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Abstract 

Combined cycle power plant (CCPP) is a closed-cycle power plant, where the heat from the gas turbine’s (GT) exhaust gas 
will be streamed to the heat recovery steam generator (HRSG) to be utilized by steam turbine (ST). CCPP Block 4 (Jawa-2) PT 
Indonesia Power Priok POMU has an installed capacity of 880 MW, consists of 2 GT units (301.5 MW each) and 1 ST unit (307.5 
MW). The performance of a power plant depends on its load, as the efficiency of the turbine generator is low when operated at 
low loads. The data as of July 2019 showed that 2.2.1 (2 GT, 2 HRSG, 1 ST) configuration has been used in three conditions 
where the CC net load was around 30 - 45 %, which in fact could be compensated by the 1.1.1 (1 GT, 1 HRSG, 1 ST) 
configuration. This resulted in a decrease of the CC net efficiency up to 21.34 %. The optimization that can be done is to change 
the load configuration from 2.2.1 to 1.1.1 at 0 - 50 % of CC net load through simulations, by including the influence of the GT 
and HRSG start-up processes. The result of this optimization is that the CCPP performance increases due to higher performance 
of each turbine generator. Thus, the optimization results during July 2019 provided energy saving of 1,146.09 MMBTU or 
equivalent to cost saving of IDR 152,249,551.76. 

Copyright ©2022 National Research and Innovation Agency. This is an open access article under the CC BY-NC-SA license 
(https://creativecommons.org/licenses/by-nc-sa/4.0/). 

Keywords: combined cycle; gas turbine; steam turbine; load optimization; power plant performance. 

 
 

I. Introduction 

PT Indonesia Power Priok Power Generation and 
O&M Unit (POMU) manages four CCPP Blocks with a 
total installed capacity of 2,800 MW. The CCPP Block 
4 (Jawa-2) is the newest generating unit in the Priok 
POMU, which has been operating (open cycle) since 
June 2018 and completed the integration with its ST 
unit (combined cycle) in May 2019. CCPP Block 4 is 
connected to the Jawa-Bali power system, with an 
installed capacity of 880 MW and consists of 2 GT 
units and 1 ST unit. 

The power plant performance parameters 
include efficiency and heat rate, which are closely 
related to its load [1][2][3]. When the turbine 
generator load is well below its design capacity, its 
efficiency will also drop significantly. Therefore, it is 
important to keep the turbine generator loaded 
according to its capacity; especially at low 

generation loads. In the manual book, the 2.2.1 
configuration is used when the CC net load is more 
than 45 %. Meanwhile, several conditions at the site 
(July 2019) showed that the 2.2.1 (2 GT, 2 HRSG, 1 
ST) configuration has been used in the CC net load of 
around 30 - 45 %, resulted up to 21.34 % reduction 
in the efficiency of the generating unit. The lower 
efficiency is certainly detrimental because more fuel 
is needed for the same generated power [4][5].  

Because the CC load varies over time, the effort 
that can be made is to set each turbine generator 
load to remain high [6][7][8]. The setting is done by 
distributing the turbine generator load at the right 
part load [9][10], so that the CC performance 
remains high wherever the load is. 

This journal will discuss optimization in the form 
of changing the loading configuration from 2.2.1 (2 
on 1) to 1.1.1 (1 on 1) at 0 - 50 % of CC net load by 
including the influence of the GT and HRSG start-up 
processes, and show the actual part load efficiency 
which actually occurs in real conditions.  
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II. Materials and Methods 

A. Combined cycle power plant (CCPP) 

Simple cycle gas turbine and combined cycle gas 
turbine power plants have traditionally served as 
peaking units because they can be started within 
minutes and ramped up and down quickly to meet 
spikes in demand or sudden changes in electric 
system loads. Combined cycle power plants can 
respond to load changes faster than conventional 
steam power plants [11]. 

