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ABSTRACT

This report deals with the exhaust emission of evatdstic disposal fuel on single cylinder
YANMAR diesel engine. The objectives of this reparé to analyze the fuel consumption
and the emission characteristic of a single cylirtlesel engine that are using waste plastic
disposal fuel compared to usage of ordinary didsal are available in the market. This
report describes the setups and the procedurefdoexperiment which is to analyze the
emission characteristics and fuel consumption oMKBAR diesel engine due to usage of
the both fuels. The experiment used diesel engiite mo load which means no load
exerted on it. Detail studies about the experimesgtup and components have been done
before the experiment started. Data that are reduor the analysis is observed from the
experiments. Calculations and analysis have beea dfter all the required data needed for
the thesis is obtained. The obtained data indictitatithe diesel fuel is better than waste
plastic disposal fuel in term of fuel consumptiemissions of carbon monoxide (CO) and
emissions of carbon dioxide (GOBy the end of the report, the successful ofghgect
have been stated which is YANMAR engine is ableuon with waste plastic disposal
(WPD) fuel but the engine needs to run by usingealiéuel first, then followed by waste
plastic disposal fuel and finished with diesel faslthe last fuel usage before the engine
turned off.
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ABSTRAK

Laporan ini berkaitan dengan hasil pembakaran bal&ar dari bahan buangan sampah
plastik menggunakan enjin diesel YANMAR silindengigal. Tujuan laporan ini adalah
untuk menganalisis penggunaan bahan bakar dawmiripembebasan gas ekzos enjin
tersebut yang menggunakan bahan bakar dari balarg@n sampah plastik berbanding
dengan penggunaan minyak diesel biasa yang terdapasaran. Laporan ini menjelaskan
susunan radas dan prosedur untuk eksperimen vyajadanttan. Eksperimen ini
menggunakan enjin diesel tanpa beban yang bermaikakdada beban yang dikenakan ke
atas enjin itu. Kajian terperinci tentang susunelaht dilakukan sebelum percubaan
bermula. Data yang diperlukan untuk dianalisa dddiambil dari eksperimen. Pengiraan
dan analisa telah dilakukan selepas semua datadypedukan yang diperlukan untuk tesis
tersebut diperolehi. Data yang diperolehi menurgmkbahawa bahan bakar diesel lebih
baik daripada bahan bakar pembuangan sisa plastdmdhal konsumsi bahan bakar,
pembebasan karbon monoksida (CO) dan pembebadaonkdioksida (CO2). Pada akhir
laporan tersebut, kejayaan projek telah dinyatakamawa enjin YANMAR dapat
beroperasi dengan menggunakan bahan bakar dariupegdn sisa plastik (wpd) tetapi
enjin perlu dimulakan dengan menggunakan minyakedlidiikuti dengan minyak plastik
dan diakhiri dengan minyak diesel semula sebelym dimatikan.
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CHAPTER 1

INTRODUCTION

11 INTRODUCTION

This chapter discussed about the project backgraweot as problem statement,
objectives and scope of the project. All this imfation is crucial to give a starting point
for the progress in this project. This projectasused on study exhaust emission of waste

plastic disposal fuel on single cylinder YANMAR d& engine.

1.2 PROJECT BACKGROUND

Now days, the amount of waste generated contirmggtease in response to rapid
increase in population, accelerated urbanizatioth iaalustrialization process. In 2006,
about 7.34 million tones of solid wastes were geteel in Malaysia. Besides that, based on
this data, the Ministry of Housing and Local Govasnt says that Malaysia generates
approximately 18,000 MT/day of solid waste. Tableshowed the data of general
composition of waste in Malaysia and Tablsibwed the data of waste composition for
Kuala Lumpur from year 1975 until 2000. The quantif waste generation in Kuala
Lumpur alone is projected to increase from 2,628stm 1995 up to 4000 tons in year
2000.

The main apparatus for this project is a YANMAR PBlsingle piston diesel
engine with 638cc of displacement. This engine HABHP of output and 10.5 BHP of

continuous output. Its cooling system use watetemboooling systems with radiator. This



engine also uses direct fuel injection with a higlessure Bosch pump. The basic
characteristics of this engine are it is a fouolg compression-ignition engine which the
fuel and air are mixed inside the engine. The afguired for combustion is highly

compressed inside the combustion chamber. Thisrgesehigh temperatures which are
sufficient for the diesel fuel to spontaneouslyiigmwhen it is injected to the cylinder. The
diesel engine thus uses heat to release the chesnieggy contained within the diesel fuel

and convert it into mechanical forces.

In this experiment, the condition used is zero l@ddch means there is no load

exerted on the engine.

Table 1.1 General Composition of Waste in Malaysia

Materials % by Weight
Organics 47.0
Paper 15.0
Plastics 14.0
Wood, garden waste 4.0
Metal 4.0
Glass 3.0
Textile 3.0
Other 10.0

Source: Prof. Tay Joo Hwa (2007)



Table 1.2 Kuala Lumpur’s Solid Waste Composition (1975-2000)

CompositionofwastéYear 1975 1980 1990 1995 2000

Organic 63.7 78.0540.8 61.76 68.67
Paper 11.7 11.4830.0 12.16 6.43
Plastic 70 057 9.8 5.27 11.45
Glass 25 057 3.0 527 141
Metals 64 316 46 689 271
Textile 1.3 316 25 284 1.50
Wood 6.5 258 32 0.00 0.70
Others 09 043 6.1 581 7.13

Source:Mohamed (2008)

1.3 PROBLEM STATEMENT

Plastics are durable and takes a long time dedredause of the molecular bonds in
the plastic are so strong and it is resist to @hfjorocesses of degradation. In Malaysia, we
still finding the best way to reduce trash andpalution problems simultaneously. There
are examples of pollution from plastic such as Imgrplastic can release toxic fumes,
burning the plastic polyvinyl chloride (PVC) mayeate dioxin and the manufacturing of

plastics often creates large quantities of chengo#utants.

One of the solution that can help to solve the @l above is by using Waste
Plastic Disposal (WPD) fuel as an alternative foeldiesel engine. The production of this
fuel is done by pyrolysis process. The result fiesing waste plastic as a raw material, it
will help to reduce the total of waste plastics avilll help to solve the problem that occur

in Malaysia which is how to reduce trash and allution problems.



1.4 PROJECT OBJECTIVES

The objectives of this project are to analyze ted tonsumption and the emission
characteristic such as oxygenjOcarbon dioxide(Cg), carbon monoxide(CO), nitrogen
dioxide(NG) and oxides of nitrogen(NQof a single cylinder diesel engine that are using
waste plastic disposal fuel compared to usage dihary diesel that are available in the

market.

1.5 SCOPE OF STUDY

The following scopes of the project are determiniedorder to achieve the
objectives of the project:
a) Analyzing fuel consumption

b) Analyzing the emission characteristic



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

The purpose of this chapter is to provide infoioratvhich related to the Internal
Combustion Engine, Waste Plastic Disposal (WPD) &msl also about characteristic of

diesel fuel.

2.2 DIESEL ENGINE

DOE (1993) stated that a diesel engine is sintibathe gasoline engine. Both
engines are internal combustion engines which iamaghey burn the fuel-air mixture
within the cylinders. Both are reciprocating enginéeing driven by pistons moving
laterally in two directions. The majority of theiarts are similar. Although a diesel engine
and gasoline engine operate with similar componentsesel engine, when compared to a
gasoline engine of equal horsepower, is heaviertdstronger, heavier materials used to
withstand the greater dynamic forces from the higlmnbustion pressures present in the

diesel engine.

The greater combustion pressure is the resulhehigher compression ratio used
by diesel engines. The compression ratio is a measthow much the engine compresses
the gasses in the engine's cylinder. In a dieggghencompression ratios ranging from 14:1
to as high as 24:1 are commonly used. The highmposssion ratios are possible because

only air is compressed, and then the fuel is ieg@cT his is one of the factors that allow the



diesel engine to be so efficient. Compression natibbe discussed in greater detail later in
this module.

Diesel engines are not self-speed-limiting becathseair (oxygen) entering the
engine is always the maximum amount. Thereforegtigine speed is limited solely by the
amount of fuel injected into the engine cylindetherefore, the engine always has
sufficient oxygen to burn and the engine will atperto accelerate to meet the new fuel
injection rate. Because of this, a manual fuel @ng not possible because these engines,
in an unloaded condition, can accelerate at aofateore than 2000 revolutions per second.
Diesel engines require a speed limiter, commonljedathe governor, to control the
amount of fuel being injected into the engine. Wala gasoline engine, a diesel engine
does not require an ignition system because iresetliengine the fuel is injected into the
cylinder as the piston comes to the top of its c@sgion stroke. When fuel is injected, it

vaporizes and ignites due to the heat createddgdmpression of the air in the cylinder.

