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ABSTRACT

Riau Province is one of the largest palm oil pragacin
Indonesia. Pome of biogas is one form of renewahkrgy that
can be utilized through biogas power plants. On¢hefbiogas
power plant in Riau is a Rama-Rama biogas powent pila
Kampar. As a first step to improving power plarftoincy, this
plant has been identified as the location of thgdst loss in
power plant by energy analysis. Energy analysisvparformed
for a gas engine with multiple cylinder on biogasver plant 835
kW otto cycle. The data from the plant’s record kmasing for
this analysis. The result, each gas engine cylitder different
efficiency values. The highest and lowest enerfjgiehcy of gas
engine found in cylinder 11 and cylinder 7, respety 56,12%
and 56,02%. That different efficiency value occdrriie to the
fact that there are large temperature differencesvéen the
combustion process every cylinder and the workinigl f
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NOMENCLATURE

CHy Methane
co, Carbon Dioxide

G Spesific Heat at Constant Pressure
C, Spesific Heat at Constant Volume
k Specific Heat Ratio

H, Hydrogen

H,O Water

H,S Hydrogen Sulfide

0, Oxygen

m Mass Flow Rate

N, Nitrogen

NH; Ammonia

Nen Thermal Efficiency

Qin Heat input

Qout Heat output

re Compression Ratio

To Ambient Temperature
Ti,34 Temperature of each process
P, Atmospheric Pressure
P34 Pressure Temperature
Vb Fuel Flow Rate

W, Compression Work

Whet Net Work

1.0INTRODUCTION

Electricity energy demand growth will cause d&gn8icant

electrical energy crisis all over the worldhcluding in

Indonesia. To cope with this electrical energy isrithe new
power plant construction program should be staded the
efficiency of existing power plants should be iraged [1]. Riau
Province's oil palm plantations nationally occupg top position
in Indonesia of 2.2 million hectares or 25 peraafthe total area
of oil palm plantations Indonesia [2].

Biogas from palm oil waste is a fuel used by gagires at
power plants, the development of biogas energyiau s very
suitable and one of them is a biogas power plane Of the
biogas power plant in Kampar — Riau is a Rama-Raingas
power plant. As a first step to improving powernlafficiency,
this plant has been identified as the locatiorheflargest loss in
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power plant by energy analysis. [3]

One of the methods of thermal system analysisssdan the
first law of thermodynamics. This method uses theergy
balance in the system to calculate the heat trarkét occurs
between the system. The first law of thermodynarprevides a
concept of energy conservation, which states that énergy
entering the thermal system with fuel, electricityaterial flow,
etc.

The purpose of this study was to evaluate the pediace gas
engine of biogas power plants through thermodynamadysis.

2.0 METHODOLOGY

2.1 Data Collection

In this study, the research sample used is owndRllbyRamajaya
Pramukti. The research data used is daily repatady operation
data from the gas engine. Parameters that couldeadatirectly
measured were derived using appropriate existingténs such
us compression temperature, combustion temperapuessure
during all step in gas engine. From the recordogf books, the
ambient temperature is 301.65 K and the ambiergspre was
assumed to be 101.325 kPa.

2.2 System Description

The biogas power plant of 835 kW used in this stisdan closed
system with gas engine as engine drive and isédcat Kampar,
Riau. The gas engine works on the principle of @gtole four
stroke, biogas fuel, water-cooled, has 16 cylindgth V

configuration (78) and equipped with turbocharger and

intercooler [4]. All Gas engine specification ofobas power
plant PT. Ramajaya Pramukti is as follows on Tdble

Table 1: Gas engine spesification and parameters [5]

Maximum power : 835 kW
Compression ratio : 125
Congfugiration V70
Bore © 135 mm
Stroke : 170 mm
No. of cylinder .16 cylinder
Nominal speed : 1500 rpm
Mean piston speed : 8,5mis
Mean effective pressure . 17,70 bar

. : 1000 mbar or 100 m above sea
Air pressure level
Air temperature . 28C or 298 K
Relative humidit . 30%
Gas flow pressu . 8(-200 mba

The scematic of the gas engine bigas plant is shiowigure 1:
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Figure 1: Schematic of methodology
Description :
1. Gas supplay 6. Fuel mixture cooler
2. Airinlet 7. Throttle valve
3. Gas mixer 8. Engine
4. Turbo bypass valve 9. Exhaust gas turbine
5. Compressor 10. Generator

