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About

T h e Electrotehnică, Electronică, Automatică (EEA) [Electrical Engineering, Electronics,
Automation] is a peer-reviewed scientific journal in the field of the engineering published by
“Electra” Publishing House (as part of Icpe).

Scope 
The EEA Journal aims to publish only those papers that by the new ideas and the results shown
to bring significant contributions to research in the Romanian and international avant-garde
engineering as electrical engineering, electronics, automation and other engineering sciences. 

Abstracting and indexing
The EEA journal is included in the B+ category by the National Council of Scientific Research in
Higher Education (CNCSIS) and indexed in international databases: 
Ulrichsweb.com™ (1997-present) (Since 2007, Ulrich’s becomes a part of Serials Solutions in the
ProQuest family.) 
Index Copernicus International (2009)
Elsevier- Engineering Village-Scopus (2012)
Elsevier- Engineering Village-Compendex (2012)
ProQuest (2010)
EBSCO (2014)
Currently, EEA is under evaluation by Thomson Reuters - ISI.

Description
The EEA Journal is founded in 1950 under the name „Electricitatea” (ISSN 1220-2533; vol. 1-3)
that, in 1953, changed its name in „Electrotehnica” (ISSN 0013-5321; vol. 1-22) that, in 1975, after
including „Automatica și Electronica (ISSN 1220-2584), is published under the present name
„Electrotehnica, Electronica, Automatica (EEA)” (for further details, please read “History” and
“Journal Genealogy” on this site).
Since the early issues, although it was the only scientific journal specialized in the field of
electrical engineering, and the EEA has been highly rated thanks to the scientific level of its
papers.
The Editorial Board includes academicians, university professors and researchers from Romania
and abroad that are well-known personalities in the field of engineering sciences (especially, in
electrical, electronics, automation, computer science and other fields of engineering, etc.). 
At present, the EEA is recognized as a leader among the scientific publications for the quality and
high standards of the papers belonging to the field of engineering sciences. The authors are
specialists, researchers and academics from Algeria, Belgium, PR of China, Finland, France,
Germany, Italy, Moldova, Slovakia, Hungary, etc. 
In the EEA, there are published original papers, that haven’t been previously published and are
not under consideration for publication somewhere else, as well as papers presented at
conferences only if they have not been published (partially or fully) in the proceedings of that
scientific event (min. 6 pages, max. 16 pages), syntheses of research projects, scientific debates
and syntheses on priority themes of fundamental and applied research (max. 20 pages), reviews /
reading notes of the latest scientific and technical books (max. 1 page), commented lists of
bibliographic resources in engineering sciences (max. 8 pages).
Papers should be written in English.

All rights reserved:
Icpe, through the Publishing House “Electra”, as the copyright holder of the Electrotehnică,
Electronică, Automatică (EEA) [Electrical Engineering, Electronics, Automation] reserves and
holds for their own use, all the rights provided by the copyright law, such as distribution,
performance, and creation of derivative works.
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Abstract 

Power flow is one of parameters to get information and analysis of electric power system, concerns to operating 
problems and reliability. In this research, the electric power system of geothermal generation has three generating 
units. The electrical energy is generated to supply for the substation and self-consumption which consists of electric 
motors mostly. The study was to investigate the operation effect on the first unit to the power flow on the self-
consumption loads with the condition of three different scenarios. By the computations of power flow, the bus bar 
voltages on the three scenarios were in the normal condition, as 98% of nominal voltage. The self-consumption 
powers of unit 2 and unit 3 were 2.56%, and that unit 1 was 3.4% of per unit generated power. The increases of 
total loss on the first, second and third scenarios 3 were 395 kW, 405 kW and 406.4 kW respectively. 
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1. Introduction 

An electrical power system that includes the source of 
plant until the loads is taking an important role in electrical 
energy distribution. Its effect on conductor inductance will 
cause a decrease in the voltage, so that it is necessary to 
evaluate the load flow. The load or power flow study is the 
backbone of power system analysis, design and important 
tool, which is necessary for planning, operation, optimal 
power flow, economic scheduling and power exchange 
among utilities. The principal information was voltage 
magnitude and phase angle, and real and reactive powers. 
It is also important for planning future expansion and 
stability analysis [1-13]. It was also necessary to investigate 
the load flow study related to a geothermal power 
generation. 

The geothermal power generation, in this research, has 
three generator units, the first unit of 30 MW, and both unit 
2 and unit 3 of 55 MW. The generated electrical energy 
supplied the own use which consisted of electric motors 
and distributed to the substation, connected to the grid 
system. Based on the information, the unit 1 experienced 
problems that caused by lack of energy supply to the load 
own use and the power distribution through 150 kV 
interconnection system. Therefore, the objective of study 
was to determine the effect of operation for unit 1 to the 
power flow to the user loads with the condition of three 
scenarios. Furthermore, it was obtained the voltage 
magnitudes on the load buses for own usage, the condition 
of buses voltages whether within normal limits, the losses 
flowing on its own network usage for the three scenarios of 
operation on the unit 1, the active and reactive powers, 
and the direction of power flow on the network. Thus, it 
could be known the effectiveness of system. 

