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ndonesia is the largest producer of crude palm oil (CPO) in the world. Biodiesel containing

fatty methyl ethyl ester (FAME) is oil produced as a derivative process from CPO. Biodiesel
has properties similar to high speed diesel (HSD). The Minister of Energy and Mineral
Resources (MEMR) made a policy of using biodiesel as a mixture of HSD to be used as fuel
in the electricity and transportation sector. There are many problems in the implementation
of these fuels, especially in gas turbine power plants such as the impact on performance and

reliability. In this study, the effects of biodiesel mixed with HSD were studied using a gas
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turbine power plant with a capacity of 18 MW. The mixture of 5% biodiesel and 95% HSD

(called B5) is used as fuel for testing for 1 month operation. Performance indicators such as

load, fuel consumption, specific fuel consumption, exhaust gas temperature, and nozzle pres-

sure are monitored during the testing. Performance data and results of inspection of hot gas

lines from gas turbines operated for a month are then analyzed. As the results, BS has reduced

power production, increased fuel consumption, and the potential for heat corrosion in hot

gas lines. After carrying out visual and deposit sampling inspections, found many deposits

containing Carbon, Sodium and Sulphur. Sediment samples were tested in the laboratory to

find out metal contaminants in deposits in the transition pieces, nozzle stages one, and noz-

zle stages two. The metal contaminants allegedly came from HSD and Biodiesel fuel.
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INTRODUCTION

he Republic of Indonesia is one of the largest pro-

ducers of crude palm oil (CPO) in the world along
with Malaysia [1]. In addition, Indonesia is an oil im-
porting country. To reduce oil imports, the Minister
of Energy and Mineral Resources (MEMR) issued a
decree No. 25 of 2013 concerning changes to Minis-
terial Regulation No. 32 0of 2008 concerning Provision,
Use and Trading of Biofuel as Alternative Energy. Ac-
cording to the Ministerial Decree, the use of biodie-
sel in the electricity sector is targeted at 7.5% in 2013,
20% in 2014, 25% in 2015, and 30% in 2016 from total
oil consumption.

PLN is an Indonesian state-owned electricity com-
pany that has many diesel engines and gas turbines for
its generation. In diesel engine power plants, biodiesel
and high speed diesel (HSD) mixed fuels can be imple-
mented properly. Apart from not requiring engine mo-
difications, this is because there are no major problems
in terms of performance and reliability. However, in gas
turbine power plants, there are many implementation

problems in gas turbine power plants such as perfor-
mance and reliability issues.

Biodiesel contains fatty ethyl methyl ester (FAME)
which has similar properties as HSD oil especially with
low viscosity characteristics [2, 3, 4, 5]. The most com-
mon method used in producing biodiesel is the CPO
transesterification process. In this process, the raw ma-
terial for lipids is converted into biodiesel. One mole of
triglycerides reacts with three moles of alcohol to pro-
duce three moles of mono alkyl ester and one mole of
glycerol. To increase the reaction rate and yield of bi-
odiesel, the catalyst is usually added to excess alcohol,
which shifts the equilibrium to the product side beca-
use of its reversible reaction [6, 7, 8]. Traditionally, the
transesterification process uses solvents including et-
hanol or methanol and homogeneous catalysts such as
KOH, NaOH, and H2SO4 [5, 9]. However, this method
has several disadvantages such as extensive separation
processes, generation of wastewater, and corrosion of
equipment [9, 10, 11].
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Biodiesel has similar properties as HSD as indicated in
Indonesian National Standard (SNI) No. 7182: 2015 quality
requirements for biodiesel. For physical and chemical pro-
perties, biodiesel has a number that is relatively the same
as HSD as stated in the decision of the Director General of
Oil and Gas MEMR No. 14499K/14/DJM/2008 concerning
Standards and Quality of Types of Diesel Fuel Marketed Do-
mestically. But, naturally biodiesel has specific properties
such as coagulants or clumps (at relatively low temperatu-
res) and depressants (cleaning deposits in pipelines).

The 18 MW gas turbine power plant used in this trial is
an industrial gas turbine produced by General Electric. Gas
turbines have been designed to use gas and oil as fuel. This
study is intended to determine the effect of performance
and reliability of the use of 5% biodiesel and 95% HSD mix-
tures or B5.

