
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by: [National Taiwan University]
On: 7 October 2009
Access details: Access Details: [subscription number 908165593]
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Journal of Environmental Science and Health, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597268

THE EMISSION CHARACTERISTICS OF A SMALL D.I. DIESEL ENGINE
USING BIODIESEL BLENDED FUELS
Yeou-Feng Lue a; Yi-Yen Yeh b; Chung-Hsing Wu a

a Department of Agricultural Machinery Engineering, National Taiwan University, Taipei, Taiwan, ROC b

Department of Materials and Textiles, Oriental Institute of Technology, Panchiao, Taiwan, ROC

Online Publication Date: 31 May 2001

To cite this Article Lue, Yeou-Feng, Yeh, Yi-Yen and Wu, Chung-Hsing(2001)'THE EMISSION CHARACTERISTICS OF A SMALL D.I.
DIESEL ENGINE USING BIODIESEL BLENDED FUELS',Journal of Environmental Science and Health, Part A,36:5,845 — 859

To link to this Article: DOI: 10.1081/ESE-100103765

URL: http://dx.doi.org/10.1081/ESE-100103765

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597268
http://dx.doi.org/10.1081/ESE-100103765
http://www.informaworld.com/terms-and-conditions-of-access.pdf


THE EMISSION CHARACTERISTICS

OF A SMALL D.I. DIESEL ENGINE USING

BIODIESEL BLENDED FUELS

Yeou-Feng Lue,1 Yi-Yen Yeh,2 and Chung-Hsing Wu1,*
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2Department of Materials and Textiles,
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ABSTRACT

Biodiesel and biodiesel blends provide low emissions without mod-
ification on the fuel system of conventional diesel engines. This study
aims to develop a new domestic biodiesel production procedure which
makes use of waste fryer vegetable oil by transesterification
method, and further investigates the emission characteristics of a small
D.I. diesel engine using biodiesel blends and diesel fuels, respectively. The
20/80 and 30/70 blends of biodiesel to diesel fuel are used in this study.
The emission characteristics include smoke emissions, gaseous emissions
(CO, HC, NOx and SO2), particle size distributions and number concen-
trations at a variety of steady state engine speed points. We have found
that diesel engine fueled with biodiesel blends emits more PM2 particle
number concentrations than those with diesel fuel, and PM2 number
concentration increases as biodiesel concentration increases. As for the
smoke and gaseous emissions, such as CO, HC, NOx and SO2, the results
favored biodiesel blends.
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INTRODUCTION

Diesel engines have been identified as a significant mobile source of both
oxides of nitrogen (NOx) and particulate matter (PM). NOx is a precursor to
ozone formation in the lower atmosphere and diesel particulate emissions
contribute to overall ambient air particulate mass. The continuing growth of
the diesel engines being used has raised a great concern about the effects,
which the NOx and PM emissions may have caused on the environment and
general public health. The entire engine industry has been devoted to the
research and development of low emission technologies, such as modified
combustion processes, improved fuel injection system, exhaust after–
treament system, or development of alternative fuels technology.

Due to increasing environmental awareness, biodiesel is gaining
recognition in the advanced nations, such as U.S.A., France and Austria,
as a renewable fuel and it may be used as an alternative to diesel fuel with
no engine modifications. Biodiesel can be made from alcohol and vegetable
oils, which are both agriculturally derived products. Biodiesel made from
such renewable resources is safer due to increased flash point, biodegrad-
able, containing little or no sulfur, tending to reduce visible smoke from
the exhaust, and an environmentally innocuous nature. Currently, biodiesel
is very expensive to make from new feedstocks. One way to reduce the cost of
biodiesel is to use less expensive feedstocks such as waste fryer oil from the
food processing industry [1–3]. Methyl esters from vegetable oils (biodiesel)
have many characteristics that make them attractive as a fuel for combus-
tion in direct injection compression ignition engines [4–6]. Compared with
diesel fuel, combustion of methyl esters was known to reduce smoke
opacity, particulate matter (PM), hydrocarbons and carbon monoxide
emissions while slightly increasing NOx emissions and delivering comparable
engine performance [2, 3, 7–9]. Likewise biodiesel/diesel blends have also
shown similar performance and emissions to diesel fuel while burned in
unmodified diesel engines [4–6]. The 20/80 and 30/70 blends of biodiesel to
diesel fuel are used in this study because they were determined to be the
optimum ratio for a biodiesel/diesel blends by many studies [3, 9, 10].