 

2. Materials and Methods 

Figure 1 shows the flow chart of the stages those were 
carried out systematically from the beginning to the end of 
the research.  

 

 

Figure 1. Flowchart of research 

The first step was the overview of power system and 
data collection, namely electrical equipment, the buses, 
the conductors and load data. Once the data were met, the 
next step was to determine the three scenarios of operation 
of the unit 1 that has been set. The computation simulating 
processes were performed after making representations of 
power systems and determine the study case by settlement 
method using fast decoupled for the three scenarios.  



ELECTROTEHNICĂ, ELECTRONICĂ, AUTOMATICĂ (EEA), 67 (2019), nr. 2 

 

37 

After the simulation under the condition of field, the 
next step might be to analyse the effect of restarting of 
unit 1 to the power flow in the alone usage loads.  

Some formulae which were used as the main methods 
in this research as bellow [14-17]. 

ii

iii

IxV

jQPS

=
+=

 (1) 

By using Kirchoff's current law formula, it was obtained 
the current at bus i. 

ijyVyVI ij

n

j
jij

n

i
ii +=

== 00  (2) 

The active and reactive powers at bus i are as below. 

( )
jiijjiij

n

j
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There would be computed the mismatch, where the 
value showed the difference of power that computed when 
iterating on a bus with a large yield of previous 
computation. Thus, the values of power mismatch were 
computed when reducing the iterations of power 
calculation results. It is written as equations (5) and (6). 

i

sch

ii PPP −=
  (5) 

i

sch

ii QQQ −=
   (6) 

where Pi and Qi were the active and reactive power 
mismatches on bus i, Pi

sch and Qi
sch were active and reactive 

computed powers on bus i and Pi and Qi were active and 
reactive power computations on bus i respectively.  

By using the fast-decoupled power flow, changes in 
active power (ΔP) were less sensitive to the changes in the 
voltage magnitudes and the most sensitive to the changes 
in the phase angle (Δδ), mainly relied on the large changes 
in the voltages. Therefore, the elements of J2 and J3 were 
set as Jacobian matrix to zero as equation (7) below.  
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So that it was obtained the equations (8) and (9). 
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The voltage magnitude and phase angle were modified 
as equations (10) and (11) 

 
V

Q
BV


−= −1

"

  (10) 

 
V

P
B


−= −1

'
  (11) 

Besides above method, the research was also 
conducted by using the simulation [18-19]. The data, which 
were used in this study, were the single line diagram 
showing the overall generating units, system configuration, 
150 kV, 20 kV, 11.8 kV, 6.3 kV and 0.38 kV networks.  

Table 1 lists the three scenarios set out in analysing the 
geothermal power generation system.  

Table 1. Research scenarios of geothermal power generation 

Scenario Description Burbar origin Closed CBs Opened CBs 

1 
Before Unit 1 

enter to network 
- - - 

2 
T8 contribution to 
Unit 1 

Station SB.A 

52T8, 52ST8 

- 52T2, 52T3 

52U1C, 52S1C 

3 
After Unit 1 enter 
to network 

- 52T1 
52T8, 52ST8 

52U1C, 52S1C 

 
The desired goals could be achieved in the operation of 

unit 1. The explanation of three scenarios are as follows. 
The first scenario was the condition of geothermal 

power generation system operated normally without the 
unit 1. The diesel generators were connected to the bus 
STT.SW.BOARD A ESSNTL. The circumstances were not 
synchronized.  

Figure 2 (infra) is the representation of simulating 
diagram of the first scenario. 
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Figure 2. Representation condition of unit 1 for the first 
scenario 

 

Figure 3. Representation condition of unit 1 for the second 
scenario 

 
The second scenario was the star-up unit 1, where the 

providing process of voltage was obtained from the bus 
station STATION SB. A 6.3 kV via the transformer (T8) of the 
150 kV network, with the closed circuit breakers were 
52ST8, 52ST2, 52ST3, 52U1C and 52S1C.  

Figure 3 (supra) shows the simulating diagram for the 
second scenario. 

The third scenario was after the star-up unit 1, where 
the generator unit 1 performed parallel system of 150 kV 
network through the step-up transformer (T1), with the 
11.8 kV closed circuit breaker was 52T1, and the opened 
circuit breakers were 52ST8, 52U1C, and 52S1C.  

Figure 4 shows the representation of simulation 
condition for the third scenario. 

 

 

Figure 4. Representation condition of unit 1 for third scenario 
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3. Results and Discussion  

Figure 5 shows the results of simulation were obtained 
by using the fast decoupled, with the factor of 5 times and 
the accuracy of 0.0001, for the first scenario.  

 

 

Figure 5. Simulation of power flow in the first scenario 

The unit 2 and unit 3 had the same capacity of the 
equipment, so that the power flow from a bus to another 
bus and the bus voltage would be the same.  

The figure shows the power flow from each unit 2 and 
unit 3 as 6963 kW and 4117 kVAR. On other hand, the 
powers for alone usage were 1404 kW and 682 kVAR for 
each from unit 2 and unit 3.  

The voltages reduced to 6.225 kV from 6.3 kV based on 
the voltages, on both buses. 

The simulation results of geothermal power generation 
system for the first scenario, as power flow representation, 
is listed in Table 2.  

