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Abstract—Contingency analysis, an important component 

of security functions, is considered to be an integral part of 

modern energy management systems (EMS) at power control 

centers. This paper presents a mathematical model for 

simulating transmission line outages. Contingency analyses 

are performed based on DC load flow and contingencies are 

ranked according to an active power performance index, PIP. 

This method has been applied to the western Libyan power 

grid, where good results were obtained in determining 

network weaknesses and suggesting new transmission lines to 

improve power system security. 

Keywords—contingency analysis, DC load flow, active 

power performance, Libya 

I. INTRODUCTION 

In recent years, the Libyan electrical network has been 

operating closer to its limits, due to high growth in the 

demand for electricity and limited development of the 

electrical power system [1]. A power system is said to be 

secure when it is free from danger or risk. Security is the 

ability of the system to withstand any of a pre-selected list 

of contingencies without negative consequences. Many 

possible outage conditions can occur in a power system. 

Thus, it is important to have a means of studying them, so 

that operating personnel can be informed in advance if one 

or more outages could cause serious overloading on other 

equipment, or unacceptable voltage levels at other busbars.  

However, the problem of studying all possible outage 

conditions is difficult to solve, since it is necessary to 

present the results quickly so that corrective measures can 

be taken. 

Contingency analysis can be used to prioritize the 

impacts that affect an electrical power system when 

problems occur. In this context, a contingency is the loss or 

failure of a small part of the power system (e.g., a 

transmission line) or an individual piece of equipment (such 

as a generator or transformer). This is also referred to as an 

unplanned outage. Contingency analysis can be employed 

as a study tool for the off-line analysis of contingency 

events, and as an on-line tool to show operators the effects 

of potential future outages. This permits operators to be 

better prepared to react to outages, by using pre-planned 

recovery scenarios [2]. 

In this paper, all analyses of transmission line outage 

contingencies in the Libyan power system have been 

performed in the MATLAB environment. For each line 

outage contingency, a direct current (DC) load flow 

analysis of the system has been carried out and an active 

power performance index has been calculated. The active 

power performance index values obtained have been used 

to rank the severity of the impact of different line outages. 

This contingency analysis can help operating engineers to 

be aware of which line outages have the most severe impact 

on the system and what preventive measures should be 

taken to minimize the effects of particular line outages. 

Based on the results of this research, we have suggested 

specific upgrades and new transmission line installations to 

overcome network weaknesses. 

II. CONTINGENCY ANALYSIS 

The traditional concept of contingency analysis is that 

each contingency case should be simulated according to the 

base case model of the power system. Then the calculated 

post-contingency operating state can be checked for 

operating limit violations. However, the general approach 

currently adopted is to divide the contingency analysis into 

three distinct stages, namely, contingency definition, 

contingency selection, and contingency evaluation [3]. 

A. Contingency Definition 

A primary list is prepared of cases which are deemed to 

have a high probability of occurrence. This list may vary 

with the system topology and load and may include 

secondary switching (where one contingency results in 

further contingencies). Since, due to computational time 

constraints, it is difficult to run a full alternating current 

(AC) load flow program for all contingencies contained in 

the primary list, the primary list is screened by selecting 

only the most severe cases. This important function is 

achieved by contingency selection. 

B. Contingency Selection 

In practice, in any power system generally only a small 

number of contingency cases will result in post-contingency 

steady-state limit violations. The purpose of contingency 

selection is thus to shorten the primary list of contingencies 

by eliminating all cases which exhibit no or only limited 

violations and selecting only the most serious cases. These 

are then ranked in descending order of severity. Since the 

contingency selection process is focused on determining the 

most harmful cases, for this purpose usually fast, 
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approximate methods are used to solve the power system 

model. 

C. Contingency Evaluation 

The cases selected for contingency evaluation can then 

be analyzed in more detail by using full AC load flow. 

III. CONTINGENCY SELECTION APPROACHES 

In contingency selection, the most important stage of 

contingency analysis, the efficient use of computation time 

must be considered. Two approaches for performing 

contingency selection are screening and ranking methods 

[4]. 

