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ABSTRACT

This paper presents results of utilization of bioethanol E5 and E10 fuels on in-used motorcycle
and car regarding performance and exhaust emissions of the engines. It is a collaborative research
between Green Field Joint Stock, a bioethanol production company and Laboratory of Internal
Combustion Engine, Hanoi University of Technology.

Findings of the research on the testing motorcycle and car showed that, using E5 and E10 fuels
the air-fuel mixing process and the combustion inside the combustion chamber were improved due to
better evaporation of ethanol. The stoichiometric air fuel ratio was decreased due to the available
oxygen in the fuel. This helped improve engine power, fuel consumption and exhaust emission
components such as CO, HC, while NO, emission increased significantly because of the better
combustion and high combustion temperature. The findings contributed remarkably to the challenge of
wide application of bioethanol on vehicles in Vietnam.
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TOM TAT

Bai béo trinh bay két qua nghién ctru si¥ dung nhién liéu xdng pha etanol E5 va E10 dén tinh
ndng va phét thai déc hai cia déng co xe may va xe con dang luu hanh. Pay la nghién ctru phdi hop
gitka Phong thi nghiém Bdng co dét trong Pai hoc Béch khoa Ha Néi véi Céng ty Pdéng Xanh, mot
céng ty san xuét etanol nhién liéu.

Két qua nghién ctru trén xe méy va 6té st dung nhién lidu E5 va E10 cho thdy, qué trinh hinh
thanh hén hop va chay trong dong co dét trong duoc céi thién nho khd ndng bay hoi tét cia etanol. Ty
16 khéng khi/nhién liéu can thiét cho qué trinh chay hoan toan gidm do cé thanh phén 6xy trong nhién
liéu. Diéu nay da giup cai thién cbéng Suét, tiéu thu nhién liéu va cac thanh phéan phét thai CO, HC cua
dong co. Trong khi dé phét thai NOx tdng dang ké do nhiét do chéy cao. Két qua nghién ctru nay cé y
nghia quan trong trong tién trinh str dung nhién liéu sinh hoc xéng pha etanol & Viét Nam.

T khéa: Nhién liéu thay thé, xang pha etanol E5, E10, phat thai doc hai

I. INTRODUCTION the engine power may decrease.

ETHANOL (C,HsOH) is pure substance, Nowadays, ethanol has been widely used
which can be dissolved in water in all in many countries either as a gasoline additive
proportion. Of the combustion characteristics, or as a substitution for gasoline. In 2007, the
the auto-ignition temperature and the flash world market for ethanol fuel totaled 49.6
point are higher than those of gasoline, which billion liters, in which two major producers
makes it safer for transportation and storage. (Brazil and the US) outputted 19 and 24.6
The latent heat of evaporation of ethanol is 3 to billion liters respectively, and those took 88%
5 times higher than that of gasoline, this makes of the worldwide ethanol fuel [6].

the temperature of the mixture in the intake
manifold lower, which helps increase the
volumetric efficiency. However, the heating
value of ethanol is much lower than that of
gasoline, so if the proportion of ethanol is high

Brazil is the most successful country,
which has the biggest bio-fuel program all over
the world. In 2006, Brazilian ethanol fuel
production met 18% fuel consumption demand
in transportation area and up to April 2008,
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ethanol fuel met more than 50% of total
required gasoline. The number of 20% on road
vehicles using 100% ethanol fuel (including
vehicles using only ethanol and flexible fuel
vehicles) shows clearly the popularity of the
alcohol program in this country.

The US is the biggest ethanol fuel
production and consumption country in the
world. Almost vehicles can use 10% ethanol in
blended gasoline, and the car makers has been
releasing models that are able to run in higher
ethanol proportions. In 2007, Portland and
Oregon became the first cities where gasoline
on-sale was required to contain at least 10%
ethanol. Then in January 2008, Missouri,
Minnesota and Hawaii states applied also this
requirement [4].

In Asia, China had taken the third place
of ethanol production in the world from 2004 to
2006, then fourth place in 2007. Another
country in South East Asia named the seventh
place of ethanol fuel production is Thailand,
where gasohol E10 has been widely used. Since
early 2008 gasohol E20 started to be used and
gasohol EB85 is released in third quarter of the
same year.