2.2.1 History

Bosch (2005) stated that the modern diesel engange about as the result of the
internal combustion principles first proposed byliSaarnot in the early 19th century. Dr.
Rudolf Diesel applied Sadi Carnot's principles irdopatented cycle or method of
combustion that has become known as the "diesallecyis patented engine operated
when the heat generated during the compressidreddit fuel charge caused ignition of the
mixture, which then expanded at a constant pressuri@g the full power stroke of the

engine.

Dr. Diesel's first engine ran on coal dust and us@dmpression pressure of 1500
psi to increase its theoretical efficiency. Alsgs first engine did not have provisions for
any type of cooling system. Consequently, betwéeneixtreme pressure and the lack of
cooling, the engine exploded and almost killedimgentor. After recovering from his

injuries, Diesel tried again using oil as the fuedding a cooling water jacket around the



cylinder, and lowering the compression pressure approximately 550 psi. This
combination eventually proved successful. Prodactights to the engine were sold to
Adolphus Bush, who built the first diesel enginesdommercial use, installing them in his

St. Louis brewery to drive various pumps.
2.2.2 Fundamental of Diesel Engine Cycle

Holt D. J (2004)stated that there are two basic types of diesghen, two-cycle and
four-cycle. An understanding of how each cycle afEs is required to understand how to

correctly operate and maintain a diesel engine.

2.2.2.1 Four Stroke Cycle

A\R%EXHAUST
= 1

COMPRESSION EXHAUST

Figure 2.1 Four Stroke Cycle
SourceDOE (1993)
Intake Stroke
On the intake or induction stroke of the pistorg gisston descends from the top of
the cylinder to the bottom of the cylinder, redgrithe pressure inside the cylinder. Air is

forced by atmospheric (or greater) pressure inbocdylinder through the intake port. The

intake valve(s) then close.



Compression Stroke

With both intake and exhaust valves closed, théopiseturns to the top of the

cylinder compressing the fuel-air mixture. Thikiswn as the compression stroke.

Power Stroke

While the piston is at or close to Top Dead Centlee fuel is injected into the
combustion chamber and ignited by the heat andpref compression (for a diesel cycle
or compression ignition engine). The resulting mespressure from the combustion of the
compressed fuel-air mixture drives the piston baéown toward bottom dead center with
tremendous force. This is known as the power sfrokdch is the main source of the

engine's torque and power.
Exhaust Stroke

During the exhaust stroke, the piston once ag#urms to top dead center while the
exhaust valve is open. This action evacuates theugts of combustion from the cylinder

by pushing the spent fuel-air mixture through tklaeist valve(s).

2.2.2.2 Two Stroke Cycle

[J1—= ExHavusT

INTAKE & EXHAUST COMPRESSION & POWER

Figure 2.2 Two Stroke Cycle

SourceDOE (1993)



Intake And Exhaust Stroke

At 82° ATDC, with the piston near the end of itswas stroke, the exhaust cam
begins to lift the exhaust valves follower. Thewealash is taken up, and 9° later (91°
ATDC), the rocker arm forces the exhaust valveiwffseat. The exhaust gasses start to
escape into the exhaust manifold. Cylinder pressteiets to decrease. After the piston
travels three-quarters of its (down) stroke, or°18ZDC of crankshaft rotation, the piston

starts to uncover the inlet ports.

As the exhaust valve is still open, the uncoverofgthe inlet ports lets the
compressed fresh air enter the cylinder and hetgd the cylinder and scavenge the
cylinder of the remaining exhaust gasses. Commointigke and exhaust occur over
approximately 96° of crankshaft rotation. At 43° B8, the camshaft starts to close the
exhaust valve. At 53° ABDC (117° BTDC), the camslgfs rotated sufficiently to allow
the spring pressure to close the exhaust valva, Als the piston travels past 48°’ABDC (5°

after the exhaust valve starts closing), the intads are closed off by the piston.

Compression And Exhaust Stroke

After the exhaust valve is on its seat (53° ATD®E temperature and pressure
begin to rise in nearly the same fashion as infthe-stroke engine. At 23° BTDC the
injector cam begins to lift the injector followend pushrod. Fuel injection continues until
6° BTDC (17 total degrees of injection). The powéioke starts after the piston passes
TDC. The power stroke continues until the pistoachees 91° ATDC, at which point the

exhaust valves start to open and a new cycle begins
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2.2.2.3 Major Advantages

The major advantages of the diesel engine are iegolan the descriptions below (Bosch,
2005):

Diesel engines have several advantages over ottggnal combustion engines:

* They burn less fuel than a petrol engine perforntiegsame work, due to the engine's
higher temperature of combustion and greater expanstio. Gasoline engines are
typically 25% efficient while diesel engines cameert over 30% of the fuel energy
into mechanical energy.

* They have no high-tension electrical ignition sgst® attend to, resulting in high
reliability and easy adaptation to damp environmehhe absence of coils, spark plug
wires, etc., also eliminates a source of radiouesgy emissions which can interfere
with navigation and communication equipment, whishespecially important in
marine and aircraft applications.

* They can deliver much more of their rated powerarontinuous basis than a petrol
engine.

» The life of a diesel engine is generally about enés long as that of petrol engine due
to the increased strength of parts used, also becdigsel fuel has better lubrication
properties than petrol.

» Diesel fuel is considered safer than petrol in mapplications. Although diesel fuel
will burn in open air using a wick, it will not elqule and does not release a large
amount of flammable vapor. The low vapor pressufedmsel is especially
advantageous in marine applications, where the naglation of explosive fuel-air
mixtures is a particular hazard.

* For any given partial load the fuel efficiency (rmdmirned per energy produced) of a
diesel engine remains nearly constant, as oppaspdttol and turbine engines which
use proportionally more fuel with partial power puts.

* They generate less waste heat in cooling and ekhaus
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* With a diesel, boost pressure is limited only g $trength of the engine components,
not predetonation of the fuel charge as in petngirees.

» The carbon monoxide content of the exhaust is mahitherefore diesel engines are
used in underground mines.

* Biodiesel is an easily synthesized, non-petroleaseld fuel (through the Fischer—
Tropsch process) which can run directly in diessgiees, while gasoline engines
either need adaptation to run synthetic fuels e else them as an additive to gasoline
(e.g., ethanol added to gasohol), making diesahesghe clearly preferred choice for

sustainability.

2.3 CHARACTERISTIC OF DIESEL FUEL

2.3.1 DIESEL FUEL FEATURES

Challen (1999) stated that high quality diesel suake characterized by the
following features such as cetane number, boiliogntp fuel’'s viscosity, cloud point,

lubricity and sulfur content.

Cetane number(CN) expressed the ignition quality of the digsel. High quality
of diesel fuels must have high value of cetane rarmbhe higher the cetane number, the
greater the fuel's tendency to ignite. As the dies®ine dispenses with an externally
supplied ignition spark, the fuel must ignite s@o@ously (auto-ignition) and with
minimum delay (ignition lag) when injected into thet, compressed air in the combustion

chamber.

Boiling point means the boiling range of a fuel is the tempeeatange at which
the fuel vaporizes, depends on its composition.dGtiesel fuels must have relatively low
final boiling point. A low initial boiling point miees a fuel suitable for use in cold weather,
but also means a lower cetane number and poorchriirproperties. This raises the wear

risk for central injection units. If the final boil point is situated at high temperatures, this
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can result in increased soot production and noegalkeng (deposit caused by chemical
decomposition of not easily volatized fuel congittion the nozzle cone, and deposits of

combustion residues. For this reason, the findifgppoint should not be too high.

Fuel's viscosityis a measure of a fuel’s resistance to flow duaternal friction.
Leakage losses in the fuel-injection pump resutligsel-fuel viscosity is too low, and this
in turn results in performance logduch higher viscosity causes a higher peak injectio
pressure at high temperatures in non-pressureatglubystems. For this reason, mineral
oil diesel may not be applied at the maximum peediprimary pressure. High viscosity
also changes the spray pattern due to the formafiderger droplets. Besides that, Diesel
fuel with viscosity which is either too high or tdow can cause serious damage to the

engine’s injection system.

Cloud point is the temperature at which fuel turns cloudy wwklat. When the fuel
temperature drops to the fuel's cloud point, paratbixes that occur naturally in diesel fuel
crystallize and cling together, making the fuel @gpcloudy. This is known as “waxing”
and, if not prevented, can clog filters and stoel filow to the engine. Clouding can be
combated by using fuels with a lower cloud poimgyiding heat to the tanks, or including
a cloud point improver to the fuel. This improveparates the clinging wax particles so
they can pass through the fuel filters. Some orhganies produce special winter grade
fuels for cold weather operation.

