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Abstract

Analysis of electric power systems is required to predict a grid’s
behavior before its design. Several commercial simulators give
such information, but it is necessary to pay to use it. This work
presents a method to solve electric power systems by appl-
ying Gauss-Seidel and MS Excel. The modulus and argument
of the voltage and the active and reactive power are estimated
for every bus. The results conclude that, compared to other sof-
tware results, the presented method can analyze electric power
systems with low uncertainty.
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Resumen

Para predecir el comportamiento de una red, antes de su disefo,
es necesatrio llevar a cabo el analisis del sistema. Ciertos simu-
ladores proporcionan dicha informacion, previo pago por su uso.
Este trabajo presenta un método para resolver sistemas eléc-
tricos de potencia aplicando Gauss-Seidel mediante MS Excel.
Se estima el moédulo y el argumento de la tension, asi como la
potencia activa y reactiva de cada bus. Se concluye que el méto-
do permite analizar sistemas eléctricos de potencia con un bajo
error, comparando los resultados con softwares comerciales.
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Solving power flow problems through the Gauss-Seidel method using Microsoft Excel. Case applied to the course on Generation, Transmission, and Distribution of Electric Power

Introduction and objectives

For a balanced three-phase system in
steady-state to operate correctly, the
following conditions must be met:
that generation covers demand plus
losses, the voltages at the buses must
be close to the rated value, and the
generators must operate within the
specified limits of active and reactive
power, and the transmission lines and
transformers must not operate over-
loaded (Duncan Glover et al., 2011;
PowerWorld. The visual approach to elec-
tric power systems, n.d.).

One of the methods to solve the
power flow problem is Gauss-Seidel.
The method calculates the voltage
at each bus based on the previous it-
eration’s available voltage and power
values through an iterative procedure.
Giving an initial value and using the
result of the last iteration as the value
in successive iterations, it is possible
to find the solution of the problem(-
Caiias Pefiuelas et al., 2020). Applying
the Gauss-Seidel method, the problem
can be solved using MS Excel. Some
commercial software allows the calcu-
lation of power flows; one of the best
known is the Powerworld® simulator.
However, this type of applications is
expensive.

Foto: Shutterstock.

This work explains how to solve power flow problems in complex systems by
modeling Excel for matrix calculation and complex numbers. The Gauss-Seidel
method solves power flows using MS Excel and compares the results obtained to
the Power world simulator commercial software. The MS Excel method is applied
to the course on “generation, transmission, and distribution of electric power”
belonging to the Master of Industrial Engineering at the Polytechnic University
of Valencia, Spain.

Method
The power flow problem requires calculating the modulus and argument of the
voltage and the active and reactive power at each power system bus under sta-
tionary conditions (Alcdzar-Ortega et al., 2020). Each bus has four magnitudes:
voltage modulus, voltage argument, and active and reactive power. Two of these
variables are known at each bus, and the other two are unknown, so they must be
calculated. MS Excel is a powerful tool able to solve complex problems in engi-
neering (Alcdzar-Ortega et al., 2019). This methodology applies the Gauss-Seidel
method to solve the problem according to the following procedure:

1. The admittance matrix of the system is determined. The components of the
diagonal are calculated. Since the matrix is symmetric, it is necessary to cal-
culate the elements above the diagonal and then transpose them (Fig. 1). The
diagonal components are calculated by the equation Eq. 1. Off-diagonal com-
ponents are calculated using the equation Eq. 2.

Y =sum of admittances connected to bus k

Eq.1

Ykﬁ - (sum of admittances connected between buses k and n, k#n) Eq.2

2. Construct a matrix of the same dimensions as the admittance matrix contai-
ning only the real part (G, Conductances) of all the matrix elements. Build
another matrix that contains only the imaginary part (B, Susceptances).

3. Locate in Table 1 the initial values of voltage and power of the system. Assign
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Figure .1 Admittance matrix.
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Table 1. Table to fulfill from known and unknown data.

values to unknown information. Such values will be the
starting point in the iterative process.

4. Solve the equations to estimate the unknown values of each
bus, setting the values of the known parameters depending

on the type of bus.

5. Fill in the Excel sheet by introducing the equations of the
voltages (Eq. 3) and the powers (Eq. 4 and Eq. 5) to be cal-
culated and referring to the initial parameters of the table
created in point 4. An initial estimate of the bus voltages
V7, must be made. This value is usually set to 1 p.u. and the
angle, to zero degrees (Alcazar-Ortega et al., 2019; Cafias
Pefuelas et al., 2020).

