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ABSTRACT 
 

The basic function of a modern electric power system is 

to provide electric power and energy to its customer at 

the lowest possible cost and at acceptable levels of 

reliability. Reliability cost or the assessment of 

reliability worth play an important role in electric power 

system  operation and planning . The outage of the 
power system exert influence on revenue loss by the 

utility and energy utilization loss by the customer.. But 

in order to estimate true costs, the indirect costs 

imposed on customer, society and the environment due 

to outage should also be included. Reliability worth 

assessment come up with the chance to assimilate 

analysis of cost. But it is difficult to evaluate reliability 

worth directly. The indirect measurement of reliability 

worth can bederieved from the interruption costs .This 

work contains the reliability worth assessment of a 
hypothetical system. The reliability indices such as 

IEAR, EIC and EENS are used in the assessment . In 
this project, the application of single IEAR in reliability 

worth assessment is illustrated using the systems. The 

developed MATLAB programs also find the optimum 

reserve point when capacity of generation enhanced. 
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1.   INTRODUCTION 
Electricity has been the driving force for economies of 

the world and provides day-to-day necessity for the 

population in the world. The generation, transmission 
and retailing of electricity have existed hundreds of 

years in providing the much needed electricity. Due to 

the nature of electricity systems, the variable demand at 

every moment needs to be met by consistent electricity 

supply in making sure the continuous availability of the 

resources. Not meeting the demand in any case will lead 

to a huge loss of income to the generators as well as to 

the consumers. The reliability of the generation, 

transmission and distribution of electricity in this sense 

is crucial for the continuous supply of electricity to 

meet the demand.  The basic objective of an electric 

power system is to generate and supply electrical 

energy to its customer as economically as possible with 

an acceptable degree of reliability and quality. In 

general, the ability of the system to provide an adequate 

supply of electrical energy is designed by the term 

reliability. System planners, designers and operators  

have always been and continue to be extremely 

concerned about the reliability of their systems. 

2.   P OWER  SYSTEM  RELIABILITY 
The meaning of reliability cannot be associated with a 

single specific definition. The idea of power system 

reliability includes ability of the system to satisfy 

requirements of the customer. The two purposes of 

power system reliability studies - Long-term reliability 
and Short-term reliability evaluation. For this reason 

power system reliability assessment is divided into two 

basic aspects system adequacy and system security  The 

meaning of system adequacy is the existence of 

sufficient facilities within the system to satisfy the 

consumer load demand. On the other hand, system 

security relates to the ability of the system to cope with 

perturbations arising within it. Adequacy, therefore, 

involves steady-state post outage analysis of power 

systems, while security involves the analysis of both 

static and dynamic conditions. 

3.  RELIABILITY  WORTH  AND  

RELIABILITY  COST 
For maintaining a acceptable reliability level or to 

increase reliability it is necessary to increase the 

investment. Hence, reliability economics consider two 

aspects generally known as “reliability cost” and 

“reliability worth”. Reliability cost is considered to be 

the investment needed to achieve a certain reliability 

level where as reliability worth is considered to be the 

monetary benefit derived by the supplier and customer 
of such an investment. However, although the value of 

reliability cost is relatively easy to define, reliability 

worth is much more problematical since some cost are 

quantifiable in terms of  actual costs, while others are 

subjective and depend  on various qualitative factor 

such as inconvenience and irritation factor. The basic 

concept of reliability cost can be illustrated using the 

cost / reliability curves. From the curve  it is seen that 

utility costs will generally increases as consumers are 

provided with higher reliability. But as the reliability 

increases consumer costs associated with supply 



 

interruption will decreases. The sum of these two 

individual costs will give the total cost to society. This 

total cost exhibits a minimum point at which an 

“optimum” or target level of reliability is achieved. The 

two fundamental approaches to the system cost are 

implicit cost, explicit cost technique . In implicit cost 
technique, system  investment is driven by deterministic 

criteria or by fixed quantitative reliability indices 

selected on the basis of experience and judgment. This 

approach  implies that an  implicit socioeconomic cost 

is associated with the selection of reliability criterion. 