The term of combined cycle (CC) refers to the 
combining of multiple thermodynamic cycles to 
generate power [11], as shown in Figure 1. The first 
cycle is the Brayton cycle which consists of a 
compressor, combustion chamber, and the gas 
turbine (GT) itself. The second cycle is the Rankine 
cycle which consists of pumps, heat recovery steam 
generator (HRSG), the steam turbine (ST), and a 
condenser. 

Brayton cycle occurs at high temperature and the 
Rankine cycle occurs with lower temperature. While 
conventional thermal plants discard waste gases to 
the environment at high temperature, combined 
cycle plants take advantage of these gases at high 
temperatures. The exhaust heat from the gas turbine 
cycle is used to generate steam at high pressure and 
high temperature that will be expanded in a steam 
turbine to generate additional power [13]. 

In this cycle, energy is recovered from the 
exhaust gases by transferring it to the steam in a 

heat exchanger that serves as the boiler. In general, 
more than one gas turbine is needed to supply 
sufficient heat to the steam. Also, the steam cycle 
may involve regeneration as well as reheating. 
Energy for the reheating process can be supplied by 
burning some additional fuel in the oxygen-rich 
exhaust gases [12]. 

In comparison with steam power plants which 
offer a thermal efficiency of about 40 %, combined 
cycle power plants deliver a thermal efficiency of 
about 60 % (based on lower heating values) [14]. 

B. CCPP working principle 

The CCPP layout is shown in Figure 2. The gas 
turbine of CCPP is maneuverable and can change 
output power faster than steam turbine. Steam 
turbine in CCPP operates under variable pressure. So, 
steam turbine power varies with long response time 
depending on gas turbine power [15]. 

After passing the compressor, air is mixed with 
fuel in combustion chamber. The mixture burns and 
hot gases are expanded in gas turbine then rotate it. 
After the gas turbine, hot gas goes to HRSG, where it 
heats water. Water becomes a steam which rotates 
the steam turbine [15]. 

C. CCPP performance 

1) Gas turbine (GT) heat rate and efficiency 

𝐺𝐺𝐺𝐺𝐺 = 𝐹𝑓𝑓𝑓𝑓 𝑥 𝐿𝐿𝐿𝑓𝑓𝑓𝑓
𝑃𝐺𝐺𝐺𝐺 𝑥 1000 𝑥 4.184

 (1) 

 
Figure 1. Flow diagram and T-s diagram of CCPP [12] 

 
Figure 2. CCPP layout [15] 
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𝜂𝐺𝐺𝐺 = 860
𝐺𝐺𝐺𝐿𝐺

 𝑥 100% (2) 

𝐺 = 1~2, 𝐺 = 1 → 𝐺𝐺1, 𝐺 = 2 → 𝐺𝐺2 (3) 

where 𝐺𝐺𝐺𝐺𝐺  is GT heat rate, 𝐹𝑓𝑓𝑓𝑓  is fuel flowrate, 
𝐿𝐺𝐿𝑓𝑓𝑓𝑓  is fuel LHV, 𝑃𝐺𝐺𝐺𝐺  is active power GTG, and 
𝜂𝐺𝐺𝐺  is GT efficiency. 

2) Steam turbine (ST) heat rate and efficiency 

𝐺𝐿𝐿𝐿𝐿 = 1,4797𝑥10−8 𝐺𝐿𝑃2 + 1,0555𝑥10−2 𝐺𝐿𝑃 +
8,1584𝑥103 (4) 

𝐺𝐶𝐺𝐿 = 𝐺𝐿𝑃 − 𝐺𝐿𝐿𝐿𝐿 (5) 

𝐺𝐿𝐺𝐿 = 𝐺𝐶𝐺𝐿 + 𝐺𝐼𝑃  (6) 

