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     Abstract - In a developing country like India, necessary power infra structure has to be ramped up to meet the growing demand 
for power. Expansion of Transmission Network is an integral element in supplying power to the needy regions. Lack of 
transmission capacity in Tamilnadu in some areas, it is not able to evacuate wind energy to its full extent. In this paper, a multi 
objective function is incorporated which includes economic criteria as well as technical and adequacy criteria. Usually Economic 
criteria include the investment cost, the maintenance cost and the operation cost but due to market conditions it also includes cost 
escalation due to project delay, cost escalation due to inflation and cost escalation due to Right of Way. In this paper an approach 
for Transmission Expansion Planning (TEP) is formulated by introducing a Transmission Planning Index (TPI). TPI is formulated 
as a multi-objective function and optimized using different methods like Backward Search (BS), Forward Search (FS), Hybrid 
Search (HS), Genetic Algorithms (GA) and Bacterial Foraging Optimization Algorithm (BFOA). The proposed approach is 
validated by performing TEP for 133 Bus TNS (Tamil Nadu System). Congestion cost also evaluated for the different scenarios in 
this paper.  
     
     Keywords - Transmission Expansion Planning, GA, BFOA, EENS, EDNS, PLC, TPI, cost of line addition, cost escalation due to 
project delay, Right of Way and Inflation, congestion cost,  length of line addition. 
 
 

I. INTRODUCTION 
 

     Electricity has become an essential commodity which 
defines the economic prosperity of a nation. Availability 
of electric power has influenced the development of a 
society and has served as an index for its growth. 
Evacuation of generated power has turned out to be a 
much bigger problem than generation of power in country 
like India. According to the Central Electricity Authority 
(CEA) load generation balance report, various power 
producers lost around 1.93 billion units of generation due 
to transmission capacity non availability or transmission 
bottlenecks [1]. The loss to the nation’s GDP owing to 
power shortages during the period 2012-13 alone is 
around 68 billion $, which is roughly around 0.4% of 
nation’s GDP [1]. Between 10th and 11th five year plan 
period the generation capacity of the nation has grown by 
around by 51% where the transmission capacity has 
increased by approximately 27% [1]. On one hand there is 
a rapid growth of generation capacity while the 
transmission capacity could not be augmented to cope up 
with the increase in generation. From the above figure it 
can be observed that the growth in generation and 
expansion are not proportional. It can be inferred from the 
figure that the during the 11th Plan period the gap is 
around 24 %.  While the generation capacity has seen an 
increase of 51 % the transmission capacity has been 
augmented only by 27%.So, Transmission Expansion 
Planning can no longer be a centralized and a coordinated 
activity. Also adaptation of open access will allow the 
user to choose from all available transmission lines. 
Under such a scenario there will be a rapid rise in the 
demand side capacity leading to further aggravation of the 

problem, if the transmission capacity is not increased 
adequately. All these facts points to the necessity of 
having Transmission Expansion Planning that is 
comprehensive in its approach accounting for various 
stakeholders, the needs and system limitations.  
     Infrastructure plays a paramount role in the economic 
growth of a country. Infrastructure investments in India 
have been growing on a consistent basis [2]. In each five 
year plan the government sets an ambitious target which 
is higher than the previous one.  Although the sector is 
considered to be a key driver of economic growth, time 
and cost overruns threaten to limit the sector’s potential to 
help achieve the desired growth and ensure efficient 
capital expenditure [3]. 
     Reasons for project time overruns across project 
lifecycle in country like India are due to Pre-planning, 
Planning and design, execution and Monitoring and 
Closure and handover [3]. 
     The reasons for project time overruns due to pre-
planning are [3]:  
 Delay in regulatory approvals.  
 Unavailability/delayed availability of funds. 
 Land/site handover. 
 Lack of project managers/commercial managers with 

adequate planning skills. 
 Lack of cost managers. 
 Lack of safety officers/environmental practitioners. 
     The reasons for project time overruns due to Planning 
and design are [3]:  
 Lack of strong R&R policies. 
 Ineffective procurement planning. 
 Design/scope change. 
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 Delay in regulatory approvals. 
 Delay in decision making. 
 Lack of planning engineer/commercial managers. 
 Lack of liaison officer or planning engineer. 
     The reasons for project time overruns due to execution 
and Monitoring are [3]:  
 Weak/ineffective project planning & monitoring. 
 Contractual disputes. 
 Unavailability/delayed availability of funds. 
 Lack of strong R&R policies. 
 Delay land/site handover. 
 Lack of project managers/site managers/planning 