Table 2. Results of power flow in the scenario 1 

Line Power flow Current 
(A) 

Power 
factor (%) From bus To bus MW MVAR 

UNIT 3 SW.SB 32 1.404 0.682 144.8 89.9 

SW.SB.32 
MCWP[31] 0.858 0.422 144.8 89.9 

SW.SB.33 0.543 0.246 56.1 90.2 

SW.SB.33 

RUNNING A 33 0.222 0.100 372.2 91.1 

RUNNING B 33 0.222 0.100 372.8 91.3 

RUNNING C 33 0.099 0.046 167.0 90.6 

UNIT 2 SW.SB.22 1.404 0.682 144.8 89.9 

SW.SB.22 
MCWP [21] 0.858 0.422 144.8 89.9 

SW.SB.23 0.543 0.246 56.1 90.2 

SW.SB.23 
RUNNING A 23 0.222 0.100 372.2 91.1 

RUNNING B 23 0.222 0.100 372.8 91.3 

Line Power flow Current 
(A) 

Power 
factor (%) From bus To bus MW MVAR 

RUNNING C 23 0.099 0.046 167.0 90.6 

BUS B SUB STATION 7 7.318 5.323 261.3 80.9 

SUB STATION 7 

PSH 1.910 1.432 73.8 80.0 

DRWT 1.324 0.986 49.5 80.0 

SMRG 3.335 2.501 125.5 80.0 

STATION SB.B 0.422 0.204 13.6 89.9 

STATION SB.B ST.SB ESSNTL B 0.211 0.102 21.6 90.0 

ST.SB ESSNTL B 

MTR ESSNTL B 0.205 0.101 357.6 90.3 

ST.SB ESSNTL A[1] 0.175 0.078 293.7 91.3 

ST.SB ESSNTL A[2] 0.041 0.021 71.0 89.0 

ST.SB ESSNTL A[2] ST.SB ESSNTL A[3] 0.035 0.017 59.3 89.6 

ST.SB ESSNTL A[1] MTR ESSNTL A[1] 0.175 0.078 293.7 91.3 

ST.SB ESSNTL A[2] MTR ESSNTL A[2] 0.007 0.004 59.3 89.6 

ST.SB ESSNTL A[3] MTR ESSNTL A[3] 0.035 0.017 59.3 89.6 

 
It is shown that the highest power flow was from BUS B 

to SUB STATION 7, as 7.318 MW and 5.323 MVAR. While, the 
lowest power flow was from ST.SB ESSNTL A[2] to MTR 
ESSNTL A[2], as 0.007 MW and 0.004 MVAR. The highest 
currents were SW.SB.33 to RUNNING B.33 and SW.SB.33, 
both as 372.8 A. 

Table 3 summarizes the simulation results of busbar 
voltage conditions, found that in the first scenario, the bus 
condition was in normal limits.  

Table 3. Voltage condition in the first scenario 

Bus ID 
Rating 
(kV) 

Operation 
Condition 

(kV) (%) 

UNIT 3 11.8 11.8 100 Normal 

SW.SB.32 6.3 6.2 98.80 Normal 

SW.SB.33 0.380 0.377 99.32 Normal 

RUNNING A 33 0.380 0.377 99.32 Normal 

RUNNING B 33 0.380 0.377 99.32 Normal 

RUNNING C 33 0.380 0.377 99.32 Normal 

UNIT 2 11.8 11.8 100 Normal 

SW.SB.22 6.3 6.2 98.80 Normal 

SW.SB.23 0.380 0.377 99.32 Normal 

RUNNING A 23 0.380 0.377 99.32 Normal 

RUNNING B 23 0.380 0.377 99.32 Normal 

RUNNING C 23 0.380 0.377 99.32 Normal 

SUBSTATION 7 20 19.995 99.98 Normal 

STATION SB.B 6.3 6.2 99.58 Normal 

ST.SB ESSNTL B 0.380 0.376 99.05 Normal 

ST.SB ESSNTL A [1] 0.380 0.376 99.05 Normal 

ST.SB ESSNTL A [2] 0.380 0.376 99.05 Normal 

ST.SB ESSNTL A [3] 0.380 0.376 99.05 Normal 

 
The table indicates that the highest percentages, of 

course, were on unit 3 and unit 2 as 100 %. Otherwise, the 
lowest ones were SW.SB.32 and SW.SB.22 as 98.8 %. 

Table 4 summarized the simulation results for the losses 
in each line caused by the transformers and cable 
conductors.  

