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Abstract: The article describes a method of energy injection based on a random fluctuated commitment
incorporated with Renewable Energy Sources (RES) in the power system, which is optimized using Thunderstorm
Algorithm (TA) where Takagi Method (TM) is adopted for a hybrid power flow model. The RES has become one of
the keys to the sustainable potential energy under environmental penetration as determining in these works to reach
an operating efficiency on a power flow study. The studies are subjected to evaluate the grid performances under
solar and wind energy penetration in these works. The results indicate that RES affects the efficiency of the system.
TM can be applied to the hybrid structure, while TA can search for the generated power combination. TA also has
opportunities for the optimum power portion to be carried out as similar as TM is helpful to the power flow. The
optimal power production feeds the load demand in 1,045.1 MVA, 648.9 MW, and 361,9 MVar, where the optimal
power balance covers all possibility portions for the power producers. Moreover, the five scenarios covered
conventional generators and wind turbine generators, whereas local loads consume the photovoltaic power
production by delivering to the load centers.
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1. Introduction parts and sections used to connect large-distance load
Nowadays, a power system (PS) interconnection  centers and even installed systems over decades where

moves to intelligent networks covered loads and power ~ the PS is divided into many operational areas [1].
plants. Technically, this network consists of several ~ Moreover, each site has a local power grid system
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(LPGS) which is existed for covering all generating
units and load demands. In contrast, the cascaded
system provides high-quality services in an
interconnected power grid system (IPGS). Several local
grids are linked together to become an enormous IPGS
topology used to network partial structures and
physical sections [2].

By considering the integrated network, the PS due
to subsections in terms of operating sections such as
generating sites, power lines, and utilization systems
[2]-[4]. The sub-systems are used to exist energy users
as the final load that consumes the power for various
appliances [5].

The PS is also planned to improve safety to provide
high-quality energy sales to meet the rise in power
demand [6]-[9]. The most critical aspects of the
operation deal with the power system severity
presented in the generator outage condition for defining
regular operation under technical limitation, while
faulted performances also consider the possible
disturbance [10]-[12]. The power system performance
(PSP) is used to assess the availability parameters like
measured voltage drops, imbalances, or harmonic
measuring power levels. The PSP is evaluated with a
Power Flow Method (PFM) to determine the system's
operating status by recognizing these conditions.
Furthermore, the load demand grows with the power
and networkability of the PS, while exploring potential
primary energy sources as a renewable energy source
(RES) is also being used in non-fossil fuels. The RES
usages are dependent on applied current technologies
for power production [13]-[16]. This paper presents the
PSP considered an injection power source of the RES.
The new injection method is used to control an energy
transfer. These studies are also subjected to evaluate the
grid performances under solar and wind energy
penetration. In these works, the Thunderstorm
Algorithm (TA) is applied to the system, while the
Takagi method (TM) is combined for a hybrid structure
of the power flow model. As many reported works that
TM is helpful for the PFM. In these works, TA as a
new algorithm is introduced to optimize the optimal
energy producer composition.

2. Power Grid Development

The evaluation is used in this work to know the
operational condition according to all demands. Many
PFM techniques have been proposed and used for the
PS, whereas Newton-Raphson and Fast Decouple are
popular approaches [17], [18]. Technically, the PFM is
applied to a power flow study (PFS). This analysis
provides a balanced steady-state operation of the PS.
Every PS bus is classified into three types of cargo and
generator bus, and swing bus. The PFS is combined
with the Taakagi Method and Thunderstorm Algorithm
(TA) (TM). The TA structures and intelligent agents in
previous works have been thoroughly discussed, while

the TM for PFS is also clearly documented in [15],
[19][21].

The PS-based fossil fuel has recently met
environmental requirements, and the growing demand
for security, reliability, and quality is also met.
Moreover, the current commercially available power
storage systems for bulk energy storage under the RES
are technically and economically impossible [13].
Declining traditional fossil fuels, together with
restrictions on carbon emissions and environmental
policies, are the key to reducing fossil fuel combustion
[15], [20]-[23]. In terms of production, demand
management, network, and reserve, the effects of unit
changes on renewable sources are more flexible.