A. Screening Methods 

These methods, which depend upon local solution and 

bounding methods, focus on the local nature of an outage 

and divide the network into two or three sub-networks. The 

first sub-network contains the buses near the outage, the 

second contains the boundary buses between the first and 

third sub-networks, and the third sub-network comprises 

the rest of the system. The main advantage of this approach 

is the reduction in computation time, since the load flow is 

solved for the first sub-network, which contains a small 

number of buses. However, because these methods depend 

on the determination of the first sub-network, any error in 

the identification of this sub-network will lead to incorrect 

results. The main difficulty of this approach is thus the 

efficient determination of the first sub-network.  

B. Ranking Methods 

These methods use a performance index as a scalar 

function to describe the effect of an outage on the whole 

network. The performance index is a penalty function that 

severely penalizes any violation of bus voltage or line MW 

flow limit constraints. Depending on how the performance 

index is formulated, ranking methods can be divided into 

direct and indirect methods. 

1) Direct ranking: The performance index is calculated 

directly, without the knowledge of post-contingency 

variables. Post-contingency variables are transformed into 

base case dependent variables, so that there is no need to 

calculate the post-contingency voltage explicitly. This 

makes direct ranking extremely fast but reduces accuracy. 

However, direct methods give good results for line flow or 

MW ranking. 

 

2) Indirect ranking: The post-contingency variables 

are first calculated explicitly by approximate methods, and 

the performance index is obtained based on the calculated 

voltages. The most important feature of the indirect 

approach is its flexibility. The main disadvantage is that 

the explicit calculation of the post-contingency state is 

very time-consuming, especially when voltage security 

limits are considered [4]. 

IV. TYPES OF VIOLATIONS   

The most common contingencies are generally line and 

generator contingencies. These mainly cause the following 

two types of violation [5].  

A. Voltage Limit Violations  

This type of violation occurs at the buses, where the 

voltage at the bus is less or greater than the specified value. 

The voltage operating range at any bus is generally 0.95-

1.05 pu. Thus, if the voltage falls below 0.95 pu or rises 

above 1.05 pu, the bus is said to have a low or high voltage 

problem, respectively. 

B. Line MVA Limit Violations  

This type of contingency occurs in the system when the 

MVA exceeds the line rating. This is mainly due to an 

increase in the amplitude of the current flowing in that line. 

The lines are designed in such a way that they should be 

able to withstand 125% of their MVA limit. It is considered 

an alarm situation if the current exceeds 80-90% of the 

limit. Based on utility practices, in the Libyan power 

system network the MVA limit is 80%. 

V. ACTIVE POWER PERFORMANCE INDEX 

Contingency ranking in descending order is obtained 

according to the value of a scalar index, which is generally 

referred to as a severity index or performance index (PI). 

These indices are calculated for individual contingencies in 

an off-line mode by using conventional power flow 

algorithms. The contingencies are then ranked based on the 

values obtained, so that the contingency with the highest PI 

value is ranked first. The analysis is then performed 

beginning with the contingency that has the highest PI 

value and continuing until no further severe contingencies 

are found. Two types of performance index that are widely 

used are the active power index, PIP, and reactive power 

index, PIV [6]. 

This study focuses only on the active power 

performance index. This index, which helps to determine 

the overflow of active power through the transmission lines, 

can be represented by equation (1): 

𝑃𝐼𝑃 =∑(
𝑊𝑖

2𝑛
) (

𝑃𝑖
𝑃𝑖
𝑚𝑎𝑥)

2𝑛𝑁𝐿

𝑖=1

 (1) 

 where 

 Pi    is the MW power flow of line i, 

 Pi
max  is the MW maximum capacity of line i, 

 NL   is the number of transmission lines in the system, 

n    is the exponent of the penalty function, and 

Wi  is the real non-negative weighting factor of line i. 

VI. DIRECT CURRENT LOAD FLOW 

The objective of studying the AC load flow is to 

determine the voltage and its angle at each bus, the real and 

reactive power flow in each line and line losses in the 

power system. DC load flow represents a simplification and 

linearization of full AC load flow. The DC load flow 

approach considers only active power flows, neglecting 

voltage support, reactive power management and 

transmission losses; therefore, it is used when fast, 

repetitive load flow estimations are required [7]. 