Table 4. Line power losses on the first scenario 

Lines 
ID 

From to Bus Flow To-from Bus Flow Losses Voltage 
drop (%) From Bus To Bus MW MVAR MW MVAR kW kVAR 

UNIT 3 BUS A T31 11.8/150 kV -5.553 -3.321 5.555 3.397 1.7 76.3 0.63 

UNIT 2 BUS B T21 11.8/150 kV -5.553 -3.321 5.555 3.397 1.7 76.3 0.63 

UNIT 2 BUS B Cable 12 5.556 3.399 -5.550 -3.397 1.1 1.6 0.03 

UNIT 2 SW.SB.22 T22 11.8/6.3 kV 1.407 0.718 -1.404 -0.682 3.1 35.6 1.18 

BUS B SUB STATION 7 T7 150/20 kV 7.351 5.926 -7.321 -5.325 30.1 601.5 0.66 

UNIT 3 BUS A Cable 13 5.556 3.399 -5.555 -3.397 1.1 1.6 0.03 

UNIT 3 SW. SB. 32 T32 11.8/6.3 kV 1.407 0.718 -1.404 -0.682 3.1 35.6 1.18 

BUS B SUB STATION 7 Cable 5 7.320 5.325 -7.318 -5.323 2.3 1.4 0.03 

SUB STATION 7 STATION SB. B T4 20/6.3 kV 0.422 0.207 -0.422 -0.204 0.4 3.4 0.39 

UNIT 2 SW. SB. 22 Cable 14 1.404 0.682 -1.404 -0.682 0.2 0.1 0.01 

UNIT 3 SW. SB. 32 Cable 16 1.404 0.682 -1.404 -0.682 0.2 0.1 0.01 

SW. SB. 22 SW. SB. 23 Cable 19 -0.545 -0.260 0.546 0.260 1.3 0.0 0.20 

SW. SB. 22 SW. SB. 23 T23 6.300/400 V 0.545 0.260 -0.543 -0.246 2.0 14.2 0.72 

SW. SB. 32 SW. SB.33 Cable 20 -0.545 -0.260 0.546 0.260 1.3 0.0 0.20 

SW. SB. 32 SW. SB. 33 T33 6.300/400 V 0.545 0.260 -0.543 -0.246 2.0 14.2 0.72 

STATION SB. B ST. SB ESSNTL B Cable 21 -0.209 -0.102 0.209 0.102 0.1 0.0 0.04 

STATION SB. B ST. SB ESSNTL B T6 6.300/400 V 0.211 0.102 -0.211 -0.100 -0.3 2.0 0.49 
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Lines 
ID 

From to Bus Flow To-from Bus Flow Losses Voltage 
drop (%) From Bus To Bus MW MVAR MW MVAR kW kVAR 

STATION SB. B ST. SB ESSNTL B Cable 22 -0.209 -0.102 0.209 0.102 0.1 0.0 0.04 

STATION SB. B ST. SB ESSNTL B T5 6.300/400 V 0.211 0.102 -0.211 -0.100 0.3 2.0 0.39 

SUB STATION 7 SMRG Line 9 -3.335 -2.501 3.479 2.599 143.7 98.1 4.12 

SUB STATION 7 DRWT Line 10 -1.314 -0.986 1.372 1.007 58.1 21.0 4.23 

SUB STATION 7 PSH Line 11 -1.909 -1.432 2.045 1.51 135.4 77.8 6.61 

SW.SB.22 MCWP [21] Cable 25 - - - - 3.0 0.7 0.31 

SW.SB.32 MCWP [31] Cable 23 - - - - 3.0 0.7 0.31 

Total Losses 395.0 1064.2  

 
The total line losses in the first scenario were 395 kW 

of active power and 1064 kVAR of reactive power. It was 
indicated that the highest losses were from SUBSTATION 7 
to SMRG (line 9) as 143.7 kW and 98.1 kVAR. Otherwise, the 
lowest one was STATION SB.B to ST.SB.ESSNTCB (cable 22) 
as 0.1 kW and practically zero of reactive power. 

Figure 6 shows the simulation results of geothermal 
power generation system for the second scenario. 

 

 

Figure 6. Simulation of power flow in the second scenario 

The figure shows that the unit 1 supplied the power of 
1019 kW and 586 kVAR and the unit 2 supplied the power 
of 6963 kW and 4117 kVAR.  

However, the unit 1 supplied to own usage as 1017 kW 
and 569 kVAR and the unit 2 supplied to own usage as 1404 
kW and 682 kVAR only.  

On other hand, the bus voltage which was the power 
from the unit 1 was 6.246 kV and the bus voltage which was 
the power from the unit 2 was 6.227 kV, reduced from the 
rating bus voltage of 6.3 kV. 

Based on the simulation results of the obtained power 
flow values, it could be summarized in Table 5.  

Table 5. Results of power flow in the second scenario 

Lines Power flow 
Current 
(A) 

Power 
factor 
(%) 

From bus To bus MW MVAR 

UNIT 3 SW.SB.22 1.404 0.682 144.8 89.9 

SW.SB.22 
MCWP [21] 0.858 0.422 144.8 89.9 

SW.SB.33 0.543 0.246 56.1 90.2 

SW.SB.33 

RUNNING A 33 0.222 0.100 372.2 91.1 

RUNNING B 33 0.222 0.100 372.8 91.3 

RUNNING C 33 0.099 0.046 167.0 90.6 

UNIT 2 SW.SB.22 1.404 0.682 144.8 89.9 

SW.SB.22 
MCWP [21] 0.858 0.422 144.8 89.9 

SW.SB.23 0.543 0.246 56.1 90.2 

SW.SB.23 

RUNNING A 23 0.222 0.100 372.2 91.1 

RUNNING B 23 0.222 0.100 372.8 91.3 

RUNNING C 23 0.099 0.046 167.0 90.6 

Lines Power flow 
Current 
(A) 

Power 
factor 
(%) 

