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Abstract: In this paper, an efficient technique based on ranking lines and generators outage contingencies according to their severity has
been developed. The technique is based on a defined performance index (PI). The elements of this Pl are obtained by calculating the
generators and lines, outages distributing factors instead of repeating the load flow analysis. Results for the Saudi Electric Company (SEC)
in the central operating area have been obtained with the proposed technique and are compared with those obtained by the conventional

ac-dc load flow methods.
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1. INTRODUCTION

The generation-transmission configuration is usually
complicated and perhaps not possible to reduce it using
conventional reduction methods. However, quantitative
assessment of the adequacy of power systems can be
performed using a contingency enumeration method [1-5].
A complete procedure for contingency analysis requires
the assessment of all "credible" contingency cases. The
computational burden that this procedure places on even
the most advanced computer facilities has prompted the
need for analytical techniques for the selection of
meaningful contingency cases. This is dictated by various
factors such as the size of the system, the severity of
contingency events, their probabilities of occurrence, the
criteria used, and the computation time required to
evaluate such contingency cases. A basic and primary
objective of e to determine which subset of contingencies
taken from the set of all possible contingencies will cause
system failure.

This paper presents a technique to contingency
determination which is designated as contingency
selection. The selection method can be used to examine
both the quality and adequacy of power supply at major
load centers for any type of contingency. The method is
well suited for large power networks because of its
efficiency, reduced computation time and storage
requirements. contingency ranking and selection is to
reduce the large number of possible cases and at the same
time.

From the state of art in this area, it can be seen that
most of the methods for ranking line outage contingencies
from voltage stability point of view are either not
sufficiently accurate or are computationally demanding.
Hence, an effort is made in this paper to develop a
computationally efficient procedure for calculation of RSI
for contingency ranking. In order to overcome the
limitations of the RSI approach, another voltage security
index (VSI) is also proposed to supplement the former.
Both the indices are evaluated in an efficient manner
using a non-iterative compensation approach to simulate
the effect of contingency. Only line outage contingencies
are considered in this paper. Mathematical modeling for
RSI and VSI calculation using compensation technigue is
given in Section 2.

2. CONTINGENCY ANALYSIS

Adequacy assessment which is evaluated by
considering only transmission lines outages are obviously
optimistic. This is due to the fact that the contribution to
the adequacy indices from generator and combinations of
generator and transmission line outages is very
significant. These adequacy indices do not necessarily
include the system dynamics or the ability of the system
to respond to transient disturbances. They simply measure
the ability of the system to adequately meet its
requirements in a specified set of probabilistic states. In
this study, the independent outages of generating units up
to the second contingency level and the independent
outages from the combination of transmission lines and
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generating units up to the second contingency level are
also considered in addition to second level independent
outages of transmission lines. The number of possible
contingencies, however, increases tremendously when
these outages are considered in the adequacy and security
evaluation methods.

3. PERFORMANCE INDICES FOR CONTINGENCY

SELECTION AND RANKING

The usual approach to contingency selection is to
define a scalar function called the Performance Index (PI)
which can be used to measure the severity of one or more
components outages. The change in the PI resulting from
outages can then be used to rank the contingencies in the
order of their severity. The traditional approach [6-18] for
contingency selection is to test sequentially all
contingencies to evaluate system performance or reliability
levels. This procedure simulates failures of one or more
generating units and transmission lines and investigates
their effects on line power flows. Equation (1) presents PI
which measures system stress in terms of line overloads [6]

NL 2n
P,
PI = zw{;< lim) (1)
- Py
=1
where,

NL = number of lines

w, = weighting factor of line ¥
P, = active power flow in line ¥
P;*%* = maximum power limit
of line ¥

n = an integer

The performance index PI contains all line flows
normalized by their limits. These normalized flows are
raised to an even power (by setting n =1, 2, ...); thus, the
use of the absolute magnitude of the flows is avoided.
Following a contingency, any line which is overloaded will
make a normalized flow greater than unity, whereas a line
whose flow is below its prescribed limit will make
normalized flow less than unity. Squaring the normalized
flows further increases the contributions due to overloads;
but it decreases the contributions from non-overloaded
lines. The ® can be regarded as tuning parameter and may
be selected on the basis of experience with the system and
on the relative importance put on various limit violations.
The PI index has a relatively small value when all line
flows are within their limits and a high value when there are
line overloads. It therefore provides a good measure of the
severity of line overloads for a given state in a power
system.

