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ABSTRACT: Using Nigeria's 330kV transmission lines network as a case study, this paper examines how swing bus placement site affects the
spacing between buses in an electric grid network. In power system analysis, especially load flow studies, the swing bus is essential. The accuracy
and convergence of load flow solutions can be strongly impacted by the swing bus's location. The impact of various swing bus placements on the
spacing between buses in the Nigerian 330kV transmission network is examined in this research using ETAP. The findings indicate that the swing
bus's location has an impact on the network's power flow, line losses, and voltage profile. Decisions on power system design and operation can
be influenced by the study's insights regarding the swing bus's ideal location inside the Nigerian grid network. The results show that, toward the
northern part of the network, due to the long distance, the system violate the voltage limits in almost all the busses. The system frequency limit
also affected. Since the swing bus sets a reference voltage angle, its location affects system-wide voltage phase angles. A choice distorts the
voltage profile, especially in radial, weakly meshed sections area of the network. Swing bus position affects how losses are circulated and
distributed across the lines. Most buses' voltage angles exhibit a noticeable drop from 0.02 seconds to about 2-3 seconds, after which they either
stabilize or barely fluctuate. This can suggest a response to a problem or disturbance. The voltage levels begin to climb again by 7.5 to 15 seconds
after first decreasing (especially between 1 and 5 seconds), indicating that the system has stabilized.
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1. INTRODUCTION

The placement of swing buses, and long-distance electric buses within the same electrical network provides considerable environmental advantages
and potential long-term cost reductions. Nonetheless, it presents notable challenges related to load management, infrastructure investment, and
technical coordination. Successful management of these impacts on the electrical network requires effective planning, investment in smart charging
infrastructure, and the use of renewable energy sources. [] Introducing a fleet of electric buses, including both swing and long-distance types, will
substantially elevate the demand on the electricity network. Long-distance buses, which have larger batteries, will contribute significantly more
load compared to those on shorter routes. Charging schedules must be meticulously managed to prevent peaks in demand, particularly during
periods when the electricity network is already stressed. Implementing coordinated charging strategies, such as off-peak charging, can help
alleviate this issue. Adequate charging infrastructure is essential for both swing and long-distance buses. Long-distance buses, in particular, may
require high-power fast chargers, necessitating substantial investments in electrical infrastructure. Enhancing the electricity network's capacity
may be necessary to accommodate the increased load. This could involve reinforcing substations, distribution lines, and potentially transmission
infrastructure. Deploying energy storage systems, such as battery storage, can help balance the load by storing energy during low-demand periods
and supplying it during peak-demand times. To enhance environmental benefits, the electricity used for charging buses should be sourced from
renewable energy. This necessitates a strong integration of renewable resources like solar and wind into the grid. Promoting distributed generation,
such as installing solar panels at bus depots, can decrease the load on the central grid and provide local power for charging. Upfront capital
expenditures for infrastructure related to charging and possible grid improvements are substantial. These expenses must be weighed against the
long-term savings from lower maintenance and fuel expenditures. The bus fleet's operating expenses will be impacted by the price of power, both
peak and off-peak rates. Cost-effective energy management techniques can aid in maximizing these expenses. Rewards and Subsidies Incentives
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from the government for the installation of electric vehicle (EV) infrastructure can help reduce costs. Policies that encourage the use of EVs and
renewable energy are essential. Upfront investments are high for infrastructure related to charging and possible grid improvements. The long-term
benefits from lower maintenance and fuel expenses must be weighed against these expenses. Operational Costs: The cost of power, both peak and
off-peak rates, will affect the fleet's operating expenses. These costs can be optimized with the use of efficient energy management techniques.
Promotions and Grants: Some of the cost pressures can be reduced by government subsidies for electric vehicle (EV) infrastructure. Policies must
encourage the use of EVs and renewable energy. When driven by renewable energy, electric buses significantly lower greenhouse gas emissions
and local air pollution. Bus routes and metropolitan areas are less noisy when it comes to noise pollution since electric buses are quieter than diesel
buses. By switching to electric buses, the public's opinion of public transportation may be enhanced, which could lead to an increase in ridership
and support for environmentally friendly programs. It is difficult yet crucial to effectively plan the locations and times of charging for swing and
long-distance buses. Smart charging systems can optimize charging schedules based on current grid conditions and bus schedules. Batteries need
to be appropriate for swing and long-distance buses in terms of both range and recharge times. Developments in technology are required for the
safety of the equipment. The integration will benefit from advancements in battery technology, such as increased energy densities and faster
charging times. It's essential to have a dependable power source when charging. To prevent interruptions, redundancy measures like backup
generators or extra grid connections could be required. Since swing buses run more frequently during the day than far-distance buses do, there
may be more frequent but smaller spikes in the amount of electricity used at charging stations. Grid Stability: To ensure grid stability, the
introduction of swing and long-distance buses necessitates strict control over electrical demand. This entails taking capacity limitations, and peak
demand periods, and making sure the grid infrastructure is large enough to accommodate changing load profiles.