In Vietnam, ethanol fuel has been piloted
produced, and some ethanol plants using corn
and cassava as raw materials are now under
construction such as Petrovietham Biofuels
Joint Stock Company (100 mil. liter/year, at
Phu Tho province), Green Field Joint Stock
Company (100.000 ton/year, at Quang Ngai
province) and Sai Gon Biofuels and Petroleum
Company (40 mil. liter/year, at Cat Lai HCM
city). However due to specific characteristics of
vehicles used, weather and climate, research
activities on effects of using ethanol fuel on
engine performance, exhaust emissions and
durability should be conducted upon the
published international papers regarding these
issues. This was done within a cooperative
research between Green Field Joint-Stock
Company and Laboratory of Internal
Combustion Engine, Institute of Transportation
of  Engineering, Hanoi  University of
Technology.
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I1. ETHANOL-GASOLINE BLENDED FUELS -
AN EFFECTIVE WAY TO REDUCE FUEL
CONSUMPTION AND EXHAUST EMISSIONS

Analytic results of gasoline Mogas92,
gasohol E5 and E10 conducted in National Key
Laboratory of Oil Refinery and Petrochemical
Engineering, Institute of Industrial Chemistry
showed that the octane number RON of gasohol
E5 and E10 are 94.9 and 95.8 respectively,
which are higher than that of gasoline mogas92
(RON 92.3). It means that gasohol is better than
gasoline mogas92 in anti-knock value.

Density at 20°C of pure ethanol (99.5%)
is 0.7917, which is not much higher than that of
gasoline mogas92 (0.7291), so it assures
ethanol to dissolve easily in gasoline.

Moreover, the heating value of pure
ethanol is 23.5 MJ/l, much lower than that of
conventional gasoline (34.4 MJ/1), thus the heat
release is low if ethanol proportion is high.
Nevertheless the heating value of gasohol E10
is 33.7 MJ/I. In addition, ethanol contains
oxygen and has fast evaporation characteristics,
which help promote the combustion process
more effectively and by that way the engine
power increases, the fuel consumption reduces
when using blended fuels with appropriate
ethanol proportion.

For environment, many research
activities have reported that using gasohol
could significantly reduce exhaust emissions
from engine, especially carbon monoxide (CO)
and hydrocarbon (HC). Some experimental
results of gasohol E10 indicated that the octane
number increased 5%, the engine power
increased 5% while CO concentration reduced
up to 30% [1][5]. Besides that, some other
studies pointed that using ethanol-gasoline
blended fuels increased emissions of
formaldehyde, acetaldehyde and acetone than
those of using gasoline [4][5]. Although the
emissions of aldehyde will increase when
ethanol is used as a fuel, the harmfulness to the
environment is far less than the poly-nuclear
aromatic hydrocarbons emitted from burning
gasoline.

In general, wusing ethanol-gasoline
blended fuel in appropriate rate helps improve
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engine performance, fuel consumption and
exhaust emission components such as CO, HC,
however, exhaust emissions like NO,, aldehyde
must be also paid attention.

I1l. COMPARATIVE EXPERIMENTS ON
MOTORCYCLES AND CARS

3.1 Methodology

The comparative experiments were done
both on cars and motorcycles. The fuels used
were gasoline mogas92, bioethenol or gasohol
E5 (5% ethanol, 95% gasoline mogas92) and
gasohol E10 (10% ethanol, 90% gasoline
mogas92).

The measured parameters taken from 5
measured points on the full load curve at gears
of 2 to 5 (for cars) and at gears of 2 to 4 (for
motorcycles) included engine power, tractive
force, fuel consumption, emission components.
In addition, the emission concentration at idle
speed and the acceleration ability of vehicles
were also determined.

A car named Ford Laser Ghial.8 with
mileage of 6.000 (km) and a motorcycle Honda
Super Dream 100 (cc) with mileage of 10.000
(km) were chosen for the tests.

3.2 Experimental apparatus

The experiments were conducted at
Motorcycle Chassis Dynamometer (CD20”)
and Passenger Car & Light Duty Vehicle
Chassis Dynamometer (CD48”).

Fuel consumption was measured
continuously by Fuel Balancer with the sample
rate at 1/sec.

The CO, HC, NOy, and CO,
concentrations of the exhaust flow were
instantaneously  measured by  dedicated
analyzers. All of the analyzers were calibrated
by calibration gases before each measurement.

IV. RESULTS AND DISCUSSIONS
4.1 Findings from the testing car

1. Engine power

Fig.1 shows the measured power output
when the testing car was fueled with gasoline
mogas92 (G92), gasohol E5 and E10. It can be
seen that if ethanol proportion is higher, the

engine power increases more. At speed of 65
(km.h%), 3" gear, E10 fueled, the engine power
is 10.2% higher in comparison with that as
conventional gasoline mogas92 was fueled.

