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ABSTRACT

Depletion of fossil fuel, environmental pollutions and increasing fuel prices
has led many countries seeking for fossil fuel substitute. The objective of this study
is to present the combustion performance of an oil burner system using Envo-diesel.
Palm oil used in this study is a blend of diesel and palm oil called Envo-diesel. The
experiment was conducted using E5, E10, E15, E20 and E25 as fuel. The physical
properties such as surface tension, kinematics viscosity, density and calorific value
were determined. All fuel blends were investigated using three different types of
nozzle which consists of different fuel mass flow rate. The performance of burner
system using Envo-diesel is based on its temperature profile and emissions generated
such as nitrous oxide (NOx) and carbon monoxide (CO). NOx is highest at lean
mixture and reduce when the equivalent ratio until the rich mixture, and for CO, at
lean mixture it was very low than at rich mixture. It can concluded the high content
of palm oil in the blends increases its viscosity, surface tension and density and
hence lower the value of emission. The high content of palm oil in the blend will also
decrease the calorific value, the temperature for each blends also decrease. The
example result for NOx at equivalent ratio 0.8 the percentage increment for palm oil
blend compared to diesel decreased around 13% for E5, and other emission for CO
for equivalent ratio 1.4, the percentage increment for palm oil blends compared to
diesel was decreased around 3% for E5. The outcome of this study successfully

fulfilled the scope and the objectives set earlier
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ABSTRAK

Pengurangan bahan bakar, pencemaran persekitaran dan peningkatan harga
minyak telah menyebabkan banyak negara mencari sumber baru bagi menggantikan
bahan bakar fossil. Objektif kajian ini mempersembahkan satu penyiasatan terhadap
prestasi pembakaran dengan mneggunakan system pembakar minyak. Minyak sawit
digunakan dalam kajian ini dan merupakan pencampuran minyak diesel dengan
minyak sawit, ia dipanggil Envo-Diesel. Pencampuran minyak tersebut diketegorikan
kepada lima pencampuran iaitu E5, E10, E15, E20 dan E25. Keupayaan fizikal setiap
minyak telah dikenal pasti seperti ketumpatan, kelikatan, ketegangan permukaan dan
nilai kalori. Setiap campuran minyak akan dijalankan terhadap tiga nozel yang
berbeza. Keupayaan sistem pembakaran Envo diesel dengan melihat profil suhu dan
emisi yang dikeluarkan seperti nitrogen oksida (NOx) dan karbon monoksida (CO).
setelah melakukan experiment, NOx didapati tinggi semasa campuran lean dan
berkurangan apabila sampai kepada persamaan ratio dalam keadaan rich. Untuk CO,
pada keadaan lean ia didapati sedikit jika dibandingkan pada keadaan rich.
Kesimpulannya, sekiranya kandungan minyak sawit adalah tinggi, ia akan
meningkatkan ketumpatan, kelikatan dan ketegangan permukaan dan akan
menghasilkan emisi yang sedikit. Jika kandungan minyak sawit tinggi di dalam
campuran ia akan mengurangkan nilai kalori, ini menyebabkan suhu semakin rendah.
Contoh keputusan NOx pada nisbah setara 0.8, ia didapati bahawa jumlah NOx
berkurang sehingga 13% untuk E5 manakala bagi emisi CO pada nisbah setara 1.4, ia
didapati bahawa jumlah emisi bekurang sekitar 3% untuk E5. Hasil daripada kajian

ini telah berjaya mencapai objektif dan skop yang ditetapkan sebelum kajian ini lagi.



CHAPTER

TABLE OF CONTENTS

TITLE

DECLARATION
DEDICATION
ACKNOWLEDGEMENTS
ABSTRACT

ABSTRAK

TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

INTRODUCTION
1.1 Introduction

1.2 Problem Statement
1.3 Obijectives

1.4 Project Scope

1.5 Report Outline

LITERATURE REVIEW

2.1 Introduction

2.2 Palm Oil

2.3 Palm Oil Diesel
2.3.1 Production of Biodiesel blends
2.3.2 Biodiesel Economy
2.3.3 Benefit Using Biodiesel Blend

vii

PAGE

Vi
vii
vii

viii

A W 0w N -

© 0o 0 o o1 O

10



2.4 Combustion Performance
2.4.1 Fuel Oil Burner
2.4.2 Types of Combustion

2421
2.4.2.2
2.4.2.3
24.2.4

Rapid
Slow
Complete
Incomplete

2.4.3 Combustion Process

2431
2.4.3.2

Stoichiometry
Equivalent Ratio

2.4.4 Emissions from Biodiesel Fuels

2441
2.44.72
2443
24.4.4
2445

Oxides of Nitrogen (NOx)
Carbon Monoxide (CO)
Unburned hydrocarbon (UHC)
Sulphur Dioxide (SO,)
Carbon Dioxide (CO5)