Engineers /quantity supervisors. 
 Lack of awareness modern equipment & Technology. 
 Lack of liaison officer and commercial officers. 
     The reasons for project time overruns due to Closure 
and handover are [3]:  
 Pre-commissioning teething troubles. 
 Contractual disputes. 
 Lack of commissioning, project and site managers, 

audit and total quality management professionals. 
     The above mentioned reasons are lead to cost 
escalation due to project delay, inflation, Right of Way 
and congestion. 

 
II. LITERATURE SURVEY 

 
     Tachikawaet al. [4] described the transmission line 
bottlenecks by injecting the maximum power to a 
particular bus and examined a probabilistic load flow to 
consider characteristics of load change and line fault 
occurrences. A. K. David et al. [5] briefly discussed 
various points related to Transmission Planning in a 
deregulated market considering new challenges, 
management, regulation, investment and cost recovery. G. 
Latorre et al. [6] presented the models available in 
literature based on method, planning horizon and 
competitive schemes in power sector for Transmission 
Expansion Planning. M. Oloomi Buygi et al. [7] proposed 
different Transmission Planning methods and discussed 
non-deterministic Transmission Expansion Planning in 
deregulated power systems. T. Majid Oloomi Buygi et al. 
[8] explained a method for Transmission Expansion 
Planning by considering new objectives and uncertainties 
in deregulated power systems. MF de oliveira et al. [9] 
described analysis of electric power sector deregulation in 
developed and developing countries. Lee, C.W et al. [10] 
has classified algorithms for Transmission Expansion 
Planning in regulated and deregulated environment. F.F 
Wu et al. [11] briefly explained theoretical and practical 
advances in transmission investment and transmission 
planning methodology. Gu Y et al. [12] proposed a 
Transmission Expansion Plan which considered the 
objectives of traditional reliability based model and 
economic Transmission planning model. Jaeseok Choi et 

al. [13] presented a methodology for choosing the best 
Transmission Plan by considering various types of 
security constraints. R. Fang et al. [14] proposed a novel 
strategy for Transmission Expansion Planning in a 
competitive environment. They employed a market driven 
power flow analysis to minimize the risk of a specific 
plan. They used numerical examples to illustrate the 
potential of the proposed strategy. Hosseini SMA et al. 
[15] explained an objective for Transmission Expansion 
to minimize the expected value of interruption cost. 
Molina JD et al. [16] elucidated a Transmission 
Expansion game model which has four main elements like 
generation transmission expansion plan scenario, 
valuation of the project, optimal value of a risky investors 
profile and transmission cost allocation with wind energy. 
Barbulescu C et al. [17] developed a Transmission 
Expansion Planning approach based on original 
mathematical model for deregulated environment.  
 

III. PROBLEM FORMULATION 
 

     In this work, technical criteria is modeled and 

evaluated along with the economic criteria to 

formulate a Transmission Planning Index (TPI) that 

helps to choose a specific expansion plan. The multi 

objective function is as given below [18]: 

 

           (1) 

Where, WC, WP, WR, WF, WD, WL are weighting factors 
for cost, voltage profile index, line loading index, 
Expected Energy Not Supplied , Expected Demand Not 
Supplied and Probability of Load Curtailment Indices. 
WC+ WP +WR+WF +WD+ WL = 1, the above weights 
serves to accommodate the preferences and significance 
each criteria has to be given by a planner based on his / 
her needs. The plan that is having the lowest possible 
target value will be chosen as the final expansion plan. 
     The economic considerations include the investment 
cost, the maintenance cost and the operation cost. Various 
costs involved can be formulated in the form of 
mathematical function [18]: 

 
     Where, 

   The total cost of plan x 
   Total investment cost. 
  Maintenance cost of plan x 
    Operational cost. 