𝐺𝑆𝐺 = (𝐺𝐿𝑃 𝑥 𝐺𝐿𝑃) + (𝐺𝐿𝐺𝐿 𝑥 𝐺𝐿𝐺𝐿) + (𝐺𝐿𝑃 𝑥 𝐺𝐿𝑃) −
(𝐺𝐶𝐺𝐿 𝑥 𝐺𝐶𝐺𝐿) − (𝐺𝐶𝐶 𝑥 𝐺𝐺𝐶) (7) 

𝑆𝐺𝐺𝐺 = 𝐿𝑆𝐺
𝑃𝑆𝐺𝐺 𝑥 4.184

 (8) 

𝜂𝑆𝐺 = 860
𝑆𝐺𝐿𝐺

 𝑥 100% (9) 

where 𝐺𝐿𝐿𝐿𝐿 is turbine leakage flow, 𝐺𝐿𝑃 is HP main 
steam flow, 𝐺𝐶𝐺𝐿 is cold reheat steam flow, 𝐺𝐿𝐺𝐿 is 
hot reheat steam flow, 𝐺𝐼𝑃 is IP steam flow, 𝐺𝐿𝑃 is LP 
steam flow, 𝐺𝐺𝐶  is condenser condensate flow, 𝐺𝐿𝑃 is 
HP steam enthalpy, 𝐺𝐶𝐺𝐿  is hot reheat steam 
enthalpy, 𝐺𝐿𝐺𝐿  is hot reheat steam flow, 𝐺𝐿𝑃  is LP 
steam flow, 𝐺𝐶𝐶  is condensate enthalpy, 𝐺𝑆𝐺  is ST 
heat input, 𝑆𝐺𝐺𝐺  is ST heat rate, and 𝜂𝑆𝐺  is ST 

efficiency. 

3) Net plant heat rate and net efficiency 

𝑁𝑃𝐺𝐺 = 𝐹𝑓𝑓𝑓𝑓 𝑥 𝐿𝐿𝐿𝑓𝑓𝑓𝑓
𝑃𝑛𝑓𝑛 𝑥 1000 𝑥 4.184

 (10) 

𝑃𝑛𝑓𝑛 = 𝑃𝑛𝑓𝑛 𝐺𝐺1 + 𝑃𝑛𝑓𝑛 𝐺𝐺2 + 𝑃𝑛𝑓𝑛 𝑆𝐺 (11) 

𝜂𝑁𝐿𝐺 = 860
𝑁𝑃𝐿𝐺

 𝑥 100% (12) 

where 𝑁𝑃𝐺𝐺  is net plant heat rate,  𝐹𝑓𝑓𝑓𝑓  is fuel 
flowrate, 𝐿𝐺𝐿𝑓𝑓𝑓𝑓  is fuel LHV, 𝑃𝑛𝑓𝑛 is block net active 
power, and 𝜂𝑁𝐿𝐺 is net plant efficiency. 

D. CCPP Block 4 Priok POMU 

CCPP Block 4 (Jawa-2) Priok POMU is located in 
North Jakarta, with the power plant’s overview 
shown in Figure 3. CCPP Block 4 is an asset owned by 
PT Perusahaan Listrik Negara and operated by PT 
Indonesia Power. CCPP Block 4 is the newest 
generating unit in Priok POMU, manufactured by 
Mitsubishi Hitachi power systems (MHPS). This 
generating unit has an installed capacity of 880 MW 
and has been operating since May 2019. The CCPP 
Block 4 consists of two gas turbines (GT), two heat 
recovery steam generators (HRSG), one steam 
turbine (ST), and one condenser as shown in Figure 4. 

Table 1 shows the performance of CCPP Block 4 
according to the manufacturer’s design, with 
variations in the loading configuration of 1.1.1 (1 GT, 

 
Figure 3. CCPP Block 4 Priok POMU  

 
Figure 4. CCPP Block 4 Priok POMU scheme  
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1 HRSG, 1 ST) and 2.2.1 (2 GT, 2 HRSG, 1 ST). Figure 5 
shows the limits for the use of 1.1.1 and 2.2.1 
configurations, as well as the maximum limits for 
ramp-up or ramp-down rates. It is written that the 
2.2.1 configuration is used when the generating load 
is from 410 MW to 880 MW (47 - 100 %). If the 2.2.1 
configuration is used at lower loads, then the 
performance will be lower as well. 