Due to its simplicity and robustness, DC load flow is a 

commonly used tool for contingency analysis [8]. This 

method is non-iterative and absolutely convergent but less 



526 

ICTS32830112020-EC1013 

accurate than AC load flow solutions. In the DC load flow 

approach, a nonlinear model of the AC system is simplified 

to a linear form through the following assumptions. 

• Voltage angle differences are assumed to be small 

i.e., sin(θ) ≈ θ and cos(θ) ≈ 1. 

• Voltage magnitudes of all buses are set to 1.0 pu. 

• Line resistance (active power loss) is assumed to be 

negligible, i.e., R << X. 

• Tap settings are ignored. 

A simplified relation between the active power 

transported over a transmission line between bus i and bus j 

and the complex voltages at both buses can be expressed as: 

𝑃𝑖𝑗 =
|𝑉𝑖||𝑉𝑗|

𝑋𝑖𝑗
𝑠𝑖𝑛(𝜃𝑖 − 𝜃𝑗) (2) 

 where 

 Vi and Vj  are the voltages at bus i and bus j, 

 θij   is the phase angle between Vi and Vj, and 

Xij  is the line impedance of the transmission 

line connected between bus i and bus j. 

Based on the assumptions made for DC load flow, 

equation (2) can be converted to: 

𝑃𝑖𝑗 =
1

𝑋𝑖𝑗
(𝜃𝑖 − 𝜃𝑗) (3) 

Therefore, active power injections at each bus are 

calculated as: 

𝑃𝑖 =∑𝐵𝑖𝑗(𝜃𝑖 − 𝜃𝑗)

𝑁

𝑗=1

 (4) 

 where 

 Bij  is the reciprocal of the reactance between bus i and 

bus j. (Bij is the imaginary part of Yij.) 

Equation (4) can be rewritten in matrix form as follows: 

[𝑃] = [𝐵′][𝜃] (5) 

 where 

 P  is the vector of bus active power injections, 

 B'  is the bus susceptance matrix, and 

 θ  is the vector of bus voltage angles. 

Since B' is also known and all active power injections 

are known in advance, the single solution for this problem 

can be calculated directly by using: 

[𝜃] = [𝐵′]−1[𝑃] (6) 

As a result, active power flow through transmission line 

i, between buses i and j, can be calculated from equation 

(3). 

VII. PROPOSED ALGORITHM 

The proposed algorithm contingency analysis steps are 

as follows: 

Step 1: Read the given system line data and bus data. 

Step 2: Set the counter to one before simulating a line 

outage. 

Step 3: Simulate outage for the line under consideration. 

Step 4: Calculate the active power flow from the DC load 

flow. 

Step 5: Calculate the active power performance index PIP. 

Step 6: Save the result for ranking in Step 8. 

Step 7: Check whether this is the last line outage to be 

simulated; if not, add one to the counter; repeat 

steps (3) to (7) until the last line outage has been 

simulated. 

Step 8: Rank the severity of the contingencies according 

to the values obtained for the performance index 

PIP. 

Step 9: Perform a power flow analysis for the most severe 

contingency cases and print the results. 

The algorithm flowchart is shown in Figure (1). 
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Fig. 1. Flowchart for proposed method 
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VIII.  SIMULATION AND RESULTS 

The Libyan power grid consists of seven zones: West, 

Tripoli, Central, South, Benghazi, East and Kufra [9]. In 

recent years, due to technical issues, the national grid has 

been divided into two networks, western and eastern, which 

operate separately. The western network, which includes 

the West, Tripoli, Central and South zones, has been used 

as a case study in this paper. Tables (I), (II) and (III) present 

the data for the western Libyan network [10]. The network 

has 7 electricity generating stations with 51 loaded buses 

and 74 transmission line branches. 

TABLE I.  TRANSMISSION LINE DATA 

Line 

No. 

