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The reliability of the electric power system is becom- 
ing an increasingly important issue for utility planners 
because of the recent increase in load demand growth 
and the limited amount of new generation that is cur- 
rently planned. 

The primary function of an electric utility is to  pro- 
vide energy to  satisfy the system load demand as 
economical ly  as poss ib l e  while  maintaining a 
reasonable level of reliability. If a utility has no inter- 
connections to  outside systems and operates in a total- 
ly isolated environment, the only options available for 
maintaining system reliability are to  upgrade existing 
equipment or  to  add new generating units and transmis- 
sion facilities. If a utility has ties to  neighboring sys- 
tems, which is usually the case, it will rely on these 
systems t o  provide some of the reserves needed for 
reliability. This sharing of reserves takes advantage of 
the load and outage diversities that may exist between 
neighboring systems, and allows each utility to  main- 
tain the desired level of reliability with lower installed 
reserves compared to  isolated operation. The result is 
reduced reserve costs. 

In the past, calculating the reliabilityof asystem with 
many interconnected areas has been difficult due to  the 
lack of accurate and efficient computer models. Most of 
the system reliability models currently used are based 
on the traditional analytical approach of convolving the 
generation outages with the loads to  determine an ex- 
pected number of outages per year. While this techni- 
que works well for single-area systems, it requires 
excessive computation time when expanded to  several 
a r e a s .  Modeling a mult i -area s y s t e m  within a 
reasonable  amoun t  of compute r  t ime mandates  
numerous approximations and assumptions; these can 
often lead to inaccurate results. 

Monte Carlo Simulation 
for Reliability Evaluation 

The Monte Carlo approach to  reliability evaluation 
avoids these problems. It provides a detailed and ac- 
curate modeling of the system with computer running 

* Power Systems Engineering Department, GE Industrial and Power 
Systems, Schenectady, New York 

times that are significantly less than those of other 
methods for studying multi-area systems. 

In a Monte Carlo simulation, a series of scenarios or  
snapshots of the system is obtained by hourly random 
drawings on the status of each generating unit and 
transmission link and determining the hourly load 
demand.  The desired capacity margins or  other  
measures of performance are calculated for the hour, 
with the process repeated for the  remaining hours in 
the year. Annual indices are calculated from the year’s 
accumulation of data  generated by the simulation 
process. The year continues to  be simulated, with new 
sets of random events, until obtaining statistical con- 
vergence of the desired indices. 

There are two types of Monte Carlo simulation ap- 
proaches: 

Nonsequential 
Sequential. 

Rather than progressing through time chronological- 
ly or  sequentially, a nonsequential simulation process 
considers each hour to be independent of every other 
hour. Consequently, nonsequential simulation cannot 
accurately model issues that involve time correlations. 
The re fo re ,  t h e  model ing of unp lanned  o u t a g e  
postponements or  unit starting failures and the calcula- 
tion of time-related indices, such as frequency and 
duration, are impossible with this technique. 

A sequentialsimulation, however, steps through time 
chronologically, recognizing that the status of a piece 
of equipment is not independent of its status in ad- 
jacent hours. Equipment forced outages, for example, 
are modeled by taking the equipment out of service for 
contiguous hours, with the length of the outage period 
determined from the equipment’s mean time to  repair. 
The sequential simulation can model any issues of con- 
cern that involve time correlations and can be used to  
calculate indices such as frequency and duration. 

The Multi-Area Reliability Simulation (MARS) pro- 
gram is based on a sequential Monte Carlo simulation. 
The first phase of the  program was funded by the 
Empire State Electric Energy Research Corporation 
(ESEERCO) to  enable New York State utilities to  analyze 
comprehensively the reliability of the interconnected 
electric power generation system in New York and 
neighboring areas. The version of the  program current- 
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Figure 3 .  Comparative running times 

Figure 4 gives a good indication of the computer time as 
a function of the interconnected system size by showing 
the relative computer time versus the number of areas 
studied for the two different modeling techniques. 

With Monte Carlo simulation. the computer time for a 
single replication is approximately proportional to the 
total number of generating units. and only slightly a func- 
tion of the number of areas arid interconnections. How- 
ever, the number of replications required for statistical 
convergence is affected by the reliability of the system: in 
general. the more reliable the system. the greater the 
amount of simulated history that is required for stable 
statistical results. This is offset by the fact that the need 
for accuracy is most important for unreliable systems. 
Generally. it makes little difference i f  the system expects 
an outage every 100 years or one every 200 years. How- 
ever. it is important to know if  there will lie 10 outages per 
year or 20 outages per year. 

The nature of the system being studied also influences 
the rate of convergence. Large systems that are not 
dominated by the status of a few large generators tend t o  
converge after fewer replications than sinaller sys t em 
that are similarly doniinated. This is true because the 
reliability performance of a large. finelv-divided system 
has little variation from year to year. compared to a 
system with relatively few generating units. As a result. 
the cornputer time required for convergelice of the 
reliability measures is roughly the same for sinall and 
large systems. Consequently. Monte Carlo simulation 
tends to lie inore computer-time effective than the analyti- 
cal methods for large systems. 

The large system used in the example was composed 
of 15 areas and 1,100 generating units. Forced outages 
were iiiodeletl with up to four capacity states for each 
unit. I n  addition to calculating daily LOLE, the program 
also calculated hourly LOLE, unserved energy (LOEE) and 
frequency and duration. The impact of emergency operat- 
ing procedures was calculated at 10 different margin 
states. The Pool 1 LOLE converged to a standard error of 
8 percent in  55 CPU minutes on a VAX mini-computer. 
Operation on an IBM mainframe would be about five times 
faster. 

Summary 
Monte Carlo simulation is an effective method for cal- 

culating the reliability of systems that consist of five or 
more interconnected areas. In addition to being able to 
study systems that previously could not be represented 
in detail because of the excessive computer running time 
of existing models, the Monte Carlo simulation provides 
additional information on the reliability measures in the 
form of the probability distributions. Results obtained 
from the sample system indicate the importance of in- 
cluding the benefits derived from the utility’s intercon- 
nections with neighboring systems in the reliability 
evaluation. 
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