2.4.5 Important Terms on Biodiesel

2451
2.45.2
2.45.3
2454
2455
2.4.5.6
2.45.7
2458
2459

Cloud Point

Cold Filter Plug Point (CFPP)
Pour Point

Cetane Number (CN)

Flash Point

Heating Value of The Fuel
Surface Tension

Viscosity

Boiling Point

METHODOLOGY

3.1 Introduction

3.2 Blending Palm Oil
3.2.1 Procedure for Blending Palm Oil

3.3 Experimental Method for Fuel Physical Properties

3.3.1 Surface Tension

3.3.2 Density

viii

12
12
12
12
13
13
14
14
15
16
16
16
17
18
18
19
19
19
20
20
20
21
21
21
22
22

23
23
24
24
26
26
28



3.3.3 Specific Gravity

3.3.4 Kinematic Viscosity

3.3.5 Calorific Value

3.4 Experiment Method for Combustion

3.4.1 Equipment
3.4.1.1 Burner Specification
3.4.1.2 Combustion Chamber
3.4.1.3 Data Collector and Data Logger
3.4.1.4 Air Speed Indicator

3.4.2 Experiment Test procedure

4 RESULT AND DISCUSSION
4.1 Introduction
4.2 Physical Properties and Equivalent Ratio Setup
4.3 Wall Temperature Profile
4.4 Gas Emission
4.4.1 NOx Emission
4.4.1.1 NOx at Each Envo-Diesel Blends
4.4.1.2 NOx versus Nozzle Types for Each
Equivalent Ratio
4.4.2 CO Emission
4.4.2.1 CO at Each Envo-Diesel Blends
4.4.2.2 CO at Each Equivalent Ratio

5 CONCLUSION AND RECOMMENDETION
5.1 Conclusion
5.1.1 Physical Properties
5.1.2 Wall Temperature Profile
5.1.3 Gas Emission

5.2 Recommendation

REFERENCES
Appendices A-C

29
30
31
32
32
32
33
34
35
36

37
37
38
42
53
53
55

59
62
64
67

71
71
72
73
74
75

76
78



TABLE NO.
3.1
4.1
4.2
4.3
4.4
4.5
4.6

LIST OF TABLES

TITLES
Volume for CDF and RBDPO for blending process
Physical Properties
The volume of air per 1kg of Fuel (m3 of air / kg fuel)
Mass Flow Rate of Each Nozzle
Volume of Air Flow Rate (m*/s) at Nozzle 1
Volume of Air Flow Rate (m®/s) at Nozzle 2

Volume of Air Flow Rate (m®/s) at Nozzle 3

PAGE
25
38
39
40
41
41
41



Xi

LIST OF FIGURES

FIGURE NO. TITLE PAGE
2.1 Palm Oil Processing Flow Chart 6
3.1 Blander Machine 25
3.2 Kruss tensionmeter 27
3.3 Pyncnometer Weight Measurement 28
3.4 Viscometer (Pole-Parmer) 30
3.5 Calorific Bomb Test Machine 31
3.6 Baltur Burner 32
3.7 Combustion Chamber 33
3.8 Thermocouple placed 34
3.9 Midi Data Logger 34
3.10 Air speed Indicator (LCA 6000) 35
3.11 Combustion Diagram 36
4.1 Type of Nozzle 40
4.2 At Nozzle 1, wall temperature profile versus distance for each

equivalent ratio for (a) Equivalent Ratio 0.8; (b) Equivalent

Ratio 0.9; (c) Equivalent Ratio 1.0; (d) Equivalent Ratio 1.2

and (e) Equivalent Ratio 1.4 45
4.3 At Nozzle 2, temperature profile versus distance in each

equivalent ratio for (f) Equivalent Ratio 0.8; (g) Equivalent

Ratio 0.9; (h) Equivalent Ratio 1.0; (i) Equivalent Ratio 1.2

and (j) Equivalent Ratio 1.4 48



4.4

4.5
4.6
4.7
4.8

4.9

4.10
411
4.12
4.13

4.14

At Nozzle 3, temperature profile versus distance in each
equivalent ratio for (f) Equivalent Ratio 0.8; (g) Equivalent
Ratio 0.9; (h) Equivalent Ratio 1.0; (i) Equivalent Ratio 1.2
and (j) Equivalent Ratio 1.4

NOx Emission in Nozzle 1

NOx Emission in Nozzle 2

NOx Emission in Nozzle 3

NOx Emission Versus Equivalent Ratio for Each Blends (a)
Diesel; (b) E5; (c) E10; (d) E15; (e) E20 and (f) E25

NOx Emission Versus Types of Nozzle for Each Equivalent
Ratio (a) Equivalent Ratio 0.8; (b) Equivalent Ratio 0.9; (c)
Equivalent Ratio 1.0; (d) Equivalent Ratio 1.2 and (e)
Equivalent Ratio 1.4