1) GT M701F4 (MHPS Takasago) 2 x 301.5 MW 

There are two GTs (GT1 and GT2) with an 
installed capacity of 301.5 MW each. In Figure 6, the 
right side is the air compressor rotor and the left side 

is the turbine rotor itself. The compressor impeller 
and turbine blades are in the form of airfoils and are 
made in stages so that the work generated from the 
combustion process by the combustor will be 
maximized. Table 2 shows the gas turbine (GT) 
specifications according to manufacturer’s design; 
including efficiency and heat rate when the GT is 
fully loaded (100 %), as well as the allowed ramp 
rate limit. 

2) HRSG (MHPS Kure) 

There are 2 HRSG units, namely HRSG1 and 
HRSG2. Figure 7 shows heat recovery steam 
generator (HRSG) 3D design. It can be seen that the 

 
Figure 5. Loading configuration based on design 

 
Figure 6. GT M701F4 rotor 

Table 1. 
CCPP Block 4 Priok POMU performance based on design 

Load configuration Parameter Unit 

1 on 1 
Plant output 566 MW 

Plant efficiency 62.0 % LHV 

2 on 1 
Plant output 1,135 MW 

Plant efficiency 62.2 % LHV 

Starting time 45 minutes 
 

Table 2. 
GT M701F4 specifications 

Parameter Unit 

Frequency 50 Hz 

ISO base rating 385 MW 

Efficiency 41.9 % LHV 

LHV heat rate 
8,592 kJ/kWh 

8,144 BTU/kWh 

Exhaust flow 
748 kg/s 

1,650 lb/s 

Exhaust temperature 
630 °C 

1,167 °F 

Exhaust emission 
NOx 25 ppm @15 % O2 

CO 10 ppm @15 % O2 

Turn down load 45 % 

Ramp rate 38 MW/min 

Starting time 30 minutes 
 

 
Figure 7. HRSG structure 
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HP tubes are in the front side, the IP tubes are in the 
middle side, and the LP tubes are at the rear side of 
the HRSG. This causes the steam temperature at HP 
tubes to be the highest, while in the LP tubes is the 
lowest; because the heat energy from the GT 
exhaust gas has been absorbed by the HP and IP 
tubes first. Figure 8 shows the HRSG heat balance 
according to manufacturer’s design; containing 
technical specifications of exhaust gas from GT, 
feedwater, and steam in HP, IP, CRH, HRH, and LP 
drums. 

3) ST TC2F-40.5” (MHPS Nagasaki) 1 x 307.5 MW 

There is one ST with an installed capacity of 
307.5 MW. ST will reach its full load if both GT1 and 

GT2 are also operated at full load (2 x 301.5 MW), 
because the heat utilization that can be generated by 
ST only reaches about 50 % of the heat in the GT 
exhaust gas. ST gets its steam supply from the 
combination of the HRSG1 and HRSG2. 

As shown in Figure 9, there are three types of 
blades on the ST rotor, each of which operates at 
different pressures. The HP turbine is on the right 
side, followed by the IP turbine in the middle side, 
and the LP turbine is on the left side of the ST. 
Meanwhile the generator rotor is installed on the left 
end, with the shaft coupled with the three turbine 
rotors so that they all have one shaft. There are also 
several specifications including steam pressure and 
temperature in HP, IP, and LP turbines. 

  
(a) (b) 

Figure 8. HRSG heat balance design: (a) Section 1; (b) Section 2 

 
Figure 9. ST TC2F-40.5” technical specifications 
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III. Results and Discussions 

Observations were made during July 2019, with 
data collected by measuring instruments in one 
minute intervals. 