Lubricity is the other features of diesel fuels. In ordereiduce the sulfur content
of diesel fuel, it is hydrogenated. In additiorréonoving sulfur, the hydrogenation process
also removes the ionic fuel components that aididabon. After the introduction of
desulfurized diesel fuels, wear-related problematesti to occur on distributor fuel-
injection pumps due to the lack of lubricity. Asesult, they were replaced by diesel fuels
containing lubricity enhancers. Lubricity is measiin a High-Frequency Reciprocating
Rig (HFRR method). A fixed, clamped steel ball i®und on a plate by fuel at high

frequency. The magnitude of the resulting flattgnare the Wear Scar Diameter (WSD)
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measured in um, specifies the amount of wear, lansl @ measure of fuel lubricity. Diesel
fuels complying with EN 590 must have a WSDB<agf60 pum.

Sulfur content is the main problems of diesel fuels. Diesel fuelntain
chemically bonded sulfur, and the actual quantidepend on the quality of the crude
petroleum and the components added at the refidanparticular, crack components
mostly have high sulfur contents. Good diesels fuwelst have low sulfur content. To
desulfurize fuel, sulfur is removed from the middlistillate by hydrogenation at high
pressure and temperature in the presence of gsatéhe initial by product of this process
is hydrogen sulfide (b8) which is subsequently converted into pure sulBesides that,
exhaust gas treatment systems foryN@d particulate filters use catalysts. They muat r

on sulfur-free fuel since sulfur poisons the actagalyst surface.

Table 2.1 European Standard EN 590. Selected requirementiidsel fuels

Criterion Parameter
Cetane number >55
Cetane index >46
CFPP in six seasonal categories, max +5...-20 (°C)
Flash point >55 (°C)
Density at 15°C 820...845 (kgfin
Viscosity at 40°C 2.00...4.50 (nfvs)
Lubricity <460 (um [wear scale diameter])
Sulfur content <350 (until 12/31/2004¥50 (low)

Source: Daniel J. Holt (2004)
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Table 2.2 Typical High And Low Heat Values for APl (Americdetroleum Institute)

Rated Diesel Fuels

Gravity » _ Weight fuel High heat value  Low heat value
Specific gravity at 60°F
(°API) (Ib/gal) Btu/lb Btu/gal Btu/lb Btu/gal
44 0.8063 6.713 19860 133500 18600 125000
42 0.8155 6.790 19810 134700 18560 126200
40 0.8251 6.870 19750 135800 18510 127300
38 0.8348 6.951 19680 137000 18460 128500
36 0.8448 7.034 19620 138200 18410 129700
34 0.8550 7.119 19560 139400 18360 130900
32 0.8654 7.206 19490 140600 18310 132100
30 0.8762 7.296 19420 141800 18250 133300
28 0.8871 7.387 19350 143100 18190 134600
26 0.8984 7.481 19270 144300 18130 135800
24 0.9100 7.578 19190 145600 18070 137100
22 0.9218 7.676 19110 146800 18000 138300
20 0.9340 7.778 19020 148100 17930 139600
18 0.9465 7.882 18930 149400 17860 140900
16 0.9593 7.989 18840 150700 17790 142300
14 0.9725 8.099 18740 152000 17710 143600
12 0.9861 8.212 18640 153300 17620 144900
10 1.000 8.328 18540 154600 17540 146200

Source: Daniel J. Holt (2004)
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Table 2.3 Diesel in Malaysia-Typical (2004)

Unit A B C D E F
Density Kg/L 0.8500 0.8257 0.8491 0.8180 0.8499 0.8526
Cetane Number - 554 66.8 551 653 557 554
Distillation, T90 °C 358.4 357.2 364.9 3524 366.6 368.8
Distillation, T95 °C 376.2 376.9 384.1 3709 383.0 384.0
Sulphur Content ppm 2800 300 500 200 260 260

Source: Harlina (2006)

2.4  WASTE PLASTIC DISPOSAL (WPD) FUEL

From M. Mani et al. (2009), explained about theréasing of energy demand, and
depletion of oil resources have led the researcteefind alternative fuels for internal
combustion engines. Plastics are produced fronoleetm derivates and are composed
primarily of hydrocarbons but also contain addigiv&ich as antioxidants, colorants and
other stabilizers. The purpose of this experimenbistudy the performance, emission and
combustion characteristics of a single cylindeurfstroke, air cooled DI diesel engine run
with waste plastic oil. The kinds of plastic mad¢siuse in the experiment are Polyethylene,
Polypropylene, Teflon, Nylon and Dacron. The predbst is included is crushing, cutting,
shredding and pyrolysis process which produceddoatbons with small molecular mass
such as ethane that can be separated by fractstillation and used as fuels and
chemicals. The experimental results have showeddesperformance with brake thermal
efficiency similar to that of diesel. Carbon diogichnd unburned hydrocarbon were
marginally higher than that of the diesel baseliffee toxic gas carbon monoxide emission
of waste plastic oil was higher than diesel. Smadriced by about 40% to 50% in waste

plastic oil at all loads.
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Table 2.4:Comparison of Waste Plastic Oil and Diesel Fuelr@ttaristic

Propert Waste plastic ¢ Diese

Density @ 30°C in (g/cc) 0.835¢ 0.84(

Ash content (%) 0.0002: 0.04¢

Gross calorific value (kJ/kg 44,34( 46,50(
Kinematic viscosity, cst @ 40C 2.52 2.C
Cetane number 51 55
Flash point (C) 42 5C
Fire point (°C) 45 56
Carbon residue (%) 82.4¢ 26

Sulphur content (%) 0.003( 0.04¢
Distillation temperature ("C) @ 85% 344 32¢
Distillation temperature (°C) @ 95% 362 34C

Source:M. Mani (20090

From Guang-Hua Zhang et al. (2006), explained abourent situation of recycling
waste plastics and technology of converting wakdstigs into oil in China. In a review of
environmental protection and reduction of non-regation resource, recycling technology
for converting to oil from plastic wastes has dramuach attention in China. The process of
pyrolysis and pyrolysis-catalytic upgrade methosd been evaluated in terms of technology
and economics. The purpose of pyrolysis is to ptedue paraffin and crude oil from the
plastic wastes in the 1990s in China. The smallesicprocess is featured by facilitation,
convenience and low equipment investment. The systansists of feed-supply, pyrolysis
reactor, fractionating tower, heating and tempeeatontroller and device for filling the
plastics into the pyrolysis reactor. The purpos@ywblysis-catalytic upgrade method is to
upgrade by catalyst for the crude products gaifiéds is because total yield of fuel oil
with pyrolysis is still lower and the quality oflas not satisfied as gasoline and diesel oil.
To constructed a plant for converting waste plasticoil, the are the conditions that must

to investiged such as collecting system, transportadistance of waste plastics, sorting
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method and controlling over secondary pollution.atidition, the commercialization and

area of research on this technology in China avpgeed.
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Figure 2.3 Consumption of plastics in China

SourceGuang-Hua Zhang (2006)
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Ejaz Ahmad et al. (2009) explained that the prowegsives catalytic degradation
of waste plastic into fuel range hydrocarbon liketrpl, diesel and kerosene. Catalytic
degradation offers considerable benefits as cordptorethermal degradation and other
methods used. A catalytic cracking process inctwhwaste plastic were melted and
cracked in the absence of oxygen and at very tagiperature, the resulting gases were
cooled by condensation and resulting crude oil reasvered. From this crude oil, various
products petrol, diesel and kerosene can be oltdigedistillation. This process mainly
consists of four units which ieacting vessel or reaction chambercondensation unit
receiving unit and distillation unit. The degradation of waste plastic except polyvinyl
chloride (PVC) and polyethylene terephthalate (P&/@r two commercial grade cracking
catalysts, containing 20% and 40% ultra stable Wlitee was studied in a semi-batch
reactor. Also the effect of polymer catalyst ratvas studied on the formation of liquid
hydrocarbons. The best results were obtained wbmgr catalyst ratio was 4:1 and after
this ratio the liquid yield decreases. Furthermalternate method for disposal of waste
plastic is also studied. And the results of thiscess are found to be better than other

alternate methods which are used for the dispdsaaste plastic.
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Table 2.5 Properties of crude oil obtain@dhen zeolite type 5A is mixed with catalyst &
kept in receiver and product is filtered)

