International Journal of Engineering and Emerging Scientific Discovery
ISSN: 2536-7250 (Print): 2536-7269 (Online)

Volume 3, Number 2, June 2018

http://www.casirmediapublishing.com

ANALYSIS OF AN ELECTRICAL POWER INJECTION SUBSTATION

'Oshevire Patrick & *Usiholo lruansi

"Department of Electrical and Electronics Engineering, Federal University of Petroleum Resources, Effurun, Delta State
*Department of Computer Engineering, Faculty of Engineering, University of Benin, Benin City, Edo State

E-mail: oshevire.patrick@fupre.edu.ng; uiruansi@gmail.com
Corresponding author: Usiholo lruansi

ABSTRACT

Distribution systems hold an extremely critical position in the power system since its primary point
of link is between bulk power and consumers. An effective and planned distribution network is the
way to adapt with the ever increasing demand for commercial, domestic and industrial load. The
power flow or Joad-flow study of radial distribution network is of prime significance for effective
planning and execution of load transfers. Power companies are keen on finding the most efficient
configuration for minimization of real power loses and load balancing among distribution feeders to
save enerqy and in improving the general performance of distribution system.

Keywords: Distributed Generation (DG}, Power Tools for Windows (PTW), Power flow study, load

How study.

INTRODUCTION

Electric power supply is the most
essential commodity for national
development. With electrical energy
the populaces are enabled to work from
the domestic level, the cottage
industries, through the small-scale and
medium industries to employment in
manufacturing
business. In nowadays, depriving this

the large-scale

populace of electric power s
tantamount to castration [1]. Electric
power generation may be gotten
through any one of the following
sources of energy; solar wvoltaic
generator, coal, water — wave turbine
or solar-wind, oil or natural gas, solar
thermal generator, nuclear power
(steam turbine] and hydro power
(water turbine). Gas, hydro power,
Coal and oil are inexhaustible in
Nigeria. Presently Nigeria mostly
employs hydroelectric turbines and

gas-fired for bulk generation, oil being
excessively costly and coal-fired
stations having gone doomed [2].
Electrical power system provides an
important and vital service to the
society. lt ought to be operated with
the goal of achieving highest reliability
standards, environmental impacts and
minimum operational costs. Power
systems are stochastic, complex,
nonlinear and dynamic systems. With
the increasing and ever expanding
network connections power systems
have been growing in complexity and
size [3]. Power-flow (Load flow) study
is the steady-state analysis of an
interconnected power system during
normal working conditions and it gives
the required data with respect to
power flowing through transmission
and distribution lines and bus
voltages, transformers and other
different components of power system
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for a specified load demand subject to
the  regulation  capabilities  of
generators, condensers, phase shifting
transformers and tap changing
transformers.

Power-flow studies, also referred to as
load flow, are essential for power
system design and analysis. Power
flow studies are necessary for
planning,  operation,  scheduling,
economic and exchange of power
between utilities. Load flow study is
likewise required for many other
analyses such as; state estimation,
transient stability, contingency and
dynamic stability [4]. Through the
load flow studies also, the voltage
magnitudes and angles at each bus in
the steady state can easily be
acquired. [5]. Power load-flow analysis
is carried out to find the sensitivity of
feeder status with variation of power
loading, total capacity of distribution
transformers and conductor [ength.
They are used to guarantee that
electrical power being transferred from
generator to consumers through the
grid system is economical, stable and
reliable. The significant objective of a
power flow study is to investigate that
all bus-bars wvoltage are within
specified [imits and that the flow of
reactive power is reasonable as to
ensure that acceptable quality of
service could be provided for the
consumers. [he design, planning and
operation of power systems tequire
load flow computations to analyze the
steady — state performance of the

power system under various operating
conditions and to study the effects of
changes in equipment configuration.
These load flow studies can be
performed using computer programs
designed specifically for this reason
[6]. In this paper the load flow
analysis and reliability evaluation of a
1sMVA  injection substation is
analyzed. For the load flow Newton
Raphson iterative method is utilized.
Reliability indices were calculated
using the Power Tools for Windows

(PTW) Software.