In general, sectioned areas of the PS are integrated
to become an interconnected network as the LPGS for
delivering electricity from producers to consumers [7],
[24]-[26]. Power stations may be located near an
energy source. Recently, a distributed power plant can
be installed closely at the load center [4], [14], [25, p.]
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Fig.1 Grid topology interconnection

Including the RES in the PS, expansion ensures a
reduction in future dependence on fossil fuels. Potential
sources, like solar and wind energy, are the most
popular of the RES [25], [27], [28]. Solar energy is
integrated with these studies into the LPGS wind
energy, as shown in Figure 1. The development of
LPGS in solar energy and wind power centers is shown
in Figure 1. This growth is significant for the growth of
demand over the current period. This setup also
increases energy supply and system capacity by
installing the RES [22], [29]-[31]. According to Figure
1, this system is also expanded to the hybrid system
covered for the RES at north, west, and south areas.
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3. Evaluation Scenarios

In these works, Figure 1 is a reference for
developing electricity system analysis and optimizing
categories which are divided into five schemes for the
LPGS. According to Figure 2, method procedures
cover Entry Data, System Configuration, Load Flow
Process, Optimization. Entry Data is used to put all
parameters of the component used in the whole
process. System Configuration is also used to select a
scenario under a system configuration based on all
possible conditions for the power grid operation. To
perform initial, progressing, and final conditions
related to all designs, the Load Flow Process is applied
to the system configuration for determining current
operating status. Moreover, Optimization is used to
define the optimal combination based on the energy
injection associated with wind and solar energy farms.

In these works, the LPGS is developed for the
existing system prepared for the double voltage
incoming covered for 20 kV and 70 kV. Both voltage
levels are connected from different lines. These studies
also take an assumption for the natural condition in
constant for wind speed and solar radiation. Moreover,
the connected load is presented as designed demand in
Table 1. In addition, the scenarios are shown in the
standard operating system integration (NOSI), captive
power plant integration (CPPI), north wind farm
integration (NWFI), south wind farm integration
(SWFI), and solar power center integration (SPCI).

Technically, the NOSI presents the system with a
normal condition before developing to the advanced
design as the first condition. The CPPI covers the
NOSI and an additional power plant conventional
based. The NWFI consists of the NOSI, CPPI, and
wind farm center in the northern area. The SWFI
includes the NOSI, CPPI, NWFI, and wind farm center
in the southern region. All integrated system is covered
in the SPCI. In these studies, the evaluation considers
Figure 1, Table 1 to Table 6. Refer to this topology of
the LPGS. The PFS is subjected to determine the
optimal performances based on the NOSI, CPPI,
NWFI, SWFI, and SPCI.
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Fig. 2. Method procedures of the power grid evaluation
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Table 1 Individual load conditions

Bus Voltage Capacity
(kV) (Kva) (kw) (kvar)
BUS-01 20.0 94,475.0  68,675.0  29,503.0
BUS-02 20.0 132,963.0 118,465.0 57,810.0
BUS-03 20.0 133,030.0  66,565.0  48,659.0
BUS-04 20.0 82,754.0  43,542.0  22,955.0
BUS-05 20.0 18,200.0 10,569.0 4,403.0
BUS-06 20.0 119,927.0 54,7400  38,251.0
BUS-07 20.0 32,696.0 15,401.0 6,672.0
BUS-08 20.0 129,711.0  63,652.0  33,207.0
BUS-09 20.0 67,936.0 44,8430 26,131.0
BUS-10 20.0 95,355.0 46,223.0  20,023.0
BUS-11 20.0 67,649.0 57,400.0 35,799.0
BUS-12 20.0 70,367.0 58,897.0  38,505.0

Table 2 Conventional power and grid sources

Bus Rating Eff
(MVA) (MW) (%)

BUS-03 3529 300.0 85
BUS-11 411.8 350.0 85
BUS-12 588.2 500.0 85

Table 3 Southern wind turbine farm
Rating

Connl  Power Voltage PF
MW)  (kV) (%)

Bus-W1  0.225 0.6 85 2 1500
Bus-W2  0.225 0.6 85 2 1500
Bus-W3  0.600 0.6 85 2 1500
Bus-W4  0.600 0.6 85 2 1500

Pole Rpm

Table 4 Northern wind turbine farm
Rating

Conn2  Power Voltage PF
MW)  (kv) (%)

Bus-W5  0.225 0.6 85 2 1500
Bus-W6  0.225 0.6 85 2 1500
Bus-W7  0.225 0.6 85 2 1500
Bus-W8  0.225 0.6 85 2 1500

