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Abstract: As technologically advanced distribution system operates economically with 

high rate of availability of the system, it is essential to integrate the analysis of systems 

reliability and availability into the process of planning and designing the structure of a 

transmission system. This paper discusses the availability modeling and analysis in 

distribution lines. From the data analysis, it was found that Markov model becomes right 

choice to carry out the investigation.  The study involves live case of Goa Electricity 

Department. The Markovian state transition matrix involved in stochastic modeling has 

been solved by developing algorithm which is in turn coded in MATLAB 7.0. A 

Simulation model was developed and analyzed in GPSS World. The model was applied to 

a live case.  Appropriate result and discussion carried out with sensitivity analysis are 

presented in the paper.  
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1.     Introduction 

    Stochastic demands of customer for reliable power are dynamic. The energy demanded 

by customer for industrial applications is not only more, but expected to be supplied at 

increasing levels of service reliability. A sustained interruption can cost phenomenal in 

certain industrial cases [1]. In some cases even a temporary interruption can cause 

computer systems to crash and industrial processes to be ruined. To many customers with 

sensitive electric loads, reliability as well as the cost of energy may drive decisions such 

as: where a new plant is to be located, whether an existing plant will be relocated, or 

whether a switch to a new energy provider will be pursued. 

    Since a majority of customer reliability problems stem from distribution systems [2], 

utilities must focus on distribution systems if substantial improvement in customer 

reliability are to be gained. Large, complex, highly reliable, repairable systems have been 

increasingly seen in the new era of digital world. Therefore combinatorial models such as 

Reliability Block Diagrams (RBD) cannot be used to configure and capture these complex 

dependencies.  This forces the analysts and practitioners to devise different approaches. 

This motivated the authors to use Markov models and analyzing them using simulation.  

Notation  

A (∞)  : Steady state availability  

GPSS  : General purpose simulation system 
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MTBF  : Mean time between failures 

MTBR : Mean time between repairs 

pi (∞) : steady state probability that the system is in i
th

 state  

µi   : Repair rate of line i  

λi    : Failure rate of line i  

INR  : Indian Rupees 

1.1   Problem on Hand 

Goa Electricity Department basically caters to its state customers through power buy from 

neighboring states and distributing the same. Hence the transmission and distribution of 

power assumes enormous importance for the survival of the department. The 110 kV is a 

vital link of distribution network of Goa Electricity Department. It consists of six 110 kV 

feeders. The department often feels that the poor management of power transmission and 

distribution, the state of Goa experiences significant losses, in the form of: Monetary and 

Societal inconvenience. Societal inconvenience is basically caused to the consumers of 

major substations in Goa, who are primarily large public works, hospitality and 

manufacturing Industries. Hence, a need was felt to analyze the 110 kV Level distribution 

network in Goa.  

2.     Literature Survey 

Balkrishna [3] dealt with the application of simulation models to evaluate maintenance 

policies for an automated production line in a steel rolling mill. The production line is a 

multistage transfer machine that converts black wire reel stock into ground and polished 

steel rods of standard length using multistage processing. The study focused attention on 

combining maintenance actions for various subsystems to achieve economies of joint 

maintenance. Milanovic and Gupta [4] developed a methodology for the stochastic 

assessment of the annual financial losses due to interruptions and voltage sags. The 

methodology is illustrated on a generic realistic distribution network with all relevant 

network components modeled appropriately. Different network topologies are also 

compared taking into account of total financial losses in the network. It is shown that the 

inclusion of the financial losses due to voltage sags that may account for up to about 20% 

of the interruption costs may alter the network topology ranking. 

    Wiechman et al [5] discussed typical distribution system’s quality problems and 

solutions. A generalized expression is obtained and used to estimate neutral to ground 

potential that affects sensitive loads. Overall performance indices regarding reliability and 

power quality are estimated for four distribution schemes. Power quality issues are 

supported by experimental measurements in a critical nonlinear load distribution system. 

    James and Wendai [6] emphasized that with the explosive growth of the e-world, comes 

a continuously increased demand for extremely reliable electricity from data centers and 

server farms. They operate on a non-stop basis, 24 hours by 7 days through out the year. 