Another new performance index called maximum flow
performance index (Plyr) has been developed to measure
the system reliability level and can be defined as in

equation
NO

prex an .
PIMFZZwt’(W) P{Znax>P;Lm (2)
=1 Py
where,
NO = number of overloaded lines
P}”" = max. possible power flow limit in line £

4. LOAD FLOW METHODS FOR CONTINGENCY
ANALYSIS

Load flow methods are usually performed in
contingency analysis. There are several methods available
for ac and dc load flow calculations for contingency
evaluation of power systems [19-21]. The use of ac load
flow method for contingency analysis is characterized by
excellent accuracy but otherwise excessively demanding
of computational time. Most possible contingencies do not
create system problems and therefore it is not necessary to
solve all possible contingencies by actual ac load flow
analysis. An approximate method can be used to
determine a list of contingencies which create system
problems and a detailed investigation of these
contingencies (to correct any masking effect) can be
conducted in further studies. One of the most widely used
approaches to reduce the computational time when
conducting a series of contingency assessments is to rank
the outage contingencies using fast techniques and then
investigate these ranked contingencies using ac load flow
method. As contingency analysis is only a tool for
detecting possible overloading cases, more efficient and
speedy methods are paramount considerations. Therefore,
using dc rather than ac will be considered for its saving in
computational time and acceptable accuracy.

5. NETWORK SENSITIVITY FACTORS

As mentioned before, to calculate the variation in the
PI for certain contingency, the new flows in the lines are
required. In order to reduce the load flow computation
time, the flows are obtained using the network sensitivity
factors instead of repeating the dc load flow. These factors
are defined as:

a) Generation outage distribution factor (GODF).
b) Line outage distribution factor (LODF)

The GODF represents the change in flow of line | for
unit change in generation at bus i and has the following
scalar definition as in Equation [3]:

GODF{I' = AP{/APL (3)
where,
AP, = change in active power flow in line ¢
AP; = change in active power generated
at busi
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The GODF is a linear estimation of the variation in the
flow with a change in generation at a bus. Therefore, the
effect of simultaneous changes on several generation
buses can be calculated using superposition techniques
[22]. The LODF is used in a similar manner, only they
apply for testing overloads when a transmission line is lost
due to an outage, and it represents the change in active
power flow through line € after the loss of line k and has
the following definition as in Equation (4):

LODF,, = AP, /P, (4)
where,
AP, = change in active power flow in line ¢
in case of an outage in line k.
P, = active power in line k before the outage.

The LODEF is also a linear estimation of the variation
in active power flow through line £ after the loss of line
k. Therefore, the effect of simultaneous changes on
several lines can be calculated using superposition
techniques [22]. By recalculating the GODF and LODF, a
very fast procedure can be set up to obtain the new flows
in the lines. Using Eq. (4), it can be found that

AP[ = GODF[,' . APl (5)

For a complete generation failure at bus i,
APi = Pi

AP{ = P{)new - bease
where,

P, = mnew calculated flow when
new
an outage occurs.

Py, e = the base case flow in the line.

The new flow in each line £ after a complete outage at
generator i can be calculated by using the following
equation

P[new = bease + GODF& ’ bease (6)

Also, the new flow in line | after any line contingency is
given by

anew = P[ e + LODng . Pkbase (7)

bas
where,

Py, qse = the base case flow at line k (the
contingent line).

In general, for multiple contingencies, superposition can be
applied to calculate the new flow in any line when one or
more generators are on outage as follows:

anew = P{base + Z GODF{L ’ Pibase (8)
k

Also, for one or more lines are on outage, the new flow in
each line can be calculated as follows

anew = bease + Z LODka ’ Pkbase (9)
k

6. THE PROPOSED CONTINGENCY RANKING
TECHNIQUES

A fast technique has been developed for selection and
ranking of all credible contingency cases for system under
study. This technique (steps are shown in Figure 1) is
mainly based on performing a base case of ac load flow.
The results of the base case are used to calculate the
GODF and the LODF coefficients. Based upon the
obtained results, the proposed technique can be outlined in
the following main steps:

Step 1: With the help of the base case load flow
calculations and for a given level of demand, the
coefficients GODF,;, and LDOF,, are determined for
each line I and for each single contingency caused either
by the loss of a unit i or by the loss of a line k (in fact, the
coefficients LDOF,, are calculated only for the lines k
where outages will cause overloads in the dc
approximation).