According to the aforementioned studies, it has been shown that bio-
diesel and biodiesel blends provides low emissions with much lower smoke
opacity, particulate matter (PM), hydrocarbons and carbon monoxide
emissions while slightly increasing NOx emissions and delivering comparable
engine performance without modification on the fuel system of conventional
diesel engines. Thus biodiesel and biodiesel blends provided an excellent
opportunity of emissions reduction for compression ignition engines. This
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study is then pursued to further investigate a new domestic biodiesel
production procedure, and the emission characteristics of a small D.I.
diesel engine using blends of diesel fuel and methyl ester from waste fryer
oil. The emission characteristics include smoke emissions, gaseous emissions
(NOx, CO, HC and SO2).

Particulate emissions from internal combustion engines have traditionally
been regulated solely on basis of total particulate mass emissions (g/mile for
light duty diesel vehicles or g/bhp-hr for heavy-duty diesel engines); no
reference is made either to the size or the number concentration of the
emitted particles. In response to these regulations, modern engines have
been developed to be capable of emitting much lower particle mass concen-
trations. Unfortunately, the reduction in particle mass emissions may be
accompanied by a dramatic increase in the particle number emissions of
fine particles (<2.5 mm) [11–14]. A recent report released by the Health
Effects Institute shows that a modern high-pressure direct injection diesel
engine emits at least one–order of magnitude higher number concentrations
than older technology engines [12]. An example of this is the reduction of the
total mass emissions of motor vehicles in the U.S. by a factor of about 10,
accompanied at the same time by an increase in the of number of fine
particles (<2.5mm) emitted by a factor of about 20 [14].

Recent epidemiological studies have indicated that the most dangerous
particles have diameter <2.5 mm and a more stringent standard has been
promulgated by the U.S. EPA (PM2.5). These health effects are of special
pertinence to diesel engine emissions. Particulate emissions in diesel exhausts
that range in size from small 10–30 nm spheres to clusters (agglomerates) of
these spherules with diameters up to 10 mm, are a major source of the
most hazardous aerosols [15]. ISO/CEN has developed a respirable dust
convention (ISO 7708, 1994) which defines fractions of airborne particles
in term of their likely potential to deposit in various regions within the
respiratory tract: Throacic fraction – mass fraction of inhaled particles that
penetrate the respiratory system beyond the larynx – MAD (median
aerodynamic diameter) 10mm.

Respirable fraction – mass fraction of inhaled particles which penetrate
the respiratory system to the alveolar region – MAD 4mm. ‘High risk’ respir-
able fraction – MAD 2.5mm. The size of airborne particles determines in
which parts of the respiratory tract the particles are deposited. Small airborne
particles less than 2.5mm in diameter (fine particles) have a high probability
of deposition deeper in the respiratory tract are likely to trigger or exacerbate
respiratory diseases. Small particles have also higher burdens of toxins, which
when absorbed in the body can result in health consequences other than
respiratory health effects [14].

Although a considerable amount of effort has been devoted to the
measurement and characterization of particulate emissions from diesel
engines over the past twenty years. It is only recently that there has been
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much information published about the efforts of vehicle and fuel type on
particle size [11, 13, 16–18]. All of these studies suggest those particulate
emissions from spark ignition engines and using alternative fuels (such as
CNG, dimethoxy methane additive on diesel) have the potential to signifi-
cantly impact public health and the environment. As has previously been
stated, diesel engine fueled with biodiesel blends has shown itself to be espe-
cially advantageous from both performance and emissions pionts of view.
According to the aforementioned studies, the engines with lower mass emis-
sion rate while with high particulate number concentration may have the
potential to significantly impact public health and the environment. This
study is then pursued to make an attempt on measuring particle size distribu-
tions and number density from a diesel engine fueled with biodiesel/diesel
blends at a variety of steady state speed points.

