ABSTRACT

Compressed Natural Gas (CNG) fuel has long been used in the Malaysia transport industry
due to its numerous advantageous properties. CNG fuel engine considered a low carbon
dioxide (CO,) emission producer presents itself a viable alternative to gasoline/ diesel fuel
engines. Previous studies show that the transport industry contributes a huge percentage of
CO; emission to the environment. Therefore, this study investigates the amount of CO,
emission that can be reduced when using CNG as an alternative fuel. Performance tests
were conducted on a carburetor and injector car engine using both gasoline (petrol) and
CNG fuel separately. These tests were done at a variable engine speed ranging from 1000
to 3000 rpm while the exhaust gas emissions were analyzed. Although the general exhaust
gas emissions were measured, the focus was on CO, emission and the results showed that
using CNG as an alternative to petrol reduces about 0.9kg/L of CO, exhaust gas emission.
Formulas collected from previous researches, were used in analyzing the possible amount
of CO, emission that can be reduced by the year 2020 in the Malaysia transport industry.
This analysis was necessary to encourage the total acceptability of CNG fuel usage in the
transport industry. However, from this study, it was found that the possible amount of CO,
emission that can be reduced with the use of CNG vehicle by the year 2020 would be about
4,018,546-tonsCO2 emissions as against an estimated 3,058,254 CNG vehicles. Therefore,
with this level of increase Malaysia could meet up with other higher CNG users around the

world, like Iran and Pakistan.



ABSTRAK

Bahan api Gas Asli Mampat (CNG) telah lama digunakan dalam industri pengangkutan
Malaysia kerana sifat-sifat yang banyak berfaedah. Enjin CNG mengewarkan peleponsan
karbon dioksida yang rendah (CO,) Sebagai alternatif kepada bahan api enjin petrol / diesel.
Daripada kajian literatur, didapati bahawa industri pengangkutan menyumbang 45%
daripada pelepasan CO; kepada alam sekitar. Oleh itu ,dalam kajian ini jumlah pelepasan
CO; boleh dikurangkan apabila menggunakan CNG sebagai bahan api alternatif . Ujian
prestasi telah dijalankan pada enjin kereta karburetor dan penyuntik menggunakan kedua-
dua petrol (petrol) dan bahan api CNG secara berasingan, ini dilakukan pada perbagai
kelajuan enjin antara 1000-3000 rpm manakala pelepasan ekzos dianalisis untuk karbon
dioksida (CO,) dan gas lain-lain. Tumpuan adalah pada pelepasan CO, dan keputusan
menunjukkan bahawa menggunakan CNG sebagai alternatif kepada petrol akan dapat
mengurangkan kira-kira 0.9kg / L pelepasan gas CO; di ekzos. Data dan pelbagai resolusi
eksperimen yang dikumpul daripada kajian terdahulu , telah digunakan dalam menganalisis
jumlah kemungkinan pelepasan CO, yang boleh dikurangkan sekiranya terdapat kadar
peningkatan sebanyak 15% di kalangan pengguna kereta CNG di Malaysia pada tahun 2020.
Ini adalah untuk menggalakkan jumlah kebolehterimaan daripada penggunaan bahan api
CNG dalam masyarakat Malaysia memandangkan hasil kajian ini,yang menjelaskan jumlah
kemungkinan pelepasan CO, boleh dikurangkan dengan peningkatan penggunaan
kenderaan CNG pada tahun 2020 adalah di anggarkan kira-kira 4018546 ton berdasarkan
dijangka 3058254 kenderaan menggunakan CNG. Dengan tahap ini jangkaan peningkatan
di Malaysia boleh mencapai tahap pengguna NGV yang lebih tinggi dikalangan pengguna

di seluruh dunia , seperti di Iran dan Pakistan pada masa kini.



ACKNOWLEDGEMENT

I would like to thank my project supervisor, Prof Ir. Dr. Abu Bakar bin Mahat for his
consistence guidance, directions and vast wealth of knowledge shared during the progress

of the project.

| am grateful to The Faculty of Engineering, University of Malaya giving me the opportunity
to work on this project within the framework of a Master’s degree. | also would also like to
thank Mr. Edilan Mohammad Mustafa and the Automotive Engineering Section, University
Kuala Lumpur Malaysia, Bandar Baru Bangi, for allowing me to conduct the Experiments

using their facilities.

