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Abstract. This research investigates the performance and emissions of an engine by biogas and
gasoline. The experiments use biogas of palm oil mill effluent (POME) with turbocharger at
engine loading conditions (100, 200, 300, 400, and 500 Watt). Specific fuel consumption and
thermal efficiency are used to compare engine performance, and emission analysis is based on
parameters such as carbon monoxide (CO), hydrocarbon (HC), carbon dioxide (CO;) and oxide
(O2). The experimental data show that the maximum thermal efficiency when engine use
biogas and gasoline is 20.44% and 22.22% respectively. However, there was CO emission
reduction significantly when the engine using POME biogas.

1. Introduction

One of the innovative solutions in the utilization of renewable energy is the use of alternative fuels
such as biogas from palm oil mill effluent (POME) [1,2]. As noted, Indonesia has a lot of raw
materials to produce biogas in large quantities. The data of ESDM ministry said that the area of
Indonesian palm oil plantation about 13.5 million hectares and for every process of palm fruit
production, producing one ton of CPO, it will produce about five tons of POME which still contain
many organic substances [3]. The equipment that use a lot of hydrocarbon fuel are internal combustion
engines. Internal combustion engines applied in many sectors such as transportation, agriculture and
power generation. The fossil fuels such as gasoline and diesel oil use in internal combustion engines
produce carbon dioxide (CO), carbon dioxide (CO,), nitrogen oxide (NOx), sulphur oxide (SOx) and
particulates that are polluting the environment. But gas produce an exhaust gas that is environment
friendly when used by Otto or Diesel engines [4]. A note that the main components of the biogas
constituent are methane (CHy), carbon dioxide (CO») and some other elements such as hydrogen (H>),
nitrogen (N») and water vapor (H,O) [5,6]. This study aims to determine the performance of the
engine equipped with a turbocharger when using biogas of POME.

2. Literature Study

2.1. Palm Oil Mill Effluent (POME)
Palm oil mill effluent (POME) is a liquid condensate of sterilization processing which derived from
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palm oil processing to crude palm oil. The properties of POME contain organic compounds and
nontoxic. [7]. In general, the main characteristic of POME can be shown in table 1. To be used as gas
fuel, POME must be treated specifically by applying technologies such as anaerobic digestion,
gasification processes, pyrolysis and carbonization [8,9,10,11].

Table 1. The main characteristic of POME [12]

No. Parameter Unit Range
1  Biological oxygen demand mg/1 20,000-30,000
2 Chemical oxygen demand mg/1 41,000-99,000
3 Volatile solid mg/1 23,200-53,900
4  Total solid mg/1 28,000-64,700
5 Fat mg/1 1,700-9,200
6 Kj-N mg/1 560-1,200
7 pH 39-4.6

2.2. Parameters of Internal Combustion Engine

The performance of the internal combustion engine is specifically indicated by the value of the
parameters of the engine. Some of these parameters can be described as follows [13]. The power is
influenced by engine speed and torque that produced by the engine. In most cases, in the internal
combustion engine, it is known two type of power that consists of shaft power and power indicator. As
a practice, it uses only the shaft power. The shaft power, or effective power is the power that produced
by an engine on the output shaft or it is commonly known as brake horse power which is calculated by
the equation:

W = w kW (1)
60000

Where N is engine speed (rpm), and t is engine torque (Nm).

The specific fuel consumption is the amount of fuel that should consume per unit of power which
produced per hour of operation. Indirectly, the specific fuel consumption is an indication of the engine
efficiency for generating power from fuel combustion. The value of specific fuel consumption can be
defined as follows:

Sfc = —= . 3600000 o/kWh )

Where rhf is the mass flow rate of the fuel (kg/s).

The thermal efficiency of an internal combustion engine constituted the ratio between the output
energy and the chemical energy of fuel, that can be stated as:

%
Ne = — 3
mr. Qu - M,

Where Quyv is the calorific value (kJ/kg), and 1. is combustion efficiency 0,97.
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Mean effective pressure is a good parameter to compare engines for design or output because it is
independent of engine size and speed. The value of mean effective pressure can be defined by using an
equation:

mep = (4$TJ .1000 kPa @)

d
Where Vg is displacement volume (cm?).

3. Method

3.1. Material

The experiments were using biogas of POME and gasoline. Loads of the engine are five lamps with
100 watts respectively.

-Cnt:,h-m 15 4i47i%
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Figure 1. a) calorimeter bomb  b) emission analyzer Sukyong SY-GA 401

The main equipment used in this study consisted of:
a. Single cylinder stationary Otto engine
b. Calorimeter bomb to determine the calorific value of the fuel
c. Emission analyzer Sukyong SY-GA 401 to determine the composition of exhaust emissions
CO, CO,, HC, and O..