Step 2: Using the coefficients calculated in step 1, it is
then possible to calculate the active power flows through
the lines when demand varies and in several cases of
outages caused by the loss of one or more generation units
or transmission lines. In the case of loss of two lines m
and n, for instance, the active power flow through line £
will be written as (superposition technique):

P{’ = P{E) + LODF{’mplz—Zlnew ’ Prg +
LODF,y, * P? (10)

where PJ, B3, PO are respectively, the active power
flows through the lines £, m, and n, when all the system
components are available (base case). The power flows
P{9 are previously calculated with the help of an ac load-
flow calculation. For each contingency considered, it is
then possible to calculate the value of the performance
index (PI) and to classify the contingencies in decreasing
PI order.

The proposed technique, described above, consists of
three major parts. The first part uses an ac load flow model
to obtain the base load flow (ACONTIN). The second
part constructs a dc load flow model (DCONTIN) and
performs a screening to the network to obtain the new flow
using both the LODF and the GODF flow due to the
outage of a line and/or a generator. This is followed by
ranking the contingencies according to the change in the
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performance index. The contingency ranking list is then
tested using an ac load flow method (ACONTIN). The
process is terminated when the ac load flow indicates no
masking of the ranked contingencies. The severe
contingencies are indicated at the last step of the process.

( start )

4
| Calculate the base case load flow using (DCONTIN) |

v
[ Line and/or generator outages |

<

A

(=K
g=i
. »
\ 4
Calculate the LODF and/or GODF Using step 2
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g=i+1
A Y
S <NL
No
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g<NG
No

Rank the contingencies according to the order of the Pl

4
Run the ACONTIN starting from the top list

Any
lines flow or
voltage bus

Violations
?

Yes

Write the severe contingencies

Y

( Stop )

Figure 1. Schematic diagram of SEC (COA) system

7.STUDIED SYSTEM

Adequacy assessment has been conducted in this study
for the Saudi Electric Company (SEC) power system of the
central region. The single line diagram of SEC system is
shown in Figure (2). The data of this system is shown in
Appendix A (Tables A1 & A2). In this study, it has been
assumed that contingencies are ranked from the set which
consists of independent line outages up to the double-
contingency level. Contingencies beyond the double-
contingency level were not considered for ranking purposes
(see Ref. [18]).

7.1 Calculating line flows for single contingency event
The results shown in Table (1) have been obtained by

using both ac load flow and dc load flow with an increase

of 15% in peak load of 1991. Using these data, new
flows
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Figure. 2 Flowchart of the proposed algorithm
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for the lines which will be overloaded under any single line
outage can be evaluated, for example,

P12 21,,, = P12-21,45, T LODFy3 451221
P4'2_4‘5base

(line 42 — 45 is on outage)
=—162+[(0.713) - (— 440)] = — 475 MW

Also, line flows under generation outage can be
calculated by using Equation (6), yields

Pi1_42,,, = P11-42,,, + GODF11_425 " P, .,
(generator 2 is on outage)

= —258+[(—0.317) - (300)] = =353 MW

7.2 Calculating line flow for multi-contingency case

Using the data presented in Table (1), and following
the same steps mentioned in the preceding section, the
new flows of lines that will be overloaded under more
than one line being on outages can be evaluated as:

P36-42,0 = P36-424450 T LODF30_4936-142 * P20-49;44,

+LODF;1_3536-42 * P21-35,44,
(lines 20 — 49 and 21 — 35 are on outages)
= —135+[(0.01) - (—0.317) + (0.66) - (—278.1)]

=—-319 MW

Table (2) shows the flows in the above calculated lines
under various contingency events using ac load flow, dc
load flow and the proposed technique. It is noticed from
the table that in case of generator contingency, only
generator no. 5 will cause an overload at line 11-29 and
all the other generators will only cause heavy loading on
lines.