2. METHODOLOGY
(A) Modeling of Typical Transmission Network:
The typical transmission line is presented as a single-line diagram shown in Figure 3.1a
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Figure 1.0: Single Line Diagram of Transmission Line

In the context of power system stability, managing reactive power and voltage is particularly crucial. The issue is preventing voltage
instability, which might result in voltage collapse. Reactive power is crucial for maintaining a constant system voltage (Gupta and Sharma, 2013).
It is created when the current waveform deviates from the voltage waveform due to energy-saving elements like capacitors or inductors. Reactive
power is required to reduce the electric and magnetic fields in the capacitor and inductor, respectively. The voltage of the transmission line can be
adjusted by varying the reactive power. This can be demonstrated.

as follows:
Sk =Pr +jQr ey
Therefore, equation (1) may be expressed as,
V5c0s8+]Vssing—V
SR — VR{ 5COS ]Xssm R} (2)
: _v2
SR _ VRV)s(smS + ]VRVSC;)(SS Vi (3)
According to equation (3), the active and reactive power supplied to the load is:
P = %Sma 4)
R = VRVSC;J(S(S—V%{ (5)
From equation (4) and (5), using sin?8 + cos?6 = 1, we have
2 Viyz _ VBVR
PR+ Qr+3)° =7 O]
The voltage at the receiving bus (bus-2) can be expressed as,
272
Vi = %[Vsz —~ 2QgZ +Vs( vZ - 2T - 4QR)] ™
S

Where;

Vs and Vy are bus voltages at the sending and receiving end respectively;
I is the line current;

X is the reactant;

§ is the generator's internal angle;

Pg and Py are active and reactive powers supplied to the load.
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B. Formulation of Power Flow Equation in Transmission Network:

Power flow describes the flow of both active and reactive power via power system networks. There are reciprocal effects between the
bus voltage magnitude and the power flow phase angles. Power flow studies are designed to offer information on bus voltage magnitudes, bus
voltage angles, and the active and reactive power flow across various branches, generators, and loads under steady-state circumstances. The
information is essential for evaluating the system's performance. In the power system network, which is made up of nth-buses, the current Ii
injected at the ith bus is expressed as

=30, YaVigi=12......n (8)

Where;
I; =the current in ith bus;
Vi = the voltage at bus k;
Yix = the admittance between bus i and bus k.
The complex power injected by the source into ith bus is described as,

Si=Viji=12...........n O]

Si=PR+jQ (10)
Equations (9) and (10) are modified into two equations given as,

=3 an

I = (12)
From equation (12),

P —jQi =V (13)
Substituting equation (8) we have,

P —jQi = W (Choy YacVi)ii = L2 e (14)
Separating equation (29) into imaginary and real components we have,