3.2. Experimental Scheme

The GFH1900LX engine that used in this research is the type of a four stroke one cylinder stationary
engine which specifications are summarized in table 2. The scheme of experimental is shown Figure 3.
All experimental data were taken after the engine was properly warmed up 15 minutes after starting.
An emission analyzer Sukyong SY-GA 401 with an accuracy of £5% were used to measure the
exhaust gases which placed on the exhaust gas manifold. For each fuel, different emission data were
taken over three repetitions. The testing was under the variety engine loads of 100W, 200W, 300W,
400W and 500W. The accuracy of torque measurement is about +£0.2 Nm, and the accuracy of rotation
controlling 10 rpm. The engine was started by using gasoline fuel, whereas it was warmed up, should
switch to the biogas. After switching fuels from one type to another, the engine was running about 10
minutes to get stable condition with the new fuel before the measurements were taken. Engine torque
and fuel consumption were measured to calculate the power, specific fuel consumption and thermal
efficiency of the engine. An 8 ml burette and a timer are used to measure the fuel consumption. The
accuracy of the burette about £0.1 ml and the timer about +0.01 s.
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Table 2. Engine specifications [14]

Type GFH1900LX / Otto engine
Capacity 900 watts / 220V / 50Hz

Peak power 1,3 kW

Power factor 1

Cooling system 3.0 Hp air cooled OHV/ 3600 rpm
Bore 55 mm

Stroke 40 mm

Compression ratio 10,5:1

Number of cylinders 1

Valve

Emission
Analyzer
L

Emissions CO, HC.CO2,02 }

Regulator -

BIOGAS FUEL TANK

Figure 3. Experimental scheme
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4. Results and Discussions

4.1. Calorific Value of Fuels

The calorific value of fuel was examined by using a bomb calorimeter apparatus with the accuracy of
+5%. To get the calorific value of gasoline were the experiments carried out which each fuel as many
as five samples. Then the average results of the five samples were to obtain the calorific value of the
fuel. The observation results obtained that the calorific value of gasoline is 43964 kJ/kg. The calorific
value of biogas of POME is obtained 35900 kJ/kg [3]. The calorific value of fuel shows the energy
that generated during the combustion process of fuel per unit mass which is influenced by the
composition of the fuel constituent.

4.2. Torque

Figure 4 shows the experimental data that the maximum torque is obtained 2.75 Nm when the engine
uses gasoline with a turbocharger for a load of 500 watts. The minimum torque is obtained at 1.04 Nm
when engine using biogas of POME with a turbocharger for a load of 100 watts. The torque generated
when engine using biogas of POME is lower because the torque is influenced by the energy of fuel
combustion. The energy of fuel combustion is influenced by the calorific value of the fuel used.

3.0 T T T —rT T L

2.5fF I

\

Torque (Nlmz)
&
L]
L

-
o
]

=O= Gasoline without turbocharger =
Biogas without turbocharger
/= Gasoline with turbocharger

0.5F —— Biogas with turbocharger
0.0 L L L L L L L
100 200 300 400 500

Engine Load (watt)
Figure 4. Engine torque versus engine load.

4.3. Power

Figure 5 shows the test results for shaft power when the engine using gasoline and biogas of POME.
Based on the test data and calculations has obtained the maximum power of 1.62 kW when engine
using gasoline with a turbocharger for a load of 500 watts.

T T T T T T T T T ™ ™

-
[2]
T

1

Power (kW)
5
L

=O= Gasoline without turbocharger |
Biogas without turbocharger

=i Gasoline with turbocharger

- Biogas with turbocharger

0.0E L L L L L 1 1 =

100 200 300 400 500
Engine Load (watt)

bd
o
T

Figure 5. Engine power versus engine load
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The minimum power is obtained 0.45 kW when engine using biogas of POME without a
turbocharger for a load of 100 watts. The average increase of engine power is about 67.43% after
using a turbocharger both when using gasoline or biogas. The addition of a turbocharger increases the
amount of air entering the combustion chamber, so this makes the air-fuel ratio (AFR) increased. As
noted, AFR parameter also affects the shaft power generated by the engine.

4.4. Specific Fuel Consumption (Sfc)
Based on the test results shown in figure 6, the maximum sfc is obtained 2336.70 g/kWh when engine
using biogas of POME without turbocharger for a load of 100 watts. The minimum sfc is obtained
386.85 g/lkWh when engine using gasoline with turbocharger for a load of 500 watts. The average
decrease of specific fuel consumption generated when using turbocharger is about 55%. As noted,
when using a turbocharger that the rate of air entering into the combustion chamber increases while
the amount of fuel used is reduced. It can be said that the specific fuel consumption when the engine
using biogas of POME has increased. One of them is caused by calorific value of biogas is lower than
gasoline. This makes the fuel needed more than when engine using gasoline for all conditions of
testing.

