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Abstract:   The rapid growth of the power demand must 

be met by a consistent power supply to ensure the 

continuous availability of the resources; therefore, 

reliable power supply is vital for modern society. The 

extensive demand of power has led to a high 

susceptibility of power failure, thus, the reliability of the 

power system has become mandatory and gained more 

importance in the power system operation and 
planning. 

 This paper presents a study carried out on ALKHOMS 

gas and steam power generation units using MATLAB 

software to determine their adequacy for meeting the 
total system load requirement. 

Key words: power system reliability- loss of load –load 
duration curve.  

I. Introduction 

The Libyan unified power grid is one of the largest 

grids in North Africa. Recently, the    grid has 

witnessed a sluggishness upgrading; moreover, the 

transmission lines of the power network have been 

vandalized. All these factors affected the Libyan 

power system network’s reliability and stability. 

The Libyan power grid consists of main four circuits 

(east, west, south, and south east) as shown in figure 

1, each circuit has its own controller unit, and all the 

circuit are unified and controlled by a SCADA, 

which provides automatic control for each grid [1].    

The natural scattered of Libyan cities, towns and 

villages formed the current UHV, HV and MV power 

transmission system with its geographical 
longitudinal shape from up north to down south. This 

has led into a lower profile of voltage level, 

reliability, and  

instability of system operation causing many failures. 

 

 

 

 

 

    Fig 1: Libyan Power Grid Geography.  

Most power generating plants are located in the 

coastal area where the most of the population and the 

heavy industries which depend on the electrical 

power supply are present [2]. A significant 

development has been witnessed since the 

establishment of GECOL (General Electric Company 

of Libya), in 1970, such as, a consistent rise of the 
produced energy from less than 600 GWH in 1970 to 

23,993 GWH in 2007, moreover, a great incremental 

of power generation from 2,630 MW in 2000 to 5015 

in 2009 demonstrating an average annual growth of 

8-10%, resulted an incremental in the capita demand 

from 2,650 KWH in 2000 to 4,158 KWH in 2007 [3]. 

II. Power system reliability  

For a utility to survive in a competitive market, it 

must attract and retain its customers. To do this, it 

must provide high levels of service reliability at the 

lowest possible cost .The term of reliability expressed 

the ability of the system to provide an adequate 

supply of electrical energy. Power system reliability 

refers to the ability of a power system to provide 

adequate, stable, reliable power to a given 
distribution or a customer. [4]. By identifying the 

probability of successful performance, with the 

degree of reliability, the reliability can be measured 

through the concept of probability 
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mathematically. In general, if a system does 
not fail during its serving time, it can be said that it 

has satisfactorily performed. In the other hand, if   a 

part of a system is expected to undergo failures, be 

repaired and put back in service, a more appropriate 

measure of reliability called ‘’availability’’ takes 

place. [5]. The availability factor of a power plant is 

the percentage of time it is available to generate 

power; both planned and unplanned outages subtract 

from this availability. Power system reliability is 

based upon both the actual presence of the power 

generation unit when it is considered to be available 

and generate power, and when it goes failure or 
unplanned outage. For practical purposes, reliability 

can be considered a combination of these two 

industry measures, making a reliable power plant one 

that is available when called upon to operate [6]. 

 

III.  Load duration curve (LDC) 

When the load elements are arranged in order of 

descending magnitudes, i.e. the maximum load 

values are arranged from the left to the right; the 

resultant curve is called Load Duration Curve. 

The load duration curve contains the same data 
as the daily load curve, but in descending 

arrangement, thus, the areas under both curves 

are equal, as shown in figure (2i,ii).  

 

 Fig (2i) daily load curve,       Fig (2ii)load duration curve. 

 Figure (2i) illustrates the daily load curve.   From the 
curve, the load data elements are 5MW for 24 hours, 

15MW for 4 hours and 20MW for 8 hours, by 

rearranging these data in descending order, we get the 

daily load duration curve in figure (2ii). 

By comparing the two curves, it is clearly seen that 

the load duration curve gives the data in more elegant 

form; moreover, the load duration curve can be 

extended to include any period of time, and could be 

used in economic dispatching, system planning and 

reliability evaluation [7].      

IV    Load duration curve and load factor. 

The load factor is the ratio of the average load to the 

peak load for a certain period of time, and it 

represents the nature of the load profile. The load 

factor is usually less than unity (<1). For instance, a 

high load factor signifies a fairly constant load profile 

since the average load is same as the peak load. The 

Load Duration Curve (LDC), represents the load 
factor graphically, and gives insight idea about the 

magnitude and the shape of the load profile. As an 

example figures 3 and 4 give a quick visual idea 

about LDCs for a load profile having a high and a 

low load factor [8].  