Finally, I give all the glory to GOD Almighty.

Odeta Prosper

Malaysia, December 2013



TABLE OF CONTENTS

A B S T R A T et e e e e e e e e e a e e e e e e e raaaeaaaaas i
A B S T R A .. et a e e —a e e e e e e rraaeeaaaaa i
ACKNOWLEDGEMENTS ..ottt e e e e e n e e e e e e e i
TABLE OF CONTENTS ..ottt e e e e e e n e e e e e e e e an iv
LIST OF TABLES ...ttt e e e e e e e e s na e e e e e e e Vil
LIST OF FIGURES ...ttt e e e e e a e e e e e e e e iX
LIST OF SYMBOLS AND ABREVIATIONS ... X
LIST OF FORMULAS ...ttt e e e e e e e e a e e e e e e a e Xii
CHAPTER ONE: INTRODUCTION ..o 1
1.1 Background Of STUAY ........coouiiiiiiiieii e 1
1.2 Problem StatemMeNt..........cooiiiiiie et 3
1.3 ODbjectives 0T RESEAICH ........vci it 4
1.4 Scope and Limitations OF STUAY .......ccooivvieiiiieiiie e 5
1.5  Significance 0f the StUAY ........ccvieiii i 6
CHAPTER TWO: LITERATURE REVIEW ......ccooiiiiiiii e 8
2.1 INTFOAUCTION ..ottt nree s 8
2.2 COzEmission Footprint in Malaysia ............cccveiiiieiiiie e 8
2.3 Carbon Dioxide (CO2) EMISSION ....cccuvviiiiieiiiiee it see e srne e 10
2.4 Main Contributing Sector to CO, Emissions in Malaysia.............cccccocvveiiieeiinnnn, 11
2.5 Environmental and Health Effects Associated With COg........ccccccvvviveiiieiiiicinennn, 13
2.5.1 Global Warming/Climate Change Effects on Malaysia..............c............ 13

2.5.2  Environmental Air Pollution in Malaysia .............cccccceoviiiiiiciiieciin 14

2.5.3 Human Health Effects Associated with CO, Exposure ...........cccccveevnnenn 15

2.6  Chronological Framework of CNG Vehicles in Malaysia ...........c..ccccoeeviieeinnnnn, 16
2.6.1 Introduction of CNG as Alternative Motor Fuels in Malaysia ................ 16

2.6.2 Development of Natural Gas in Malaysia ............cccccceovvveeiiieeiiiec i, 17

2.6.3 Overview of Compressed Natural Gas (CNG) as Fuel .............cccccove.. 19

2.6.3.1  Advantageous Properties of CNG over Gasoline ................... 20

2.6.3.2 Types of CNG in Malaysia .........ccccceeeviiiveeiiiiiiiesiiiie e 22



2.6.4 Current Research on CNG Fuelled ENgine ........ccccccocviviiiiiiiiniiiieiinenn 22

2.6.5 NGV Usage around the WOrld ............ccccooiiiiiiiniieiee 24

2.7 CNG Vehicle Usage in Malaysia Transport INdUSEIY ..........cccooveiiiiieniniennennnn 27
2.7.1  Number of Total Vehicles on the Malaysia Road ..............cccccoevrvrnnnene. 27

2.7.2  Number of NGV on the Malaysia Road ............cccccoviiiiiniiciiiiie, 31

2.7.3 Government Incentive & Legislations to Encourage NGV Usage .......... 34

2.7.4 NGV Price to Gasoline Price COMPAriSON ........c.cccovvvverieriiienineennenieenn 34

2.7.5 CNG Refueling Stations in Malaysia ..........cccoceriiiniiiiinnieee i, 35
2.7.5.1 Home Refueling Options for CNG ..........cccccoeiiiiiiiiniiiennn, 36