— ) 1 | Bp—.Jjo o () Eq.3
C Iy =) A 1
R | i
Eq. 4
P, =V, > V,-[G, - cos(S, —3,)+ By, - sen(5, —3,)] q-

3
O =V, - Z v, [G,'.—, - sen ((5k =0, )— B, -cos (5,{ =0, )] Eq 5

Calculate the following iteration of the value at all load bu-
ses. To do this, select the row containing iteration 1 and drag
it to the following row, replacing the references to the initial
values of the matrix created by referencing the values of the
first iteration.

7. Drag until ¢ is small enough. Each new row will re-
sult in a new iteration.
(n+1) (n)

s — |;? Eq.6

V.

objetivo

Study case

The previous procedure is applied to the case study shown in

Fig. 2 and explained below:

® There are two loads connected at buses 2 and 3, with the
load at bus 2 equal to 800+j280 MVA and the load at bus 3
equal to 80+j40 MVA.

® The demand for these loads is covered by two 400 and 800
MVA nominal power generators connected at buses 1 and
3, respectively.

* The generator connected to bus 1 has an automatic gene-
ration control. The generator connected to bus 3 main-
tains a constant power equal to 520 MW.

* The generator can regulate the reactive energy injected at
bus 3 between 400 and -280 MVAr, which maintains the
voltage at a constant value equal to 1.05 p.u.

* Each generator is connected to the grid through a trans-
former that increases the voltage from 15 to 345 kV.

The values of the resistance (R), reactance (X), conduc-
tance (G), and susceptance (B), and the maximum power for
each bus and transformer are shown in Table 2. This infor-
mation is used as input data to solve the problem. The sum-
mary of input data and unknown variables is shown in Table
3. The initial estimate of unknown node stresses is usually
set to 1 p.u. and an angle at zero degrees.

Results

Calculation of the Admittance Matrix [Y]: To calculate

the element Y,, Eq. 7. is used. The rest of the diagonal ele-

ments are calculated similarly.
— 1 1 : e

Yoo = ! 2

B, ‘
22 7 ~ 7 o~ +/T_4+/ -7'
Ryy + 17Xy Rys+ X5 - -

Eq.7

Element Y,, (and Y,, since the matrix is symmetric) is com-
puted using Eq. 8. The rest of the diagonal elements are cal-
culated similarly.

— =1

);‘ T I
. Ry + /Xy

Eq. 8

Table 4 shows the admittance matrix with all the calculated
elements.

Estimation of the unknowns in all the buses: the vol-
tage is estimated from Eq. 3. Applying Eq. 3 to bus 2, Eq. 9
is obtained as a result.

o _ L [P

_ J2 (7,7, + Vo
2 Yzz ([721) (244 25 5)

Eq. 9

Similarly, Eq. 4 and Eq. 5 estimate the active and reactive
powers. The value of Q, is calculated applying Eq. 5 to bus 3,
obtaining Eq. 10.

Q3 = V3| [~1V31B33 + |Vl (Gy3 sin(85 — 8,) — Bys cos(d; — 6,))]  Eq. 10

The results of the first five iterations are shown in Table 5.
They give information about the modulus and the argument
of voltage and active and reactive power for every bus (Table
6).

The results obtained in Excel are compared with those
obtained by software such as the PowerWorld simulator to
validate the model. The error obtained in most cases is 0%
(taking into account up to the third decimal) and less than
0.1 in all cases.
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Figure 2. Diagram of the analyzed case study (Duncan Glover et al., 2011).
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Conclusions

The specialized software used to es-
timate load flows has a high econo-
mic cost. A low-cost alternative to
solve charge flow systems using the
Gauss-Seidel method is employing a
commonly used tool such as MS Ex-
cel. This methodology demonstra-
tes the potential of a tool such as MS
Excel to analyze abstract engineering
concepts such as power flows by calcu-
lating complex numbers. In particular,
a power flow problem has been solved,
obtaining information on the modulus
and the argument of the voltage and
the active and reactive powers for all
the buses.