2500 pr—r—r—r

=O= Gasoline without turbocharger
== Biogas without turbocharger
== Gasoline with turbocharger
=== Biogas with turbocharger

2000}

1500 |

1000f

SFC (g/kWh)

500fF ' ' .

100 200 300 400 500
Engine Load (watt)

Figure 6. Specific fuel consumption versus engine load
4.5. Thermal Efficiency
Figure 7 shows the thermal efficiency obtained during experiments. The experiment’s data show that

the maximum thermal efficiency 22.22% when the engine using gasoline with a turbocharger for a
load of 500 watts.

30 T T T T T T

=O= Gasoline without turbocharger
- Biogas without turbocharger -
=== Gasoline with turbocharger
== Biogas with turbocharger
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N
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Figure 7. Thermal efficiency versus engine load
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The minimum thermal efficiency obtains 3.68% when the engine using biogas of POME without a
turbocharger for a load of 100 watts. The increasing of thermal efficiency produced by using a
turbocharger both when using gasoline and biogas is about 68.73%. It should be noted that the thermal
efficiency of the internal combustion engine is influenced by several parameters such as engine shaft
power, the fuel flow rate to the combustion chamber and the calorific value of the fuel used. All three
parameters simultaneously affect the achievement of thermal efficiency of an internal combustion
engine.

4.6. Mean Effective Pressure

The experimental data shown the maximum mean effective pressure (mep) is 363.64 kPa which occur
when the load 500 watt using gasoline with a turbocharger in figure 8. The minimum mean effective
pressure is obtained 138.13 kPa by using biogas without a turbocharger on the load of 100 watts. As
noted, that the maximum mean effective pressure of good engine designs is well established, and is
essentially constant over a wide range of engine sizes. The actual mean effective pressure is a
particular engine develops that can be compared with this norm and the effectiveness with which the
engine’s displaced volume can be assessed. For design calculations, the engine displacement required
to provide a given torque or power at a specified speed that can be estimated by assuming the
appropriate values for mean effective pressure for that particular application [15].

400 T T T T T T T 1
350
300

250 ;/

200

MEP (kPa)

=O= Gasoline without turbocharger
Biogas without turbocharger

== Gasoline with turbocharger

== Biogas with turbocharger

150k

100E----I----I----I----I----l----l----l----
100 200 300 400 500

Load (watt)

Figure 8. Mean effective pressure versus engine load

4.7. Combustion and Gas Exhaust

In this testing, also examined the effect of combustion conditions on the spark plug and exhaust gas
emission composition produced by the engine. To know the combustion process in the combustion
chamber, one of them can be reviewed of the spark plug conditions after use. The color of the
electrode of the spark plug can indicate the combustion process takes place inside the combustion
chamber. It appears in figure 8 that the spark plug electrodes during testing when engine using
gasoline tend to be darker than when using biogas of POME.

Figure 9. Conditions of spark plug when using (a) gasoline (b) biogas POME
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Table 3. Measurement data of exhaust gas with gasoline

Load Without turbocharger With turbocharger
(watt) CcO HC CO» 0 CO HC CO; 0O
(%) (ppm ) (%) (%) (%) (ppm ) (%) (%)
100 3.67 839 1.48 14.62 2.65 726 1.69 14.93
200 4.20 441 1.60 13.35 3.15 322 1.83 13.77
300 4.42 324 1.68 13.48 3.27 218 1.90 13.79
400 4.45 281 1.76 12.91 3.47 164 1.89 13.27
500 4.82 206 1.83 12.73 3.68 121 1.97 13.21

Table 4. Measurement data of exhaust gas with biogas POME

Load Without turbocharger With turbocharger
(watt) CO HC CO» 0 CO HC CO» 0
(%) (ppm ) (%) (%) (%) (ppm ) (%) (%)
100 2.98 778 5.68 12.63 1.92 703.00 6.75 13.75
200 3.22 644 5.68 11.87 2.34 369.00 6.73 12.99
300 2.78 598 7.38 9.43 1.56 323.00 8.45 10.55
400 2.88 353 8.18 8.92 1.45 235.00 9.22 10.12
500 2.15 322 7.78 7.88 1.21 211.00 9.87 9.33