MATERIALS AND METHODS

Shown in Figure 1 that B5 is used as fuel during testing.
Biodiesel is mixed with HSD in tanks for 1 month ope-
rational consumption. Before being mixed, biodiesel and
HSD were sampled and analyzed. Biodiesel and HSD
fuels are supplied from two different companies. After
being mixed in tanks with a fuel ratio of 5% biodiesel
and 95% HSD, mixed fuels are sampled according to the
ASTM D 4057 Standard Practice for Manual Sampling
of Petroleum and Petroleum Products. Fuel samples were
tested and analyzed in the laboratory before being veri-
fied and confirmed for use in experiments. Then the gas
turbine is operated for a month with continuous base
load conditions.

During the 1 month trial, performance parameters
were monitored in the control room and locally. After 1
month of operation, visual inspection and deposit sampling
is done to get the data to be analyzed.

Gas Turbine Specification

The specifications of the gas turbine power plant for
testing are shown in Table 1. This power plant has been
operating since 1993 for peak load conditions. The plant
is installed with a capacity of 20 MW. Because it has ex-
perienced long operating hours for years, now it is only

5% Biodiesel and 95% HSD Fuel
Sampling & Analyzing

)

5 Monitoring Gas Turbine Power Plant:

Load & Fuel Flow Rate for 1 month

!

Final Inspection & Deposit Sampling at
Fuel Filter, Fuel Nozzle, & Hot Gas Path

Figure 1. Flowchart of the experiment

Table 1. Specification of gas turbine

Specification Value
Manufacturer GEC Alstom
Installed capacity 20 MW
Compressor & Turbine speed 5,100 rpm
Compressor stage 17

Pressure ratio 10

Turbine impulse stage 2

Combustor (Nozzle) 10 multiple combustor reverse flow

Concentrically located around
compressor

Chamber arrangement

Generator Speed 3,000 rpm

able to operate with a maximum load of 18 MW due to a
decrease in the life of the material.

Gas Turbine Monitoring

During 1 month of testing, gas turbine power plants con-
tinued to be monitored as usual performance parameters
as shown in Table 2. In this test, B5 fuel was sampled and
analyzed four times during the 1 month test. This is done
to find out and maintain the quality of the mixed fuel
during testing as next as shown in Table 4.

Table 2. Operating performance parameters

No.  Monitoring Item  Data Resource

1 Fuel properties Sample analyzing

2 Fuel flow Flow meter counter

3 Load Data logger export meter

4 Nozzle pressure  Monitor control room

5 Deposit Visual and sampling observation

6 Flue gas Monitor in the control room
temperature

7 Flue gas Flue gas duct

The schematic diagram [12] of the gas turbine opera-
tion performance test is shown in Fig. 2. The dashed line
shows the measurement instrument of the operating pro-
cess, such as fuel sample, fuel flow rate, pressure nozzle, load,
exhaust gas, & gas temperature throw away. Turbine inspec-
tion and deposit sampling is carried out after 1 month of the
gas turbine being operated. The deposit sample is tested in
the laboratory to find out the metal material or composition.
The results of the composition of the metal are used to de-
termine whether it comes from fuel or gas turbine material.

Fuel Characteristics

Fuel is tested before testing as shown in Table 3. HSD &
biodiesel are tested by CV. Petrolab before mixing in the
tank. As shown in Table 3, the properties of biodiesel are
similar to HSD such as kinematic viscosity which is very
important in the atomization process in a fuel nozzle.
The gross calorific value of biodiesel is lower than HSD
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Figure 2. Simple cycle of gas turbine in the experiment

around 10%. But, the biodiesel flash point is higher than
HSD around 20%. While impurity metals such as Sodium
or Na and Lead or Pb have the same relative value. B5
mixture is tested as shown in Table 4 where the result of
the mixed B5 parameter is between the results of HSD &
biodiesel.