2.7.5.2  CNG Vehicles CONVEISION ......ccccevviveeiireiiiie e siee e 37

2.8 Vehicle Engine Combustion and Exhaust EMISSION ..........ccccccveviiveiiieeiiineiiinnns 40
2.8.1  Vehicle EXhaust EMISSIONS ........ccoiuiieiiieeiiiie i see e 40

2.8.2  Exhaust Greenhouse Gas EMISSION .........cccovverriireiiireiiiieeiieeesieeesieeens 42

2.8.3  Gases Measured By the Gas Analyzer .........cccccoooeiiiiiiiniienieciec, 44

2.8.4  Other Gases not Measured by the Gas Analyzer ...........cccccoovveviiieeninnnnnn 46

2.8.5 General Rules of EMIission ANalysis .........ccccoviveeiiieeiiie e 47

2.9 Safety, Health and Environmental Benefits And Drawbacks Of CNG .................. 49
2.9. 1 BeNETIES L.oiiiiiiiie 49

2.9.2  DraWhaCKS .......coiiuiiiiiiiiiiiii e 52
CHAPTER THREE: METHODOLOGY ....ooiiiiiiiiiiiieiiieiie e 55
T8 A 1o oo [ od o] [ TP P TR 55
3.2 EXPErimental SEL UD ....cccvvieiiiee ittt 56
3.3 APPHCALION L.eiiiiiiccee e 56
3.4 ENQgIiNe SPECITICALIONS ......ccciviieiiii ettt 59
3.5 EXperimental PrOCEUUIES ........cccivieiiiieiiiee st e et srae e arne e ane e 60
351 SANNG UP coeeiiiii ettt 60

3.5.2  SWItChiNg DEVICE ON ...ovviiiiiie et 60

3.5.3  Switching Device Off ... 61

3.6 TESEPIOCEAUIE ...oeiieiieciiecie ettt es 61
3.7 Methodology for CO, Emissions Calculation ...........cccccccooviiiiiiiiine e, 62



CHAPTER FOUR: RESULTS AND ANALYSIS ... 63

O R Y oo VT £ o] o RO RPPTPR 63
4.2  Specified range of Exhaust CONSItUENES ..........cccvvviiiiiiiiiieicee e 63
4.3 TESERESUILS ...eeiiiiiie ettt e et e et e et e e nes 64
4.4 TeSt RESUILS PreSENtatiOn ..........cocuiieiiieeiiiiesiiie e e s et e e seee e snneeeseee e 64
4.4.1 Test Procedures on Vehicle Injector SyStem ........ccccoeviieniiiiiiiiiennn, 64
4.4.2 Test Procedures on Vehicle Carburetor System .........ccccoooveviiiiiiiiiennn, 68
4.5  Calculations ANd ANAIYSIS .......cooiiiiiiiiiiie e 72
4.5.1 Statistical Considerable facts .........cccccveviiieiiiie i 72
4.5.2 EStimated ProjECTIONS ........ooviiiiiiiieiiiesiie it 73
4.6  CO2EMISSIONS CalCUlatiON ........cccooeiiiieiiiiesic e 75
4.6.1 Calculation On CO, Emissions Produced From Petrol Fuel Cars............. 75
4.6.2 Calculation On CO; Emissions Reduced Using CNG Fuel Cars.............. 76
CHAPTER FIVE: DISCUSSION ....ccoiiiiiiiiice ettt 80
TS0 A | 011 0o [ Tox 4 o] o IS USSR URRPURRSUR 80
5.2 Discussion on CO; emission performance test results ..........cccccoovvveviieeiiinecinnn, 80
5.3 Comparing the Petrol Fueled Engine to the CNG fueled engine ............cccoeeveen, 82
5.4  Discussion on COzemission reduction analysis ..........ccccccveeiiveeviieesiieesiiee e 83
5.4.1 Discussion On CO; Emissions Produce Using Petrol Cars ...................... 84
5.4.2 Discussion On CO, Emissions Reduction Using CNG Cars..................... 85
CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS ......ccccoviveiinnne. 87
6.1 INTrOAUCTION ..ottt 87
6.2 CONCIUSIONS ...eiiiiiiiieiie et ees 87
6.3 RECOMMENUALIONS ....eoivviiiiiiiie ittt 88
REFERENGCES ... .ottt sttt ettt e et nbe e 90
APPENDICES
Appendix 1 BOSH Gas Exhaust Analyzer Operating Principle ............cccccoovvveinn.nn 98
Appendix 2 EXperimental PICLUIES..........cvvveiiiiiiie e 100
Appendix 3 CONTErenNCE PAPEN ........vviiiei et 102