From bus To bus MW MVAR 

UNIT 1 SW.SB 2 1.017 0.569 107.7 87.3 

SW.SB 2 
MCWP 0.472 0.215 107.7 87.3 

SW.SB.3 0.548 0.355 60.4 83.9 

SW.SB.3 

RUNNING A 3 0.188 0.136 357.1 81 

RUNNING B 3 0.262 0.150 465.3 86.8 

RUNNING C 3 0.092 0.049 161.1 88.1 

BUS A STATION SB.A 0.004 0.001 0.4 98.7 

STATION SB.A SW.SB 2 0.004 0.001 0.4 98.7 

BUS B SUB STATION 7 7.318 5.323 261.3 80.9 

SUB STATION 7 

PSH 1.910 1.432 73.8 80.0 

DRWT 1.314 0.986 49.5 80.0 

SMRG 3.335 2.501 125.5 80.0 

STATION SB.B 0.422 0.204 13.6 89.9 

STATION SB.B ST.SB ESSNTL B 0.211 0.102 21.6 90.0 

ST.SB ESSNTL B 

MTR ESSNTL B 0.205 0.101 357.6 90.3 

ST.SB ESSNTL A [1] 0.175 0.078 293.7 91.3 

ST.SB ESSNTL A [2] 0.041 0.021 71.0 89.0 

ST.SB ESSNTL A [2] ST.SB ESSNTL A [3] 0.035 0.017 59.3 89.6 

ST.SB ESSNTL A [1] MTR ESSNTL A [1] 0.175 0.078 293.7 91.3 

ST.SB ESSNTL A [2] MTR ESSNTL A [2] 0.007 0.004 59.3 89.6 

ST.SB ESSNTL A [3] MTR ESSNTL A [3] 0.035 0.017 59.3 89.6 

 
With the bus additions, namely SW.SB.A and unit 1, on 

the second scenario, it was obtained the bus voltage 
condition in the normal limits, as listed in Table 6.  

Table 6. Condition voltage in the second scenario 

Bus ID 
Rating 
(kV) 

Operation 
(kV) 

Operation 
(%) 

Condition 

UNIT 3 11.8 11.8 100 Normal 

SW. SB. 32 6.3 6.2 98.80 Normal 

SW. SB. 33 0.380 0.377 99.32 Normal 

RUNNING A 33 0.380 0.377 99.32 Normal 

RUNNING B 33 0.380 0.377 99.32 Normal 

RUNNING C 33 0.380 0.377 99.32 Normal 

UNIT 2 11.8 11.8 100 Normal 

SW. SB. 22 6.3 6.2 98.80 Normal 

SW. SB. 23 0.380 0.377 99.32 Normal 

RUNNING A 23 0.380 0.377 99.32 Normal 

RUNNING B 23 0.380 0.377 99.32 Normal 

RUNNING C 23 0.380 0.377 99.32 Normal 

UNIT 1 11.8 11.8 100 Normal 

SW. SB 2 6.3 6.2 99.13 Normal 

SW. SB 3 0.380 0.374 98.54 Normal 

RUNNING A 3 0.380 0.374 98.54 Normal 

RUNNING B 3 0.380 0.374 98.54 Normal 

RUNNING C 3 0.380 0.374 98.54 Normal 

STATION SB. A 6.3 6.2 99.13 Normal 

SUB STATION 7 20 19.995 99.98 Normal 

STATION SB. B 6.3 6.2 99.58 Normal 

ST. SB ESSNTL B 0.380 0.376 99.05 Normal 

ST. SB ESSNTL A [1] 0.380 0.376 99.05 Normal 

ST. SB ESSNTL A [2] 0.380 0.376 99.05 Normal 

ST. SB ESSNTL A [3] 0.380 0.376 99.05 Normal 

 
This bus addition would increase the line losses as 406.2 

kW for active power and 1102.2 kVAR for reactive power, 
as shown in Table 7. 

 
 
 



 

 

Table 7. Line power losses on the second scenario 

Lines 
ID 

From-to Bus Flow To-from Bus Flow Losses Voltage 
Drop 
(%) 