LITERATURE SURVEY

Power flow analysis is generally used
by power distribution companies
during the planning and operation of
power distribution system. Mainly
three methods are there for load flow-
Newton Raphson, Gauss Seidel and
Fast Decoupled [7]. In 1967, the
traditional Newton based power flow
solution method was developed. Later
work by Stott and Alsacmade the fast
decoupled Newton strategy. The
algorithm made in 1967 remains
unchanged for various applications.
Despite the fact that this method
functioned well for transmission
systems, yet its convergence execution
is poor for most distribution systems
because of their high R/X ratio which
deteriorates the diagonal dominance of
the Jacobian matrix. Hence, different
other types of methods have been
introduced. Those strategies consist of
forward / backward sweeps on a [adder
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system. The formulation of the
algorithm for those strategies were
unique from the Newton’s power flow
method, which made those techniques
difficule to be extended to different
applications in which the Newton
strategy appeared more suitable [8]]9].
A Newton like procedure for solving
ill-conditioned power systems is
introduced. The method showed
voltage convergence but could not be
efficiently used for optimal power flow
calculations [10]. A proposed three
distinct algorithms for solving radial
distribution systems in view of the
technique proposed in 1967. The
researcher likewise proposed
decoupled, fast decoupled and very
fast decoupled distribution load-flow
algorithms. Truth be told decoupled
and fast decoupled distribution [oad-
flow algorithms were slow in
convergence [11][12]. A new load-flow
technique for getting the solution of
radial distribution networks was
proposed. Three fundamental
equations representing real  power,
reactive power and voltage magnitude
were used. lt had solved the radial
distribution network using the three
equations by reducing the entire
network into a single equivalent [13].
An approach for power flow solutions
to obtain a reliable convergence in
distribution systems was presented.
The  trigonometric  terms  were
eliminated in the mnode power
expressions and thereby the resulting
equations were partially [inearized for
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obtaining better convergence. The
method was simpler than existing
approaches and solved iteratively
similar to Newton-Raphson (NR]

technique [14].

¢  Newton Raphson Method
The Newton-Raphson method is an
iterative technique for solving systems
of simultaneous equations in the
general form:

filXy, .o Xn, o X = Ky
filXy, ... X, ... Xp) = Ky (1)
falXy oo Xy o X ) = K

Where, fi,....fn....fy are differentiable
functions of the variables Xy, ... X, ..
. Xyand K;, ...K,...K.are constants.
Applied to the Joad flow problem, the
variables are the mnodal voltage
magnitudes and phase angles, the
functions are the relationships
between power, reactive power and
node voltages, while the constants are
the specified values of power and
reactive power at the generator and
load nodes.
In general, for a system with r nodes,
then at node n:

L= YV + YoVy + . ... +
YoV + oo+ Yo Vo = Yo YoV (2)

Power and reactive power functions
can be derived by starting from the
general expression for injected current
at a node:

Ly = Xk=1 Y Vi (3)
So the complex power input to the
system at node n is:
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s,= V. I} (4]
Where the superscript * indicates the
complex conjugate. Substituting from
(2) with all complex variables written
in polar form:

Sn= Vi Xie=1 Y Vic =
ket [l Vil [ Yo [ < (80 — 65 -

Oni} (s

The power and reactive power inputs
at node n are determined by taking the
real and imaginary parts of the
complex power:

B, = R {Sn} =
fen |Vl Vil [ Yok | cos {8, —
O — O} (6)
Qn= 3 {Sn} =
ket [Vl [Vie| [ Yo | sin {8, = &, —
Onic} (7)

The load flow problem is to
discover values of phase angle and
voltage magnitude, which, when
substituted into (6] and (7), produce
values of power and reactive power

equal to the specified set values at
that node,P,,; and Q. The first step
in the solution is to make initial
estimates of all the variables: |V;10|,
5, where the superscript ° indicates
the number of iterative cycles
completed. Using these estimates, the
power and reactive power input at
each node can be calculated from (6)
and (7). These values are compared
with the specified values to give a
power and reactive power error. For
node n:

o

A b, = Bus -
ket [V V] | Yo [ cos (8, —
51{ - an} (8)
A OQri = Qns -
o 1 10, e Lsin g5
51{ - an} (9)

The power and reactive power errors
at each node are related to the errors in
the voltage magnitudes and phase
angles, e.g. A| V;lo|, A 8,by the first
order approximations:
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Where the matrix of partial
differentials is called the Jacobian
matrix, [J]. The elements of the
Jacobian are calculated by
differentiating the power and reactive
power expressions (6, 7] and
substituting the estimated values of
voltage magnitude and phase angle.