7.3 Generators and lines contingency cases

In case of lines contingencies, ranking for overload
performance indices (with n=1) have been performed
using ac and dc load flows methods. Table (3) lists the
ranking for the single contingencies overloaded lines
under each contingency case by using the proposed
method. The overloaded lines for each contingency are
shown in the table. In Table (4), the ranking has been
done by repeating the conventional dc load flow method.
Comparing the two tables, it can be noticed that line 1-45
is ranked as the first contingency, using the proposed
method, rather than line 42-45, which is ranked first using

the dc load flow method. In the dc load flow method, line
42-45 contributes the greatest amount of power imported
from SEC east to SEC central. Also, it is noticed that line
1-41, which is key to importing power from SEC east was
13th in the priority list using the proposed method, while
it was 16th in the priority list of the dc load flow method.
A comparison between the results is exhibited in Table (2)
and it clearly show that the proposed load flow method
yields acceptable results. So, performing the proposed
method to the SEC system, Also show the overloaded
lines in SEC network under the severe single line or
generator contingency. Tables 3 and 4 show that beyond
the tenth ranked contingency, there is no over loaded lines
(since PI<1). Consequently, the first ten contingencies are
those which require detailed ac load flow analysis to
correct any masking effect. It may be noticed that there
are some differences in results obtained in the proposed
method and the dc approximation. These results are
however satisfactory since the maximum flow difference
with respect to the exact solution is at the most 4.36%,
and moreover, they are obtained much more rapidly than
in the dc approximation.

Another significant contribution of this work to
contingency selection and ranking approaches can be
shown by using the maximum flow performance index

(PIyr) expressed by Eq. (2). An increment of the future

peak loads has been suggested and the Pl is evaluated
as seen in Table (5). From the table, it is clear that the
maximum flow performance index and the number of the
over loaded lines increase with load increase. Since the
increase in the number of over loaded lines becomes
smaller for large load increments, so, it does not give a
convincing indication about the system state; on the other

hand, the maximum flow performance index (PIyz) will
increase with load increase and hence can give good
measure for system state.

8. CONCLUSIONS

In this work, an efficient and reliable technique has
been proposed for the contingency ranking of generator
and line outages causing over loading problems. The
developed method proved its practicality and capability
when applied to a large power system such as the SEC
central system. Also, proved to be a competitive with the
exact method (the ac load flow method) regarding its
efficiency and precision. The method then could be used
in applications such as composite power system reliability
and security evaluation being able to handle both
generation and transmission lines in the analysis.




1
&t S

AN
304 =%  Abdullah M. Al-Shaalan: Contingency Selection and Ranking Approach...
REFERENCES: Joined the college of engineering,

[1] J. Z. Zhu, and G. Y. Xu, “Approach to automatic contingency
selection by reactive type performance index”, Generation,
Transmission and Distribution, IEE Proceedings, Vol. 138, No. 1,
PP. 65 — 68, August 2002.

[2] C. I. Agreira, C. M., Ferreira, J. A. Pinto, and F. P. Barbosa, “The
performance indices to contingencies screening.” International
Conference on Probabilistic Methods Applied to Power Systems,
PP. 1-8, June 2006.

[3] F, M. El-Kady, “Contingency analysis in the presence of series
FACTS in power systems”, Transmission and Distribution
Conference and Exposition, IEEE/PES, Vol.1, PP. 241-246, 2001.

[4] M. Khazaei, “Contingency ranking using neural networks by radial
basis function method.”, Transmission and Distribution Conference
and Exposition, IEEE/PES, PP. 1-4, April 2008.

[5] B. Krishna, B. Kumar, S. K. Soundarajan, and R. Gnanadass, “Fuzzy
based contingency assessment using performance indices with
masking effects, Electrical, Electronics and Computer Science
(SCEECS), IEEE Students' Conference, PP.1-5, March 2012.

[6] T. S. Sidhu, and Lan Cui, “Contingency screening for steady-state
security analysis by using FFT and artificial neural networks”,
Power Systems, IEEE Transactions, Vol.12, No.1, PP. 421-426,
February 2000.

[71 A. P. Meliopoulos, and C. Cheng, “A new contingency ranking
method [power systems”, South Easton '89 Proceedings, Energy
and Information Technologies, IEEE, Vol.2, PP. 837-842, Apr
1989.