From 

Bus 

To 

Bus 

R 

(pu) 

X 

(pu) 

B/2 

(pu) 

Rating 

(MVA) 

1 1 2 0.0451 0.3261 0.0180 475 

2 1 3 0.0017 0.0141 0.0267 1200 

3 1 10 0.0187 0.1355 0.0075 475 

4 2 4 0.0298 0.1386 0.0043 240 

5 3 5 0.0587 0.2730 0.0021 240 

6 3 6 0.0180 0.1317 0.0013 475 

7 3 6 0.0074 0.0546 0.0465 475 

8 4 5 0.0297 0.1382 0.0042 240 

9 4 7 0.1150 0.5348 0.0164 240 

10 5 6 0.0729 0.3757 0.0021 240 

11 6 9 0.0426 0.1959 0.0061 240 

12 6 12 0.0374 0.1922 0.0043 240 

13 7 8 0.0732 0.3406 0.0105 240 

14 7 9 0.0761 0.3498 0.0108 240 

15 8 9 0.0715 0.5166 0.0285 475 

16 9 13 0.0391 0.1796 0.0056 240 

17 9 16 0.0287 0.1335 0.0041 240 

18 10 11 0.0060 0.0437 0.0024 475 

19 11 12 0.0071 0.0514 0.0028 475 

20 12 14 0.0074 0.0560 0.0989 475 

21 12 20 0.0080 0.0578 0.0032 475 

22 13 15 0.0049 0.0371 0.0654 240 

23 13 46 0.0320 0.1490 0.0046 240 

24 14 15 0.0119 0.0908 0.1603 475 

25 14 24 0.0388 0.1804 0.0055 240 

26 15 45 0.0356 0.1656 0.0051 240 

27 17 18 0.0027 0.0232 0.0110 894 

28 17 19 0.0009 0.0077 0.0145 800 

29 17 21 0.0019 0.0163 0.0077 894 

30 17 22 0.0048 0.0410 0.0194 894 

31 19 20 0.0015 0.0128 0.0242 800 

32 20 23 0.0042 0.0306 0.0017 475 

33 21 22 0.0027 0.0230 0.0109 894 

34 22 23 0.0024 0.0205 0.0388 894 

35 23 24 0.0311 0.2248 0.0124 475 

36 24 25 0.0266 0.2025 0.0894 475 

37 24 26 0.0190 0.1446 0.0638 475 

38 24 27 0.0230 0.1663 0.0092 475 

39 25 26 0.0076 0.0579 0.0255 475 

40 25 27 0.0037 0.0250 0.0014 475 

41 25 27 0.0037 0.0250 0.0014 475 

42 25 27 0.0037 0.0250 0.0014 475 

43 27 28 0.0054 0.0408 0.0720 475 

44 27 30 0.0421 0.2849 0.0163 475 

45 27 35 0.0406 0.3091 0.5457 475 

46 27 38 0.0750 0.8358 0.1260 1300 

47 27 45 0.0165 0.1258 0.2221 475 

48 28 33 0.0051 0.0390 0.0688 475 

49 29 30 0.0019 0.0125 0.0007 475 

50 29 30 0.0019 0.0125 0.0007 475 

51 29 31 0.0091 0.0655 0.0036 475 

52 30 31 0.0060 0.0280 0.0009 240 

53 30 32 0.0455 0.3288 0.0181 475 

54 30 33 0.0127 0.0967 0.1707 475 

55 32 34 0.0274 0.3056 0.0232 475 

56 32 36 0.0745 0.3421 0.0169 475 

57 32 51 0.0582 0.4206 0.0232 475 

58 34 37 0.0888 0.6421 0.0026 475 

59 35 36 0.0847 0.3892 0.0354 475 

60 35 38 0.1444 1.0435 0.0120 475 

61 37 42 0.0902 0.6518 0.0097 475 

62 38 39 0.0431 0.3114 0.0224 475 

63 38 40 0.3258 1.4969 0.0575 475 

64 38 41 0.2248 1.6246 0.0116 475 

65 39 42 0.0244 0.1766 0.0016 475 

66 40 44 0.0426 0.3082 0.0172 475 

67 41 44 0.016 0.1156 0.0170 475 

68 42 43 0.0422 0.305 0.0359 475 

69 43 44 0.0315 0.228 0.0168 475 

70 44 47 0.0515 0.3724 0.0126 475 

71 44 48 0.0498 0.3596 0.0205 475 

72 45 46 0.0592 0.2756 0.0085 240 

73 48 49 0.0649 0.4688 0.0198 475 

74 49 50 0.2159 1.5604 0.0215 475 

 Sbase=1000MW, Vbase=220kV/400kV 

 