From Bus To Bus MW MVAR MW MVAR kW kVAR 

SW. SB 2 UNIT 1 T2 11.8/6.3 KV 1.019 0.586 -1.017 -0.569 1.5 17.6 0.85 

UNIT 3 BUS A T31 11.8/150 KV -5.553 -3.321 5.555 3.397 1.7 76.3 0.63 

UNIT 2 BUS B T21 11.8/150 KV -5.553 -3.321 5.555 3.397 1.7 76.3 0.63 

UNIT 2 BUS B Cable 12 5.556 3.399 -5.555 -3.397 1.1 1.6 0.03 

UNIT 2 SW.SB.22 T22 11.8/6.3 1.407 0.718 -1.404 -0.682 3.1 35.6 1.18 

BUS B SUB STATION 7 T7 150/20 KV 7.351 5.926 -7.321 -5.325 30.1 601.5 0.66 

UNIT 3 BUS A Cable 13 5.556 3.399 -5.555 -3.397 1.1 1.6 0.03 

UNIT 3 SW. SB. 32 T32 11.8/6.3 1.407 0.718 -1.404 -0.682 3.1 35.6 1.18 

BUS B SUB STATION 7 Cable 5 7.32 5.325 -7.318 -5.323 2.3 1.4 0.03 

SUB STATION 7 STATION SB. B T4 20/6.3 KV 0.422 0.207 -0.422 -0.204 0.4 3.4 0.39 

BUS A STATION SB. A Cable 7 0.004 0.001 -0.004 -0.001 0 0 0.21 

UNIT 2 SW. SB. 22 Cable 14 1.404 0.682 -1.404 -0.682 0.2 0.1 0.01 

UNIT 3 SW. SB. 32 Cable 16 1.404 0.682 -1.404 -0.682 0.2 0.1 0.01 

SW. SB 2 UNIT 1 Cable 17 1.017 0.569 -1.017 -0.569 0.1 0.1 0.01 

SW. SB 2 SW. SB 3 Cable 18 -0.547 -0.355 0.549 0.355 1.5 0 0.20 

SW. SB 2 SW. SB 3 T3 6.300/400 V 0.548 0.355 -0.542 -0.335 5.7 20.1 0.40 

SW. SB. 22 SW. SB. 23 Cable 19 -0.545 -0.26 0.546 0.26 1.3 0 0.20 

SW. SB. 22 SW. SB. 23 T23 6.300/400 V 0.545 0.26 -0.543 -0.246 2 14.2 0.72 

SW. SB. 32 SW. SB.33 Cable 20 -0.545 -0.26 0.546 0.26 1.3 0 0.20 

SW. SB. 32 SW. SB. 33 T33 6.300/400 V 0.545 0.26 -0.543 -0.246 2 14.2 0.72 

STATION SB. B ST. SB ESSNTL B Cable 21 -0.209 -0.102 0.209 0.102 0.1 0.0 0.04 

STATION SB. B ST. SB ESSNTL B T6 6.300/400 V 0.211 0.102 -0.211 -0.1 0.3 2 0.49 

STATION SB. B ST. SB ESSNTL B Cable 22 -0.209 -0.102 0.209 0.102 0.1 0 0.04 

STATION SB. B ST. SB ESSNTL B T5 6.300/400 V 0.211 0.102 -0.211 -0.1 0.3 2 0.49 

SUB STATION 7 SMRG Line 9 -3.335 -2.501 3.479 2.599 143.7 98.1 4.12 

SUB STATION 7 DRWT Line 10 -1.314 -0.986 1.372 1.007 58.1 21 4.23 

SUB STATION 7 PSH Line 11 -1.909 -1.432 2.045 1.51 135.4 77.8 6.61 

SW.SB 2 MCWP Cable 27 - - - - 0.9 0.2 0.17 

SW.SB.22 MCWP [21] Cable 25 - - - - 3.0 0.7 0.31 

SW.SB.32 MCWP [31] Cable 23 - - - - 3.0 0.7 0.31 

Total losses 405.2 1102.2  

 
Figure 7 shows the representation of simulation 

results in geothermal power generation system for the 
third scenario, in the absence of power supply through 
STATION SB A bus at the operation time of unit 1.  

 

 

Figure 7. Simulation of power flow in the third scenario 

The unit 1 supplied the power of 5592 kW and 3371 
kVAR, for both the network and alone usage. 
Nevertheless, the powers for alone usage were 1021 kW 
and 569 kVAR, with the voltage reduced to 6.245 kV, 
from 6.3 kV nominal. While, the unit 2 supplied to the 
network and alone usage as 6414 kW and 3760 kVAR. 
Nevertheless, the powers for the alone usage were 1404 
kW and 682 kVAR, with the voltage reduced to 6.225 kV 
from the nominal of 6.3 kV. Based on the simulation 
results as shown in Figure 8, it could be summarized the 
obtained value of power flow as listed in Table 8. 

Table 8. Results of power flow in the third scenario 

Lines Power flow 
Current 
(A) 

Power 
Factor 
(%) 