Exhaust emissions, which investigated include carbon dioxide (CO;), carbon monoxide (CO),
hydrocarbon (HC) and oxygen (O>) levels. Tables 3 and 4 show the measurement data of exhaust gas
composition when using gasoline and biogas of POME. A note that CO emissions arise because at the
time of burning process occurs lack of oxygen. The lack of oxygen supply causes incomplete
combustion where the C atom lacks O; to form CO,. Table 4 shows that the use of gasoline fuel
produces the most CO for engine load. This is due to the gasoline consisting of C; (heptane) to Ci;
hydrocarbon groups having more C atoms than biogas consisting of methane or C; group
hydrocarbons. Reduction of CO emission when using biogas of POME is significant thereabouts 55-
75% when compared using gasoline. The emissions of HC also occur due to lack of oxygen, so that
the combustion process takes place imperfectly because many carbon atoms that do not get enough
oxygen to form HC gas. The result of the measurement emission with engine load variations is
obtained minimum HC level of 121 ppm occurs when engine using gasoline with a turbocharger for a
load of 500 watts. The maximum HC has obtained 839 ppm when the engine using gasoline without a
turbocharger for a load of 100 watts.

5. Conclusions

The performance and emission of a single cylinder engine fuelled with biogas of POME have been
observed and analyzed compared to the base line of gasoline. The results showed an increase in engine
power and thermal efficiency with decreased in specific fuel consumption ranged from 45% - 68%
when the engine using a turbocharger. Measurement data on exhaust emissions indicate that there are
reduced of CO and HC emissions, as well as increases in CO, and O, when engine using biogas of
POME with turbocharger ranges of 40% -75% when compared with using gasoline.



TALENTA-CEST 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 309 (2018) 012088 doi:10.1088/1757-899X/309/1/012088

Acknowledgements
The authors acknowledge Universitas Sumatera Utara through TALENTA project 2017 for their
financial support to this research.

References

[1] Barelli L, Bidini G, Campanari S, Discepoli G, Spinelli M 2016 Performance assessment of
natural gas and biogas fueled molten carbonate fuel cells in carbon capture configuration J.
of Power Sources 320 332-342

[2] Sitorus T B 2002 Tinjauan pengembangan bahan bakar gas sebagai bahan bakar alternatif
Jurusan Teknik Mesin Fakultas Teknik Universitas Sumatera Utara, digitized by USU digital
library

[3] Kementerian ESDM Republik Indonesia 2015 Buku Informasi Energi-ESDM untuk
Kesejahterahan Rakyat Direktorat Jenderal Energi Baru Terbarukan dan Konservasi Energi.

[4] Porpatham, Ramesh A, Nagalingam B 2012 Effect of compression ratio on the performance and
combustion of a biogas fuelled spark ignition engine Fuel 95 pp. 247-256

[5] A.-Virgen Q, Taboada-Gonzalez P, Ojeda-Benitez S, Cruz-Sotelo S 2014 Power generation
with biogas from municipal solid waste:Prediction of gas generation with in situ parameters
Renewable and Sustainable Energy Reviews 30 pp.412-419

[6] Karapidakis, Tsave, Soupios P M, Katsigiannis Y A 2010 Energy efficiency and environmental
impact of biogas utilization in landfills /nt. J. Environ. Sci. Technol. T pp.599-608

[7] Siregar P 2009 Produksi Biogas Melalui Pemanfaatan Limbah Cair Pabrik Minyak Kelapa
Sawit dengan Digester Anaerob Tesis Universitas Sumatera Utara

[8] LiK, LiuR, Sun C 2016 A review of methane production from agricultural residues in China
Renewable and Sustainable Energy Reviews 54 pp. 857-865

[9] Arroyo J, Moreno F, Mufioz M, Monné C 2015 Experimental study of ignition timing and
supercharging effects on a gasoline engine fueled with synthetic gases extracted from biogas
Energy Conversion and Management 97 pp.196-211

[10] Balmant W, Oliveira B H, Mitchell D A, Vargas J V C, Ordonez J C 2014 Optimal operating
condition for maximum biogas production in anaerobic bioreactors Appl. Therm. Eng. 62
pp-197-206

[11] dos Santos I F S, Barros R M, Filho G L T 2016 Electricity generation from biogas of
anaerobic wastewater treatment plants in Brazil: an assessment of feasibility and potential J.
of Cleaner Production 126 pp. 504-514

[12] TIrvan, Trisakti B, Tomiuchi Y, Harahap U, Daimon H 2017 Effect of Recycle Sludge on
Anaerobic Digestion of Palm Oil Mill Effluent in A Thermophilic Continuous Digester /OP
Conf. Series: Mater. Sci. Eng. 206 012094

[13] Pulkrabek W W 2004 Engineering Fundamentals of The Internal Combustion Engine (New
Jersey: Prentice Hall)

[14] Manual Book of Generator Set Type GFH1900LX, 2015

[15] Heywood J B 1988 Internal Combustion Engines Fundamentals. Massachusetts Institute of
Technology, USA