At the next stage of the Newton-
Raphson solution, the Jacobian is
inverted. Matrix inversion is a
computationally-complex task with
the resources of time and storage
increasing rapidly with the order of [)].
This requirement for matrix inversion
is a major drawback of the Newton-
Raphson method of load flow analysis
for  large-scale  power
However, with  the
completed, the approximate errors in

systems.
mversion

AP,
AQn
- A A P 1l A 5,:_1 1
OPn 0Py OPn . . P, P, P, ) ASS
36p_1 06, 0ns1 " 0| Veea| 0lVeeal  0lvad| A
;o A Abpiq
(10)
A A A | Viq |
0Qn 0w n . ;00 %% 00 Al v,
8p_1 06, O8nt1 O 3|Va—a| 0lval  0|Viaal :l
| R SR B S 1A | Vi1 |_

voltage magnitudes and phase angles
can be calculated by pre-multiplying
both sides of (10):
— A 6”:_1 -
4 On AP,
A 6n+1 .
Al Vo |
Al v
A Vs |
The approximate errors from (11) are
added to the initial estimates to
produce new estimated values of node
voltage magnitude and angle. For node
n:

AQ,

o

A

o

Va

N

+ A°

1] _— ~
Vil =

12)
5% = 69 + A i

Because first-order approximations are
used in (1) the new estimates (denoted
by the superscript !] are not exact
solutions to the problem. However,
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they can be used in another iterative
cycle, involving the solution of
Equations (2-9). The process is
repeated until the differences between
successive estimates are within an
acceptable  tolerance band. The
description above relates specifically
to a load node, where there are two
unknowns (the voltage magnitude and
angle) and two equations relating to
the specified power and reactive
power. For a generator node the
voltage magnitude |Vn | and power
P,are specified, but the reactive power
is not specified. The order of the
calculation can be reduced by 1. There
is no need to ensure that the reactive
power is at a set value and only the
angle of the node voltage needs to be
calculated, so one row and column are
removed from the Jacobian. For the
floating bus, both voltage magnitude
and angle are specified, so there is no
need to calculate these quantities. The
total power loss can be obtained from
equation (14)

LOSS = %ZLZ]GL,] (Viz + Viz -2 X
Vi x V; x cos (6;- 6;)) (14)

e Gauss-Seidel Method

The Gauss-Seidel Method is another
iterative technique for solving the load
flow  problem, by  successive
estimation of the node voltages.
Equation (2] can be rearranged to give
an expression for the complex
conjugate of the current input at node
n:

Iy = ZR21 Ve + YoV +
Lie=n+1 Yok Vi (15)
Substituting for I;;from (3) into (1):

Sn - * * * *

Z = Zﬁ:% YuVie + Yo +
Dk=n+1 YnVk (16]

and re-arranging:

x n—1 YnkVk
‘[n - - Zk: 1 v -
N N nn
T YneVk Sn (17)
k=Nl oyvr VaYin

The node voltage V,appears on both
sides of (17), which cannot, therefore,
be used to give a direct solution.
However, this equation is used in the
Gauss-Seidel method as the basis for
an iterative solution. If VPand
V,f“denote the values of the voltage
at node n after p and p+1 iteration
cycles, (17) can be written:

+ L H(D+1)
V*(p‘"l) — n—1 YnkVk
n - k=1 *
Ynn
* 1 *(D)
Y.V, S.
T nkVk n (18)

k=n+1 Yin Vrgp)yrin

Note that in evaluating the nth node
voltage, the latest estimates of the
other node voltages are used. In the
p+1" jteration cycle when performing
the calculation for node n, the voltages
at the nodes k=1...n-1 are available,
but for the other node voltages the
values from the previous (p®) cycle
have to be used. The foregoing
discussion is appropriate to [oad
nodes. At the floating bus the voltage
V,is known and so does not need to be
calculated. Generator mnodes are
particularly problematical for the

Gauss-Seidel Method. At these nodes
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the power p, and voltage magnitude
|Vn | are specified, so in  (18)
VP cannot be calculated because Q,
(the imaginary part of s,,) is unknown.