B = Re( Vi (Zes Y Vi) (15)

Qi = —Im( V' (B2, Yic Vi) (16)
Where V;, Vi', Viiand Yjy are expressed in polar form as follows

Vi = [Vilel%; Vi = [V le IO Vi = Vil @B Yy = [ Yyl el®ik 17)
Substituting equation (17) into equations (15) and (16), we have

P = Vil X1l il Vil cos (Bik + 8k — 6;) (18)

Qi = —IVil Xk=q | Yikl [Viclsin (85 + 8 — &) 19

A total of 2n power equations are generated from the static power flow equations (18) and (19). Because of its precision, dependability, and quicker
rate of convergence, the Newton Raphson technique is used to solve the non-linear equations. The expression for the Newton-Raphson power flow

is;
ol =2 1) (20)

AP is the real power mismatch;

Where;

AQ is the reactive power mismatch;

AS is the bus voltage mismatch;
J1,J2,]3 and ] are the elements of the Jacobian matrix which are obtained by partial differentiation of equations (18) and (19) concerning the static
variables (8, V). The off-diagonal and diagonal matrix of ], J,, J5 and ], are expressed as follows:
The off-diagonal and diagonal matrix of J;:

g_;i( = ViV Yir sin(Bjx + 8; — &) k # 1 @)

7 = = Zhea ViVicic sin (O + 85 = 89 22)
The off-diagonal and diagonal matrix of J,:

g—;i( = V;Yik cos(Oj + & — 8k)  k # i 23)

:—5}1 = 2V;Yj; cos 6;; + Z]}i::} Vi ik cos(Bi + 8; — &x) (24)
The off-diagonal and diagonal matrix of J5:

STQ:( = —ViVYix cos(Bix + 8; — &),k # i (25)

Z_l;: = Zrk;z} ViVi Y cos(0ix + &; — 8y) 6)
The off-diagonal and diagonal matrix of ],

o = ViYisin(Oy+ 8 — ),k # i o

3—3; = 2V,Y; sin 0y + zﬂk::% Vi Yy sin(8y + 8 — 8,) 28)
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The real and reactive power mismatches at each iteration with new estimates of the bus voltage angles and voltage magnitude are expressed as

follows:
APf =P° —Pf (29)
AQE=Qf - QF (30)
811 = §F — A8F (31
Vir+1 — Vir _ AVir (32)
Where,

r is the iteration count;

AP/ is the real power mismatch at r-iteration;

P? is the special value of real power;

P is the calculated value of real power at r-iteration;

AQj is the reactive power mismatch at r iteration;

Qf is the special value of reactive power;

Qj is the calculated value of reactive power at r-iteration;

8{+1 — 8{' _ Aair; Vir+1 — Vir _ AVir

81 is the new estimate of bus angle at iteration r+1;

&8} is the calculated value of the bus voltage angle at r-iteration;

A8 is the bus voltage angle mismatch at r-iteration;

VI*1 is the new estimate of bus voltage at iteration r+1;

Vi is the calculated value of the bus voltage at r-iteration;

AVY is the bus voltage mismatch at r-iteration.
The voltage and reactive power constraints at each bus i are expressed as follows:

Vi(min) Vi< Vi(max) (33)

Qi(min) = Qi = Qi(max) (34)
Where; The minimum and maximum voltage values at bus I are denoted by V_(i(min)) and V_(i(max)); the minimum and maximum reactive
power provided at bus I are denoted by Q (i(min)) and Q (i(max)). The continuous power flow (CPF) method has frequently been used to
determine the system's maximum loading point. Conventional power flow algorithms often suffer from convergence problems at operating
locations near the stability limit [16]. The CPF analysis fixes this problem by automatically changing the loading parameter value so that the user
may see the whole voltage profile. The main objective of using CPF is to determine the continuous power flow solution for a certain load change.

The mechanism of continuous power flow is explained in Figure 2.