[8] A. M. Othman, M. Lehtonen, and M. El-Arini, “Enhancing the
contingency performance of 110 kV network by optimal
installation of UPFC based on genetics algorithm”, Power and
Energy Society General Meeting, 2010 IEEE, PP.1-8, July 2010.

[9] B. Krishna, and R. Arthi, “Contingency assessment of Indian Utility
62 bus system”, Engineering Education: Innovative Practices and
Future Trends, IEEE International Conference. PP.1-8, July 2012.

[10] B. L. Silverstein, and D. M. Porter, “Contingency ranking for bulk
system reliability criteria®, IEEE Transactions on Power Systems,
Vol. 7 No. 3, PP. 956-964, August 1992.

[11] O. Aydogan, C. Ramazan, and S. Chanan, “Transmission losses
based on MW contingency ranking”, Electrical Engineering, Vol.
88, No. 4, pp. 275-280, April 2006.

[12] L. Brian, and M. Dennis, ”Contingency ranking for bulk system
reliability criteria.” Transactions on power systems, Volume: 7
No.3, august1992.

King Saud University since receiving
his doctorate in electrical engineering
from the University of Manchester
(UK) in 1985. His specialization and
research of interests fall within the
areas of power system planning,
reliability evaluation, electrical safety,
electrical installations, environmental
protection, load management and energy conservation. He
participated in many technical and scientific committees,
seminars, conferences and workshops. He offered
consultancy services to many governmental and private
entities in his specialization areas. He is an active member
in many scientific societies and academic institutions. He
authored and translated books in various fields of
electrical engineering as well as wrote articles for public
awareness in the safety of electrical installations and
energy conservation. Obtained many prizes, trophies, best
of papers and certificates of appreciation for his vast
contributions and activities aimed to develop and improve
the performance of several electricity sectors. Also,
supervised many MSc and PhD dissertations and theses.
Also, conducted many funded projects for local and
foreign agencies. He is currently the supervisor of the
“Zamil Industrial Group Chair for Electricity
Conservation” at the College of Engineering, King Saud
University. Also working as a part-time consultant at the
Saudi Arabian Standards Organization (SASQ) since 1995
until now. He is a LM at the IEEE and was one of the
early founders of the Cigré GCC.