A. GT analysis 

Figure 10 and Figure 11 shows the relationship 
between GT efficiency and the GT load itself. It is 
seen that the efficiency is high at full load, and low 
when the load is also low. This happens because the 

fuel required to maintain the turbine’s torque 
remains the same when the load (electrical power) 
of the generator is set high or low. Therefore, the GT 
load must be ensured to be high in order to maintain 
its high performance. 

B. CC analysis 

Figure 12 contains two variables, namely the 
ratio of GT load and ST load which is a function of CC 
net load. The sum of the ratios of GT load to ST load 
will be equal to 1. For example, at 30 % of CC net 
load (264 MW) the ratio of GT load is 0.63 and ST 

 
(a) 

 
(b) 

Figure 10. Fuel flowrate vs GT load: (a) 0 - 40 %; (b) 40.01 - 100 % 

 
Figure 11. GT efficiency vs GT load 
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load is 0.37; this means that GT supplies 0.63 x 264 
MW and ST supplies 0.37 x 264 MW. The first graph 
is taken at 1.1.1 configuration, while the second 
graph is taken at 2.2.1 configuration (includes GT 
and HRSG start-up processes). These equations will 
be used for load optimization of 1.1.1 and 2.2.1. 

In Figure 13, there is a condition where the CC 
efficiency decreases drastically at the same load. This 
condition occurs when one of the GT starts up, 
which takes about 25 minutes. This means that 
during this period there is fuel consumption but the 
GT has not been able to produce electric power. In 

addition, another consideration is the impact of GT 
start-up in the load of 2.2.1 on HRSG start-up 
processes which will be explained in the next 
paragraph.  

As shown in Figure 14, the load configuration is 
1.1.1 (GT2 on, GT1 off). When the load configuration 
is changed to 2.2.1 (GT1 is turned on, marked by the 
area in the box), it can be seen that the ST load does 
not increase immediately (there is a time difference 
of about 45 minutes since GT1 was on, or 70 minutes 
since GT1 started up). This is the impact of the 
HRSG1 start-up process, where the 45 minutes 

 
(a) 

 
(b) 

Figure 12. GT load and ST load ratio vs CC net load: (a)1.1.1 configuration; (b) 2.2.1 configuration 

 
Figure 13. CC efficiency at sample existing condition 
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difference represents the time needed for HRSG1 to 
produce steam before flowing it to the ST. After this 
time difference, HRSG1 will be able to immediately 
respond if there is a change in load on GT1. 

C. Load monitoring 

During the observations in July 2019, there were 
three conditions that could be optimized as shown 
in Figure 15. In these three conditions, the 2.2.1 

 
Figure 14. ST response to HRSG start up 

(a)

(b) 

(c) 

Figure 15. Optimization data targets: (a) 15 July; (b) 22 July; (c) 30 July
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configuration was used around 30 - 45 % of CC net 
load which should be compensated by the 1.1.1 
configuration. 

Optimization will be carried out on the three 
data, starting from GT start-up process and ending 
when the CC net load starts to decrease. The time 
span of the load optimization plan for the three data 
targets is shown in the Table 3. 

D. Determination of load configuration 

From the three load optimization targets, a data 
sample was taken; namely July 15, at 04:27 –  11:34 
for optimization simulation. In the sample data, 
three analysis were carried out with the variables 
listed in the Table 4. 

Figure 16 shows that the highest efficiency is 
achieved with option number 2, which is using the 
2.2.1 configuration when the GT load has reached 
100 %. Option number 2 results in better 
performance compared to option number 3 
(according to the manual book). The baseline itself is 
the design efficiency according to Table 1. 

