ABSTRACT

Biomass cogeneration systems can generate power and process heat
simultaneously from a single energy resource efficiently. The sugar cane
industry represents one of the most important biomass cogeneration
systems which using sugar cane bagasse as fuel. In this study, the useful
concept of energy and exergy utilization is analyzed and applied to the
boiler, turbine, mills, and DSHS of elgunied sugar factory. Energy and
exergy flow in these components is shown in this study. The percentage
ratio of the exergy destruction to the total exergy destruction is found to
be maximum in the boiler (81.393%) so that the boiler is the major source
of irreversibilities in the power plant (34.393MW) exergy destruction
compare with near value (2.857MW) exergy destruction in mills. So that,
to improve the system performance a greater attention must given mainly

to the boiler.



oaldlial)

oy 40l S 38 Al g () (S Ay gaad) AT Jaad ) i) Al
G BeliSy g A8l 5 )50 (adl e 2aly o B Al oall clallaall
Janiony ) g pumall AESH a5 Al aal saa) Sl delia Jicd
A da gkl sda (b 08 S Led (LaAl) Sl ual Clilaa L
(sl AR e JS 8 a1 g ALl il s Jula
Akl Glow Ond & WS aaall Ko siad gacadlly Gl skl
G S o) Jalail) aey aag 3y il sSall 03 (ga JSI oa S
A a1 0481.393 &l 3 ABall & eSS s juuSY) anlaai]
(©lstare 34.393) sl Glee (A Ao sa ) jaae HSI il
& Aabne o Sl (e 2.857) @ Al dabaa o S
1Y ety JSE HLEY) 28 g alail) e o) Cppeatl GIAT ) jliasll

LeielsS ad ) 5 AN



DEDICATION

| dedicate this work with much appreciation and love to:

My mother who cares of me Kindly

My brothers and sister who are always helpful

My friends and teachers



ACKNOWLEDGMENTS

This thesis would not have been possible without the support of my
supervisor Dr. A. A. A. Abuelnuor for his extraordinary guidance and
support throughout my entire process. | would also take this opportunity
to express my great appreciations to the Faculty of Engineering and
Elgunied sugar factory's engineers (Abdelnasir A Hamed and Ahmed m
Elhassan) they have provided all the assistance and support to me.
Finally, 1 am very grateful to all my lovely family, for their support and

encouragement.



Table of Content

Content Page
Abstract English |
Abstract Arabic I
Dedication 1]
Acknowledgments \Y
Table of content %
List of figures il
List of tables IX
Nomenclature X
Chapter one
Introduction

1.1 Background 2
1.2  Problem statement 5
1.3  Obijectives of the research 5
1.4 Scope 6
1.5Significance of Research 6
1.6 Thesis outline 6
Chapter Two

Literature Review
2.1 Introduction 9
2.2 Current Studies 10
2.2.1 Bagasse Feeder 11
2.2.2 Excess Air for Combustion of Bagasse 12
2.2.3 Products of Bagasse Combustion 12
2.3 Quantity of Steam Obtainable From Unit Weight of Bagasse 13
2.3.1 Condensation heat loss (Lc) 13
2.3.2 Sensible Heat Loss (Ls) 14
2.3.3 Loss of Heat Due To Incomplete Combustion (L) 14
2.4 Boiler Heat Balance 15




2.5 Steam Turbines 16
2.5.1 Mechanical Drive Turbines and Electrical Drive Turbines 17
2.5.2 Specific steam rate of the steam turbine 17
2.6 Energy and Exergy 18
2.6.1 Definition of Energy and Exergy 18
2.6.2 The reference point 19
2.6.3 Energy and Exergy Analysis 19
2.6.4 Energy and Exergy Formulations 20
2.7 Efficiency laws 21
2.7.1 Energy Conversion Efficiencies 21
2.7.2 Exergetic (second law) efficiency 21
2.7.3 Energy and Exergy Analyzed Of Elgunied Sugar Factory 22
Chapter Three
Energy and Exergy Analysis of Elgunied Sugar Factory

3.1 Energy and Exergy Analysis of Elgunied Sugar Factory 28
3.1.1 Gross Calorific Value of Bagasse GCV or HCV 28
3.1.2 Net Calorific Value of Bagasse NCV or LCV 28
3.2 Energy and Exergy Analysis of Elgunied Sugar Factory 30
3.2.1 Energy and Exergy Analysis for a Boiler 30
3.2.1.1 First Law Analysis on Combustor 30
3.2.1.2 Second law analysis on combustor 31
3.2.1.3 First law analysis on heat exchanger 31
3.2.1.4 Second law analysis of heat exchanger 32
3.2.2 Energy and Exergy Analysis for a Turbine 33
3.2.2.1 First Law Analysis of Turbine 33
3.2.2.2 Second law analysis of Turbine 34
3.2.2.3 Exergy Destruction 35

\




Chapter Four

Results And Discussions

4.1 Introduction 41
4.2 Results and Discussions 41
Chapter Five

Conclusion And Recommendations
5.1 Conclusion 50
5.2 Recommendations 51
References 52

Vil




List of Figures

Figure .
No Description Page
1.1 Electricity generations by fuels 2009 3
)1 Diagram For Exergy Flow Through Steam Turbine At Y
' 70 %MCR
55 Diagram for Exergy Flow Through Steam Turbine At -
' 85 %MCR
’3 Exergy destruction in simple back pressure 26
' cogeneration plant
3.1 Flow diagram of Elgunied Sugar Factory power plant 29
30 Schematic diagrams of combustor and heat exchanger 20
' in a boiler
4.1a | Exergy Destruction Rate (MW) of Components 45
4.1b | Exergy Destruction Rate (MW) of Components 46
4.2 Exergy Destruction % of Components 46
13 Exergy Destruction % of Elgunied Sugar Factory and 47
' Yung C. Lien sugar industry
4.4 Exergy efficiency % 48

Vil




List of Tables

Table i
No Description Page
Expressions for Exergy Destruction Rate and Exergy

3.1 Efficiency for Elgunied Sugar Factory's Components 36

3.2 Main Data for Elgunied Sugar Factory 36

3.3 Chemical Composition of Bagasse 37

3.4 Properties of the Reference Environment 37

3.5 Operation Data of Plant 38

3.6 Enthalpy and Entropy Values of Steam Flow 39

4.1 Boiler Heat Balance 42
Energy and Exergy Analysis of Elgunied Sugar

4.2 43
Factory

43 Expressions of Exergy Destruction Rate and Exergy 44

Efficiency for Elgunied Sugar Factory's Components




NOMENCLATURE

LHV Lower Heating Value .kJ/kg
HHV Higher Heating Value .kJ/kg
GCV i Gross calorific value of bagasse
NCV e, Net calorific value of bagasse
7P Mass flow rate, kg/s
T Specific enthalpy ,kJ/kg

S e e e Specific entropy, ki/kg K
W Work produces, kW
P e Pressure, kPa
Q i e Heat transfers, kW
L e et Condensation heat loss
LS e et Sensible heat loss
LUt e Unburned bagasse loss
L e e e Radiation loss
i e e e, Incomplete combustion loss
(o A Coefficient of heat loss for UN burnt bagasse
B o Coefficient of heat loss radiation
Y e Coefficient of heat loss incomplete
B ettt e e e e e e e e e e e specific exergy
K e, exergy rate kg/s
K e et e exergy destruction kW
W e e et e e e moisture per unit bagasse
S e Sucrose in bagasse