This difficulty is addressed by first

calculatingQ,,, as follows:

+1
The voltage component: (V;l*(p ))# =
* *(p+1 * *
_ n—lYnka(p ) _ r Ynka(p) +
5 k=1 Yyin k=n+1 Yyin
n
D)+ (19)
VP Y,

can be calculated immediately and

substituted into (19):
V*(p‘"l) _ (Vn*(p"'l))# + &

n - [62)
Vn Yﬁn

(20]

but, for a generator node, the

magnitude | |74 | is  known, so

considering the magnitudes in (20):
ls = [REog™" +

j@n_ +, *(D+1)\# JQn 5,
Vrgp)Yﬁ‘n} + 3T )"+ Vép)ygn}]

(21)

which can be solved for Q, (by
iteration if necessary]. The calculated
value of Q, is substituted back into
(20] and the new estimate of generator
node voltage is found. When compared
to the Newton-Raphson Method, the
Gauss-Seidel Method involves simple
calculations, but is slow to converge.
Therefore, it is common practice to
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accelerate the iterative process, by
adding to the newly-calculated value
of each wvariable an extra term
proportional to the difference between
the new and previous values. For

example:
*(p+1 *(p+1
V;l @+1) | accelerated = Vn P+
+ a*{Vn*(p‘l'l) _ Vn*(p) (11)

The method adopted for this paper is
the Newton Raphson method which
is embedded in the PTW 6.5[15].

METHODS AND MATERIALS

The 1sMVA, 33/t1kV  injection
substation, known as (U16) as its
communication name is [ocated at
Otovwodo junction, along Ughelli —
Patani Express Road, Ughelli, Delta
State, Nigeria. It gets supply from the
Transcorp Generating Power Limited
through the 30MVA, 132/33kV
substation. The substation sends
power to a ISMVA, 33/11kV injection
substation that is located 18km away,
with conductor size of 12omm:?
Aluminium Conductor Steel
Reinforced (ACSR) cross sectional
area. The one line diagram is shown in
Fig. 1, while Fig.2 presents the photo
view of the 15 MVA, 33/ukV

transformer.
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16/132kV —\‘— tility

30V A
132/33kV

18k

15NV A
33/11kV

DUMEZ |

FEEDER ‘ ISOKO

FEEDER

Fig. 1 One line Diagram Showing Power Source for Injection Substation.

The 1sMVA, 33/1kV transformer has
two (2] feeders namely; lsoko Road
Feeder (11kV] and Dumez Road
Feeder (11kV). lsoko Road Feeder
comprises of 44 substations and that
of Dumez road comprises of 47
substations, which made a total of o1

e

Transformer.

Fig. 2 Photo view of Otovwodo, s MVA, 33/111

S "‘S

distribution substations. Six (6) were
faulty. Names of some substations,
ratings of transformers, and route
lengths for the two feeders are
presented in Table 1 and Table 2
presents  distances  from  each
substation.
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Table 1. Transformer Ratings and Route Length of Some Substations.