Therefore, clean power is a basic requirement. Extremely high availability is desired, five 

9’s (i.e. 0.99999) or even six 9’s, comparing to current two or three 9’s power coming 

from a utility grid. 

3.     System Description 

The 110 kV is a vital link of distribution network of Goa Electricity Department. It 

consists of six 110 kV feeders.  These feeders are named as: 

• 110 kV Tivim-1 and 2 feeder feeding Tivim & Kadamba substation. 



Markov Model and Simulation Analysis on 110 kV Transmission Lines: A Case 

 

 

285

• 110 kV Xeldem-1 and 2 feeders, feeding Xeldem and Verna substations and 

industrial loads of  Marmugao Steel Limited, Chandor and Mandovi Pellets Ltd, 

Shiroda. 

• 110 kV MRF and Binani feeder feeding MRF and Binani. 

 The current carrying capacity of Tivim, MRF, Xeldem lines are 435, 450 and 310 amps 

respectively. These 110 kV lines work 24 x 7 hours a day. When the feeder is faulty, the 

fault is identified and repair is undertaken. The fault locating and repair work is 

undertaken during day time only. There are two repair crews available to attend the fault 

of these six lines. 

3.1   Effect of Failure of 110 kV Lines 

The importance of 110 kV feeder network in Goa is discussed here: 110 kV feeders MRF 

and Binani feeders are feeding major Industries like the MRF and Binani.110 kV Tivim-1 

& 2 feeders are feeding Kadamba Substation, which in turn feeds the capital city of Goa 

Panaji and surrounding places. Hence the importance of this feeder is immense.110 kV 

Xeldem -1 & 2 feeders are feeding industrial giants like MPL and MSL. It also feeds 

Verna Substation, which in turn feeds Verna Electronic City and part of Margao City. The 

above points stress the importance of 110 kV feeders in Goa power network. The above 

mentioned are the primary goals of these feeders, but, the secondary goal is to provide 

backup network because these feeders provide interconnection between major extra high 

voltage substation of Goa, i.e. Ponda, Tivim, Xeldem, Verna and Kadamba Substation. In 

extreme emergency condition like the grid failure, the vital loads of major cities and 

important installations like the water works will be fed by this interconnection 

4.    Data Analysis and Markov Model 

The field data collected from the substation is to be processed by putting under data 

analyzes. To this effect an algorithm is coded in MATLAB 7.0 and duly implemented. 

The program provides the following pertinent information: 

• The distributions of failure and repair times are found to be exponential with 5% 

significance. 

• Failure  and repair rates of 110 kV Tivim 1 and 2 are 0.000993/hr and 0.1382/hr 

respectively 

• Failure and repair rates of 110 kV Xeldem 1 and 2 are 0.000474/hr and 0.137/hr 

respectively 

• Failure and repair rates of 110 kV MRF and Binanni  are 0.000474/hr and 

0.3435/hr respectively 

From these results, the entire stochastic phenomenon can be modeled as a Markov model 

[7]. The modeling of 110 kV feeders is a single unit system and hence will have two states 

up and down states. Obtaining state transition matrix [8] and solving gave the following 

results: 

• Steady state Availability of 110 kV Tivim -1 and 2 lines = 0.9928 

• Steady Availability of 110 kV Xeldem -1 and 2 lines = 0.9966 

• Steady Availability of 110 kV Binani and MRF lines = 0.9984 

5.    Simulation Approach 

System simulation is defined as the technique of solving problems by observation of 

performance, over time, of a dynamic model of the system [9]. The behavior to be 

simulated is the fault repair process of the six 110 kV lines of Goa Electricity Department. 
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There are two repair crews for these lines. The objective of the simulation is to obtain the 

queue statistics on the repair phenomenon, maintenance statistics, and their sensitivity 

analysis. This dynamics of the system can be modeled as a flow of transactions through 

block, hence process oriented approach is implemented using GPSS. The transactions 