In addition Figure 2 showing the gas engine useANGX
method that supplies excess air in fuel and aiingixo minimize
combustion gas emissions [5]. The excess air factor be
determined from the LEANOX method for more combursti
efficiency. Then the LEANOX method show on Figure 2

LEANOX

Misfirig

lean burn combustion

NS Total HC

LEANOX LOWERS NOx EMISSIONS BV CONTROLLING THE AFR

Figure 2: LEANOX method

2.3 Energy Analysis of Biogas Power Plant

The thermodinamic analysis of the gas engine bstitrg each
component of the system as a control volume atgtstate. A
general energy-balance equation, applicable tocanyponent of
a thermal system may be formulated by utilizing fin& laws of

thermodynamics. The otto 4 stroke cycle was desdriln this

analysys. The working fluid in the actual Otto Gy& a mixture
of fuel and air. There is a combustion process ssuace of heat
and there are combustion products. At the suctip, sthe

pressure is lower than the exhaust step. The cdiohysrocess
starts from ignition of the spark plug or ignitiomtil the end of
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burning. The process of compression and expanssomot
adiabatis, because there is a loss of heat outiseleombustion
chamber. The ideal Otto Cycle schematic is showFigare 3.

Gin Gout

l Air
1 ()] @ L
U1 | I | U

Isentropic Isentropic
compression expansion

-1

V= const.
heat addition

V= const.
heat rejection

Figure 3: Ideal otto cycle schematic
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Figure 4: A typical T-s diagram of ideal otto cycle

Base on Figure 4The thermodynamic analysis of the ideal
Otto Cycle is as follows:

Isentropic compression stoke (1-2)

Compression temperature,fTcan be determain with equation 1

[6];

T, =Ty (r)*! @
Compression ratio (rc) is given by equation 2 [6];

1% 2
_ V_: @)

Heat specific (Cp) is obtained by polynomial fora function
of temperature as given by equation 4 [7];

Cp = a + bT + cT2 + dT3 (3)
Heat specific ratiok) is given by equation 4 [6];

k=2F @

Pressure during compression stroke is given bytequa [6];

&=P4%f=amﬁ (5)

Work during compression process {\Ws given by equation 6

(6]:

We = G(Ty —To) (6)

In this process no heat input or rejected.

G12=0

Constant-volume heat input or combustion proces3) (2
Combustion temperature {JTcan be determain with equation 7
[71;

Ty = T,()* ! )

Pressure during combustion process is given bytiequa [7];

)6

Heat input during combustion process is given hyaéiqn 9 [6];
9,.;=9,,=c»(T5-T3) 9)
Isentropic power or expansion stroke (3-4)

Expansion temperature f)Tcan be determined with equation 10

[71;

(10)

Expansion pressure {Tlcan be determined with equation 11 [6];

1 k

P,=P (r_c) (11)
In this process no heat input or rejected.
Oz4=0
Constant-volume heat rejection (exaust blowdowr) )
Heat rejected from the engine is given by equati®i6]
941= 9= (T4-T) (12)
While the efficiency thermal of gas engine is gien

w -
Ty = ﬁ _ Qin qm%ut -1 _% (13)
3.0 RESULTS

Physical properties flows at various state pointthe gas engine
at rated conditions at various state points indyee are shown
in Table 2 and the composition of biogas that enber gas

mixture before combustion chamber shown in TableTBese

flow rates were calculated based on actual datiradst from log

data record PT. Ramajaya Pramukti.
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Table 2: Physical properties of gas engine [4]

Parameters Value Unit
Biogas flow rateVyy) 0.118 /s
Air Inlet Temperature (J) 301.65 K
Charge Temperature {JT 322.85 K
Boost Pressur (p 2.76 kPa

Tas 851 K
Tz 847 K
Tyz 855 K
Tay 854 K
Tye 852 K
Tae 859 K
Ty7 845 K
Exhaust Gas Tag 855 K
Temperature (J) Tac 856 K
Taac 856 K
Tans 861 K
Taas 847 K
Tas: 850 K
Tor 857 K
Ty 845 K
Taie 850 K
Table 3: Biogas composition of gas engine [4]
Ccompound Volume (%

CH, 44.7

CO, 39.1

O, 1.7

H.0 9.1¢

N, 2.62

NH3 1.31

H, 1.31

H,S 0.07

> 100

Using the value given by Table 2 and Table 3, the
temperature and pressure every state are calculgtedsing
equation 1, 5 and the result shown in the Table 4.