Pole Rpm

Table 5 Solar power center

Formation DC output  AC output
Conn3 P(?/Ui' Array VKW KV KVA
PVAl 2145 4x4 120 03 0.2 0.3
PVA2 2145 4x4 120 03 02 03
PVA3 2145 4x4 120 03 0.2 0.3
PVA4 2145 4x4 120 03 0.2 0.3
PVA5 2145 4x4 120 03 0.2 0.3
PVA6 2145 4x4 120 03 0.2 0.3

Table 6 Interbus transformer

Trafo Connection Voltage Power
From To (kV) (MVA)

1 Bus-Sluck  BUS-02  70/20 kV 5000

2 Bus7 BUS-12 0.6 /20 kV 250

3 Bus12 BUS-01  0.6/20kV 300

4 BUS-06 Conn3  20/0.22 kV 100

In these works, the TM is used throughout the PFS
to cover the PSP as detailed in [19]. The technical
limitations of the PFS are restricted. In 5% of voltage
violations, the appropriate operation is desired. 95
percent of power transmission is confronted with the
power delivery on the power lines. TA refers to detailed
processes and hierarchies in these works [15], [21],
[22]. TA is inspired by a natural mechanism that is
presented in several stages and procedures. These
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mechanisms mimic the natural phenomena influenced
by cloud conditions and potential factors for
developing the striking line and streaming path. The TA
search mechanism for selecting solutions is used to
strike processes and channel avalanches to release the
population of charges.

TA also comprises different distances used for
controlling the position of striking objectives
associated with a hazardous factor (hf). TA sequencing
is usually given as pseudo-codes [15], [20]. On this
basis, TA is performed in one avalanche, 50 cloud load,
100 stream flows, 4 hazardous, and 200 clouds. Based
on these principles. In addition, the achievements of TA
and TM in these studies are not detailed, whereas the
work is used to investigate PSP.

4. Grid Performance

As mentioned before that these works have been
designed based on technical requirements such as 5%
of voltage violations, the appropriate operation is
desired. 95 percent of power transmission is confronted
with the power delivery on the power lines. TA also
comprises 50 cloud loads, 100 stream flows, 4
hazardous, and 200 clouds.

In this section, these works are addressed to
evaluate the performances of the LPGS considered the
RES based on the NOSI, CPPI, NWFI, SWFI, and
SPCI. By considering these scenarios, the optimal
power production feeds the load demand in 1,045.1
MVA, 648.9 MW, and 361,9 MVar as detailed in Table
1 for the individual load conditions. The optimal power
balance covers all possibility portions for the power
producers as given in Table 2, Table 3, Table 4, and
Table 5. In these studies, the system covers
transformers as listed in Table 6.

Table 8 shows the bus loading condition for all
buses considered individually connected loads, while
the PSP is summarized in Table 7. According to Table
8, BUS-02 is penetrated by the highest load in 14,926 A
associated with the NOSI. This condition is also
worked for other scenarios for the CPPI, NWFI, SWFI,
and SPCI. Moreover, the lowest result is BUS-07 of the
NOSI contrasted to the CPPI. In addition, another one
is BUS-W8, covered in NWSI, SWFI, and SPCI. In
detail, all results of the power balance are provided in
Table 9 and Table 10, while the individual voltage
condition is illustrated in Figure 3.

Table 7 Summary evaluation

Status NOSI  CPPI  NWFI SWFI SPCI
Buses 13 13 18 23 24
Branches 18 18 23 28 29
Generators 2 3 3 3 3
Power Grids 1 1 1 1 1
Load numbers 12 12 12 12 12
Load (MW) 7744 8171 8171 8171 8171
Load (Mvar) 403.2 4436 4437 4437 4437
Gen (MW) 7744 8171 8171 8171 8171
Gen (Mvar) 403.2 4436 4437 4437 4437
Loss-MW 1254  86.3 86.1 86.2 86.2
Loss-Mvar 41.2 25.8 25.7 25.8 25.8

Table 8 Bus loading condition

Current loading bus (A)

Bus NOSI CPPI NWFI SWFI SPCI
BUS-0L 2471 2463 2467 2467 2467
BUS-02 14926 9,287 9265 9,265 9,265
BUS-03 4993 7,832 7832 7,832 7,832
BUS-04 1951 2092 2,092 2092 2,092
BUS-05 3,663 3,695 3,695 3695 3,695
BUS-06 2583 3,927 3927 3927 3,927
BUS-07 676 689 689 680 689
Connl - - - 1576 1576
BUS-08 3027 3,178 3178 3178 3,178
BUS-09 3,105 20971 2971 2971 2,971
BUS-10 2,324 2243 2243 2243 2243
BUS-11 5071 4,925 4924 4924 4,924
BUS-12 5220 4957 4957 4962 4,962
Conn3 52