On the other hand, explicit cost technique incorporates 

reliability in the costing process by comparing the 

overall costs including the societal cost of unreliability. 

In both method , the cost are those incurred by the 

utility in each year of the time span considered and 

equated using present worth analysis. The LOEE or 

EENS is usually used as the index to link system 
unreliability with reliability worth. The explicit cost 

approach to reliability worth assessment can be used to 

provide valuable information in two major ways. 
 

 

           

                Figure 1: Total reliability cost curve 

 

4.  APPLICATION  OF  RELIABILITY 

WORTH  ASSESSMENT IN 

GENERATION  PLANNING 

The factors which have great impact on HLI adequacy 

are the installed capacity, generating unit availability 

and size, load profile, maintenance requirements, 

reserve margin, etc. System adequacy can be 

significantly increased by maintaining a higher reserve 

level, which results in increased installation cost and 

reduced supply interruption costs. Basic criteria, such as 

(LOLE) cannot be used to relate system adequacy to 

economic parameters such as customer cost due to 

supply interruptions. Indices such as EENS which 

recognize the severity associated with generation 
capacity deficiencies must be used. There is a growing 

interest in generation system expansion planning using 

economic theory approaches which simultaneously 

optimize system cost and customer failure cost.  It is a 

difficult task for the power system planners to maintain 

reasonable system reliability levels accompanied by 

minimizing the investment and operating costs. 

Judicious decision can be made by estimating the costs 

and the benefits associated with various levels of 
expansion and including the inherent uncertainties 

associated with system parameters. 

5.   RELIABILITY  WORTH  

ASSESSMENT  TECHNIQUES 

At present time , the most popular HL1 adequacy index 

is the LOLE. But it is difficult to link this index with 

customer outage cost to assess HL1 adequacy worth. 
LOEE or EENS is the most convenient index for this 

purpose. The economic value for energy loss can be 

calculated  using system CCDF. The monetary value 

associated with unserved energy has been designed as 

the IEAR. It is an important concept in generating 

system reliability assessment and is quite stable for a 
given generating system i.e it generally does not vary 

significantly when the system load level and other 

factors change. 

The equations used in this assessment are as follows- 

Expected energy not supplied (EENS) in Mwh/year 

      -------------------5.1 

 

Ci = load curtailment of load loss event i in Mw 

Fi = frequency of load loss event i in occ/year 

Di = duration of load loss event i in hrs 

N = total no of  load loss events  

Expected interruption cost (EIC) in k$/yr. 

   ------------------5.2 

W (Di) = customer damage function 

 

The Interrupted Energy Assessment Rate (IEAR) in 

$/kWh. 
 

   -------------5.3 

 

6.  EVALUATION  OF  RELIABILITY  

WORTH  OF GENERATING  SYSTEM 
 

6.1  Reliability Worth of  a Generating   

System  
 Let us consider a simple hypothetical generating 

system having five generating units with total installed 

capacity of 200 MW. The units exist in two states 

namely Up and Down. There are 32 states in the total 

system. The capacity model for the five unit 200 MW 

system is shown in Table-1.Assume the exposure factor 

e for this load condition is 0.5. 
 

            

 



 

Table-1: Load data of a Generating System 

  

Peak load level No. of occurrences 

165 8 

155 4 

 150 4 

146 4 

                                

 6.2  Application of  Single IEAR 

 The IEAR for a service is calculated as the ratio of the 

total cost and total LOEE. From some studies it is seen 

that IEAR is reasonably stable and does not very 

significantly with peak load or other operating 

condition. Using a single IEAR allows the analyst to 

simply determine the expected energy not supplied or 
LOEE for a given generating system and then convert it 

to expected interruption cost or reliability worth using 

relationship given below. The use of single IEAR for a 

wide range of studies considerably simplifies the 

process without introducing great inaccuracies.  