Table 3. HSD, Biodiesel, & B5 properties before performance test*

Result
Parameter Unit Method
HSD FAME B5
PE L ose ome 0w A
‘Ifl‘:ézrs‘l‘f;l; wec St 3454 4084 3647 A;E;I
Sulphur content % 0,165 0,03 0,182 ADiZgi
Water content % <0,05 0,08 <0,05 ASIM
D95

Ash content % 0,01 0,01 0,01 I;i;l;;\z/[
IF,I&SE ot oC 82 108 80 Aggl
‘%“’f: calorific KE;V 10516 9.175  10.120 ‘?)SZTA%I
Carbon residue ppm 0,01 0,05 0,02  ASTM 189
Vanadium, V ppm <0,1 <0,1 <0,01 ADiggg
Natrium, Na ppm 1,52 1,76 1,84 AD?;OMg
Kalium, K ppm Nil Nil <0,01 Igf_;gll\/([)
Calcium, Ca ppm 2,3 4,62 2,9 %i?l\q
Timbal, Pb ppm 2,66 1,93 <0,01 %ggll\g
Besi, Fe ppm  Nil 008 021 ‘ggﬁ

*Tested by CV. Petrolab Service

During 1 month operation, B5 is tested to determine the
stability of its parameters. B5 fuel sampling is carried out
on days 1, 11, 20, & 29. Shown in Table 4, the results of
parameters such as viscosity, flash point, density, and he-
ating value are relatively stable. But, the water content is
not stable.

Table 4. B5’s properties during the 1 month test

B5 Result** (day to)

No. Paramaeter Unit Method
1 11 20 29

1 VZSS(:SCRY St 321 312 315 3,17 ASE\S’I

2 Flash point °C 76 76 75 75 ADSTgl;/I

} Ctl)\lljttee;t Ppm 113 53 380 133 AST;;’I

4 Dlesnficty g/ml 08415 08405 08395 08405 AISZT;;A

5 H\Zi:g 1\:;/ 46567 46245 46036 45903 Ag}é\’[

Table 5. The result of emission test during 1 month operating test

Result** (day to)

No.  Paramaeter Unit Restriction
1 11 20 29
1 NO, mg/m® 149 135 139 145 <800
2 SO, mg/m* 296 - 12 23 <1000
3 Opacity % 5 5 5 5 <20

**Measured by PLN Research Institute during the performance tests which held
four times a month

RESULTS AND DISCUSSION

Emission Test

Compared with the limit value of the regulation of the
Minister of Environment No. 21 of 2008 [13], the results
of parameters such as NO, SO, & Opacity are lower
than the limit value. The test is carried out four times a
month, and all results do not exceed the limitation value.

Performance Test Result

During the 1 month operation test, we conducted perfor-
mance tests from fuel sampling to analyze performance
characteristics for four times. Shown in Table 6, the tur-
bine exhaust temperature is limited to below 500 °C. Ex-

Table 6. The result of the gas turbine performance (base load continuo-
us) operated with B5

Result (day to)
No. Paramaeter Unit
1 11 20 29
 Compressor o 32,5 2847 29,28 32,14
air inlet temp
,  Barometric 1016 101544 10155 1015,5
pressure
3 Compressor oy 54 79,72 75,44 65,89
inlet humidity
4 Fuel oil liter 15203 153205 14804 14579
COHSUmpthn
Turbine °C 495,13 494,87 49496 49508
Exhaust temp,
6  ActiveLoad MW 17,83 17,5 16,74 16,38
Grosspower .\ 3580632 3528514 33603,86
output
8 GrossSEC ~ IkWh 04246 04342 04405 04444
Gross Heat kCal/
9 ot owp 3819415 3881265 3949043 3997,38
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Table 7. The result of specific fuel consumption of the gas turbine after 1
month operated with B5

No. Parameter Before start ~ After shut down Total
1 Counter kWh 308,866,900 321,227,000 12,360,100
2 Counter fuel (liter) 1,404,410 6,707,659 5,303,249
3 SFEC (liter/kWh) - - 0.429062

penses decreased from the first day of 17.83 MW to 16.38
MW on day 29th. The cost decreased by 8.13%. Meanw-
hile, specific fuel consumption (SFC) increased from the
first day 0.4246 to 0.4444 days on day 29th. The actual
SEC for a month shown in Table 7 is 0.428 I/kWh. The
increase in SFC is 4.66%.
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Figure 3. Graph of load and fuel (B5) consumption for a month
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Figure 4. Graph of SFC for a month

Shown in Fig. 3, the load and fuel consumption decrease
from the first day to the 30th day. The SFC value incre-
ases because the load decreases from the first day to the
30th day as shown in Fig. 4. The nozzle pressure trend
lines 1 to 10 are shown in Figure 5 & 6. The gas turbine
has 10 combustion chambers, so 10 nozzles are installed.
The average nozzle pressure is shown in Fig. 7, it appears
that the average nozzle pressure decreases because the
load decreases.