generated, flow through the network of blocks, and are destroyed on exit [10]. In these 

blocks the transaction may be delayed, processed and passed on to other blocks. Blocks 

are in program represented by statements that perform the activities of the model. The 

system is simulated by recording movement of entity inside the blocks. The system 

simulated by recording movement of entity inside the blocks. In a computer system we 

use the power of computer to carry out simulation experiments [11]. The process of 

generating a fault is represented by a transaction. This transaction will be attended 

immediately if the fault crew is available, else, it will wait in queue. The time for failure 

and repair the fault is represented by exponential distribution with the parameters 

estimated earlier. As the maintenance crew is only two, it appropriately represented by 

storages. There are queues for individual feeders to represent the queue statistics of 

individual feeders, plus, a queue is called all jobs to represent the statistics of all jobs.  

5.1   Pilot Run and the Simulation Experiment 

As a current practice maintenance work is not carried out at night, to bring this activity in 

the model a logic switch is used, which is blocked during night and released during day. 

As a part of validation of simulation model, the queue statistics is observed for a nominal 

value of repair time and for a high value of repair time. The model has been run with 

repair time of 0.1 and LOGIC switch put on. The following results are obtained. Entry 

count and ENTRY (0) of the entire queue are equal and all other average statistics are 

zero. Similarly when the model has been run for large value of repair time around 3000 

the queue statistics of all jobs, ENTRY, ENTRY(0), AVE.CONT., AVE.TIME, AVE.(-0) 

are found to be: 8636, 0, 3546.680, 985645.461, 985645.461. These values were 

expected as the value 3000 repair time was much higher than time to failure, hence, the 

value of entry (0) was 0 and this led to AVE.TIME and AVE.(0) to be equal. Thus, the 

model constructed is validated. 

Table 1: Results from GPSS Program 
QUEUE              MAX CONT. ENTRY ENTRY(0) AVE.CONT. AVE.TIME   AVE.(-0) 

RETRY 

 TIVIM1              2    0   1569    650     0.004      4.152      7.089    

 TIVIM2              2    0   1506    644     0.004      4.140      7.233    

 XELDEM1             2    0    698    277     0.002      4.062      6.735    

 XELDEM2             2    0    688    277     0.002      4.233      7.086    

 MRF                 2    0    878    357     0.002      4.146      6.986    

 BINANI              2    0    861    371     0.002      4.061      7.135    

 ALLJOBS             4    0   6200   2576     0.017      4.134      7.073    

STORAGE            CAP. REM. MIN. MAX.  ENTRIES AVL.  AVE.C. UTIL. RETRY 

DELAY 

 MAINTENANCE         2    2   0     2     6200   1    0.025  0.012    0     

Before running the simulation experiment, it is intended to finalize the number of runs. 

The objective of the simulation is to determine mean queue length of all jobs for repair.  

Hence, the error is fixed at ± 5%. The formula for computing the number of runs [12], 
2
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deviation, S is found to be 4.821 and t 99,.005 = 2.617. Accordingly Nreq works out to be    

63671 runs. The minimum number of runs required is 63671. The simulation model is run 

and results are obtained are tabulated in Table 1.  

5.2   Results and Discussion  

The results indicated that the average waiting time of a job in queue is 4.134 hours .The 

probability that job need not wait in queue is 41.5%. The Average time after subtracting 

zero entry is 7.073 hrs. The probability that jobs have wait is 58.5%. The utilization of 

maintenance crew is just 1.2% in other words the maintenance staff is unutilized for 

98.8%. The frequency distribution of all jobs statistics is given in Table 2. 

Table 2: Summary Job Statistics  

Time in hours                  Frequency         Cumm% 

t = 0                                        2576              41.55 

0 < t ≤5                                   1296               62.45 

5  <t ≤ 10                                 1273               82.98 

10 < t ≤ 15                                1037               99.71 

15 < t ≤ 20                                18                  100.00 
 

5.2.1 Effect of Increasing the number of Repair Crews 

The existing maintenance crew with the Goa Electricity Department is two numbers. Here 

the system would be modeled by increasing the maintenance crew to 6.The following 

results is tabulated in Table 3. 