MATERIALS AND METHODS

Engine and Apparatus

A commercial small direct injection diesel engine (LA70AE–SETM) was
directly put in use in the present study without further modifications. It was a
single cylinder diesel engine with industrial application, manufactured by
Yanmar Diesel Engine CO., LTD. The specifications for this engine were
as showed in Table 1. The engine operated with 20% blend, 30% blend and
pure diesel fuels respectively, and then were investigated the exhaust emission
characteristics at a variety of steady state engine speeds, namely 1400, 2000,
2600, 3200 and 3600 rpm. The exhaust emission characteristics include smoke
emissions, gaseous emissions (NOx, CO, HC and SO2), particle size distribu-
tions and number concentrations.

Fuel Production

Biodiesel, as defined by the United States National Biodiesel Board
(NBB), is composed of ‘‘esters derived from oils and fats from renewable
biological sources’’. This refers to primarily modified vegetable oils made
from a process called transesterification. Transesterification involves mixing
an alcohol with a catalyst and combining that mixture with vegetable oil,

848 LUE, YEH, AND WU

Table 1. Engine Specifications

No. of Cylinder 1
Displacement 296cc

Compression Ratio 21:1
Rated Output 6 hp/3600 rpm
Maximum Output 6.7 hp/3600 rpm
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allowing the glycerin to settle. The generated soaps are then washed out with
water, leaving glycerin and a methyl ester (or ethyl ester) as the resulting
products. The methyl esters (or ethyl ester) serve as an efficient and clean
source of diesel fuel. The glycerol, however, is damaging to diesel engines and
must be removed. Biodiesel is registered with the United States
Environmental Agency (EPA) as an alternative fuel for diesel engines.

This study aims to develop a new domestic biodiesel production
procedure which makes use of waste fryer vegetable oil such as soybean oil
by transesterification method. The waste fryer oil is derived from soybeans
and is relatively abundant from food process in Taiwan. The biodiesel was
esterified through the process of transesterification. Approximately 500 grams
of waste fryer oil and about 300 grams of methanol are required to produce
425 grams of biodiesels (methyl ester) for an overall yield of about 85%. The
transesterification process is given in Figure 1. The biodiesel and diesel fuels
properties and their test methods are given in Table 2. The 20/80 and 30/70
blends of biodiesel to diesel fuel were used in this study, namely 20% blend
and 30% blend respectively.

Dilution and Sampling System

The dilution and sampling system (mini–dilution system) used in these
experiments was designed to give very fast dilution and cool of the exhaust
with dry, clean air. Conventional dilution tunnel systems have much slower
dilution processes. In roadway situations, dilution of the diesel exhaust
occurs within time periods less than 1 s [14]. The sampling probe immersed
and faced into the exhaust flow, followed by a short section of stainless steel
tubing which is insulated. The sample then passed through insulated sample
line and into the sample inlet of an ejector pump where it mixed with the
dilution air. The ejector pump consisted of a compressed (dilution) air inlet, a
sample inlet, and one mixture outlet. The flow through the ejector was driven

DIESEL ENGINE AND BIODIESEL BLENDED FUELS 849
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 Figure 1. Waste fryer oil transesterification.
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by high pressure (0.3MPa) cool dilution air. This dilution air passed through
a silica gel dryer and high efficiency particulate air (HEPA) filter to remove
any incoming particles. A schematic of the mini–dilution system is given in
Figure 2.

The dilution ratio (DR) of the mini–dilution system is determined by
monitoring the NOx concentration in the diluted and undiluted exhaust
samples [12, 13, 19]. The dilution ratio (DR) is defined as the ratio of NOx
in the undiluted exhaust sample to the NOx in the diluted sample (see
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Figure 2. A schematic of the mini–dilution system.

Table 2. Properties of Diesel and Biodiesel (Methyl Ester) Fuels and Fuel Property
Test Methods

Fuel Property* Diesel Biodiesel

Sulsur Content, wt.% max. 0.05 max. 0.01
ASTM D4294

Flash point, �C min. 52 165–190
ASTM D93
Viscosity, cSt@40�C 1.91–4.1 4.31

ASTM D445
Density, @15.5�C g/cm2, 0.84 0.887
ASTM D1298
Cetane Index min. 46 51

ASTM D976

*Diesel properties are from Chinese Petroleum Corp’s premium diesel. Biodiesel properties
are based on tests performed by Exploration and Development Research Institute, Chinese

Petroleum Coporation.
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Equation 1, where DR is the dilution ratio and N is the NOx concentration).
Dilution ratios were found to be quite stable, and were typically maintained
at a ratio of approximately 10–15:1. This dilution ratio was chosen because it
resulted in diluted exhaust concentrations, which were ideally suited for the
dynamic range of the measurement instruments (GRIMM laser aerosol
monitor) used in these experiments.