Bus-Sluck 4265 2631 2624 2624 2624
Bus-W1 - - - 1576 1576
Bus-W2 - - - 1384 1,384
Bus-W3 - - - 1181 1,81
Bus-W4 - - - 664 664
Bus-W5 - - 948 943 948
Bus-W6 - - 707 707 707
Bus-W7 - - 468 468 468
Bus-W8 - - 233 233 233
Conn2 - - 948 948 048
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Fig. 3 Bus voltage condition

Table 9 Active Power Balance Production

Active power production (MW)

Source NOSI CPPI NWFI SWFI SPCI
Gl ; 2078 2278 2278 2278
G2 1606 1554 1554 1554 1554
G3 1570 1480 1480 1464 1464
Sluck Source  456.8 285.8 2849 284.9 2849
WTGL ; - - 02 02
WTG?2 - - - 02 02
WTG3 } - - 06 06
WTG4 ; - - 06 06
WTG5 - - 0.2 02 02
WTG6 } - 0.2 02 02
WTG7 - - 0.2 02 02
WTG8 } - 0.2 02 02

Table 10 Reactive power balance production

Source NOSI CPPI  NWFI SWFI
Gl 1446 1446 1446
G2 71.2 70.3 70.3 70.3
G3 89.7 87.1 87.1 87.4
Sluck Source 2422 1417 1417 1417
WTG1 - - - -
WTG2 - - - 0.1
WTG3 - - - -
WTG4 - - - -0.4
WTG5 - - - -
WTG6 - - - -
WTG7 - - - -
WTG8 - - - -
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Table 11 Individual active power transaction

Power transaction

Power delivery (kW)

Route From To NOSI CPPI

1 Bus-W4 Bus-W3 - -

2 Bus-W3 Bus-W2 - -

3 Bus-W2 Bus-W1 - -

4 Bus-W1 Connl - -

5 Bus-W8 Bus-W7 - -

6 Bus-W7 Bus-W6 - -

7 Bus-W6 Bus-W5 - -

8 Bus-W5 Conn2 - -

9 BUS-06 BUS-09 4,389.0 1,153.0
10 BUS-03 BUS-06 45,010.0 117,360.0
11 BUS-02 BUS-05  112,555.0 91,293.0
12 BUS-01 BUS-04 1,377.0 956.0
13 BUS-04 BUS-07 2,773.0 4,257.0
14 BUS-05 BUS-08 21,162.0 30,950.0
15 BUS-09 BUS-12 98,119.0 89,120.0
16 BUS-08 BUS-11 28,033.0 25,664.0
17 BUS-07 BUS-10 7,251.0 4711.0
18 BUS-02 BUS-03  146,810.0 3,088.0
19 BUS-01 BUS-02 78,684.0 78,534.0
20 BUS-05 BUS-06 9,650.0 22,593.0
21 BUS-04 BUS-05 46,518.0 53,004.0
22 BUS-08 BUS-09 34,680.0 32,291.0
23 BUS-07 BUS-08 5,932.0 7,895.0
24 BUS-11 BUS-12 - -

25 BUS-10 BUS-11 75,157.0 72,377.0
26 Bus-Sluck  BUS-02  456,789.0  285,750.0
27 Bus7 BUS-12 - -
28 Bus12 BUS-01 - -
29 BUS-06 Conn3 - -

Table 12 Renewable active power transaction

Power transaction

Power delivery (kW)