T     :    the horizontal years of planning. 
     Technical criteria like Voltage Profile Index (PI), Line 
Loading Index (LI), and Expected Energy Not Supplied 
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(EENS) Index are considered in this paper. The adequacy 
of the proposed plan is analyzed with the help of 
adequacy indices like Expected Demand Not Supplied 
(EDNS) and Probability of Load Curtailment (PLC) [18]. 
     The Voltage Profile Index (PI) can be given as:  

 

 
 

     Where, 
PI      : voltage profile index 

 Voltage profile index when bus voltage falls below 
0.95 

 Voltage profile index when bus voltage rises above 
1.05 

 The voltage magnitude of  bus  
 A set of bus with allowable voltage at each bus, 

typically 0.95 Pu 
A set of bus with allowable voltage at each bus, 

typically 1.05 Pu 
     The Line Loading Index (LI) for overall system is: 

 
     Where,  
LI      : Line loading index 

 The current magnitude of branch 

The maximum current magnitude of branch 

SB     : Set of branches with current over 80% 
     The Expected Energy Not Supplied (EENS) Index for 
overall system can be defined as:  

 
     Where, 

: The load curtailment at bus i or the load not supplied 
at an isolated bus i 

: The frequency of occurrence of outage k at bus i 
: The duration in hours of the load curtailment 

     The Expected Demand Not Supplied (EDNS) can be 
defined as: 

 
     Where, 

(MW) :System load curtailment 
(hr)    : Duration for system state l 

Nl          : Number of load curtailment system states 
TD(hr)   : Sum of the durations of all system states in a 
long system  state transition sequence 

     The probability of load Curtailment is given by the 
index: 

 
     Where, 

(hr) : Duration for system state l 
Nl : Number of load curtailment system states 
TD(hr) : Sum of the durations of all system states in a 
long system  state transition sequence. 
     The multi objective function has to be optimized by 
taking the following constraints into consideration [16].  

 Power Flow Node Balance 
 Power Flow Limit on Transmission Lines  
 Power Generation Limit  
 Right of Way 
 Bus Voltage Phase Angle Limit  

Contingencies considered in this paper are: 
 Generator Outage  
 Transmission line outage  
 Load uncertainties  

 
IV. ALTERATION OF COST FUNCTION 

 
     The following cost functions are included in addition 
to the existing factors in the cost function represented by 
equation (2), they are: 
 
1. Cost Escalation due to Project Delay: The Cost 

Escalation due to Project Delay is appreciated as 7% 
of the total cost of expansion [3]. 

2. Cost Escalation due to Inflation: In the field of long 
term transmission expansion planning, it is vital to 
consider in the cost rise in Inflation. In this paper, 
Inflationary weight is considered to be 5% for every 
year of planning horizon [3]. 

3. Cost Escalation due to Right of Way: Issues 
involved in land acquisition that consist of 
environmental clearance, forest clearance and 
acquisition of private land are major uncertain 
blocks in any infrastructure related projects. This 
problem is further intricate in the case of 
transmission lines and adds significant delay in 
commissioning of new transmission lines. The cost 
escalation due to Right of Way is considered to be 
10% of the expansion cost [3].   

4. Congestion Cost: Insufficient transmission capacity 
can lead to loss both to the consumers as well as 
generating units. If a transmission line is crowded 
power utilities have to buy power at higher prices 
which will be ultimately transferred on to the 
consumers. A congested transmission network 
reduces its ability to transferring of power from 
generating units located in power surplus regions to 
the power deficit regions. This may effect in forcing 
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the power generating units to sell the power locally 
at a much reduced price when compared to the 
power sold for the power deficit regions. The 
congestion cost is considered to be at Rupees 3.5 per 
unit [2].   

 
     The cost function explained by equation (2) is 
properly altered by adding the above mentioned 
parameters and is: 
  

 
Where 

The total cost of plan x 
Total investment cost. 
Maintenance cost of plan x 
Operational cost. 

  : Hike in investment cost due to project delay. 
: Hike in investment cost due to inflation. 

 : Hike in investment cost due to Right of Way.  
T    : The horizontal years of planning. 
 