Properties Regular gasoline Fuel extracted from waste plastic
Color, Visual Orange Pale Yellow
Specific Gravity at 280°C 0.7423 0.7254
Specific gravity at 150°C 0.7528 0.7365
Gross Calorific Value 11210 11262
Net Calorific Value 10460 10498
API Gravity 56.46 60.65
Sulphur Content 0.1 0.002
Flash Point (Abel)°C 23.0 22.0
Pour Point °C <-20 <-20
Cloud Point°C <-20 <-20
Existent Gum, gm/n? 40 36
Reactivity with MS Nil Nil
Reactivity with CI Nil Nil
Reactivity with Al Nil Nil

SourceEjaz Ahmad (2009)

Osami Nishida et al. (2001) explained that wastestid disposal oil or blending
pyrolitic oil produced from household and indudtpéastic wastes with marine heavy fuel
oil reduces the viscosity of the heavy oil sigrafitly. Till now, the fuel oil used aboard sea
going vessels has low grade heavy fuel oil (HFO)ctwvhs have (density = 1.0g/cm3,
kinematic viscosity = 177 cSt at 50) which requismplicated heating systems and
excessive heating energy. This study proposes ausewor the heavy fuel oil, on which
the engine could operate without heating. It is thixing of heavy fuel oil with oil
thermally processed from waste plastics or calleas/ Plastic Disposal or WPD. This
paper reports the result of application of nonleeadPD-mixed HFO to diesel engines
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including inspection of the engine performance arbaust gas characteristics. From the
experiment, the result showed that WPD mixing ratio 20% volume reduces the
experimental heavy fuel oil viscosity 90 % from 143t to 20 ¢St at 50. The blended oil
has been applied to a 4 stroke diesel engine (i€power, 2200rpm) without preheating
the oil. The experiment on the engine with non-pegtd blended oil has proved the stable
performance of the engine. This would lead to tgaiicant reduction of fuel heating cost.
Although NQ, emission slightly increases, the emission of paldite matters (PM), dry
soot (DS) and soluble organic fraction (SOF) deswedy half at the mixing ratio of 30%

volume.

Table 2.6 WPD Properties

ltem Unit Value
Density g/cm 0.939
Kinematic Viscosity mrfis (cST) 1.189
Ignition Point °C 30.5
Styrene Monomer % 63.9
Styrene Dimer % 11.5
Styrene trimer % 5.7
Component Toluene % 2.2
Ethyl benzene % 1.4
a Methyl styrene % 2.2
Others % 131

Source:0Osami Nishida (2001)
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From E. Sugiyama et al. (1999), explained aboutelbgv system for oil
reclamanation with municipal waste plastic mater&hce 1997, they have collected data
commercial plant. In the process of this systentait dechlorine polyvinyl chloride and
produce oil. From the fact, it is known that by rthal cracking, thermoplastic can be
recovered to oil. This is because thermal degradatias been regarded as one of the
measures. This system consist of seven processprobess is pelletizing, dechlorination,
degradation, oil refining, HCI treatment, exhauss$ ¢reatment, and waste water treatment.
In pelletizing process, shredded and dried wasastigl pelletized to dia 6 x 10mm of
pellets whose bulk density is approximately 0.4déchlorination process, chlorine contain
in PVC becomes gaseous HCL at the extruder andrg¢lsels. In degradation process,
dechlorinated plastics is heated up to approximatd®PC and changed to gaseous
products and residue. In oil refining process, iaayas derived from the top of fractiometer
is send to the offgas scrubber where it is neatdliand treated. In HCI treatment process,
guenching water absorb gaseous HCL and circulatgttiie purity of HCL is in design. In
exhaust gas treatment process, exhause gas frooth&eprocesses is disposed to the air
through a burner, In waste water treatment procgaste water of each process is carried

to this process and disposed to a sewerlijne pftayer treatments.

Waste Plastic Pelletizing

A 4

A 4

Dechlorination |—»{ Degradation

Oil Refining @

\ 4 \ 4 \ 4
HCL Treatment

Exhaust Gas Treatment

A 4

A 4

Waste Water Treatment

A 4

Figure 2.6 Process Flow Chart

Source: E. Sugiyama (1999)
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2.5 EXHAUST EMISSION CHARACTERISTICS

Pulkrabek W.W (2003) stated that during the 19%0s,smog problem increased
along with the population density and automobilesity. It was recognized that the
automobile was one of the major contributors to ghablem, and by the 1960s emission
standards were beginning to be enforced in Calidormuring the next decades, emission
standards were adopted in the rest of the UnitateStnd in Europe and Japan. By making
engines more fuel efficient, and with the use ohaast aftertreatment, emissions per
vehicle of HC, CO and NQwere reduced by about 95% during the 1970s an@isl9&ad,
one of the major air pollutants, was phased owt &gl additive during the 1980s. More
fuel-efficient engines were developed, and by t8@0% the average automobile consumed
less than half the fuel used in 1970s. Howeverlinduihis time, the number of automobiles
greatly increased, resulting in no overall decressduel usage. In 1999, petroleum
consumption in the Unites States amounted to 18366c, a large percentage of which

was fuel for internal combustion engine.

2.5.1 Oxides of Nitrogen (NG)

Exhaust gases of an engine can hawe @p00ppm of oxides of nitrogen. Most of
this will be nitrogen oxide (NO), with a small anmiwf nitrogen dioxide (N@), and traces
of other nitrogen-oxygen combinations. These argg@uped together as N@vhich x
representing some suitable numbers.xN6a very undesirable emission, and regulations
that restrict the allowable amount continue to lbeeanore stringent. Released N@acts

in the atmosphere to form ozone and is one of tAmtauses of photochemical smog.

NQ is created mostly from nitrogen in the air. Niteogcan also be found in fuel
blends, which may contain trace amounts ons, \MC, and HCN, but this would contribute
only to a minor degree. There are number of possazctions that form NO, all of which
are probably occurring during the combustion pre@xl immediately after. These include
but are not limited to,
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O+N,—> NO+N
N+O,—» NO+O
N + OH—> NO +H

NO, in turn, can then further react to form Ny various means, including the following:

NO + HO — NQ+ H;
NO+O — NQ+O

Atmospheric nitrogen exists as a staltomic molecule at low temperatures, and
only very small trace amounts of oxides are fouthalwever, at the very high temperatures

that occurs in the combustion chamber of an engiome diatomic nitrogen (N), which is
reactive:

Concentration of NOx (kg/m')

Figure 2.7: Generation of NQin an engine as a function of combustion time

Source: Pulkrabek W. W (2003)
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2.5.2 Carbon Monoxide (CO)

Carbon monoxide, a colorless, odorless, poison@ss ig generated in an engine
when it is operated with a fuel-rich equivaleniaga¥When there is not enough oxygen to
convert all carbon to CQO some fuel does not get burned and some ends upQas
Typically, the exhaust of a spark ignition engindl vbe about 0.2% to 5% carbon
monoxide. Not only is CO considered an undesiraphéssion, but it also represents lost
chemical energy that was not fully utilized in tkagine. CO is a fuel that can be

combusted to supply additional thermal energy:

CO+%Q —» CQ+heat

Maximum CO is generated when an engures rich, such as when starting or
when accelerating. Even when the intake air-fueltune is stoichiometric or lean, some
CO will be generated in the engine. Poor mixing;alorich regions, and incomplete
combustion will create some CO.

A well-designed S| engine operatinglemideal conditions can have an exhaust
mole fraction of CO as low as $0CI engines that operate in a lean manner overall
generally have very low CO emissions.
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Source: Pulkrabek W.W (2003)

2.5.3 Carbon Dioxides (CQ)

At moderate levels of concentration, carbon diexid not considered an air
pollutant. However, it is considered a major grerrge gas and, at higher concentrations,
is a major contributor to global warming. €@ a major component of the exhaust in the
combustion of any hydrocarbon fuel. Because ofdgtmving number of motor vehicles,
along with more factories and other sources, theus of carbon dioxide in the
atmosphere continues to grow. At upper elevatiomsthe atmosphere, this higher
concentration of carbon dioxide, along with otheeaphouse gases, creates a thermal
radiation shield. This shield reduces the amounthefmal radiation energy allowed to

escape from the earth, raising slightly the averageh temperature. The most efficient
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way of reducing the amount of GGs to burn less fuel (i.e., use engines with highe
thermal efficiency)

2.5.4 Formation of Sulfur

Many fuels used in CI engines contain small amouwftsulfur, which, when
exhausted contributes to the acid rain problemhefworld. Unleaded gasoline generally
contains 150-600ppm sulfur by weight. Some dieselsf contain up to 5000 ppm by
weight, but in United States and some other coemsulfur content is restricted by law to a

tenth of this value or less.