DR ¼
NNOx;exhaust

NNOx;diluted

ð1Þ

RESULTS AND DISCUSSION

The smoke emissions was measured for the three fuels respectively,
namely 20% blend, 30% blend and diesel fuels, operated under mutually
comparable condition. The data shown in Figure 3 for smoke emissions
was collected by measuring the exhaust smoke opacity (%) using Bosch
emission analysis measuring instrument 3.011 with opacimeter RTM 430.
The test procedures followed SAE J1667, testing under free acceleration
with a brief application of a specified pressure to the acceleration pedal.
Load was provided by the reciprocating and centrifugal masses represented
by the accelerating engine. For free acceleration, the entire test curve was
recorded in digital form. The measuring instrument automatically deter-
mined the maximum value (smoke opacity %) and calculated the mean
from several gas pulses.

The results showed that there was a lower smoke emissions when the
engine was operated with 20% blend and 30% blend fuels. Smoke emissions
decreased as the biodiesel concentration increased. The results coincide with
the aforementioned studies. Smoke formation causes by high temperature
decomposition, mainly takes place in the fuel–rich zone at high temperature

DIESEL ENGINE AND BIODIESEL BLENDED FUELS 851
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Figure 3. The influence of fuels on smoke opacity.
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and pressure, specifically within the core region of each fuel spray. If fuel is
partially oxygenated, it could reduce smoke emissions [20]. Because the
emission of particulate matter (PM) concentration can be converted by
measured smoke opacity (%) with the correlation table and alignment
chart of SAE Diesel Smoke Measurement Task Force (1978), we can also
deduce that PM mass emissions rate decreases as the biodiesel concentration
increases. The reasons for the lower smoke emissions and PM mass emissions
rate may be considered in terms of the various factors as previously stated,
the dominant factor being the presence of oxygen in the biodiesel.

The gaseous exhaust emissions are measured by the ECOM–Sþ emis-
sions analyzer (for CO, NO, NO2, and SO2) and Bosch four–gas
emissions analyzer (for HC). Measurements include CO, HC, NO, NO2,
and SO2 emissions. The influence of engine speed and fuel type on the
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Figure 4. The influence of engine speed on CO emissions.
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Figure 5. The influence of engine speed on HC emissions.
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gaseous emissions of CO, HC, NOx, and SO2 are shown from Figure 4 to
Figure 7. The comparison between 20% blend, 30% blend and diesel fuels
regarding CO emissions is given in Figure 4. CO emissions increased for the
three fuels in accordance with the engine speed. The 30% blend fuel had a
slow increase of CO as the engine speeded up, and the CO emissions almost
remained stable (325–566 ppm) at all engine speed range (1400–3600 rpm).
However, the CO emissions for diesel fuel was about 2 times those for 30%
blend fuel at 1400–3200 rpm speed range, and about 3 times more at high
speed (3200–3600 rpm). Whereas the CO emissions for 20% blend fuel was
about 1.5 times those for 30% blend fuel at all speed range. Biodiesel blends
reduce CO emissions mainly because they have a higher oxygen content than
diesel, and the higher oxygen content encourages more complete combustion.
This conclusion is in line with the results of the related previous studies [2, 3,
7–9, 20, 21]. We may conclude from the above comparison that biodiesel
blend fuels have a lower CO emissions and better air utilization in the engine
combustion chamber than diesel fuel. It has the potential to increase the
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EGR (exhaust gas recirculation, a very effective method for reducing NOx
emissions) rates and hence to reduce NOx emissions.

The comparison among 20% blend, 30% blend and diesel fuels with
regard to HC emissions is given in Figure 5. The characteristics of HC emis-
sions for the two blend fuels are completely identical. The HC emissions for
the three fuels showed a steady increase as the engine speeded up. Generally
speaking, biodiesel blend fuels had slightly lower HC emissions than diesel
fuel at the low and medium speed range (1400–2600 rpm), whereas at the high
speed range (2600–3600 rpm) biodiesel blend fuels had much lower HC emis-
sions than diesel fuel. The results coincide with the related previous studies
[2, 3, 7–9, 20, 21]. The longer carbon chains and the absence of aromatic
content make cetane number of biodiesel higher than that of diesel fuel,
which promotes complete combustion and reduce HC emissions [20].