Power output, (kW)

Car speed. (km/h)
Fig.1 Power output of the car fueled with
different blended fuels (gasohol E5, E10 and
gasoline mogas92)

2. Fuel consumption

Fuel consumption in (g/kW.h) of the
engine when gasoline mogas92 (G92), gasohol
E5 and gasohol E10 fueled versus car speed is
shown in Fig.2. At low and normal speeds, the
fuel consumption of gasohol is lower than that
of gasoline mogas92. But at high speeds, a
small difference is recorded.

Fuel consumption, (g/kW.h)

30 %0 100
Car speed, (km/h)

Fig.2 Fuel consumption of the car fueled with

different blended fuels (gasohol E5, E10 and

gasoline mogas92)

60 70
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3. Emission components

Because ethanol contains oxygen so
combustion  mixture of gasoline-ethanol
blended fuel had more oxygen in comparison
with gasoline, this helped decrease significantly
CO concentration in the exhaust. In addition,
the combustion was improved with gasoline-
ethanol blended fuel, which led to lower HC
concentration. CO and HC concentration of
exhaust gas measured when the testing car was
fueled with gasoline mogas92, gasohol E5 and
gasohol E10 are in turn shown in Fig.3 and
Fig.4.

At all speeds, CO concentration was
reduced remarkably if gasohol fuels were used.
The higher the proportion of ethanol in the fuel
mixture, the lower CO concentration was
indicated in the exhaust. At speed of 70 (km/h),
4" gear, E10 fueled, the CO concentration was
reduced up to 20%.

d g
25 2" gear | 25

200 7 T
,

CO concentration, (10° ppm)

Car speed, (km/h)
Fig.3 CO concentration of the car fueled with
different blended fuels (gasohol E5, E10 and
gasoline mogas92)

It is depicted in Fig.4 that HC
concentration in the exhaust with gasohol fuels
is smaller than that of gasoline, especially at
high speeds. At speed of 95 (km/h), 5" gear,
E10 fueled, HC concentration is 19% lower
than that of gasoline mogas92.

Fig.5 shows NO, concentration of
exhaust gas versus car speed when the testing
car was fueled with gasoline mogas92, gasohol
E5 and gasohol E10. In this figure, the NO,
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concentration of exhaust gas increased

significantly as gasohol was used as fuel.
120

1200

RS 3" gear

.o 11000

800

HC concentration, ppm

Car speed, km/h
Fig.4 HC concentration of the car fueled with
different blended fuels (gasohol E5, E10 and
gasoline mogas92)
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70
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Car speed, (km/h)
Fig.5 CO concentration of the car fueled with
different blended fuels (gasohol E5, E10 and
gasoline mogas92)

90 1

The increase of NO, concentration was
caused by high temperature of the combustion,
which was resulted by better mixture formation
and efficient combustion process.

Fig.6 indicates CO, concentration versus
car speed. The experimental data pointed that
CO, concentration increased with gasohol
fuels, especially at high speeds. It was due to
more complete combustion resulted by using
gasohol fuels as mentioned above.
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Fig.6 CO, concentration of the car fueled with
different blended fuels (gasohol E5, E10 and
gasoline mogas92)

Although the CO, concentration
increases with gasohol fuels, the general CO,
concentration which causes green house effect
is believed to reduce basing on CO; close loop
created by using bio-fuel sourced plants.

The effects of ethanol-gasoline blended
fuels on car’s performance and emissions are
summarized in average values in Fig. 7.

Inprovement (%)
30

0 Gasohol ES = Gasohol E10

20

-33.74

-40

Fig.7 Improvements achieved with gasohol
fuels on a car

It can be seen that CO and HC
concentrations were reduced significantly, up
to 33.74% and 18.62% respectively when
gasohol E10 was used. However, using gasohol
fuels increased NO, emission up to 21.58% and
CO, emission up to 3.79%. For engine
performance, using gasohol improved engine
power and traction force up to 6.38% and
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2.78% respectively, and fuel consumption up to
5.18%.

4. Acceleration ability

The acceleration ability of the testing car
is presented in Fig.8, where this criterion was
improved clearly with gasohol fuels, especially,
with E10 fuel. The accelaration time from 0
km/h to 100 km/h of the car’s speed were in
turn of 19.1 seconds, 17.2 seconds and 15.7
seconds for the testing car used gasoline
mogas92, gasohol E5 and gasohol E10 fuels.