At high temperature, sulfur combines with hydrogeriorm HS and with oxygen
to form SQ:
Ho+S—> KS
O,+S—» S©

Engine exhaust can contain up to 20ppm of 8@n combines with oxygen in the
air to form SQ@:
2S0+0,—>» 2S0E

These molecules combine with water vapor in tineoaphere to form sulfuric acid

(H2SOy) and sulfurous acid (3%$0;s), which are ingredients in acid rain:

SG; + HHO —» HSOs
SO +H,O —>» HSO;

Many countries have laws restricting the amourdusfur allowed in fuel, and these
laws are continuously being made more stringentiriguthe 1990s, the United States
reduced acceptable sulfur levels in diesel fuehf@05% by weight to 0.01%. The amount

of sulfur in natural gas can range from small (Syveelarge (sour) amounts. This can be a
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major emissions problem when this fuel is usednriG engine or any other combustion

system.

When the allowable sulfur level in diesel fuel iesered, a new problem surfaced
in Cl engines. It was found that the fuel with véow levels of sulfur lost its lubricating
ability, resulting in sticking fuel pumps and injecs. In addition, there was abnormal wear
on cylinder surfaces and rapid pressure buildugame particulate traps. To overcome
these problems, additives are put into low-sulfuel§. These additives include aliphatic

ester derivatives and carboxylic acids.

A more serious effect of sulfur, in addition to mgiharmful emission, is that it
poisons most emissions after treatment systemslySatmaterials in catalytic converters

and regenerating particulate traps deteriorateaemtesence of sulfur, lead of phosphorus.
2.5.5 Particulates

The exhaust of Cl engines containgdscdirbon soot particles that are generated in
the fuel-rich zones within the cylinder during tbembustion. These are seen as exhaust
smoke and are an undesirable odorous pollution.ifax density of particulate emissions
occurs when the engine is under load at WOT. At toindition, maximum fuel is injected
to supply maximum power, resulting in a rich miew@nd poor fuel economy. This can be
seen in the heavy exhaust smoke emitted when la dru@ilroad locomotive accelerates up

a hill from a stop.

Soot particles are clusters of solid carbon sghefbese spheres have diameters
from 10nm to 80nm (1nm = TOm), with most within the range of 15-30 nm. Théeyes
are solid carbon with NC and traces of other coreptsrabsorbed on the surface. A single

soot particle will contain up to 4000 carbon spkere

Carbon spheres are generated inceingbustion chamber in the fuel rich-rich

zones where there is not enough oxygen to conilerardoon to CQ:
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CHy+z20Q —» aC@+bHO+cCO+dC(s)

Then, as turbulence and mass matmminue to mix the components in the
combustion chamber, most of these carbon partfzidssufficient oxygen to further react

and consumed to GO

C(s)+Q — CQ

Over 90% of carbon particles oradly generates within an engine are thus
consumed and never get exhausted. If Cl engine® weroperate with an overall
stoichiometric air-fuel mixture, instead of the oalélean mixture they do operate with,

particulate emissions in the exhaust would far ed@cceptable levels.

Up to about 25% of the carbon in soot comes frobritating-oil components,
which vaporize and then react during combustione Tést comes from the fuel and
amounts to 0.2-0.5% of the fuel. Because of thé legmpression ratios of Cl engines, a
large expansion occurs during the power stroke, thedgases within the cylinder are
cooled by expansion cooling to a relatively low parature. This causes the remaining
high-boiling components found in the fuel and lahkting oil to condense on the surface of
the carbon soot particles. This absorbed portiothefsoot particles is called the soluble
organic fraction (SOF), and the amount is highlgetelent on cylinder temperature.

At light loads, cylinder temperatures are redueed can drop to as low as
200°C during final expansion and exhaust blow doumder these conditions, SOF can be
as high as 50% of the total mass of soot. Undeerotiperating conditions when the
temperatures are not so low, very little condensiogurs and SOF can be as low as 3% of
total soot mass. SOF consists mostly of hydrocatimmponents with some hydrogen,
SO,, NO, NG and trace amounts of sulfur, calcium, iron, siicand chromium, while

lubricating-oil additives contain zinc, phosphoauml calcium.
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Particulate generation can be reduced by engisgend control of operating
conditions, but quite often this will create otlalverse results. If the combustion time is
extended by combustion chamber design and timimgralp particulate amounts in the
exhaust can be reduced. Soot particles originalyegated will have a greater time to be
mixed with oxygen and combusted to £®lowever, a longer combustion time means a
high cylinder temperature and more N@enerated. Dilution with EGR lowers NO
emissions, but increase particulate and HC emissibligher injection pressure gives a
finer droplet size, which reduces HC and parti@latmission, but increases cylinder
temperature and NGmissions. Engine management systems are progrénonmeinimize
NOy, HC CO and particulate emissions by controllingitign timing, injection pressure,
injection timing and/or valve timing. Obviously cpnomise is necessary. In most engines,
exhaust particulate amounts cannot be reducedceptable levels solely by engine design
and control.

SMOKE (BOSCH}

Figure 2.9: Nitrogen oxide (NG)-smoke (particulates) trade-off at various engine

operating conditions

Source: Pulkrabek W.W (2003)



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

This chapter will describe further on the experimghich is analyzing the exhaust
emission due to usage of waste plastic disposalD)MBel compared to diesel fuel for
diesel engine. In order to complete the experimemtthodology is one of the most
important things that need to be considered. Thectie for methodology is to make sure

that the project will run according to schedule dahd data obtained can be analyzed

properly.

In this chapter, all the details and related dismrs on the process that involve in
the project are described. There is a flow charnore specifically Gantt chart that shows
all the process timeline. Both charts explainedegingle step that is followed to ensure
that the objective of the project can be succelgshdhieved. The steps will start with

literature finding until submitting the completeoat.
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Figure 3.1 Flow chart
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3.3 FLOW CHART DESCRIPTION

The flow chart shows every single step that require order to complete this
project and as a guideline. In the beginning, ttegepts start with receiving the title of the
project, understanding the title, determining thejgxt objectives, scopes and the project
background. After that, literature review needdéocompleted. All related source such as
books, journals, research through internet are tsedmplete literature review. Based on
literature review, all the related information abdhe project is understood about the
project. Data and information that had been creaefdre can be used to gain idea and

additional information.

Then the methodology of the project which is sthty analyzing the supply and
demand of plastic waste in Malaysia begins. Thee@ss is to identify either supplying of
plastic waste enough for this project or not. Tlaadof waste plastic is obtained from
journals and websites. The next procedure is relesyout alternative fuel which is WPD
fuel. This study is based on the journals of cotimgrplastic waste into diesel fuel. From
the journals, the characteristics of WPD fuel wharle derived from experimental data
conducted by researchers are obtained. After camgléhe study about the characteristics

of WPD fuel, the presentation slide for Final Y®@aoject 1 presentation is prepared.

For Final Year Project 2, methodology continuedhvitie setup of the engine for
the experiment and determining the appropriate quoe for the experiment. After
finishing the setup process, the experiment is gotedl to analyze the exhaust emission
and fuel consumption for the usage of both fuele @ata taken from the experiment are
analyzed. If the results fulfill the scopes andeahives of the experiment, the next step
which is compilation is preceded. If the results satisfy the objectives and scopes, the
experiment is repeated to get the desired resutthwh satisfied the scope and objective of
the project. After completing the analysis of exdtaamissions and fuel consumption,
compilation of the data must be done. This stepudes compilation of data from chapter

one until five which are introduction, literatureview, methodology, analysis with
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discussion and conclusion. Then the presentatida &r Final Year Project 2 Presentation

is prepared.

3.4  LITERATURE ANALYSIS

Literature analysis is a combination and elabornatibthe literature review that are
made according to journals and also the analysis ittvolved in the previous research.
Before start the project is started, it is importtnunderstand first the project objective
which is analyzing the exhaust emission for theirmghat using WPD fuel compared to
diesel fuel. In order to understand that, the lb@st precise information must be gathered
from the right source. So, there are several waysmethods of source to obtain all the

information required such as internet, books / elopedia and Project supervisor.

3.4.1 Internet

Internet is the simplest and easiest way to geirttoemation related to the project.
By using internet, many journals in form of teclatipaper that have been written by
previous researcher can be found. It is a resplengibchoose the best among the journals
to get the correct information needed since thezd@ many journals. Not all information
from the internet can be trusted, so the data festompared to the relevant books in

order to get correct and accurate information.

3.4.2 Books / Encyclopedia

Books and encyclopedia are the most trustable agxise source of information.
It is because the book is written by professiomal afficially qualified engineer which are
very well-known in related course. To look for thisd of source, library or book shop is
suitable place. All the data such as analysis, eptscand calculation method can be found
in the book.
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3.4.3 Project Supervisor

Not all the information that obtained from theeimtet, books and encyclopedia can
be easily understood and precise to the project. pBmgject supervisor advice is very
important to finalize the information obtained améke sure that all the information is
correct to be put in the project report. So, distus with supervisor which is lecturer that
is specifically expert in the project scope willaall problems that could not be found the
answer in other reference. Furthermore, discussitin supervisor can generate new idea

for the project research beside make the reseancé atear and understandable.