A
_~—Predictor

Critical Point

Load

Figure 2: Continuation Power Flow method [10]

The concept of CPF is simple. It uses the predictor-corrector approach to solve a set of power flow equations that have been rebuilt with a load
parameter. It starts with a known solution and predicts a subsequence solution that corresponds to a new value of the load parameter using a tangent
predictor. The Newton-Raphson approach used for conventional power is then used to this estimate to make it more accurate. The formula for
Continuation Power Flow Analysis is as follows [89]. Pdi and Qui can be expressed as follows when a load shift is simulated during the prediction
phase

Pgi = Pgi(1 + A KPg;) (36)

Qai = Qi (1 + A *KQqy) (37
The base case active and reactive power of the loads of phase P at bus I are denoted by P_di"o and Q_di"o, whereas the loading factor, A, describes
the load change. Likewise, the generator change P_giandQ_gi as a function of A is represented as

Pyi = Pgi(1 + A = KPy;) (38)

Qgi = (g]i(l + A KQgi) (39)
where A is the loading factor and P_gi”o and Q_gi”o are the generator's base-case active and reactive power at bus I. To keep the PQ machine's
power factor constant, the KP_gi/KQ gi ratio remains constant. Eqn (39) is not necessary for a PV machine. Q_gi must be maintained at the limit
when the reactive power limit is exceeded. An additional variable A is added to the nonlinear power flow equations, which are expressed as
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f(x,1) =0 (40)

The estimated point for the solution is found using the prediction step. By taking a suitable size step in the direction tangent to the
solution route, the next solution is predicted. The continuation method with predictor and corrector phases can be used to equation (40). When we
linearize equation (40), we obtain

df(x,A) = fydx+fHdA =0 (41)
Equation (41), which requires a non-zero value for one of the tangent vectors and maintains its change at + 1, is represented as
ty = %1 (42)

where t_k represents the tangent vector dx's non-zero component. Equations (41) and (42) are combined to create a set of equations
where the unknown variables dA and dx are the tangent vectors. That's
fx fi][dx] 10
(519 0 I:d)\] - [il] (43)
where e_k is a row vector where every other entry is equal to zero and kth is equal to 1. Either +1 or -1 can be used in equation (43) depending on
how the kth state variable evolves during the trace of the solution. Equation (8) may be solved, and the expected next response is shown as

1=Bl+o[7] (44)

where o is a scalar and * is the expected answer for the following step. The augmented Newton-Raphson power flow equation must be
solved at the corrector stage, beginning with the anticipated solution of equation (44) as given by

wal=1o] (45)

Newton Raphson's method may be used to solve the corrector problem below, where j is the expected value of the continuation parameter
x_k (Gupta and Sharma, 2013).

fx H][A
o olle]= )] (46)
The operating limit of generators that are to satisfied are taken as:
[p I (47)
I < I < 1P (48)
Ef"" < Ep < B (49)
pmin < p, < pimax (50)
QEIn(Py) < Py < QP (Py) (51)

In this case, I a”max represents the generator stator winding's current limit; I f*min and I f"max represent the generator rotor winding's minimum
and maximum current limits, respectively; E f*min and E_f"max represent the corresponding excitation voltage limit; P_g"min and P_g*max
represent the minimum and maximum active power limits; and Q g”min and Q_g”max represent the minimum and maximum reactive power
limits, respectively.

3.0 RESULTS AND DISCUSSION
Table 1: Table of bus results showing the impacts of swing bus on the selected buses

Time (Sec)/ 0.020 1.00 1.5 2.0 2.5 3.0 5.0 7.5 10.0 12.5 15.0
Bus Id.