Table 3: Results from GPSS Program 

 QUEUE              MAX CONT. ENTRY ENTRY(0) AVE.CONT. AVE.TIME   AVE.(-0) 
RETRY 

 TIVIM1              2    0   1569    650     0.004      4.152      7.089    

 TIVIM2              2    0   1506    644     0.004      4.140      7.233    

 XELDEM1             2    0    698    278     0.002      4.059      6.746    

 XELDEM2             2    0    688    279     0.002      4.217      7.094    

 MRF                 2    0    878    357     0.002      4.146      6.986    

 BINANI              2    0    861    371     0.002      4.061      7.135    

 ALLJOBS             4    0   6200   2579     0.017      4.132      7.076    

STORAGE            CAP. REM. MIN. MAX.  ENTRIES AVL.  AVE.C. UTIL. RETRY 

DELAY 

 MAINTENANCE         6    6   0     4     6200   1    0.025  0.004    0     

The interpretation of above results is the average time the job has to wait in queue is 4.132 

hours. The probability that job need not wait in queue is 41.6%. The Average time after 

subtracting zero entry is 7.076 hrs. The probability that jobs have to wait is 58.4%. The 

utilization of maintenance crew is just 0.4% in other words the maintenance staff is 

unutilized for 99.6%. The results shows very negligible reduction in waiting time for the 

queue and the utilization of the maintenance crew comes down even further. Hence it is 

concluded that the option of increasing repair crew will not reduce the average wait time 

for the feeders for repairs. 

5.2.2 Effect of Reducing Repair Time 

It is assumed that the repair time is optimized and there is reduction of around 50%. The 

interpretation of results shown in Table 4 the average time the job has to wait in queue is 

4.133 hours .The probability that job need not wait in queue is 41.58%. The Average time 
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after subtracting zero entry is 7.075 hours. The probability that jobs have wait is 

58.42%. The utilization of maintenance crew is just 1.4% in other words the maintenance 

staff is unutilized for 88.6%. The results shows very negligible reduction in waiting time 

for the queue and the utilization of the maintenance crew comes down even further. Hence 

it is concluded that the option of reduction in repair time by investing in new technology 

etc. will not bring in marked reduction in the average wait time for the feeders for repairs. 

Table 4: Results from GPSS Program 

 QUEUE              MAX CONT. ENTRY ENTRY(0) AVE.CONT. AVE.TIME   AVE.(-0) 

RETRY 

 TIVIM1              2    0   1569    650     0.004      4.152      7.089    

 TIVIM2              2    0   1506    644     0.004      4.140      7.233    

 XELDEM1             2    0    698    278     0.002      4.060      6.748    

 XELDEM2             2    0    688    278     0.002      4.221      7.082    

 MRF                 2    0    878    357     0.002      4.146      6.986    

 BINANI              2    0    861    371     0.002      4.061      7.135    

 ALLJOBS             4    0   6200   2578     0.017      4.133      7.075    

STORAGE            CAP. REM. MIN. MAX.  ENTRIES AVL.  AVE.C. UTIL. RETRY 

DELAY 

 MAINTENANCE         2    2   0     2     6200   1    0.014  0.007    0     

 

5.2.3 Effect of Increasing Availability of Repair Crew 

In the existing model, the repair activities are done only during day time i.e. between 8 am 

to 6 pm. As the utilization of repair crew is just 1.4%, by better human resource policies if 

the availability of repair crew is round the clock. The interpretation of above results 

mentioned in Table 5, is the average time the job has to wait in queue is 0.188 hours .The 

probability that job need not wait in queue is 97.4%. The Average time after subtracting 

zero entry is 5.0425 hours. 

    The probability that jobs have wait is 2.6%. The utilization of maintenance crew is 

just 2.4% in other words the maintenance staff is unutilized for 97.6%. The results shows 

very huge reduction in waiting time for the queue and the probability that the job has to 

wait in queue is just 2.6%. 
 