Rating of Transformer Remark

S/N | Name of Substation (Kva) Route Length (km)

I Ovie 500 0.495 In Service

2 Uduophori 300 0.855 In Service

3 Oviri-Ogor 2 300 2.665 In Service

4 Owviri-Ogor 1 200 3.01§ In Service

s Ogbalor Cold Room (P/L) | 300 0.810 In Service

6 Streetlight 1 (P/L) 100 0.855 Out Of Service
7 Makolomi 500 1.485 In Service

8 Onogharigho 300 1.035 In Service

Table 2. A Feeder Showing Length from Each Substation to another Substation

S/N | Substations Distance (Km)
I Otovwodo Inj. — Ovie 0.495

2 Ovie — Uduophori 0.450

3 Uduophori — Oviri-Ogor2 1.800

4 Oviri-Ogor 2 - Oviri-Ogor1 0.360

s Ovie — Ogbalor Cold Room 0.315

6 Ogbalor Cold Room — Street Light 0.04§

7 Ogbalor Cold Room — Makolomi 0.675

8 Makolomi — Onogharigho 0.450

Data collected from the 85 substations
included; voltage, frequency, current
and power factor. This was made

possible with the use of a Digital
Clamp on Meter, Mastech, Model

MS2203. Fig. 3 portrays the photo
view of how the digital clamp on meter
was being used in taking readings

from  the wvarious  substations
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o

Other data also collected were the
route lengths from the injection
substation to wvarious distribution
substations as seen in Table 2, the
conductor type which was Aluminium
Conductor Steel Reinforced (ACSR),
from the injection substation to the
various distribution substations the
size was 1oomm=. Power tools for
windows (PTW| 6.5 environment
software program were used in
carrying out the load flow studies.
PTW 6.5 is a fully integrated suite of
electrical software applications that
provides intelligent power monitoring,
energy management, system
optimization, advanced automation,
and real-time prediction. With the
data (route lengths, transformer
ratings, conductor (ACSR) size of
existing Network, peak load readings,

‘ ey r".!a\‘- R L
Fig. 3. Reading being taken from a Substation Feeder Pillar.

&
AT N AR Y

off peak load readings, power factor)
obtained from the field for the 85
substations they were fed into the
software. The load flow was done
using  Newton-Raphson  method
which is embedded in the software.

RESULTS
i The load flow analysis
carried on the mnetwork
shows that a total of eighty
— five (85) substations in the
network, voltage violation
occurred in Sixty six (66)
buses and Nineteen (19)
buses were within the
voltage acceptable [imit,
with voltage range between
Ogele bus-0.8645 pu and
Union Bank bus- 0.9560 pu.
During off peak period,
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forty seven (47) buses
recorded voltage violations,
while Thirty eight (38)
buses were within the
statutory voltage [imit with
the voltage range between
Ogele bus - 0.88¢9 and
Etisalat bus- 0.9799). The
voltage range being used in
Nigeria is *+ 6%.

. The highest percentage
voltage drop was 13.55% at
Ogele Bus and 11.1% for off
peak.

1. The lowest percentage
voltage drop of 4.4 % for
peak at Union Bank Bus

Volume 3, Number 2, June 2018

and 2.01% at off peak
occurred at Etisalat Bus.

v. The load during the peak
period is 25.210 MW and
10.243Mvar, while that for
off peak was 17.273MW and
9.93Mvar.

The total losses during peak are
6.50MW, 2218 Mvar and off peak
are3. 78 MW, 2.01 Mvar. For peak
period the losses are 26.14% (real) and
21.65% (reactive] while that for off
peak is 21.88% and 20.24%. Table 3
presents summary of software result
while Appendix Apresents a section
of the existing network modeled in

PTW software.

Table 3.0 Summaries of Load Flow Report for PTW Software

Total Load Demand 25210.11kW, 10243.02kVar

Total System Losses 6588.68kW, 2217.98kVar (Peak Period)

Peak Voltages 0.8645(Ogele Bus) — 0.9560(Union Bank Bus)
Off Peak Voltages 0.8890 (Ogele Bus) — 0.9799 (Etisalat Bus)
CONCLUSION

The perennial problem of electric
power generation and supply in
Nigeria has adversely affected every
sector of the nation’s economy. Power
flow or load-flow studies are
important  for  planning  future
expansion of power systems as well as
in determining the best operation of
existing systems. lhe principal
information obtained from the power
flow study was the total load demand
in the system, the magnitude and
phase angle of the voltage at each bus,
the system losses, the real and
reactive power flowing in each line.

Load flow analysis was conducted on
the 1sMVA Injection substation in
Ughelli, Delta state.
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