TABLE II.  GENERATOR DATA 

Bus 

Number 

Bus 

Name 

Max Power 

(MW) 

1 ZAWIA 1440 

2 ABKMS 90 

8 RWAYS 660 

10 TRIPW 565 

12 TRIPS 500 

25 HOMS 1080 

29 MSRST 510 

 

TABLE III.  LOAD DATA 

Bus 

Number 

Bus 

Name 

Load 

(MW) 

1 ZAWIA 34 

2 ABKMS 20 

3 HRSHN 163 

4 ZUARA 71 

5 AGLAT 71 

6 AZHRA 130 

7 SHKSH 73 

8 RWAYS 31 

9 BRGNM 83 

10 TRIPW 72 

11 SARAJ 143 

12 TRIPS 139 

13 LHIRA 58 

14 TRIPE 54 

15 ARGUB 92 

16 RABTA 2 

17 NATIO 81 

18 SDHMD 41 

19 BAZIZ 135 

20 HDBKH 137 

21 FSHLM 61 

22 SUKJM 95 

23 ANZRA 141 

24 GRBUL 69 

25 HOMS 33 

26 HOMWT 1 

27 HOMSW 56 

28 WKAAM 36 

29 MSRST 295 

30 TMNSW 57 

31 MSRTE 123 

32 ZAMAM 8 
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33 ZLITN 74 

34 BNJEM 6 

35 BNWLD 41 

36 SDADA 0 

37 HOON 42 

38 GMMR1 7 

39 GMMR2 46 

40 SHATE 30 

41 SBHAW 68 

42 WARIL 14 

43 SEMNU 47 

44 SEBHA 74 

45 TRHUN 38 

46 GRIAN 102 

47 TRAGN 66 

48 FAJIJ 39 

49 UBARI 34 

50 AWNAT 8 

51 SIRT 63 

 

Programming of the contingency analysis procedure 

described above was implemented in MATLAB. Each line 

was considered as an outage risk, one after the other in 

sequence until all line outages were studied. For each line 

outage, a DC load flow analysis was carried out to check all 

power flows in the network and the PIP was calculated. All 

of the contingencies were then ranked according to their 

relative severity by using the PIP. To avoid masking errors, 

the exponent of the penalty function was assumed to be 

(n=3). 

Figure (2) illustrates the contingency analysis results for 

all line outages according to their PIP values. It can be seen 

that the outage of line 35, connected between buses 23-24, 

is the most severe contingency, followed by outages of lines 

21, 47, 15, 49 and 50. 

 

 

Fig. 2. Contingency analysis results 

 

Details of five of the most severe contingencies are 

provided in Table (IV). For each contingency, three of the 

lines with the highest loads are shown. Some of these lines 

would have loads exceeding their thermal MVA limits. Due 

to this overloading, these lines may also be tripped, 

amounting to an open circuit fault in the power system. 

Consequently, the remaining lines would be overloaded far 

beyond their rated capacity. As a result, all lines would be 

tripped, leading to a total power system blackout. 

TABLE IV.  THE FIVE MOST SEVERE CONTINGENCIES 

PIp 

Line Outages Lines with the Highest Loads 

Line 

No. 

From 

Bus 

To 

Bus 

Line 

No. 