vi



LIST OF TABLES

Table 1: Natural Gas COMPOSIEION .......eeiiiiiieiiieiii et 20
Table 2: Combustion related properties of gasoline & CNG .........cccccoevveviieeiiie e, 21
Table 3: Number of NGV in ASI& PACITIC ......oiviiiiiiiieiiieee e 24
Table 4: Total Motor Vehicles in Malaysia year 2012 ...........cccceviiiriienieiiienie e 27
Table 5: Production & Sales for September 2013 ........cccoooiiiiiiiiiieee e 28
Table 6: Review of New P&C Vehicles registered in Malaysia as at Sept. 2013 ............... 29
Table 7: Average of fuel usage per Vehicle in Malaysia ...........cccccoeevviie i, 31
Table 8: Fuel Expenses for 3,000 KM .......ooiiiiiiiiiie e 35
Table 9: Total SAVES IN RM ... 35
Table 10: Exhaust gas emissions by cars using three different fuel types .........cc.ccccovvenee. 42
Table 11: A sample calculation of Fuel used by three different fuel types ............cccceenn.. 43
Table 12: Engine specification for 4g15-CARBURETOR gasoline bi-fuel engine ............ 59
Table 13: Engine specification for 1.6 CAMPRO IAFM ENQINe .........coceevvveevineeciieeee, 59
Table 14: An Ideal Exhaust constituent of a Carburetor and Injector Petrol Engine .......... 63
Table 15: Result Presentation for petrol fueled injector ENging ..........ccccovvvveeviveeviieeenee, 65
Table 16: Result Presentation for CNG fueled injector ENgine ...........cccccovvveeviveeiivieeennen. 66
Table 17: Converting Injector Emission Results form %Vol to in Kg/L ..........ccceevvieennen. 67
Table 18: Result Presentation for Petrol Fueled Carburetor Engine .........ccccccovvviveeiiinnnn. 68
Table 19: Result Presentation for CNG Fueled Carburetor Engine .........ccocceeeviiviiiiinnnn. 69

vii



Table 20:

Table 21:

Table 22:

Table 23:

Table 24:

Table 25:

Table 26:

Converting Results in Kg/L form %Vol Carburetor Engines ............cccooeeevnenn. 70

Amount of CO, emission produced by both vehicle Engine types ..................... 72

Amount of CO; emission produced and reduced by Petrol and CNG vehicle ....72

Forecast number of new NGV and total Vehicles from year 2013 -2020............ 74
Forecast rate of new NGV vehicles from year 2013 —2020 ...........cccceevveriiieninnns 77
CO, emission reduction per vehicle Projected from year 2013 — 2020 ............... 78

Vehicle Unit and CO, Emission reduced from year 2014 — 2020 .............c........ 86

viii



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:

Figure 9:

Figure 10:
Figure 11:
Figure 12:

Figure 13:

Figure 14:
Figure 15:
Figure 16:

Figure 17:

LIST OF FIGURES

CO; emissions in Malaysia by sector, 1990-2008 ..........cccccovvveeviiveeiiiee e 12
Malaysian Air Pollutant Emission Load from All Sources, 2007-2008 .............. 15
NGV Growth in Asia Pacific. 2003 — 2012 ..........cccceeviiiiiieiiieiieee e 26
Types of vehicles usage in transportation sector of Malaysia ............cccceeeveennne. 30
The Total number of NGV in Malaysia from 1995 t0 2011 ........ccccooovvvvierinennn. 33
Natural Gas Installation Procedure Flowchart ...........cccccooiiiiiiiiii, 38
Showing components of an NGV Vehicle ...........cccooiiiiiiiii, 38
Showing vehicle exhaust SMOKE ..........ccciiiiiiiiiiiiee s 40
Effects of A/F Ratio on ENgine-OuUt GaSES .......ccccvvreiiireiiiieeeiiieesineesieeesineens 48
Showing Diagnostic Tester of an exhaust gas analyzer ...........ccccceceveviivveiinnnnn, 56
BOSH Exhaust Analyzer (BEA 050) ........oooiiieeiiieeiiiie e 57
Rear view of BEA 050 (With AMM) .....ooviiiii e 58
Showing the exhaust gas analyzer probe in the exhaust .............c.cccceeviieeiinnnn. 61
Result Screen display of the Bosh gas Analyzer ............ccccovvveiviieciieciiee, 64
Graph showing the Reduction in CO, of 15% Increase in CNG cars ................ 79

Graph showing the graphical represent of petrol and CNG injector engine ...... 81

Graph showing the graphical represent of petrol and CNG ..............ccceeeieene 82



%
Vol

ppm

mg

Kg

Km

Gt

MW

VOC
CO;
CO
NOXx
O,
HC
H,0
SO,

SF,4

LIST OF SYMBOLS AND ABREVIATIONS

Percentage
\olume

Parts Per Million

Milligrams

Meter Cubed

Gram

Kilogram

Liter

kilometer
Giga tons

pressure in KPa for normal conditions, this is 101.3KPa
Molecular weight of exhaust constituent
Universal gas constant (8.3144 km / kmole K)
Temperature in degrees Kelvin, this is 273.15°K (0o C) for normal conditions
Volatile organic compound

Carbon dioxide

Carbon monoxide

Nitrogen oxide

Oxygen

Hydrocarbons

Water vapour

Sulphur Dioxide

Sulfur hexafluoride



HFCs Hydro fluorocarbons

PM Particle matter

A/F Air/fuel ratio or Lambda

NV x Number of New Vehicles or New NGV Vehicles
LS. Amount of fuel liter spent per year (5 x 360)

ER Emission reduction (kg/L) (0.9 kg/L)

VR ¢ 80% of total vehicles on the Road (All vehicle type except Motorcycles)
CNG Compressed natural gas

NGV Natural Gas vehicle

GHG Greenhouse gas

Cu ft Cubic feet

MT Million metric tons

TPES Total Primary Energy Supply

IEA International Energy Agency

SEA South-east Asian

PGU Peninsular Gas Utilization

NGDS Natural Gas Distribution System

MAA Malaysian Automotive Association

MOFs Metal — Organic Frameworks

CDC Central device communicator

S.H.E Safety, Health and Environment

BEA BOSH Exhaust Analyzer



LIST OF FORMULARS

CONVERSION EQUATIONS

1. From % vol to PPM = value x 10* PPM

= Percentage Volume Units of Parts per Million (%Vol ppm)

2. From PPM = Mg/L Milligrams per Meter Cubed (mg/m3)

Mg/m3 = ppm x P x MW

RxT
Where:

P = pressure in KPa. For normal conditions, this is 101.3KPa

MW = Molecular weight of the exhaust constituent.

R = Universal gas constant, 8.3144 kNm/ k mole K

T = Temperature in degrees Kelvin, this is 273.15°K (0° C) for normal conditions.
Therefore,

Mg/m® = ppm x mg/m>conversion factor

Where the conversion factor is: 1 ppm CO, = 1.963 mg/m°

3. From Mg/L to Kg/L = x 10°®

4. CO, emission (Kg/L)

Xii



EMISSION REDUCTION EQUATION

Using Tier 2, we generated this equation:
CO2 Emission Reduction = Z NV, X LS, X ER,, X VR,

Where,

NV x= Nos. of New Vehicles or New NGV \ehicles
LS 2= Amount of liter spent per year (5 x 360)

ER , = Emission reduction (kg/L) (0.9 kg/L)

VR .= 80% of total vehicles on the Road (All vehicle type except Motorcycles)

xiii