Table 4: Temperature and pressure every state and cylinder

Tz

N _®

Ts
(K)

P
(K)

P3
(kPa)

P, (kPa)

779,380

1775,021

7765,79

6 17686,406 621,

886

779,380

1766,677

7765,79

6 17603,7

74 618,

963

779,380

1783,364

7765,79

6 17769,539 624,

810

779,38(

1781,27:

7765,78I

17748,75

624,07¢

779,380

1777,106

7765,79

6 17707,189 622,

617

779,38(

1791,70

7765,78I

17852,67

627,73:

779,380

1762,506

7765,79

6 17561,708 617,

502

779,380

1783,364

7765,79

6 17769,539 624,

810

OO|N|O|O|AR|W|IN|F-

779,38(

1785,45!

7765,78I

17790,32.

625,54(

[y
o

779,380

1785,450

7765,786 177903

22 625,

540

11 | 779,38( | 1795,87! | 7765,78( | 17894,23 | 629,19:
12 | 779,380, 1766,67y 7765786 17603,274 618,963
13 | 779,38( | 1772,93! | 7765,78( | 17665,62 | 621,15¢
14 | 779,380, 1787,53p5 7765786 17811,105 626,271
15 | 779,38( | 1762,501 | 7765,78( | 17561,70 | 617,50:
1€ | 779,38( | 1772,93! | 7765,78( | 17665,62 | 621,15¢

After the temperature and pressure calculatedjripet dan
output energy can be determined by using equatioan@

equation 12. The result shown in Table 5.

Table 5: Input and out

ut energy in gas engine

~ TGt

D

Oy Ot

. Qin Qout Whnet
Cylinder (kW) (kw) (kW)
1 1449,1¢ | 636,8: | 812,3¢
2 1438,39| 632,45 805,94
3 1459,9" | 641,2: | 818,7¢
4 1457,27| 640,120 817,1
5 1451,88| 637,93 8139
6 1470,76] 645,60 825,1]
7 1433,0( | 630,2¢ | 802,7:
8 1459,9" | 641,2: | 818,7¢
9 1462,67| 642,31 820,3f
1C 1462,6" | 642,3. | 820,3¢
11 1476,16| 647,79 828,3
12 1438,3¢ | 632,4t | 805,9¢
13 1446,49] 635,74 810,7
14 1465,37| 643,41 8219
15 1433,0( | 630,2¢ | 802,7:
16 1446,49] 635,74 810,7

Using the value from Table 5, the efficiency ofgagine
every cylinder are calculated by using equatiorad@ the result
shown in the Figure 5.

=
=

56.14
56.12
56.10
56.08
56.06
56.04
56.02
56.00

Gas Engine Efficiency

01234567 8 91011121314151617
Cylinder

Figure 5: Efficiency gas engine of biogas power plant
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4.0 DISCUSSION

Table 2 shows all physical properties of gas enging Table 3
shows the biogas composition as fuel in the gasnendzach
cylinder on a gas engine has a different work vaen with the
same fuel input, as shown in Table 5. These inputput and
network from the system were calculated based ervéues of
measured properties such as biogas compositionssyme
temperature at various points The largest energwtiin gas
engine equal to 1476.16 kW (cylinder 11) and lowesergy
input in gas engine equal to 1433 kW (cylinder Ehergy
efficiency is also often referred to as the efficig of the first law
of thermodynamics and the energy efficiency of gamgine
multiple cylinder shown in Figure 5. The largestemgy
efficiency in gas engine is 56.12 % (cylinder 1hdaowest
energy efficiency in gas engine is 56.02 % (cylmite

5.0 CONCLUSION

The performance of a gas engine with multiple agin was
calculated by using energy analysis. The resutth ems engine
cylinder has different efficiency values. Throughe tenergy
analysis we can know the location of the perforneashegradation
of the gas engine. It was found the highest andesbvenergy
efficiency of gas engine in cylinder 11 and cylindé,

respectively. It can be concluded that differericefncy value
occurred due to the fact that there are large tespe

differences between the combustion process evdigdey and
the working fluid.
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