The load optimization will be carried out when 
the configuration moves from 1.1.1 to 2.2.1, with the 
following conditions. 
1. There is one GT which will later be referred to as 

the main GT, and one other GT which will later 
be referred to as the follower GT. The main GT is 
a GT which is already on at low load and will 
become a fully charged GT (100 %). Meanwhile, 
the follower GT is a GT that will be operated only 
when the main GT has reached full load and a 
higher CC net load is desired. This means when 
load settings occur, tuning will only be carried 
out on the follower GT, while the main GT will 
remain at full load. Meanwhile, the HRSG that is 
installed on the main GT will be referred to as the 

main HRSG and the HRSG that is installed on the 
follower GT will be referred to as the follower 
HRSG. The main GT and the follower GT can be 
GT1 and GT2, or vice versa namely GT2 and GT1. 
Also for the main HRSG and the follower HRSG 
can be HRSG1 and HRSG2, or vice versa namely 
HRSG2 and HRSG1. 

2. In ramp-up conditions, the GT load can only be 
increased. Likewise in ramp-down conditions, 
the GT load can only be lowered. The ramp rate 
follows the procedure in the manual book in 
Figure 5, which is a maximum of 44 MW/minute. 

3. In low load conditions (0 –  50 % of CC net load), 
the load configuration used is 1.1.1 until the 
main GT is fully charged (100 %). 

4. In high load conditions (50 –  100% of CC net 
load), the load configuration used is 2.2.1 by 
starting up the follower GT. It takes about 25 
minutes of the start-up of follower GT, and about 
45 minutes (or 70 minutes from the start-up of 
follower GT) of the follower HRSG start-up 
process so that the ST load can respond to 
changes in the follower GT load. 

5. The ramp-up process when the load 
configuration shifts from 1.1.1 to 2.2.1 is done by 
operating the main GT at full load, then proceed 
with tuning; namely increasing the follower GT 
load slowly until the desired load is reached. 
Meanwhile, the ramp-down shifting from 2.2.1 to 
1.1.1 configuration is carried out while still 
operating the main GT at full load, then tuning is 
done by slowly lowering the follower GT load 
until the desired load is reached. In these two 
conditions (ramp-up and ramp-down), the main 
GT is prioritized to operate at full load. 

E. Load optimization 

As shown in Figure 17, the net efficiency of the 
CC increases after optimization, because the main GT 

Table 3. 
Load optimization plan 

CC net load 
when starting 
2.2.1 (%) 

HRSG 
start-up 
(mins) 

Optimization 

Start time End time 

29.43 42 
15/07/2019 
04:27:00 

15/07/2019 
11:34:00 

30.57 42 
22/07/2019 
02:58:00 

22/07/2019 
11:31:00 

45.13 45 
30/07/2019 
09:53:00 

30/07/2019 
11:52:00 

 

Table 4. 
Optimization plan options 

No Name Description 

1 Existing 
2.2.1 configuration when CC net load 
reaches 29,58 % and above 

2 
Optimization 
plan 

2.2.1 configuration GT load reaches 
100% (or about 50 % CC net load) 

3 Manual book 
2.2.1 configuration when CC net load 
reaches 45 % and above 

 
Figure 16. Optimization plan options 
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is operated at full load. However, the CC net 
efficiency will decrease when the CC net load 
reaches about 45 % due to the follower GT start-up 
process (about 25 minutes). 

During an interval of 45 minutes after the 
follower GT is already on (or 70 minutes since the 
start-up of the follower GT), the ST load has not been 
able to respond to changes in the load on the 
follower GT because the follower HRSG is still in the 
start-up process. After the start-up processes of both 
follower GT and follower HRSG are completed in 71 
minutes (calculated from the start-up of follower 
GT), the load changes on both GT can be 
immediately responded by ST. 

Figure 18 shows the actual part-load efficiency of 
the CCPP with the lowest and highest load ranges 
(based on data collected as of July 2019) after the 
optimization. The graph shows the highest 
performance that the CCPP can achieve, wherever 
the load is. A higher CC net efficiency means the 
power plant consumes less fuel to generate the same 

power. The decrease in fuel consumption after the 
optimization can be seen in Figure 19. 