CO Emission in Nozzle 1

CO Emission in Nozzle 2

CO Emission in Nozzle 3

CO Emission Versus Equivalent Ratio for Each Blends (a)
Diesel; (b) E5; (c) E10; (d) E15; (e) E20 and (f) E25

CO Emission Versus Types of Nozzle for Each Equivalent
Ratio (a) Equivalent Ratio 0.8; (b) Equivalent Ratio 0.9; (c)
Equivalent Ratio 1.0; (d) Equivalent Ratio 1.2 and (e)
Equivalent Ratio 1.4

xii

51
54
54
55

58

61
62
63
63

70



76

REFERENCES

Agarwal, A. K., (2007). Biofuels (alcohols and biodiesel) applications as fuels for
Internal Combustion Engines, Procd of Energy Combustion Sci
33(3),pp.223-330.

Benjumea. P. J. A., Andre’s Agudelo (2007). Basic properties of palm oil
biodiesel-diesel blends, Elsevier Ltd.

Choo, Y.M & Ma, A.N (1996). “Production Technology of Methyl Esters from Palm
and Palm Kernel Oils”, PORIM Technology

Clarke, L.J., Crawshaw, E.H., Lilley, L.C., (2003). Fatty acid methyl esters
(FAMEsS) as diesel blend component. In: the Nineth Annual Fuels and Lubes
Asia Conference and Exhibition, Singapore, January 21-24.

Gerpen, J., (2005). Biodiesel processing and production., Fuel Proc. Tech., 86 (10),
1097-1107..

Jayed MH, Masjuki HH, Saidur R, Kalam MA, Jahirul MI. (2009). Environmental
aspects and challenges of oilseed produced biodiesel in Southeast Asia.
Renewable and Sustainable Energy Reviews;13:2452-62.

Kang, J. (2009). "Refinery of Palm Oil” Webpage. ASTS Fellow, Pusat
PengajianKejuruteraan Kimia di Universiti  Sains Malaysia, Kuala
Lumpur.http://www.andrew.cmu.edu/user/jitkangl/Index.htm.(Accessed
December 2006).

Kalam. M. A and Masjuki. H. H. (2011). Experimental Test of a Diesel Engine
Using Envo-Diesel as an Alternative Fuel, New Trends and Developments in
Automotive System Engineering

Krawczyk, T., (1996). Biodiesel Alternative fuel makes inroads but
hurdles remain. INFORM 7, 801-829.

Liaquat, A. M., Kalam, M. A., Masjuki, H. H. & Jayed, M. H. (2011). Engine
Performance and Emissions Analysis using “Envo Diesel” and Coconut
Biodiesel Blended Fuel as Alternative Fuels. 2nd International Conference on
Environmental Science and Technology IPCBEE, 6(2011)

Malaysia Palm Oil Board (MPOB) http//: www.mpob.gov.mywww.mpob.gov.my

Magi'n Lapuerta, O. A., Jose” Rodri’guez-Ferna” ndez (2007). "Effect of biodiesel
fuels on diesel engine emissions.” Progress in Energy and Combustion

Science.



77

Masjuki, H. H., Kalam, M. A., Maleque, M. A. (2000). Combustion characteristics of
biological fuel in diesel engine. SAE 2000 World Congress, Detroit,
Michigan, Paper No. 2000-01-0689.

Molero, L. J. Pollutant formation and interaction in the combustion of heavy liquid
fuels. University of London, 1998

Moser, B. R. ( 2009). Biodiesel production, properties, and feedstocks, The Society
for In Vitro Biology.

Mustafa E. Tat, P. S. W., Jon H. Van Gerpen,Thomas E. Clemente (2007). Exhaust
Emissions from an Engine Fueled with Biodiesel from High-Oleic Soybeans,
AOCS.

(NREL), N. R. E. L. (2005). Biodiesel Blends, U.S. Department of Energy Energy
Efficiency and Renewable Energy.

Palz, W., Spitzer, J., Maniatis, K., Kwant, N., Helm, P., Grassi, A., (2002). In:
Proceedings of the 12th International European Biomass Conference, ETA-
Florence, WIP-Munich; Amsterdam, The Netherlands.

Saroj Kumar Jha, S. F., S.D. Filip To (2007). Flame temperature analysis of
biodiesel blends and components, Elsevier Ltd.

Shahid, E. M. & Jamal, Y. (2011, July).Performance Evaluation of a Diesel
EngineBiodiesel. Pakistan Journal of Engineering & Applied Science,
9(2011), 68-75

Shay, E.G., (1993). Diesel fuel from vegetable oils: status and opportunities.

Biomass and Bioenergy 4, 227-242.
Ya-fen Lin, Y.-p. G. W., Chang-Tang Chang (2007). Combustion characteristics of

waste-oil produced biodiesel/diesel fuel blends, Elsevier Ltd.