From bus To bus MW MVAR 

UNIT 3 SW.SB.32 1.404 0.682 144.8 89.9 

SW.SB.32 
MCWP [31] 0.858 0.422 144.8 89.9 

SW.SB.33 0.543 0.246 56.1 90.2 

SW.SB.33 

RUNNING A 33 0.222 0.100 372.2 91.1 

RUNNING B 33 0.222 0.100 372.8 91.3 

RUNNING C 33 0.099 0.046 167.0 90.6 

UNIT 2 SW.SB.22 1.404 0.682 144.8 89.9 

SW.SB.22 
MCWP [21] 0.858 0.422 144.8 89.9 

SW.SB.23 0.543 0.246 56.1 90.2 

SW.SB.23 

RUNNING A 23 0.222 0.100 372.2 91.1 

RUNNING B 23 0.222 0.100 372.8 91.3 

RUNNING C 23 0.099 0.046 167.0 90.6 

UNIT 1 SW.SB 2 1.021 0.569 108.1 87.3 

SW.SB 2 
MCWP 0.472 0.215 107.7 87.3 

SW.SB.3 0.548 0.355 60.4 83.9 

SW.SB.3 

RUNNING A 3 0.188 0.136 357.1 81 

RUNNING B 3 0.262 0.150 465.3 86.8 

RUNNING C 3 0.092 0.049 161.1 88.1 

BUS B SUB STATION 7 7.326 5.329 261.4 80.9 

SUB STATION 7 

PSH 1.912 1.434 73.8 80.0 

DRWT 1.316 0.987 49.5 80.0 

SMRG 3.339 2.504 125.6 80.0 

STATION SB.B 0.422 0.204 13.6 89.9 

STATION SB.B ST.SB ESSNTL B 0.211 0.102 21.6 90.0 

ST.SB ESSNTL B 

MTR ESSNTL B  0.205 0.101 357.6 90.3 

ST.SB ESSNTL A [1]  0.175 0.078 293.7 91.3 

ST.SB ESSNTL A [2] 0.041 0.021 71.0 89.0 

ST.SB ESSNTL A [2] ST.SB ESSNTL A [3] 0.035 0.017 59.3 89.6 

ST.SB ESSNTL A [1] MTR ESSNTL A [1] 0.175 0.078 293.7 91.3 

ST.SB ESSNTL A [2] MTR ESSNTL A [2] 0.007 0.004 59.3 89.6 

ST.SB ESSNTL A [3] MTR ESSNTL A [3] 0.035 0.017 59.3 89.6 

 
Table 9 summarizes the simulation results of busbar 

voltage conditions, obtained after the unit 1 re-entered 
the bus network in the normal limit condition, with the 
increase of line losses amounting to 406.4 kW for active 
power and 1128.9 kVAR for reactive power, as listed in 
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Table 10. 

Table 9. Voltage conditions in the scenario 3 

Bus ID 
Rating  
(kV) 

Operation  
(kV) 

Operation  
(%) 

Condition 

UNIT 3  11.8 11.8 100 Normal 

SW. SB. 32  6.3 6.2 98.80 Normal 

SW. SB. 33  0.380 0.377 99.32 Normal 

RUNNING A 33  0.380 0.377 99.32 Normal 

RUNNING B 33  0.380 0.377 99.32 Normal 

RUNNING C 33  0.380 0.377 99.32 Normal 

UNIT 2  11.8 11.8 100 Normal 

SW. SB. 22  6.3 6.2 98.80 Normal 

SW. SB. 23  0.380 0.377 99.32 Normal 

RUNNING A 23  0.380 0.377 99.32 Normal 

RUNNING B 23  0.380 0.377 99.32 Normal 

RUNNING C 23  0.380 0.377 99.32 Normal 

Bus ID 
Rating  
(kV) 

Operation  
(kV) 

Operation  
(%) 

Condition 

UNIT 1  11.8 11.8 100 Normal 

SW. SB 2  6.3 6.2 99.13 Normal 

SW. SB 3  0.380 0.374 98.54 Normal 

RUNNING A 3  0.380 0.374 98.54 Normal 

RUNNING B 3  0.380 0.374 98.54 Normal 

RUNNING C 3  0.380 0.374 98.54 Normal 

SUB STATION 7  20 19.995 99.98 Normal 

STATION SB. B  6.3 6.2 99.65 Normal 

ST. SB ESSNTL B  0.380 0.377 99.12 Normal 

ST. SB ESSNTL A [1]  0.380 0.377 99.12 Normal 

ST. SB ESSNTL A [2]  0.380 0.377 99.12 Normal 

ST. SB ESSNTL A [3]  0.380 0.377 99.12 Normal 

 
 

Table 10. Line power losses in the scenario 3 

Lines 
ID 

From-to Bus Flow To-from Bus Flow Losses Voltage 
Drop 
(%) 