3.5 ENGINE RIG DESIGN

Before proceed to the experiment, there are sewe@drtant part that need to be
finished such as engine rig. The design must hsehied first before proceed to fabrication
process. For the design, SOLIDWORK software is u$beé dimension must be larger than

size of YANMAR single piston engine because it Wil use as a base for that engine.

Figure 3.2 Engine Rig Design
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3.6 TOOLS

This project based on experimenting method andsed on analyzing the exhaust
emission and analyzing the fuel consumption usimg tifferent type of fuel which is
diesel fuel and waste plastic disposal fuel. Theee many tools that have been used in
order complete the fabrication process such as diser, MIG welding, hand drill and
hand grinder. Disk cutter is used to cut all theamals such as hollow mild steel while
MIG welding is used to assemble all the part thidltlve used in the experiment, hand drill

is used to make a hole and hand grinder is useziiove the burr after cutting process.

Figure 3.3 Disk Cutter Figure 3.4 MIG Welding

Figure 3.5 Hand Dirill Figure 3.6 Hand Grinder
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3.7 FABRICATION

Fabrication is the important process that needsetfinished before proceeding to
the next step. There are several parts that nebe fabricated in order to complete this
experiment such as engine rig, display panel tablk, exhaust manifold and exhaust gas

trap.

3.7.1 Engine Rig

After finished the engine rig design, the fabiimatprocess can be precede. The

material used to fabricate this engine rig is helloild steel which the dimension is 2in x
2in.

Engine Rig

Figure 3.7. Engine Rig

3.7.2 Table

This table is used as the base to put the dig@agl. The purpose of this table is to

make sure that our reading can record properly.niaterial used is mild steel and

plywood.
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Table

Figure 3.8 Table

3.7.3 Exhaust Manifold

Exhaust manifold have been modified to make suheamocouple hole and a valve

can be installed, so that the exhaust gasses candbged from the valve.

Valve

Thermocouple Hole

Figure 3.9 Exhaust Manifold

3.8 APPARATUS

3.8.1 YANMAR Engine

The engine that is used for this experiment is YANRITF 120. This is single

cylinder diesel engine.
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Figure 3.10 YANMAR Diesel Engine

3.8.2 Exhaust Gas Particle Trap

Diesel engine produces soot as a product of cotioioudf this soot entered the
exhaust analyzer, it will cause the exhaust analggbe damage.The exhaust gas particle
trap functioned to avoid the soot from reaching the eshanalyzer. It worked by cooling
the exhaust gas through the “water jacket” along tibe that the exhaust gas going
through, causing the particle in the exhaust gasihg energy and become heavier, and the
particle will drop to the bottom of the beaker that as a trap. The diagram of the exhaust

gas particle trap is shown below:

=)

Water Jacket

Pump

Figure 3.11 Water Reservoir Tank Figure 3.12 Exhaust Gas Particle Trap
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3.8.3 Fuel Flow Rate Analyzer

The fuel flow meter that is used in this experimsnfrom AIC — 1204 HR 2000

model, with board computer from BC 3033 model. pleture is shown below:

Swwy = L
=

N rmw fawa ¥4

= I o

Figure 3.13 Fuel Flow Rate Board Computer

3.8.4 Exhaust gas temperature sensor

The exhaust gas temperature is measured usingdgheuple and the temperature is

shown by the display unit. Thermocouple is placedha exhaust manifold as shown

below:

Figure 3.14Thermocouple Figure 3.15 Temperature Display Unit
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3.8.5 Exhaust Gas Analyzer

The exhaust gas is analyzed using exhaust analyher.model that is used is
Hand Held 4 & 5 Gas Analyzer Auto 4-2 & Auto 5-2 deb The picture of the exhaust gas

analyzer is shown below:

Figure 3.18 Exhaust Gas Analyzer

3.8.6 Engine Speed Sensor

The engine speed sensor is used to measure tlemicangine speed. The model
used is model 461957 photoelectric sensor andigpdag unit are from model 461950
panel tachometer. Photoelectric sensor is attaichtge engine rig to enable the speed of
the engine to be measured. A marking have been atatlie engine’s flywheel to enable
the RPM sensor to detect the engine speed. Thariof the RPM sensor and the panel

tachometer unit are shown below:
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Sensor

Figure 3.17 Photoelectric Sensor Figure 3.18 Panel Tachometer

3.9 FUEL

There are two types of fuel used in this experinvenich is diesel fuel and waste

plastic fuel.

3.9.1 Waste Plastic Fuel

Figure 3.19 Waste Plastic Fuel
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3.9.2 Diesel Fuel

Figure 3.20:Diesel Fuel

3.10 EXPERIMENT PROCEDURE

3.10.1 Fuel consumption analysis

At the beginning, the engine speed is set to b® 1&@olution per minute (rpm).
The time taken for the engine to consume 100mluef is taken and the fuel consumption
can be determined manually by dividing the 100mlfugfl by the time taken to consume
100mL of fuel. Using flow rate meter, the amountfuél consumed for 5 minutes can be
determined directly from the board computer undéttlisplays the amount. The fuel
consumption also can be determined by dividingatineunt of fuel consumed by 5 minutes
of time taken. The value that is obtained througthbmethods can be compared. The unit

for the fuel consumption is liter/hour (L/hr)

The engine speeds then are variable to 1500rp@0rfih, 1900rpm and 2100
rpm and the same procedures are repeated. Theiragpéthen is continued with waste
plastic disposal fuel. All the data obtained aréedi in the table. The graph of fuel

consumptions for both fuel usages are plotted antpared.
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3.10.2 Emission analysis

At the beginning, the engine speed set to be 1h@0iThe exhaust gas that is
come out from the exhaust valve is collected ugipg and the smoke is let through the
exhaust particle trap. The water jacket arouncettieaust pipe will cause the particle to fall
at the bottom of the trap. The “clean” exhaust thas will enter the exhaust analyzer and
the content of the exhaust gas will be analyze@. aihount of the content can be measured

directly from the exhaust analyzer display unit.

The engine speeds then are variable to 1500rp0Qrfifh, 1900rpm and 2100rpm
and the same procedures are repeated. The expetimans continued with waste plastic
disposal fuel. All the data obtained are filled time table. The graph of exhaust gas

emissions for both usages of fuel are plotted amipared.



CHAPTER 4

RESULT AND DISCUSSION

4.1 INTRODUCTION

This chapter presents results of this project amthér the results are discussed in
detail. In this project, the results are obtaingdibing experimental method which analyze
emission characteristics and fuel consumption orNMAR single piston diesel engine.

The recommendations for this project will be disagsin the next chapter.

4.2 FUEL CONSUMPTION

Table 4.1shows the data of fuel consumption for both fuelges which is diesel
fuel and waste plastic fuel. From the data, it tyeahows that the maximum fuel
consumption for both fuel usages is at the maxinemgine speed which is 2100RPM and
the minimum value of fuel consumption is at the imim engine speed which is
1100RPM.

Table 4.1: Fuel Consumption

Diesel Fuel Waste Plastic Fuel
Flow Rate (L/h) | Flow Rate (L/h)
1100 0.216 0.240
1300 0.264 0.300

Engine Speed (RPM)
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1500 0.324 0.348
1700 0.396 0.420
1900 0.456 0.492
2100 0.540 0.588
0.7
0.6
E 0.5
E‘: 0.4
2
£
2 03
5 —o—Diesel Fuel
3 o) —8—WPD Fuel
=1 .
0.1
0 T T T T T 1
1100 1300 1500 1700 1900 2100
Engine Speed (RPM)

Figure 4.1: Graph of Fuel Consumption Vs Engine Speed

Figure 4.1clearly shows that the fuel consumption for wadtest fuel usage is
lower than diesel fuel. The maximum and minimumueabf fuel consumption for diesel
fuel usage is 0.540L/h and 0.216L/h. The maximund aninimum value of fuel
consumption for waste plastic fuel usage is 0.58&dd 0.240L/h. The maximum value of
fuel consumption for both fuel usages is at higlregine speed while the minimum value is
at lower engine speed. The average fuel consumfitiowaste plastic fuel usage is higher
than diesel fuel by 8.74%. It means diesel fudbagter in fuel consumption than waste
plastic fuel. The value of fuel consumption is &se due to engine speed because higher
engine speed produces more combustion that reswte fuel needed to make sure

combustion will occur properly.
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43 EMISSION

4.3.1 NQ

160

140 \ —&—Diesel Fuel
120 \\ —fi—WPD Fuel
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) \\\.;\\fq
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60
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40

20

1100 1300 1500 1700 1900 2100
Engine Speed (RPM)

Figure 4.2: Graph of Emission (NQ Vs Engine Speed

Figure 4.2shows the graph of oxides of nitrogen (N@mission versus engine
speed. At the maximum engine speed which is 2100RR&Ivalue of NQfor diesel fuel
is 78 parts per million (ppm) and 66ppm for washaspc fuel. At the minimum engine
speed which is 1100RPM, the value of Nér diesel fuel is 134ppm while for waste
plastic fuel is 112ppm. It is clearly seen that tdmenposition of NQdue to diesel fuel
usage is higher than waste plastic fuel. The aeeddgNQ, emission from the usage of
diesel fuel is higher than waste plastic fuel by309. The trend of the graph shows that
when engine speed increases, the value gf fdCboth fuel usages is decreasing. This may
caused by the experiment condition which is thareng running without load exerted to
it. NOx emission is depending on the condition of air fued mixture which is lean or rich.
If the stoichiometry of the combustion is lean, &wWNQ, is formed. Graph shows that the

value of NQ for diesel fuel is higher than waste plastic dsgduel. This may cause by
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higher exhaust temperature due to diesel fuel usatieen temperature is higher, higher
NOy is formed.