19.1

20 17.2

18 15.7

16

14

12

10
8

Time (s)

oN B~ O

Mogas92 ES5 E10

Fig.8 Acceleration ability from 0 to 100 (km/h)
of the testing car

4.2 Findings from the testing motorcycle

Results on the testing motorcycle showed
mostly the same rule as that on the testing car.
As depicted in Fig.9, the engine power and fuel
consumption were improved up to 6.50% and
6.37% respectively, the emission components
CO and HC were reduced in turn of 15.05%
and 21.65%, while NO, and CO, emissions
increased 31.67% and 11.64% severally.

M Gasohol ES

Gasohol E10 5 o7

Fig.9 Improvements achieved with gasohol
fuels on a motorcycle

The acceleration ability of the testing
motorcycle is similar with that of the testing
car. However, this criterion was improved the
most with E5 fuel (Fig.10).
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Mogas92 E5 E10

Fig.10 Acceleration ability from 0 to 70 (km/h)
of the testing motorcycle

Finally, it is easy to see that the rule of
improvements in engine performance and
exhaust emissions (engine parameters) in case
of using E5 and using E10 are different for the
testing car and for the testing motorcycle. This
matter is pointed in Fig.11, where the
correlation between the improvements of
engine parameters for the testing car and for the
testing motorcycle in case of using E5 fuel and
E10 fuel is showed.

It is depicted in Fig.11 that, for the
testing car, which equips indirect multi-point
injection gasoline engine, when E5 fuel was
used, almost all engine parameters were
improved less than those when E10 fuel was
used. This result combining with acceleration
ability showed in Fig.8 proves that as long as
the mixture of air with fuel and the combustion
are controlled and optimized, the higher
proportion of ethanol blended in gasoline can
be achieved.

-40 -30 10 20 30

40

Improvement-E5 fueled (%) -

N
D

w
D

y 51.2333x + 1.2863
R®=0.9975

Improvement-E10 fueled (%)

.40 4

‘ + Motorcycle ® Car — Linear (Motorcycle) — Linear (Car)‘

Fig. 11 Correlation between the improvements
of engine parameters in two cases (when E5
was used and when E10 was used) for the
testing car and for the testing motorcycle
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For the testing motorcycle, the one has
naturally aspirated engine, it is in contrary that
almost all engine parameters were better
improved with E5 fuel than those with E10
fuel. Together with acceleration ability
depicted in Fig.10, for this testing motorcycle
the E5 fuel is better for the engine than E10
fuel and fuels with higher ethanol proportion.

However in order to have Dbetter
performance of the engine as higher proportion
of ethanol is used, it is necessary to simply
adjust carburetors or electronic control units to
have richer mixture to ensure sufficient total
energy supplying to the engines. In addition,
more tests on different type of vehicles should
be conducted to figure out the best proportion
of ethanol blended in gasoline fuel for each
type of vehicles.

V. CONCLUSIONS AND OUTLOOK

The durability tests and aldehyde
missions were not mentioned within this
research due to limited time and budget.

The experiments have shown that it is
possible to use gasohol E5 and E10 for in-used
motorcycles and cars in Vietnam. The engine
power and fuel consumption were improved up
to 6.50% and 6.37% respectively for the testing
motorcycle, and up to 6.38% and 5.18%
severally for the testing car when E5 and E10
fuels were used compared with conventional
gasoline mogas92 fuel.

The emission components CO and HC
reduced remarkably in turn of 33.74% and
18.62% for the testing car, and 16.06% and
21.65% respectively for the testing motorcycle.
While NO, emission and the green house gas
CO, increased in turn up to 21.58%, 3.79% for
the testing car, and up to 31.67%, 11.64% for
the testing motorcycle. Although the CO,
concentration increased for the testing vehicles,
the total CO, concentration is believed to
reduce due to CO, close loop created by using
bio-fuel sourced plants.

Results of the experiments also shows
that, in term of engine performance and
emissions, the E5 gasohol fuel is better fitted
with naturally aspirated engine of motorcycles
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than the E10 gasohol fuel, while the E10 is
better for multi-indirect injection engine of the
testing car.

In the near future, more vehicles should
be investigated to find out the common impacts
of gasohol fuel on engine’s performance and
exhaust emissions. In addition, aldehyde
emissions and engine durability should also be
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