     The altered cost function represented by equation (10) 
is considered to represent the economic criteria in the 
Multi Objective function formulated in equation (1) for 
Transmission Expansion Planning. 
 
 

V. METHODS 
 

A. Backward Search Approach 
     In this approach all the candidate lines are initially 
added with the network then the candidate lines are 
removed one by one and the fitness function is evaluated 
in each case. The lines corresponding with the lowest 
fitness function value is then chosen as a starting point, 
the procedure is repeated until a violation occurs in either 
normal or N-1 condition. The steps involved in Backward 
Search Approach are explained in reference [19]. 
B. Forward Search Approach 
     In Forward Search approach, the candidate lines are 
added one by one the addition of candidate lines continues 
till the system candidate lines are acceptable for both 
normal and N-1 conditions. The search for optimum 
solution starts outside the search space and slowly tends 
to move towards the solution space. The steps involved in 
Forward Search Approach are explained in reference [19]. 
C. Hybrid Search Approach 
     In hybrid search approach, Backward Search is used to 
plan for initial network for normal condition and Forward 
Search is used to search for solutions under N-1 
contingency conditions. The idea here is to use Backward 
Search to identify candidate lines to a point where they 

satisfy system parameters for normal conditions. The plan 
is further evaluated for satisfaction of system parameters 
under N-1 contingencies using Forward Search. The steps 
involved in Hybrid Search Approach are explained in 
reference [19]. 
D. Genetic Algorithm 
 The fundamental idea of Genetic Algorithm is to 
mimic the process of natural selection which is primary 
based on survival of the fittest. Genetic Algorithms 
borrows heavily from the process of natural selection and 
evolution. In Genetic Algorithm each solution is 
represented as a chromosome. These chromosomes are 
evaluated for their fitness and are ranked accordingly 
[20]. In this paper, a simple Genetic Algorithm operator 
available in the MATLAB optimization tool box is used.  
 
E. Bacterial Foraging Optimization Algorithm 
 Bacterial Foraging Optimization Algorithm is 
relatively new entrant in the area of evolutionary 
optimization algorithms. In the year 2004 Passino 
introduced the Bacterial Foraging Optimization Algorithm 
which is based on the foraging behavior of Escherichia 
coli bacteria [21] [22]. In this paper, Bacterial Foraging 
Optimization Algorithm is coded using MATLAB.  
 

VI. TEST SYSTEM 
 

In this paper, 133 Bus TNS (Tamilnadu System) is 
considered for Transmission Planning. The System 
consists of 133 buses that include 50 number of 400 KV 
buses and 83 number of 220 KV buses. It consists of 279 
lines that include 61 number of 400 KV lines and 213 
number of 220 KV lines. Different types of 400 KV 
Transmission lines like Twin Moose and Quad Moose are 
present in the system. Similarly, various types of 220 KV 
include ZEBRA, AAAC Zebra, ACSR Kundah, ACSR 
Zebra, Dear and ACSR Mink. The System has 157 
generators with installed capacity of 13900 MW 
supplying power to different load centers across 
Tamilnadu serving a peak load demand of 14000 MW.  
Figure 9 shows single line diagram of 133 Bus TNS. 

 
VII. RESULTS 

 
The results of 133-bus TNS are depicted using the 

Table I , Table II and Table III. For the convenience of 
presentation, the results are presented for base case (for 
the existing system without considering any hike), for the 
condition where there is 25 % hike in both load demand 
and generation and 50% % hike in both load demand and 
generation.  

It can be inferred from the above tables Meta 
Heuristic approaches like Genetic Algorithm and 
Bacterial Foraging Optimization Algorithm has delivered 
better results when compared with other approaches like 
Backward Search, Forward Search and Hybrid Search 
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Techniques. The enhancement is visible in terms of 
number of lines added, total CKms added and 
subsequently cost incurred for Transmission Expansion 
Planning. The viability of Transmission Expansion Plan is 
coupled here with reliability criteria obtained through 
Monte Carle Simulation. The Monte Carle Simulation 
runs typically consist of 1000 samples run over 50 
iterations. The Monte Carle Simulation considers different 
line outages for that particular plan and populates the 
reliability indices. Similarly, using load flow analysis 
Voltage Profile Index and Line Loading Index are 
calculated. The plans proposed by Meta Heuristic 
approaches perform better in terms of reliability and 
stability criteria as well. When compared with Genetic 
Algorithm, Bacterial Foraging Optimization Algorithm 
has delivered better results and better plan both in terms 
of cost and stability. 