4.3.2 NO
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120 N
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Figure 4.3: Graph of Emission (NO) Vs Engine Speed

Figure 4.3shows the graph of Nitrogen dioxide (NO) versusimagpeed. Graph
above clearly shows that the fuel composition of fdOwaste plastic fuel usage is lower
than diesel fuel usage. The average NO compoditiowaste plastic fuel usage is higher
than diesel fuel by 19.31%. At the minimum engipeesd which is 1100RPM, the value of
NO for diesel fuel usage is 128ppm while for waststic fuel usage is 107ppm. At the
engine maximum speed which is 2100RPM, the valud@femission for diesel fuel usage
is 75ppm and for tire disposal fuel usage is 63pphe graph shows decreasing value of
NO for both fuels with increasing of engine speEtis may caused by the condition of the
experiment where the engine runs with no load ereoh it, so it will run in lean condition
where that causes the NO emission that produdedves.
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433 O
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Figure 4.4: Graph of Emission (&) Vs Engine Speed

Figure 4.4shows the comparison of oxygen j@mission for tested fuels. Graph
above clearly shows that the, @mposition for waste plastic fuel usage is lowsant
diesel fuel usage. The maximum value of oxygen ginisis at lower engine speed which
is 1100RPM while the minimum value of oxygen enaasis at higher engine speed which
is 2100RPM. For diesel fuel, the maximum value »ygen emission value is 18.71%
volume and the minimum value is 17.98% volume. Waste plastic fuel, the maximum
value of oxygen emission value is 18.86% volume #red minimum value is 18.25%
volume. The average of,@omposition for waste plastic fuel usage is higiran diesel
fuel by 0.81%. The value of {become lower when the engine speed increased lgyoba

because when the engine speed increased, moceribines with the fuel to enable the
combustion to occur.
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434 CQ
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Figure 4.5: Graph of Emission (C§ Vs Engine Speed

Figure 4.5shows the graph of carbon dioxide (§$@mission versus engine speed.
The graph shows that the value of £fOr diesel fuel usage is higher than waste plastic
fuel. The average of Gxomposition for waste plastic fuel usage is lotham diesel fuel
by 10.94%. At the minimum engine speed, the valué@, emission for diesel fuel usage
is 1.9% volume and for waste plastic fuel is 1.78fumne. At the maximum engine speed,
the graph shows that the value of £#ission for diesel fuel usage is 2.4% volume and
for waste plastic fuel is 2.3% volume. The trendhaf graph shows that the value of 4©
increase due to engine speed. This may causedcbyasing of incomplete combustion
occur at high engine speed because do not findtbrnedergo combustion.
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Figure 4.6: Graph of Emission (CO) Vs Engine Speed

Figure 4.4shows the comparison of carbon monoxide (@@jssion for tested
fuels. Graph above clearly shows that the CO compnosfor waste plastic fuel usage is
higher than diesel fuel usage. From the graph ghibwdearly shows that the maximum
value of CO emission is at higher engine speedwisiQ100RPM while minimum value is
at lower engine speed which is 1100RPM. The maxinalue of CO for diesel fuel usage
is 0.03% volume and the minimum value is 0.01% n@uvhile the maximum value of
CO composition for waste plastic fuel is 0.05% woéuand the minimum value is 0.02%
volume. . The average of CO composition for wasdstie fuel usage is higher than diesel
fuel by 77.8%. From graph above, it shows thatwhlee of CO emission is low for both
fuel which is diesel fuel and waste plastic fuehisTis because generally, diesel or
compression ignition engines operate with lean uneg and hence the CO emission would
be low. Because of the condition of the engine ritls no load exerted on it, so it will run
in lean condition. Therefore, they do not find tineeundergo combustion which results
higher CO emission for waste plastic fuel than thesel fuel.



51

44  EXHAUST GAS TEMPERATURE
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Figure 4.7: Graph of Exhaust Gas Temperature Vs Engine Speed

From Figure 4.7, it is clearly seen that the exh&emmperature due to waste plastic
fuel usage is lower than diesel fuel. The averageast temperature due to diesel fuel
higher than waste plastic fuel is by 4.23%. At theximum engine speed which is
2100RPM, the value of exhaust gas temperatureiésetfuel usage is 150 while 145C
for waste plastic fuel. At the lower engine speddciv is 1100RPM, the value of exhaust
temperature is 98 for diesel fuel usage and ‘8for waste plastic fuel usage. The graph
above shows that exhaust temperature is increasetaluengine speed. Number of
combustion is directly proportional to the engieed. This is the answer why exhaust
temperature is increase. Higher engine speed willlyce higher heat release that will
affect the exhaust temperature. Besides thatetsons for lower exhaust gas temperatures
for waste plastic fuel are due to lower viscosityiah results a lesser penetration of the fuel
into the combustion chamber and the lesser amdurgat is developed.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

There are several conclusions that can be drawwchws YANMAR engine is able
to run with waste plastic disposal (WPD) fuel bhe £ngine needs to run by using diesel
fuel first, then followed by waste plastic dispofal and finished with diesel fuel as the
last fuel usage before the engine turned off. Imtef fuel consumption, waste plastic
disposal fuel is slightly higher than diesel fugl &74% but still suitable for daily used.
This is because the price is lower than existedallifiel. The value of oxides of nitrogen
(NOy) and nitrogen monoxide (NO) for waste plastic disgd fuel usage is lower by
19.26% and 19.31% than diesel fuel and the valueadbon monoxide (CO) for waste
plastic disposal fuel is by 77.8% higher than diésel. This may caused by using engine
with zero loads for the experiment which result thexture of fuel and air is in lean
condition. The value of exhaust gas temperaturaviste plastic disposal fuel is lower by
4.23% than diesel fuel.

5.2 RECOMMENDATIONS

For further research, this experiment can be caoetinby install the dynamometer
that will give loads to the engine which results trake power, torque of the engine can be
analyze. By installing the dynamometer, the congoaribetween diesel fuel and waste

plastic disposal fuel can be analyze clearly imtef engine performance and emission
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characteristics. Besides that, in further resedtdk, better use more accurate gas exhaust

analyzer complete with air fuel ratio (AFR) analyizeorder to improve this experiment.



54

REFERENCES

Bosch. RDiesel engine management, West Susses: John Wiley & Sons - 2005

Challen and BaranescuDiesdl engine reference book, Amsterdam: Elsevier
Butterworth Heinemann — 1999

Crouse and AnglinAutomotive mechanics- 10" Edition of Sl unit, McGraw Hill, New
York - 2001

Daniel J. Holt. 2004The diesel engine. Warrendale, PA: Society of Automotive Engineers.

DOE Fundamentals Handbook. 1988hanical Science. DOE-HDBK-1018/1-93

E. Sugiyama, H. Muta and H. Ibe. A preces of mynraitivaste plastic thermal degradation
into fuel oil.

Ejaz Ahmad, Shraddha Chadar, Satyendra Singh TamhiM. Khursheed Akram. 2009.
Catalytic degradation of waste plastic into fuel. dnternational Journal of
Petroleum Science and Technology. 3(1): 25-34

Ferguson and Colin. Rpternal combustion engines: applied thermodynamics, New
York: John Wiley & Sons, Inc - 2001

Guang-Hua Zhang, Jun-Feng Zhu and A. Okuwaki. 2606spect and current status of
recycling waste plastics and technology for conmgrthem into oil in China.
Elsevier B.V.