34
——
32 Nozzle 1
8
520 v—¥—¥  oad 2
2 L
4 28 ‘ ——Nozzle 3
H
o
26
% ——Nozzle 4
]
2 24
=s==Nozzle 5
22 T T T d
0 5 10 15 20 25 30
Day to

Figure 5. Graph of nozzle pressure from nozzle 1 to 5

Inspection Result
Shown in Fig. 8, the no. 2 fuel nozzle condition is divided
into three different conditions. Seen from the picture,
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Figure 6. Graph of nozzle pressure from nozzle 6 to 10
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Figure 7. Graph of nozzle pressure average for a month

the deposit is formed on the nozzle after being operated
by HSD and B5. A white deposit is formed in the com-
bustion liner after being operated with B5 as shown in

Fig. 9 (c).

after

Figure 9. Visual inspection of combustion liner no. 2 (a) before
operated (b) after operated by HSD taken on Major Overhaul (c) after
operated with B5 for 1 month

Figure 10. Visual inspection of transition piece (a) before operated (b)
after operated by HSD taken on Major Overhaul (c) after operated with
B5 for 1 month

Figure 11. Visual inspection of 1st stage turbine nozzle (a) before
operated (b) after operated by HSD taken on Major Overhaul (c) after
operated with B5 for 1 month
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Figure 12. Visual inspection of 2nd stage turbine nozzle (a) before
operated (b) after operated by HSD taken on Major Overhaul (c) after
operated with B5 for 1 month

The white deposit is in the transition piece in Fig. 10
(c), the first stage nozzle in Fig. 11 (c), and the second sta-
ge nozzle in Fig. 12 (c) is taken after testing. The samples
are analysed in the laboratory then the results are shown
in Table 7. The deposits mostly contain Na, S, Fe, and Ni.
Based on X-ray Diffraction and Dispersive Energy Spect-
roscopy (EDS), the compounds formed on the deposit are
Sodium Sulphate (Na,SO,) which has the potential to make
heat corrosion [14] to peel off the thermal barrier layer, and
to lead corrosion in the basic ingredients contained with Fe
& Nias shown in Fig. 13. Deposits such as Naand S are likely
to come from impurities in the fuel either HSD or biodiesel.

Table 8. The composition of trace metal in the deposit after 1 month
operated by B5

Deposit located at****

No. Paramaeter Unit  Transition  Iststage  2nd stage
piece nozzle nozzle
1 Natrium, Na % 33,16 34,26 32,31
2 Magnesium, Mg % 1,77 2,29 3,42
3 Aluminium, Al % - 0,97 -
4 Silika, Si % - 0,33 0,35
5 Sulfur, S % 38,64 41,96 36,05
6 Kalium, K % 0,58 0,37 0,74
7 Calcium, Ca % 0,86 1,40 0,74
8 Chromium, Cr % 2,91 2,90 3,21
9 Mangan, Mn % 0,21 0,22 0,81
10 Ferrum, Fe % 7,62 3,28 10,51
11 Cobalt % - 9,25 6,65
12 Nickel, Ni % 11,46 2,43 4,02
13 Zink, Zn % 1,10 0,37 0,52
1 Molivdenum, -y, 028 - 039
15 Plumbum, Pb % 0,81 - -

***Tested by Metallurgy Laboratory at University of Indonesia

Figure 13. Visual inspection of 1st stage turbine nozzle (erosion
material) after operated with B5

CONCLUSION

The use of B5 in gas turbine power plants has
in output increased SFC  fuel
consumption, and led sediment materials that increase

decreased power,
the potential for corrosion of hot gases in hot gas path
material from gas turbines. Fuel that is clean of impuriti-
es and sulphur is needed to reduce this risk.
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