From Bus To Bus MW MVAR MW MVAR kW kVAR 

UNIT 1 BUS B Cable 11 4.568 2.783 -4.568 -2.782 0.8 1.1 0.02 

SW. SB 2 UNIT 1 T2 11.8/6.3 kV 1.023 0.587 -1.022 -0.569 1.6 17.7 0.86 

UNIT 3 BUS A T31 11.8/150 kV -5.005 -2.979 5.006 3.041 1.4 61.8 0.56 

UNIT 2 BUS B T21 11.8/150 kV -5.005 -2.979 5.006 3.041 1.4 61.8 0.56 

UNIT 2 BUS B Cable 12 5.007 3.042 -5.006 -3.041 0.9 1.3 0.02 

UNIT 2 SW.SB.22 T22 11.8/6.3 1.407 0.718 -1.404 -0.682 3.1 35.6 1.18 

UNIT 1 BUS B T1 11.8/150 kV -4.566 -2.726 4.568 2.782 1.3 56.5 0.57 

BUS B SUB STATION 7 T7 150/20 kV 7.358 5.932 -7.328 -5.33 30.1 601.9 0.66 

UNIT 3 BUS A Cable 13 5.007 3.042 -5.006 -3.041 0.9 1.3 0.02 

UNIT 3 SW. SB. 32 T32 11.8/6.3 1.407 0.718 -1.404 -0.682 3.1 35.6 1.18 

BUS B SUB STATION 7 Cable 5 7.328 5.33 -7.326 -5.329 2.3 1.4 0.03 

SUB STATION 7 STATION SB. B T4 20/6.3 kV 0.422 0.207 -0.422 -0.204 0.4 3.4 0.39 

UNIT 2 SW. SB. 22 Cable 14 1.404 0.682 -1.404 -0.682 0.2 0.1 0.01 

UNIT 3 SW. SB. 32 Cable 16 1.404 0.682 -1.404 -0.682 0.2 0.1 0.01 

SW. SB 2 UNIT 1 Cable 17 1.022 0.569 -1.021 -0.569 0.1 0.1 0.01 

SW. SB 2 SW. SB 3 Cable 18 -0.548 -0.355 0.549 0.355 1.5 0.0 0.2 

SW. SB 2 SW. SB 3 T3 6.300/400 V 0.548 0.355 -0.542 -0.335 5.7 20.1 0.4 

SW. SB. 22 SW. SB. 23 Cable 19 -0.545 -0.26 0.546 0.26 1.3 0.0 0.2 

SW. SB. 22 SW. SB. 23 T23 6.300/400 V 0.545 0.26 -0.543 -0.246 2.0 14.2 0.72 

SW. SB. 32 SW. SB.33 Cable 20 -0.545 -0.26 0.546 0.26 1.3 0.0 0.2 

SW. SB. 32 SW. SB. 33 T33 6.300/400 V 0.545 0.26 -0.543 -0.246 2.0 14.2 0.72 

STATION SB. B ST. SB ESSNTL B Cable 21 -0.209 -0.102 0.21 0.102 0.1 0.0 0.04 

STATION SB. B ST. SB ESSNTL B T6 6.300/400 V 0.211 0.102 -0.211 -0.100 0.3 2.0 0.49 

STATION SB. B ST. SB ESSNTL B Cable 22 -0.209 -0.102 0.21 0.102 0.1 0.0 0.04 

STATION SB. B ST. SB ESSNTL B T5 6.300/400 V 0.211 0.102 -0.211 -0.1 0.3 2.0 0.49 

SUB STATION 7 SMRG Line 9 -3.339 -2.504 3.483 2.602 143.8 98.2 4.12 

SUB STATION 7 DRWT Line 10 -1.316 -0.987 1.374 1.008 58.1 21.0 4.23 

SUB STATION 7 PSH Line 11 -1.912 - 1.434 2.047 1.512 135.5 77.9 6.62 

SW.SB 2 MCWP Cable 27 - - - - 0.9 0.2 0.17 

SW.SB.22 MCWP [21] Cable 25 - - - - 3.0 0.7 0.31 

SW.SB.32 MCWP [31] Cable 23 - - - - 3.0 0.7 0.31 

Total losses 406.4 1128.9  

 
Figure 8(a) shows the bar charts of bus active power 

and Figure 8(b) shows the bar charts of bus reactive 
power in the own usage loads for the three scenarios.  

 
(a) Active power 

 
(b) Reactive power 

Figure 8. Bar chart of power flow: (a) active and (b) 
reactive powers own usage for three scenarios 
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The power flow to the user loads their selves did not 
experience any difference for three scenarios, due to 
the type of used network was the radial type, in which 
the power flows only in one direction and did not 
influenced other units. The amount of own used power 
from the simulation results for the unit 2 and the unit 3 
were 2.56% of each unit the generated power of 55 MW.  

While, the third scenario of power consumption itself 
in the unit 1 was 3.4 % of the generated power of 30 MW. 
Thus, the calculation power flow simulation for internal 
use of each unit was still normal limit, as 1-4 %. 

Figure 9 shows the bar charts of own usage bus 
voltages.  

 

 

Figure 9. Bar chart of own usage load bus voltages 

In general, the busbar voltages were under normal 
limits, as 98 %, under 5% of allowable voltage tolerance 
for each scenario. 

Figure 10 shows the bar chart of total losses for each 
line.  

 

 

Figure 10. Bar chart of line total losses for three scenarios 

The difference of three scenarios was the increase of 
total line losses. This case was caused by the addition of 
losses on the installed transformers and conductors on 
the buses.  

On the second scenario, the increasing total losses 
were caused by the line loss addition, as 1.6 kW and 17.7 
kVAR, on SW.SB.2 bus to the bus unit 1, and the losses 
of line bus SW.SB.2 to the bus SW.SB.3, as much as 7.2 
kW and 20 kVAR. While on the scenario 3, the increasing 
losses were occurred due to the line losses from the bus 
unit 1 to the bus B, as 2.1 kW and 57.6 kVAR, through 
the conductor with the size of 400 mm2 and length 60 m. 

4. Conclusions 

The network type influenced the calculation 
results, which caused not occurred difference of 
power flows on its own usage for the three scenarios. 
The own use power based on the simulation 
calculation results for the unit 2 and unit 3 were 
2.56%, and the own use power for the unit 1 was 3.4%, 
based on per unit generated power.  
The condition of own usage load bus voltages in the 
three scenarios was still within normal limits. Based on 
the results, the simulating condition was 98 % of nominal 
voltage. There were increases of line losses in the three 
operating scenarios of the unit 1. In the first scenario, 
the total losses were 395 kW and 1064.2 kVAR, in the 
second scenario, the total losses were 405.2 kW and 
1102.2 kVAR, and in the third scenario, the total losses 
were 406.4 kW and 11289.9 kVAR, for active and 
reactive powers respectively. 
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