Harlina Firdaus Marzuki and Fazil Mat Isa. 2006e&i fuels for a clean Malaysian
environment.4th Asian Petroleum Technology Symposium Sem Reap, Cambodia.
January 18-20, 2006

Heywood,Jlnternal Combustion Engine Fundamentals :New York: McGraw-Hill. - 1988.

M. Mani, C. Subash and G. Nagarajan. 2009. Perfoceaemission and combustion
characteristics of a DI diesel engine using wadsstig oil. Applied Thermal
Engineering. 29: 2738-2744

Mohamed Osman Saeed, Mohd Nasir Hassan and M. Addjglebu. 2008. Development
of municipal solid waste generation and recyclabtenponents rate of Kuala

Lumpur. per spective study.



55

Murugan, S., Ramaswamy, M.C., Nagarajan, G. 2008l Fprocessing technology.
Journal of Performance, Emission and Combustion Studies of A DI Diesd
Engine Using Distilled Tire Pyrolysis Oil-Diesel Blends. 89 (2): 152-159

Osami Nishida, Hirotsugu Fujita, Wataru Harano, ithblai VU, Tsuyoshi Fukui, Hitomi
Saito, Norihiko Toyoshima. 2001. Application of waplastic disposals to marine
diesel engines in case of marine residual fBelletin of the JIME. 29(1).

Prof. Tay Joo Hwa. 2007. Solid Waste Managemesteds and challenges in adreport
of the APO Survey on Solid-Waste Management, 2004—05.

T.K GarretMotor Vehicle, Thirteenth edition: Butterworth Heinemann — 2001

W.W. Pulkrabek Engineering Fundamentals of the Internal Combustion Engine, Second
Edition, Pearson Prentice Hall. — 2003

Y.A. Cengel and M.A. Boleshermodynamics, an Engineering Approach, 5™ Editionin S
Units, McGraw Hill, New York. — 2009






99

ssalboud [enoy=

ssalboid paroadsu| =

uolle1uasald

uoneJsedaud uonejuasald

Josingadns ayy o1 |esodoud ay3 puas pue 319|dwo)

M3IAJ 24N3E1311| Y} 40} Supj00oT

109/04d 3y3 JO 1BYD MOJ} 9Y3 SuUIWIR1RQ

punoJgyoeq pue sadoas ‘saA3da(qo 199(oad 3yl sulwilaQg

300qgSo| 8y} pue )11 3y} 199

91

ST

14"

€T

[4)

11

ot

X939/ /S311IAIdY

T 103r0dd dVaA 1VNI4 404 1HVHD LINVO

V XIAN3ddV




LS

ssalboud enoy=

ssalboud payoadsu| =

uol1e1Uasald

uonesedaud uoneuasaid

Bunum uodai reui

Juawadxa a8yl 1onpuo)

Juawuadxa ay1 1o} ainpadoid syl aulwie1eQ

1uswadxa ayi Joj sniesedde ay) dnies

0¢

6T

8T

LT

9T

ST

14

€1

4"

11

(0]

399/\/S9NIAIDY

¢ 103rodd dV3A 1TVNIH 404 1HVHO 1INVO

g XIdN3ddv




89

L't 862 86 LT Ve c0'0 74 8L 0ST G¥0°0 4" 00T¢
'€ 8'6¢Z Vg 8T £¢ ¢0'0 LL 08 €eT 8€00 14 006T
6'¢C 2'6¢ op'8T x4 ¢0'0 08 ¥8 14" €e00 ST 0047
4 2'6¢ VG581 e ¢0'0 76 86 €TT L200 8T 00ST
gc 9'0€ G9'81 6T T0°0 70T /0T TOT ¢c00 [44 00€T
|4 9'0€ T1.°81 65'T T0°0 B8CT vET €6 8T0°0 9Z 00TT
Q) (anuiw)
(o) (3o) (1oA %) | (1oA %) | (oA %) | (wdd) | (wdd) (30) uondwnsuos qWOO0T (NdY)
Buiuadpo sinresadwa z 0 X alneladwa paads
@) 0 0o ON ON |an} abelane  |awiNsuod 0}
amoiyL usIquy seb 1sneyxy aulbu3g
uoIssIWg alnuIW G | uayel awi]

14N4 13S31d 40 1'1Ns3d

O XIdN3IddV




65

L'E T°0¢ Sg'8T £¢C 50°0 €9 99 14} 6700 TT 00T¢
g'e T°0€ SE'8T 14 £0'0 79 L9 0ET Tv0°0 €T 006T
6'¢C T°0€ 58T 6T 700 89 T.L 8TT GE00 aT 00.T
9¢ T°0€ cL'8T B'T £0'0 9. 6. L0T 6200 8T 00ST
GE'C g0¢g 0B'8T LT 200 88 Z6 86 G200 [44 00€T
T¢ 9'6¢ 98'8T LT ¢00 10T CTT 88 0200 14 00TT
() (81nuiw)

(wo) (D) (107 %) | (107 %) | (107 %) | (wdd) | (wdd) (D) uondwnsuoo | quoop | Wdd)
Buiuadpo sinresadwa ) 20 00D 0D ON ON |ainmeiadwal _wa oBeione |awnsuo o] paads

amoiyL usIquy TESIE seb 1sneyx3y aINUIL G UBYE) OULl| aulbu3

134N4 1vSOdSIa J11SV1d 31SVM 40 11NS3d

d X1dN3ddaV




Brand

Model
Displacement

Max Output
Continuous output
Fuel tank capacity
Cooling system
Starting system
Dimensions (L/W/H)

Weight

APPENDIX E

ENGINE SPECIFICATION

: YANMAR
:TF 120
: 636 cc

: 12 Bhp @ 2400rpm

: 10 Bhp @ 2400rpm
111 liter
: Water cooled, radiator

: Starter or manual cranking

1 685cm/350cm/530cm

1102 kg

60
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APPENDIX F

BOARD COMPUTER AND FUEL FLOW METER SPECIFICATION

For board computer:

Voltage supply :11to 30 VDC
Current consumption of system (U in = 24 V)

- Normal operation and standby : 40 MA

- With illumination : 60 mA

- With sensors connected : 100mA

- Supply for sensors : U out 7V

| max 40 mA

For fuel flow meter:

- Dimensions : 115 x 55 x55 mm (incl. non-ratualve)
-Weight : 0.600 kg
- Measuring range :1to 80 1I/h

- Pulse rate : 2000 ppm
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APPENDIX G

TECHNICAL SPECIFICATION OF PANEL TACHOMETER AND PHOOELECTRIC

SENSOR
Model 461950 Panel Tachometer:
Range : 510 99 990 RPM
Accuracy 0.1 (510 999.9); 1 (1000 to 9999);(10.000 to 99.990)
Display : 0.5 “(13mm) 4 digit (9999 count) LEDsgiay

Display update rate: Once per second
Power : 110/220 VAC; 50/ 60 HzH5%
Panel cutout dimensions: 3.62 x 1.77” (92 x 45mm)

Bezel dimensions :3.78 x 1.89 x 2.36” (96 x 48mfn)

Model 461957 Photoelectric sensor:

Range : Up to 6000 RPM (100 Hz)

Power :12- 24 VDC 40%; Consumption: 40 mA max
Response time :<1ms

Output : NPN transistor; Max load 80 mA

Photo beam color : Green
Photo beam wavelength  : 5500 Angstroms

Cable length : 1.8 meters



APPENDIX H

SPECIFICATION OF EXHAUST ANALYZER

Parameter Resolution|  Accuracy Range
Carbon Monoxide 0.01% | +5% of reading 0-10%
Oxygen 0.01% | £5% of reading 0-21%
Hydrocarbon 1 ppm | 5% of reading 0-5000ppm
Carbon Dioxide 0.1% 5% of reading 0-16%
Nitric Oxide 1 ppm | +4% of reading 0-5000ppm




APPENDIX |

DIESEL PLASTIC FUEL CHARACTERISTIC

Property Diese Fuel
Density @ 30C in (kg/m) 811.25
Kinematic viscositym?/s 0.000098
Cetane numb 55
Flash point C) 50
Fire point (C) 56
Carbon residue (9 26
Sulphur content (% 0.04¢
Distillation temperature’C) @ 85% 328
Distillation temperature’C) @ 95% 340

64



APPENDIX J

WASTE PLASTIC DISPOSAL FUEL CHARACTERISTIC

Property Waste Fastic Fuel
Kinematic viscosity, (kg/ff) @ 50°C 0.0000866
Total Sulphur (% 0.37
Density @ 15C in (kg/m) 924.1
Flash point {C) 64
Water by Distillation (Vol % 7.€
Pour point {C) N.D <-10
Gross Calorific Value (KJ/K( 4965:

*N.D = Not Detected