The comparison among 20% blend, 30% blend and diesel fuels in
relation to NOx emissions is shown in Figure 6. Biodiesel blend fuels had a
higher NOx emissions than diesel fuel at all speed range (1400–3600 rpm),
whereas the NOx emissions of 30% blend fuel was higher than that of
20% blend fuel. On the whole, NOx emissions increased as the biodiesel
concentration increased. This is also supported by the previous studies
[2, 3, 7–9, 20, 21]. The NOx emissions higher are mainly because the biodiesel
blends have a shorter ignition delay time, causing peak pressure and tem-
perature, which enhances NOx formation [20]. But as has been shown in the
preceding findings, biodiesel blend fuels have CO emissions far less than
diesel fuel, which indicates that biodiesel blend fuels have a better air utiliza-
tion in the engine combustion chamber than diesel fuel, having the potential
to be able to increase EGR rates substantially, and significantly reduce NOx
emissions. On the other hand, in terms of the characteristics of the fuel itself,
biodiesel blends have shorter ignition delay characteristics and high centane
number which could be significantly delaying the injection timing hence to
reduce NOx emissions [6].

The comparison among 20% blend, 30% blend and diesel fuels
regarding SO2 emissions is given in Figure 7. Biodiesel blend fuels have
hardly SO2 emissions, which is due to the fact that biodiesel contains lower
sulfur, while the diesel fuel used in the present experiment was Chinese
Petroleum Corp’s premium diesel containing sulfur � 0.5%. Biodiesel
blends therefore have a more positive contribution than diesel to the preven-
tion from acid rain. Besides, biodiesel blends meet the requirement of current
exhaust after–treatment system which regulates fuel products to contain
sulfur � 0.005%. For example, the highly active oxidation catalyst is used
as low sulfur diesel fuel (sulfur content � 10wt.–ppm) [22], with regard to the
relation between fuel’s sulfur content and PM formation. Previous studies
(Graskow et al., 1998) affirm that PM formation is hardly affected by sulfur
content. The most significant parameters determining PM formation are
engine load and speed.
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The particle mass concentration and number concentration are measured
by the GRIMM laser aerosol monitor from mini–dilution system at a variety
of steady state engine speeds. A further step is then taken to look at particle
number concentration (particle/liter) vs. particle size (>10 mm, >5 mm,
>2 mm, >1 mm and >0.5mm) at different engine speeds, for 20% blend,
30% blend and diesel fuels, respectively. From Table 3 and Figure 8 we
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Figure 8. The influence of engine speed on PM2 particle number concentration.

Table 3. Particle Number Concentration of Biodiesel Blend and Diesel Fuels at Different
Engine Speeds