Ikot Abasi V. ang 169.7 1282 529 51.6 249 36.9 5.29 4.58 13.9 11.5 18.9
(Deg) 96.7% 96.7% 96.1 95.0 95.1%  99.2% 97.5%  99.1% 102%
Voltage (volt) 50.0 49.4 50.8 50.5 4895 47.38 432 47.47 484 49.1 49.99
Freq (Hz)

Kaduna V. Ang 161.2 1217 53.1 50.0 25.8 23.7 11.2 4.11 15.1 9.66 18.6
(Deg) 101.6% 102.3% 932%  94.1% 91.9%  94.2% 90.1%
Voltage (volts) 50.0 49.4 50.3 50.49 48.9 47.4 43.23 47.55 48.4 49.1 49.91
Freq(Hz)

Owerri V. Ang 168.6 1193 513 49.6 20.22 22.6 7.10 5.55 14.10 9.44 17.5
(Deg) 101.5% 103.4% 95.1% 95.1%  99.4% 98.9%
Voltage (volts) 50.0 4945 50.03 505 49.47 473 43.31 47.5 48.4 49.1 50.0
Freq(Hz)

Egbin V. Ang 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(Deg) 100% 104.0% 98.8%  101.2%  982%  99.1% 102.1%
Voltage (volts) 50.0 51.9 52.0 51.8 50 49.2 48.0 50.0 51.1 51.3 51.9
Freq (Hz)

Maduguri V.Ang 161.9 1185 578 45.0 293 22.9 13.2 0.31 11.1 7.98 14.7
(Deg) 106.3% 105.6%  109.9%  112% 922%  90.3% 91.1% 109.1%  109.3%
Voltage(%volts) 50.0 4941 520 51.9 48.98 47.43 422 473 48.9 49.8 49.99
Freq(Hz)

Alagbon V. ang 168.9 113.4 51,7 47.5 18.8 15.14 8.8 4.92 12.6 7.6 15.56
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(deg) 99.5% 99.45%  95.4% 94.8%  982%  97.2% 955%  99.6% 103%
%Voltage(volts) 50.0 50.05 5046 49.1 50.1 453 479 48.4 49.1 49.5 50.1
Freq(Hz)
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Fig.5: graph of Maduguri bus

In figure 3 and figure 4, the early spike in sudden load or disconnection, after spike, the values stabilize, and frequency remains steady, suggesting
the system reaches a new stability. The voltage angle of the majority of buses shows a notable decrease from 0.02 seconds to around 2-3 seconds,
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after which it either stabilizes or varies little. This could imply a reaction to an issue or disruption. After initially declining (particularly between
1 and 5 seconds), the voltage levels start to rise again by 7.5 to 15 seconds, which suggests that the system has stabilized. Over the course of the
disturbance, the frequency decreases from its nominal value of 50 Hz to values of around 47-48 Hz before gradually returning to 50 Hz. Similar
to the swing/reference bus, which keeps a fixed angle during simulations, the Egbin bus displays a constant 0.0° angle throughout. This table
illustrates how several components (buses) respond in terms of voltage angle, magnitude, and frequency in reaction to an event, capturing the
transient behaviour of a power system. It most likely came from a real-time disturbance analysis or dynamic simulation used in grid stability
research. At each case a swing bus is being change, a new voltage profile is set up that is quite different from the previous.

CONCLUSSION

The analysis shows that the swing bus's location in the Nigerian 330kV transmission network has a major impact on the network's power flow,
voltage profile, line losses, and bus-to-bus distance. The findings demonstrate that the swing bus's ideal location may lower line losses, increase
the accuracy and convergence of load flow solutions, and improve the power system's overall stability and dependability. Decisions on power
system operation and planning, especially in the Nigerian grid network, might be influenced by the study's conclusions. The approach and findings
of the study are applicable to other power systems as well, offering power system engineers. I hereby recommend the following: 1. The ideal swing
bus location should be established by taking into account the particular features of the power system. 2. Power system planning: When developing
a power system, power system planners should take into account how swing bus location affects the grid network's overall performance. 3. More
research: More study is required to examine how swing bus placement affects fault analysis and transient stability, two key facets of power system
functioning.
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