Route From To NWEFI SWFI SPCI
1 Bus-W4 Bus-W3 - 600.0 600.0
2 Bus-W3 Bus-W2 - 1,196.0 1,196.0
3 Bus-W2  Bus-W1 - 1,409.0  1,409.0
4 Bus-W1 Connl - 1,623.0 1,623.0
5 Bus-W8  Bus-W7  225.0 225.0 225.0
6 Bus-W7  Bus-W6  448.0 448.0 448.0
7 Bus-W6 Bus-W5 666.0 666.0 666.0
8 Bus-W5 Conn2 886.0 886.0 886.0
9 BUS-06 BUS-09 11530 11530 11540
10 BUS-03 BUS-06 117,357 117,357 117,341
11 BUS-02 BUS-05 91,288  91,288.0 91,287.0
12 BUS-01 BUS-04 968.0 968.0 968.0
13 BUS-04 BUS-07  4,258.0 4,258.0 4,258.0
14 BUS-05 BUS-08 30,953.0 30,953.0 30,953.0
15 BUS-09 BUS-12  89,119.0 89,119.0 89,119.0
16 BUS-08 BUS-11  25,663.0 25,663.0 25,663.0
17 BUS-07 BUS-10 4,710.0  4,710.0  4,710.0
18 BUS-02 BUS-03  3,084.0 3,084.0 3,084.0
19 BUS-01 BUS-02 77,667.0 77,667.0 77,667.0
20 BUS-05 BUS-06 22,590.0 22,590.0 22,593.0
21 BUS-04 BUS-05 52,995.0 52,995.0 52,995.0
22 BUS-08 BUS-09 32,289.0 32,289.0 32,289.0
23 BUS-07 BUS-08  7,896.0 7,896.0 7,896.0
24 BUS-11  BUS-12 - - -
25 BUS-10 BUS-11 72,376.0 72,376.0 72,376.0
26 Bus-Sluck  BUS-02 284,882 284,882 284,880
27 Bus7 BUS-12 - 1,602.0  1,602.0
28 Bus12 BUS-01  879.0 879.0 879.0
29 BUS-06 Conn3 - - 18.3
Table 13 Reactive power transaction
Route From To NOSI CPPI NWFI SWFI
1 Bus-W4 _ Bus-W3 - - - -372.0
2 Bus-W3 _ Bus-W2 - - -377.0
3 Bus-W2 _ Bus-W1 - - -292.0
4 Bus-W1 Connl - - -313.0
5 Bus-W8 _ Bus-W7 - - -
6 Bus-W7 _ Bus-W6 - -0.6 -0.6
7 Bus-W6 _ Bus-W5 - 32 32

8 Bus-W5 Conn2 - -8.8 -8.8
9 BUS-06 BUS-09 795.0 654.0 654.0 654.0
10 BUS-03 BUS-06 29,392 68,808 68,811 68,811.0
11 BUS-02 BUS-05 57,380 46,543 46,542 46,542.0
12 BUS-01 BUS-04 328.0 253.0 250.0 250.0
13 BUS-04 BUS-07 978.0 1,376.0 1,376.0 1,376.0
14 BUS-05 BUS-08 11,349 15,431 15,429 15,429.0
15 BUS-09 BUS-12 51,212 48,544 48,545 48,545.0
16 BUS-08 BUS-11  6,546.0 6,267 6,267.0 6,267.0
17 BUS-07 BUS-10  3,760.0 2,923 2,924.0 2,924.0
18 BUS-02 BUS-03 90,017 -2,701 -2,691.0  -2,691.0
19 BUS-01 BUS-02 32,762 32,809 32,838 32,838.0
20 BUS-05 BUS-06  9,198.0  6,654.0 6,657.0 6,657.0
21 BUS-04 BUS-05 24,076 26,971 26,974 26,974.0
22 BUS-08 BUS-09 21,213 19,818 19,819 19,819.0
23 BUS-07 BUS-08  2,032.0  2,755.0 2,755.0 2,755.0
24 BUS-11 BUS-12 - - - -
25 BUS-10 BUS-11 28,857 28,211 28,212 28,212.0
26 Bus-Sluck  BUS-02 242,239 141,700 141,710 141,710
27 Bus7 BUS-12 - - -342.0
28 Bus12 BUS-01 - - -18.9 -18.9
29 BUS-06 Conn3 - - -
30
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Fig. 4 The percentage voltage drop of the power transaction

As given in Table 9 and Table 10, the power
production is balanced for the active and reactive
power portions. This table illustrates all conditions for
the five scenarios covered for conventional generators
and wind turbine generators, whereas local loads
consume the photovoltaic power production. In detail,
the power transactions are detailed in Table 11, Table
12, and Table 13 for the power delivery to the load
centers. At the same time, the system performances for
individual voltage drops are depicted in Figure 4.

5. Conclusion

This paper analyzes the local energy grid system
considering the solar and wind energy sources (RES).
The evaluation is examined by Takaguchi Method
(TM) and Thunderstorm Algorithm in power flow
(TA). These works show that the RES penetrates power
generation and affects the performance of the system.
TM and TA can apply to the assessment of power flow.
For future work, it is recommended to implement the
actual application to the power grid and to disclose
computer structures based on various parameters of
TM-TA.
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