 

 

Fig 3 Typical load duration curve for a high factor 

 

Fig 4 Typical load duration curve for a          low load 

factor 

 Load factor determination is completed by next 

formulas: 

Load factor = 
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑜𝑎𝑑

max 𝑙𝑜𝑎𝑑 
............. (1.1) 

To asses' load factor case: 
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if load factor > 0.5 (high load factor) 

if load factor < 0.5 (low load factor) 

V Generation system reliability model 

Generation system reliability analysis depends on 

two main factors, they are, capacity, and the failure 

probabilities of individual generation units. The 
failure probability for a simple two-state model 

shown in figure (5) is given by its unavailability U, 

which can be expressed by the given function.  

 

Figure 5 Two-state model. 






U ................ (1.2) 

Where: 

U is unit unavailability 

λ is unit failure rate 

μ is unit repair rate. 

 

 When the calculation is needed for a long period of 

time, the unit unavailability is known as, forced 
outage rate (FOR), and it’s calculated by the 

following equations: 

  FOR=U = 
∑𝑢𝑝 𝑡𝑖𝑚𝑒 

∑𝑑𝑜𝑤𝑛 𝑡𝑖𝑚𝑒+∑𝑢𝑝 𝑡𝑖𝑚𝑒
..... (1.3) 

This equation has the same index as equation 1.2 [6]. 

The FOR is applicable for a two stat approximation, 

but the power systems are usually huge and contain 

hundreds of generation units with different types and 

capacities. To build a generation model for such a 

complex system, combination of the capacity and 

availability of the individual units, to estimate 

available generation in the system must be done. The 

resultant combination will be a capacity model, 
where each generating unit is represented by its 

nominal capacity, Ci and its unavailability, Ui (or 

FOR). The capacity or the outage capacity, X is 

considered as a random variable in power system 

reliability analysis. 

The capacity or outage capacity is discrete and 

complies with the exponential distribution. The unit 

model is the probability table of a generator unit’s 

capacity state. 

In a two-state generator probability model, there are 

only two states, on operation, or on outage, but there 

are 2n possible different capacity states. The 
individual state probability can be described in 

Equation 1.4  

                              

The cumulative state probability (the distribution 

function) can be obtained by summing up the 

individual state probability for all capacity less than 

xi. Equation 1.5 gives the cumulative state 

probability. 

 

For every capacity Ci, there will be forced outage 

capacity. The following equations are summarizing 

both the individual state probability and cumulative 

state probability 

P (X = xi) = p (xi) where i = 0, 1, 2,… (1.6) 

P (xk) = P (X ≥ xk ) = ∑ p (xi) ...........(1.7) 

 

From these equations, the Capacity Outage 

Probability Table (COPT) that represents the 

probability of different capacity outages of the 

system can be generated [7]. 

VI loss of load expectation (LOLE) 

Whenever the load demand exceeds the produced 

power, loss of load is expected. The overall 

probability that the load demand will not be met is 

called the Loss-of-Load Expectation or LOLE.  The 

loss of load expectation can be obtained by 

compensation of each capacity state availability with 
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the system load duration curve [8]. If the daily load 

peak is used for a period study, the value of LOLE is 

also in days, usually in days per year for its 

monotonicity and continuity. Loss of load 

expectation is used to measure the loss of load risk 

with daily peak load curve.  Customer’s load demand 
(D) must be met by a generation power (P) hourly 

during the year, whenever (D ≥ P), loss of load is 

highly expected. In the daily load curve shown in Fig 

6, the risk of losing load could be measured, where 

Qj is the magnitude of the jth outage in the system Rj 

is the probability of the capacity outage of magnitude 

Qj, and tj is the number of days that an outage of 

magnitude Qj would cause loss of load in the system. 

 

Figure 6 estimation of LOLE 

A loss of load will not occur whenever the capacity 

outage Qj is less than the reserve; on the other hand, 

a greater capacity outage will contribute the overall 

risk by the amount of Pj tj, thus, the system LOLE is 

LOLE = ∑ 𝑡𝑖  𝑝𝑖    
𝑛
𝑖 .......... (1.8) 

Where: 

𝑝𝑖= the probability of this ith outage from capacity 
table.    

 𝑡𝑖  = the observe time units for each 𝑝𝑖 at load 

duration curve. 

 n= number of generation probabilities 

VII   power system reliability analysis 

Power system reliability analysis will be 
implemented on ALKHMS power plant which 

consists of four gas power plants with a capacity of 

600MW, and other four steam power plants with a 

capacity of 480MW. In this paper, forced outage rate 

is only considered (servicing and controlled stopping 

times are neglected). Data for the year 2016 has been 

collected to plot the LDC.   