1

t

%
ey

N

Int. J. Com. Dig. Sys. 8, No.3, 299-306 (May-2019) ~ 305
Appendix A - SEC-central region system data Table (1) Load flows of lines in MW
Table AL- power plants data Lines alF lines acLF
bus no. of voltage Max pwr- | max reac pwr | max reac pwr i k fromi | fromk | dclLF i k fromi | fromk | dclLF
no. | units (kv) (MW) | (Mvarlag) | (Mvar lead) 1 YT 0 | ] 9 | w
1 SEC East swing bus 1 45 437 -337 459 20 49 -119 119 12
? 10 138 300 20 260 2 46 300 -300 300 21 2 -45 45 42
3 0 128 20 20 20 3 4 300 | 300 | -300 pil 35 204 | o | m
T T e folalolelelslsls
5 12 138 X0 U 20 6 50 91 91 il PX| % -8 8 -6
6 4 138 % bl 84 7 50 | 216 | 216 | 216 | 24 | 8 | o5 | 215 | o
1 1 138 26 30 20 8 50 [ a0 [ 00 [ 30 | m 8 | | ur | us
8 8 138 300 500 A2 9 53 300 | -300 | 300 % % 235 | 34 | 233
9 8 138 30 500 500 10 2 430 | 131 | 4138 % 28 52 52 51
10 ) 58 58 51 2% 31 82 82 81
Table A2- Busses load 1 2 154 | 145 | 161 2% 50 81 81 81
1 ) 258 | 28 | 67 a 4 37 37 38
bus | voltage | pwr | reacpwr | bus voltage pwr reac pwr 12 27 10 1 16 P p 17 17 17
| (k) | (MW) | (Mar) | No (V) | (MW) | (Mvar) v | o7 | w | w | w | 8| 9 | 85| 8] =
10 13 1648 | 798 R 12 209 100 12 3% 433 | 12 | 1% 30 €0 2 | 12 | us
1 13 914 56.0 kY] 13 310 310 12 37 -107 107 -105 30 49 -116 116 -119
| 1 | 1m0 | %6 | M 12 76 37 S . S . R -V N S N - - A
um w w5 e e e (el dlaielelsiale
L 13 1086 26 i 13 48 23 13 50 37 37 39 kX 4 76 76 av
16 132 74 | 80 3 132 124 6.0 13 5 7 - 7 3 51 1 1 8
19 132 175.2 845 39 132 219 106 13 53 ) 7 73 34 51 m 44 m
2 132 00 189 40 132 133 64 14 15 2 7 -26 k! 53 5 52 53
27 13 1370 663 B3 13 48 23 14 52 -48 48 -49 35 41 -287 287 -249
” ) 195 00 " I 105 50 14 53 43 43 -4 36 ) A3 | 12 | A%
7 - 3 ) . - o3 00 15 4 45 | 151 | 150 3 39 2 2 2
' ' ' 16 % 124 | 15 | 1% ) 45 A0 | 431 | 459
5 | 1% | 183 | 412 4a 13 20 00 16 R NN 48 51 51 5
7 132 1609 779 0 13 43 170 17 19 76 -76 76 43 49 -122 122 -123
% 132 1609 | 779 50 132 1438 69.6 17 20 -5 5 76 4 28 206 | 26 | 87
29 132 200 97 5 13 860 730 18 19 126 -126 125 4 48 51 -51 55
2 12 38 18 5 1 1076 97 18 3 -8 8 -26 51 53 51 50 A7
3 132 1362 | 659 53 132 05 00
Table (3): Lines contingencies ranking based on their severity measured by the size
of line PI (proposed ac load flow method to correct masking effect)
Table (2) Comparison of ine flows ofthree different methods Cont. i?:;?ﬁe;)t P overlatedtines () | " S:zrsloaded
i 1 1-45 446 | 121 | 2% 2
Lines i-k G:r?ot?tragge ?/ICVU dcIFMW | Error (%) De\(/&mwg))ed Error (%) 7 1.5 s | 2o | s )
3 16-46 395 | 48 | 46 | 58 3
1921 015 49 |- 113 176 338 4 11-42 270 | 1049 | 2446 | 4548 3
5 2%-28 263 | 185 | 1646 2
2-35 1-41 -6 | -1 128 114 436 6 28-19 262 17-19 | 170 2
7 24-46 163 | 165 | 1645 2
11-42 2 306 | 34 | 064 35 093 8 129 | s | 1548 5
1% 5 W | % | 0% | B | 0% 9 | dods | L8 | 109 | UK 2
10 10-29 129 | 446 | 4648 2
20-49 1 2049 076 0
12 16-25 0.69 0
36-42 A-45 | -3 104 319 068 " " 050 0
1-29 14 35-41 0.60 0
15 3642 058 0
42-45 16-25 -459 | 54 110 -454 107 16 12-36 058 0
17 21-35 056 0
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Table (4). Lines contingencies ranking based on their Table (5). Effects of load increment on the number of over
severity measured by the size of line F (load flow method) loaded lines and the Plyg

_ No.  of Load No. of over Ply;
Cont. Eionr;ts”zgi';t PI 8‘:1 eers'l(?iged 8;’3;1 increment (%) | loaded lines

Lines 0 8 7.693

1 42-45 433 | 12-21 | 21-35 2 5 10 10.301
2 1-45 433 | 12-21 | 21-35 2 10 14 14.490
3 1646 3.95 | 24-28 | 2446 | 25-28 3 20 16 18.420
4 11-42 2.70 | 10-49 | 24-46 | 46-48 3 30 22 34.004
5 18-19 2.62 | 17-19 | 17-20 2 40 33 51.160
6 24-28 2.61 | 16-25 | 16-46 2 50 36 67.230
7 2446 1.59 | 16-25 | 1646 2 60 39 85.880
8 11-29 1.44 | 24-46 | 46-48 2 70 41 106.550
9 46-48 1.41 | 10-29 | 11-29 2
10 10-29 1.31 | 24-46 | 46-48 2
11 20-49 0.76 0
12 16—-25 0.68 0
13 36-42 0.62 0
14 12-36 0.62 0
15 35-41 0.60 0
16 1-41 0.60 0
17 21-35 0.56 0