 Table 5: Results from GPSS Program 

QUEUE              MAX CONT. ENTRY ENTRY(0) AVE.CONT. AVE.TIME   AVE.(-0) 

RETRY 

 TIVIM1              2    0   1482   1430     0.000      0.244      6.967    

 TIVIM2              1    0   1527   1491     0.000      0.145      6.159    

 XELDEM1             1    0    737    717     0.000      0.251      9.266    

 XELDEM2             1    0    717    694     0.000      0.185      5.754    

 MRF                 1    0    852    834     0.000      0.168      7.944    

 BINANI              1    0    872    854     0.000      0.133      6.425    

 ALLJOBS             3    0   6187   6020     0.001      0.188      6.948    

 

 STORAGE            CAP. REM. MIN. MAX.  ENTRIES AVL.  AVE.C. UTIL. RETRY   

DELAY 

 MAINTENANCE         1    1   0     1     6187   1    0.024  0.024    0     

5.2.4 Financial Implications 

The financial implications for having repair crews round the clock are explored here. 

From data it is known that MRF & Binani feeders = 9 faults in 16055.24 hrs., Xeldem 1 & 

2 Feeders = 13 faults in 27429.12 hrs, Tivim -1 & 2 Feeders = 12 faults in12086.13, Prob 
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(at least one fault in a month MRF & Binani feeders) = 0.332093. Similarly for other 

feeders the values are found to be 0.2891 and 0.51074. Prob (job has to wait in queue) = 

0.584 as per simulation. Prob (Binani /MRF feeder is faulty in a month and job has to 

wait) = P(at least one fault on feeder in a month ) *P(job has to wait) = 0.19374. Similarly 

for other cases, 0.168660 and 0.2979 

Average monthly consumption on the feeders,     

a) MRF and Binani feeder – Average consumption in 165 lakhs INR per month 

b) Xeldem -1 – MPL – Average consumption 190 lakhs INR per month    

        Verna S/S (2*40MVA) – Average Consumption 1000 lakhs INR per month 

c) Xeldem -2  - MSL- Average Consumption 200 lakhs INR per month  

d) Tivim -1 and 2 Feeders  - Average Consumption of 1000 lakhs INR per month   

Average time to wait (-zero entry) for the feeders = 7 hrs. The following profit can be had 

by the Electricity Department in a month, with corresponding probability: 

MRF feeder = 1, 60,419 INR with probability = 0.2, Binani feeder = 160,419 INR  with 

probability = 0.2, Tivim -1 and 2  feeder =9, 72,223 INR with probability = 0.3, 

Xeldem -1 feeder = 11, 56,946 INR with probability = 0.17, Xeldem -2 feeder = 1, 94,446  

INR with probability = 0.17 

6.    Conclusions 

From the above analysis, the cost of adding additional maintenance crew will be around 

Rs.2 lakhs per month (one lakh is 0.1 million). It should also be noted that utilization of 

the maintenance staff is just 2.4%. Hence increasing the availability by adding repair crew 

is not advocated. In order to obtain round the clock availability of repair crews, it is 

recommended to utilize, the existing repair crews, with better human resource policies in 

the following ways, 
 

1) Instead of both crew working simultaneously from 8:00am to 6:00pm hrs. It is 

recommended to have one repair crew from 8:00 to 16:00 hrs, other repair crew 

from 16:00 to 00:00 hrs. From 00:00 to 8:00 hrs, the maintenance should be 

carried by utilizing existing shift operational staff for fault attending during night 

hours.  

2) Giving special monetary benefits will give better results as most of the staff is 

residing in quarters which are around 1 km from place of work.  

3) Use for artificial portable lighting system for fault locating & attending during 

night hour’s. The fixed investment; cost of Rs.2 lakhs will be required for this. 

As it is one time investment, this cost will break even in six months time.  
 

The above recommendation will increase the profit of 26,44,453 INR to the department 

and reduce a lot of inconvenience to society and Industry at large. The initial investment 

costs of 2 lakhs INR are needed for improving artificial portable lightning system and 5, 

000 INR as incentives per fault.          
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