The load factor of the power generation units is 

computed by the following equation 

  LF = 
𝒖𝒏𝒊𝒕𝒓𝒂𝒕𝒆𝒅  𝒑𝒐𝒘𝒆𝒓 (𝑴𝑾)

 𝒔𝒚𝒔𝒕𝒆𝒎 𝒓𝒂𝒕𝒆𝒅𝒑𝒐𝒘𝒆𝒓 (𝑴𝑾)
... (1.9) 

For steam generation units LF= 0.113873600303663 

For gas generation units LF=   0.091098880242930 

Load duration curve has been plotted using 

MATLAB m file code for 8784 load points 

represented the load hourly around the year of 2016, 

moreover.  

Figure 7 demonstrates the LDC for ALKHOMS gas 

power plant generation units (GU), during 2016, it is 

clear that the accumulative frequency of the GU 

power plant is approximately 2600 hours per year. 
Furthermore this accumulative frequency will 

increase up to approximately 6500 hours per year .if 

any unit has forced down.     

 

Figure 7:  Load duration curve for the GU of 

ALKOMS power station 

The load curve for the steam power plant units (SU) 

in Fig 8, the accumulative frequency is 

approximately 1600 hours per year, and it will 
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increase up to approximately 5800 hours per year if 

any unit has forced down. 

 

Figure 8: Load duration curve for the SU of 

ALKHOMS power station 

VIII Capacity outage tables (COPT) 

Construct Capacity outage tables (COPT) of 

ALKHOMS power plant units, has been figured out 

regarding the availability data collected from 

(GECOL). Table 1 shows the GU units availability 

during 2016 

Table 1.: GU units’ availability in 2016 

1 98.67% 

2 95.86% 

3 79.99% 

4 95.59% 

 

The COPT for GU units is tabled below in table 2 

Table 2: COPT for the GU units 

         State 
Capacity 

out (MW) 

Capacity 

in (MW) 

Individual 

probability 

Cumulative 

probability 

1 0 600 0.7232 1 

2 150 450 0.2553 0.2768 

3 300 300 0.0209 0.0215 

4 450 150 0.0006 0.0006 

5 600 0 0.000005 0.000005 

Sum=1 

The next tables indicate the availability and the 

COPT data for SU units in the year of 2016 

respectively. 

Table 3: SU units’ availability in 2016 

1 93.86 

2 87.08 

3 95.72 

4 88.52 
 

Table 4: COPT for the SU units 

State  Capacity 

out(MW) 

Capacity 

in(MW) 

Individual 

probability  

Cumulative 

probability 

1 0 480 0.6925 1 

2 120 360 0.2688 0.3074 

3 240 240 0.3655 0.03862 

4 360 120 0.0020 0.0021 

5 480 0 0.00004 0.00004 

Sum=1 

 

Equation 1.9 is used to determine the LOLE for both 

the gas and steam units, the results ate tabled in the 

following tables.  

Table 5: LOLE for the GU units 

 

unit 

Probable 

generation 

state(MW) 

 

LOLE(Hours) 

1 600 1870.70 

2 450 1713 

3 300 182.34 

4 150 --- 

5 0 --- 
 

The total loss of load expectation for the GU units is: 

LOLE = 1870.7000+1713+182.3603 

= 3766.1 hours /year. = 10.30 hours/day. 

Table 6: LOLE for the GU units 

 

unit 

Probable 

generation 

state(MW) 

 

LOLE(Hours) 

1 480 1090.3000 

2 360 1559.7000 

3 240 312.2821 

4 120 --- 

5 0 --- 
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The total loss of load expectation for the SU units is: 

LOLE = 1090.3+1559.7+312.3 

=2962.3 hours /year=8:1 hours/day. 

Conclusion 

This paper represented a pattern study of the Libyan 

power system reliability; the study was conducted on 

ALKHOMS power plant as a part of Libyan power 

generation system using LOLE method. The results 

indicated that the load factor of both gas and steam 

power plants is very low, furthermore, and even with 

a full generation power of the gas units (GU) 

600MW, by implementing all the unit’s availability 

expectations, the power plant is not able to meet the 

load demand, and loss of load is expected for about 
3766 hours per year.. The high risk of losing the load 

is applicable on the steam units (SU), and loss of load 

is approximately expected to be 2962 hours per year 

with a full generation capacity of (480MW). 

Referring to the international standard LOLE 

measurements, 0.1 day/year is considered as a 

maximum failure rate to assert the reliability of the 
generation system; therefore, this study proved the 

ALKHOMS power plants does not meet the standard 

of LOLE 

This study is highly recommended to be adopted by 

(GECOL) to study the whole Libyan power 

generation system reliability for future power system 

planning. 
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