate the
locations of energy degradation in a process that may lead to improved operation.

The main purpose of exergy analysis 1s to identify the causes and to calculate the true

magnitudes of exergy losses.

1.6 Introduction to the Project

This project is about exergy analysis of biomass from agriculture wastes
through conversion of incineration. The project not only carry out the calorific value

for the agriculture waste such as paddy, paim oil, but also the exergy analysis in the

bomb calorimeter.

The research begins with recognizing the potential agriculture wastes in
Sarawak. Then proceed to the study of potential energy and moisture content that

affect exergy through laboratory work. Literature review about exergy concept and a

case study of exergy is carried out to give more understanding.



1.7 Objectives

The objectives of the project are given as follows:-

a) To identify the heating value of the potential biomass agricultures.
b) To develop an understanding and the exergy analysis of biomass from

agriculture wastes on the bomb calorimeter.

¢) To evaluate the efficiency of bomb calorimeter with paddy straw, palm oil

leaves.

1.8 Scopes of the Project
The scopes of the project are as follows:-

a) The biomass form agriculture waste for this research was focused on paddy
straw, palm oil leaves, and coconut leaves. The main reason is these three
components are the major contribution agricultural activity in Malaysia, and

it vast availability.

b) Literature review on the application of exergy analysis of biomass form

agriculture wastes on closed system device- bomb calorimeter.