F. Energy and cost saving of load optimization 

Table 5 shows the total energy saving obtained 
from the three optimization time ranges according 
to the simulation results. This energy saving has 
MMBTU unit, with a total of 1,146.09 MMBTU during 
July 2019. Table 6 shows the total cost saving 
obtained by multiplying the energy saving (in 
MMBTU) by the price of the fuel (in $/MMBTU). This 
natural gas fuel is supplied by three vendors with 
different usage ratios and prices. Therefore, cost 
saving will be calculated based on these parameters. 

Table 7 shows the total cost savings of fuel 
consumption from this load optimization, which is 
IDR 152,249,551.76, or 5.24 % of the cost during the 
observation data (July 2019). It should be noted that 
any loading error in a large capacity power plant will 
result in greater losses when compared to a smaller 
capacity power plant. 

 
(a) 

 
(b) 

 
(c) 

Figure 17. CC net efficiency after optimization: (a) 15 July; (b) 22 July; (c) 30 July 
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G. Load optimization feasibility analysis 

From a technical point of view namely 
equipment safety, there are no constraints because 
all equipments are operated in the design operation 
range (0 - 100 %) so there are no overloads and 
losses outside of the routine O&M can be avoided. In 
addition, observations of GT start-up and shutdown 
in July 2019 were well monitored. Start-up and 
shutdown of GT1 and GT2 were done alternately, 

thus minimizing damage to one GT because it was 
operated continuously as the main GT. 

From an economic point of view, there are no 
constraints because this optimization does not 
require investment. This happens because the 
optimization carried out is in the form of a more 
optimal operation management. All equipment 
performances are also still high considering its very 
new age. 

 
Figure 18. Actual CC net efficiency after optimization 

 
(a) 

 
(b) 

 
(c) 

Figure 19. Fuel flowrate after optimization: (a) 15 July; (b) 22 July; (c) 30 July 
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IV. Conclusion 

This journal has discussed the loading of CCPP 
Block 4 (Jawa-2) at PT Indonesia Power Priok POMU 
during July 2019; with the discovery of three 
conditions with the use of 2.2.1 (2 GT, 2 HRSG, 1 ST) 
configuration in CC net load of about 30 - 45 %, 
which in fact could be compensated by 1.1.1 (1 GT, 1 
HRSG, 1 ST) configuration. These conditions resulted 
in the CC net load performance was being lower than 
its baseline. Then the loading configuration was 
optimized, by changing the configuration from 2.2. 1 
to 1.1.1 (or by activating only one GT) for the 0 - 
50 % of CC net load through simulations. The result 
was that the CC net load performance after the 
optimization increased, with energy saving of 
1,146.09 MMBTU or equivalent to cost saving of IDR 
152,249,551.76. 
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Table 5. 
Energy saving after load optimization 

Optimization range 
Energy saving 
(MMBTU) 

15/07/2019  04:27:00 to 11:34:00 450.06 

22/07/2019  02:58:00 to 11:31:00 510.92 

30/07/2019  09:53:00 to 11:52:00 185.11 

Total 1,146.09 

Table 6. 
Natural gas use and price July 2019 

Fuel vendor Ratio 
Price 
($/MMBTU) 

$ exchange 
rate (IDR) 

PT PGN Tbk 15.83 7.97 

13,956.00 PT Nusantara 
Regas 

22.49 10.62 

BP Berau Ltd. 1 9.35 

Table 7. 
Cost saving after load optimization 

Description Unit Value 

Fuel saving MMBTU 1,146.09 

PT PGN Tbk $ 3,677.46 

PT Nusantara Regas $ 6,959.34 

BP Berau Ltd. $ 272.46 

Total 

$ 10,909.25 

IDR 152,249,551.76 

% cost 5.24 
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