Line \ 0.009 \ 1.72 \
[“"5.3 """""" e~ TT"oo0as T 0 '.55' """""" 6""""""6.'8'8'""""""1'2_']
.45 Line | 000225 00% o | 044 | 12,
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i 3-4 Transf. 0.00075 0.01 0 0 10

Table 2. Data of the lines and transformers.

e 1. -
BUS 1 0
BUS 2 -8 -2.8 1 0
BUS 3 4.4 2.8 1.05 0
BUS 4 0 0 1 0
BUS 5 0 0 1 0

Table 3. Input data (in blue) and unknown variables with the data used for the first iteration (in red). (Values in

p.u..V,

base

is 16kV [buses 1y 3] and 345 kV [buses 2, 4 and 5].).

—mmmm
Bus 1 3.73 - 49.72i -8.73 + 49.72i
Bus 2 0 2.68 - 28.46i 0 -0.89 + 9.92i -1.79 + 19.84i
Bus 3 0 0 7.46 - 99.44i -7.46 + 99.44i 0
Bus 4 0 -0.89 + 9.92i -7.46 + 99.44i 11.92 - 147.96i -3.57 + 39.68i
Bus 5 -8.73 + 49.72i -1.79 + 19.84i 0 -38.57 + 39.68i 9.09 — 108.58i
Table 4. Nodal admittance matrix.
It]v2 |V2| Ja (V2)|6V2 |V3 |v3] 4 (v3)|6V3|va |V4| |4 (v4)|6v4 |V5 |V5] [& (V5)[aV5 |Q3 |é Q3| |v2 V3' 5
0[1 1 0 1,05 1,05 0 1 1 0 1 1 0 2,8 0,922-0,274i [1,03+0,04i |1,041-0,001i
110,922-0,274i | 0,96| -0,29| -0,04{1,049+0,041i | 1,05/ 0,04] 0,04]1,041-0,001i | 1,04 0] 0,04{1,006-0,001i | 1,01 0 0,01 522| 2,42] [0,86-0,237i |1,092+0,039i |1,037+0,008i
210,86-0,237i | 0,89| -0,27| -0,07[1,049+0,038i | 1,05 0,04] 0{1,037+0,008i | 1,04/ 0,01 0]1,007-0,051i | 1,01] -0,05 0| 0,72| 4,5 10,849-0,291i [1,045+0,05i |1,033-0,005i
3]0,849-0,291i | 0,9] -0,33[ 0,01]1,049+0,05 | 1,05 0,05/ 0,01]1,033-0,005i | 1,03 0 0|0,9%0,M1i 1] -0,04 -0,01| 1,17 0,45] [0,825-0,274i |1,046+0,037i |1,029+0,002i
410,825-0,274i | 0,87 -0,32| 0,03]1,049+0,037i | 1,05[ 0,04| 0,01]1,029+0,002i | 1,03 0 0|0,991-0,056i 0,99] -0,06) 0| 1,47| 03] [0,816-0,292i |1,045+0,044i |1,027-0,009
5[0,816-0,292i | 0,87| -0,34 0]1,049+0,044i | 1,05/ 0,04| 0,01|1,027-0,009i | 1,03 -0,01 0|0,985-0,05i 0,99] -0,05] -0,01| 2| 0,53] 0,805-0,287i [1,047+0,032i |1,024-0,005i

Table 5. Results of the fi

rst five iterations.
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1 1 395

1.000 0.000 0.000 114
2 0.771-0.318i 0.834 -0.391 -22.405 -800 -280
3 1.05-0.011i 1.050 -0.010 -0.596 440 298
1.018-0.05i 1.019 -0.049 -2.833 0 0
5 0.971-0.077i 0.974 -0.079 -4.548 0 0
Table 6. Final results with information on all buses.
. . R ccvometon  Oow  oncines | Toos | Options  AddOms  window
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using tools such as MS Excel for di- ’ wss st
336133 kv e
-4.548 Deg 2.834 Deg

fficult-to-solve applications, such as
the one presented here, is justified for
several reasons. MS Excel is easy to ac-
cess for students and teachers, its high
degree of implementation at the user
level, and the representation of nume-
rical results is simple.

On the other hand, Microsoft EX-
CEL makes available to users the pos-
sibility of carrying out vector, matrix,
and complex number calculations,
which, despite being an aspect relati-
vely unknown by regular users of this
tool, makes it an environment ideal for
obtaining practical results in the field
of engineering.
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