From 

Bus 

To 

Bus 

Line 

Loading 

3.64 35 23 24 

21 12 20 153% 

25 14 24 141% 

26 15 45 83% 

2.22 21 12 20 

35 23 24 153% 

13 7 8 63% 

20 12 14 62% 

1.26 47 27 45 

25 14 24 138% 

35 23 24 77% 

21 12 20 76% 

0.65 15 8 9 

13 7 8 118% 

21 12 20 97% 

25 14 24 65% 

0.51 49 29 30 

50 29 30 111% 

21 12 20 96% 

25 14 24 66% 

 

Table (V) shows improvements suggested by the 

authors in order to address the MW violations and improve 

network security. It is suggested that the thermal MVA 

limits of transmission lines 13 and 25, connected to buses 

7-8 and 14-24, respectively, should be increased by 

changing the conductor type from Redwing 240MVA to 

aluminum alloy 475MVA. Since transmission lines 21, 35 

and 49, connected to buses 12-20, 23-24 and 29-30, 

respectively, already have the highest MVA limits, which 

cannot be increased, it is suggested that a new transmission 

line with same conductor type should be added in parallel 

with each of these lines. 

TABLE V.  IMPROVEMENT SUGGESTIONS  

Line 

No. 

From 

Bus 

To 

Bus 
Action 

13 7 8 Increase the capacity 

21 12 20 Add new line 

25 14 24 Increase the capacity 

35 23 24 Add new line 

49 29 30 Add new line 

 

Table (VI) compares contingency analysis results with 

and without the suggested improvements. It can be seen that 

following implementation of the suggested improvements, 

all of the loads can be expected to be less than 100%, which 

means that all the line flows are within the operating limits. 

TABLE VI.  HIGHEST LOADING BEFORE AND AFTER IMPROVEMENTS 

Line Outages Loaded Lines Before 

Improve-

ments 

After 

Improve- 

ments 
Line 

No. 

From 

Bus 

To 

Bus 

Line 

No. 

From 

Bus 

To 

Bus 

35 23 24 21 12 20 153% 77% 

21 12 20 35 23 24 153% 77% 

35 23 24 25 14 24 141% 78% 

47 27 45 25 14 24 138% 60% 

15 8 9 13 7 8 118% 60% 

49 29 30 50 29 30 111% 59% 
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IX. CONCLUSION 

A contingency analysis approach using DC load flow 

and the active power performance index PIP has been 

developed and applied to the western Libyan power grid. 

The results provide a good measure of the severity of all 

line outages that could occur in the system. The most severe 

contingencies have been investigated, resulting in 

suggestions to upgrade some lines and install new 

transmission lines in certain locations, in order to ensure 

improved power system security. 

 

REFERENCES 

[1] M. Darfoun, “Improving the voltage profile and minimizing the 

power loss of the Houn (11kV) distribution network,” International 
Conference on Technical Sciences (ICST2019). Tripoli, vol. 6, 
March 2019, pp. 214-219. 

[2] F. Fonteneau-Belmudes, “Identification of dangerous contingencies 

for large scale power system security assessment,” Diss. Université 
de Liège, Belgique, 2012. 

[3] K. L. Lo, and A. K. I. Abdelaal, “Fuzzy logic based contingency 

analysis,” DRPT2000. International Conference on Electric Utility 

Deregulation and Restructuring and Power Technologies. 
Proceedings (Cat. No. 00EX382). IEEE, 2000. 

[4] V. J. Mishra, and M. D. Khardenvis, “Contingency analysis of 
power system,” 2012 IEEE Students' Conference on Electrical, 
Electronics and Computer Science. IEEE, 2012. 

[5] B. K. Ravulapati, “Development of corrective actions for higher 
order contingencies,” Mississippi State University, 2008. 

[6]  A. K. Roy, and S. K. G. Jain, “Contingency analysis in power 
system,” Diss. 2011. 

[7] Seifi, Hossein, and M. S. Sepasian, “Electric power system 
planning: issues, algorithms and solutions,” Springer Science & 
Business Media, 2011. 

[8] Van Hertem, Dirk, et al., “Usefulness of DC power flow for active 
power flow analysis with flow controlling devices,” (2006): 58-62. 

[9] General Electric Company of Libya GECOL, Consultancy for 
updating transmission network expansion studies, 2015 Data book, 
July 2010. 

[10] S. O. Osman, “GECOL 400/220 kV network,” Operational study 
department, Jan 2008. 

 

 

 

 