Expected customer interruption cost (ECOST) = 

(IEAR)*(LOEE) 

  

The application of single IEAR in reliability worth 

evaluation at HLI is illustrated using a simple 

generating system. Consider a simple five unit system, 

each unit of 40 MW with a forced outage rate (FOR) of 

0.01and a straight line load model with a peak load of 

170 MW and minimum load of 68 MW. The load 

model is shown in Figure 2. An expansion plan of 

adding 10 MW gas turbine is being considered with an 
annual fixed cost of $50/kW. In this analysis the annual 

fixed cost and the production cost associated with the 

existing 5-40 MW units is not considered. 

 
 

Figure 2:  Load model for 100 hours 

 

 
 
      Figure 3: Change in various costs with reserve margin

 

7.  RESULT  AND  DISCUSSION 
The generation of electric power comes under 

Hierarchal level 1 (HL1). So analytical technique for 

reliability assessment is used for this 5*40 MW 

generating system. To enhance reliability 5 new 

generating units having capacity 10 MW and fixed cost 

of $50/kW each are added to the existing system. By 

using the suitable reliability indices MATLAB 

programs are developed. The result obtained is 

tabulated below. The result given in Table-2 is shown 

graphically in Figure 3. It is evident that, while the 

investment cost increases with increased units, the 

outage cost decreases. The least cost reserve margin 

occurs with the addition of one 10 MW unit and at a 

reserve margin of  23.53. 

 

 

 

 

 

 

 

 



 

Table-2.: EENS and ECOST for the original system and additional 5-10 Mw unit

 
      

 

Situation 

Total 

capacity 

(Mw) 

Reserve 

margin 

(%) 

EENS 

(MW/hr) 

ECOST 

($M/yr) 

Fixed 

Cost 

($M/yr) 

Total 

Cost 

($M/yr) 

original 200 17.66 313.854 1.20206 0 1.20206 

add 1x 10 

MW 210 23.53 74.278 0.28449 0.5 0.78449 

add 2x 10 

MW 220 29.41 40.865 0.15651 1 1.15651 

add 3x 10 

MW 230 35.29 19.498 0.07468 1.5 1.57468 

add4x 10 

MW 240 41.18 6.294 0.02411 2 2.02411 

add 5x 10 

MW 250 47.06 1.176 0.0045 2.5 2.5045 

 

8.  REFERENCES
 

[1]  R. Billinton, “Evaluation of reliability 

worth in an electric power system”, 

Reliability Engineering and system safety, 

vol. 46,  no. 1, pp.15-23,1994. 

 

[2] R.  Billinton and  R. N. Allan, “Reliability 

Assessment of Large Electric Power 
Systems”,  Boston : Kluwer Academic 

Publishers, 1988. 

 

[3] R. Billinton,  J. Oteng- Adjei and  R. 

Ghajar, “Comparison of two alternate 

methods to establish an interrupted energy 

assessment rate”,  IEEE Trans Power 

systems, vol. 2, no. 3, pp.751, 1987 

 

[4] J. M. Rao, P.V.N. Prasad and G. 

Tulasiramdas, “Customer  outage cost  

evaluation  in electric power system”, 

ARPN Jrnl of Engineering and Applied 

Sciences., vol.5. no.8, pp.88-96, Aug. 
2010. 

 

 

 

 

 

 

 

[5] R Billinton, E Chan and G. Wacker, 

“Probability distribution approach to 

describe customer cost due to electric 

supply interruption”, IEEE Journal, vol. 

141, no. 6, pp. 594-598. 

 

[6] R. Shipley, A. Patton and J. Denison, 

“Power reliability cost vs. worth”, IEEE 
Trans. Power App. System, PAS-91, pp. 

2204-12, 1972. 

 

[7] R. Billinton and R. N. Allan, “Reliability 

Evaluation of Power Systems”, Second 

Edition, 1996, Springer Publisher. 

  

[8] R. Billinton and Li. Wenyuan, “Reliability 

Assessment of Electric Power Systems 

Using Monte Carlo Methods”, 1994., 

Kluwer Academic/Plenum Publishers,. 