Fuel
mm/
rpm 1400 2000 2600 3200 3600

20% >0.5 4.53�105 6.41�105 9.43�105 1.35�106 8.44�106

blend >1 7.20�104 1.02�105 1.66�105 2.70�105 1.66�106

>2 5.50�103 1.33�104 2.05�104 3.94�104 2.30�105

>5 0 0 0 0 0
>10 0 0 0 0 0
PM2 5.25�105 7.43�105 1.11�106 1.62�106 1.01�107

30% >0.5 1.41�106 2.17�106 3.57�106 3.48�106 1.02�107

blend >1 2.48�105 3.69�105 5.98�105 6.12�105 1.86�106

>2 1.97�104 3.86�104 6.33�104 7.23�104 2.64�105

>5 0 0 0 0 0
>10 0 0 0 0 0
PM2 1.66�106 2.54�106 4.17�106 4.09�106 1.20�107

Diesel >0.5 5.88�105 1.08�106 1.40�106 2.32�106 5.46�106

>1 8.00�104 1.35�105 2.68�105 4.59�105 1.16�106

>2 5.74�103 1.31�104 3.57�104 6.12�104 1.56�105

>5 0 0 0 0 0
>10 0 0 0 0 0
PM2 6.68�105 1.21�106 1.67�106 2.78�106 6.61�106

PM2 is the summation of >1 mm and >0.5mm particle number concentration. The unit of
particle number concentration is par./liter.D
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can find that >5 mm and >10mm particle number concentration of the three
fuels were zero at all engine speeds; while those of >2mm, >1 mm and
>0.5 mm increased steadily from low to high engine speeds. With regard to
the PM2 (fine particle, the summation of >1mm and >0.5mm particle
number concentration) particle number concentration of 30% blend was
six–order at 1400–3200 rpm engine speed range, and seven–order at
3600 rpm. Its numbers tended to increase along with the increase in engine
speed. On the other hand, PM2 particle number concentration of 20% blend
was six–order at 2600–3200 rpm engine speed range, five–order at 1400–
2000 rpm and seven–order at 3600 rpm, whereas those of diesel fuel was
six–order at 2000–3600 rpm engine speed range, and five–order at
1400 rpm. For 20% blend and diesel fuels, the PM2 particle number concen-
trations also tended to increase along with the increase in engine speed. 30%
blend fuel emitted PM2 1.19 times that of 20% blend at 3600 rpm, while
2.51� 3.44 times at other engine speeds; and 1.84 times that of diesel fuel
at 3600 rpm, while 1.46–2.49 times at other engine speeds. On the whole, PM2

particle number concentration of 30% blend was the highest at all engine
speed range; and PM2 particle number concentration of 20% blend was the
lowest at all engine speed range with the exception of 3600 rpm. The reason
remains unclear why PM2 particle number concentration of 20% blend was
about 1.54 times that of diesel fuel, particularly at 3600 rpm engine speed and
about 0.58–0.79 times that of diesel fuel at 1400–3200 rpm. Nevertheless,
there is no denying that generally speaking, those of the three fuels had
PM2 particle number concentration as high as above six–order and seven–
order at most of the engine speed ranges. This presents a magnificent hazard
to public health and the environment. We can also deduce that diesel engine
fueled with biodiesel blends emit more PM2 particle number concentration
than that with diesel fuel, and PM2 number concentration increases as bio-
diesel concentration increases. According to the aforementioned studies, the
engine with lower PM mass emission rate while with higher particle number
concentration may have the potential to significantly impact public health
and the environment. This study also shows that biodiesel blends have lower
PM mass concentrations than diesel, which by contrast has significantly
higher fine particle number concentrations than diesel.

CONCLUSION

This study has successfully developed a new domestic biodiesel produc-
tion procedure, which made of waste fryer vegetable oil such as soybean oil
by transesterification method. Approximately 500 grams of waste fryer oil
and about 300 grams of methanol were required to produce 425 grams of
biodiesels (methyl ester) for an overall yield of about 85%.
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The measured smoke emissions showed that there was a reduction of the
smoke opacity when the engine was operated with biodiesel blends. Smoke
missions decrease as the biodiesel concentration increase. The CO emissions
from the 30% blend operated engine are 2–3 times less than those from the
diesel fuel operated engine, whereas the CO emissions for 20% blend are
about 1.5 times more than those for 30% blend at all speed range. As for
other gaseous emissions, such as HC, NOx and SO2, the results also favored
biodiesel blends. Generally speaking, biodiesel blends had slightly lower HC
emissions than diesel fuel at the low and medium speed range, whereas at the
high speed range biodiesel blends had much lower HC emissions than those
of diesel fuel. Biodiesel blends had a higher NOx emissions than those of
diesel fuel at all speed range, whereas the NOx emissions of 30% blend were
higher than those of 20% blend. On the whole, NOx emissions increased as
the biodiesel concentration increased. Besides, the biodiesel blends operated
engine had hardly SO2 emissions, hence meeting the requirement of current
exhaust after–treatment system.

For 30% blend, 20% blend and diesel fuels, the PM2 particle number
concentrations tended to increase along with the increase in engine speed. On
the whole, PM2 particle number concentration of 30% blend was the highest
at all engine speed ranges; and PM2 particle number concentration of 20%
blend is the lowest at all engine speed ranges with the exception of 3600 rpm.
Nevertheless, those of the three fuels had PM2 particle number concentra-
tions as high as above six–order and seven–order at most of the engine speed
ranges. This presents a magnificent hazard to public health and the environ-
ment. We can also deduce that diesel engine fueled with biodiesel blends
emits more PM2 particle number concentrations than those with diesel
fuel, and PM2 number concentration increases as biodiesel concentration
increases.
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