Transmission Expansion Planning has been done for 
133 TN bus System for above mentioned Scenarios. For 
base case, number of lines added is 35, 31, 31, 20 and 18 
and cost of the line addition is 4207.72, 3891.36, 3891.36, 

3379.64 and 3157.44 crore Rupees by different 
approaches like BS, FS, HS, GA and BFOA, respectively. 
For 25% hike in both generation and Load, number of 
lines added is 63, 63, 63, 59 and 56 and total cost of the 
line addition is 12867.67, 12867.67, 12867.67, 12015.14 
and 10937.82 crore Rupees which includes investment 
cost, cost due to project delay, inflation and Right of Way 
by different approaches like BS, FS, HS, GA and BFOA, 
respectively.  Similarly, for 50% hike in both generation 
and Load, number of lines added is 90, 86, 86, 79 and 77 
and total cost of the line addition is 
22875.66,11845.60,22845.60, 21070.54 and 20740.67 
crore Rupees which includes investment cost, cost due to 
project delay, inflation and Right of Way by different 
approaches like BS, FS, HS, GA and BFOA, respectively. 

For all three test cases, Genetic Algorithm and 
Bacterial Foraging Optimization Algorithm have 
delivered better results when compared with other 
approaches like Backward Search, Forward Search and 
Hybrid Search Techniques. 

 
TABLE  I: TEP FOR 133-BUS TNS FOR BASE CASE (NORMAL OPERATION) 

Parameter / Method BS FS HS GA BFOA 

Number of lines added 35 31 31 25 23 

Length of lines added(CKm) 1912.6 1768.8 1768.8 1536.2 1435.2 

Cost of lines added (Rs in Crores) 4207.72 3891.36 3891.36 3379.64 3157.44 

EENS (MWh/yr) X106 4.428 4.7117 4.7117 5.279 5.453 

EDNS  (MW) 483.25 516.12 516.12 536.25 542.69 

PLC 0.0361 0.0384 0.0384 0.0431 0.0442 

VI 0.0565 0.0612 0.0612 0.0642 0.0678 

LI 0 0 0 0 0 

TPI 2.573 2.387 2.387 2.082 1.949 

 
TABLE II: TEP FOR 133-BUS TNS FOR 25% HIKE IN BOTH GENERATION AND LOAD 

Parameter / Method BS FS HS GA BFOA 

Number of lines added 63 63 63 59 56 

Length of lines added(CKm) 4119 4119 4119 3846.1 3501.25 

Cost of lines added (Rs in Crores) 9061.8 9061.8 9061.8 8461.4 7702.75 

Cost Escalation due to Project Delay (Rs in Crores) 2265.45 2265.45 2265.45 2115.35 1925.68 

Cost Escalation due to Inflation (Rs in Crores) 634.32 634.32 634.32 592.29 539.19 

Cost Escalation due to Right of Way (Rs in Crores) 906.1 906.1 906.1 846.1 770.2 

Total Investment Cost (Rs in Crores) 12867.67 12867.67 12867.67 12015.14 10937.82 

EENS (MWh/yr) X106 1.80 1.80 1.80 1.86 1.87 

EDNS  (MW) 206.44 206.44 206.44 212.67 213.51 

PLC 0.0227 0.0227 0.0227 0.0258 0.0269 

VI 0.0685 0.0685 0.0685 0.0824 0.0859 

LI 2.158 2.158 2.158 2.452 2.487 

TPI 1.400 1.400 1.400 1.308 1.192 
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TABLE III: TEP FOR 133-BUS TNS FOR 50% HIKE IN BOTH GENERATION AND LOAD 
Parameter / Method BS FS HS GA BFOA 

Number of lines added 90 86 86 79 77 

Length of lines added(CKm) 6226.4 6218.2 6218.2 5735.0 5645.2 

Cost of lines added (Rs in Crores) 13698.0 13680.0 13680.0 12617.1 12419.6 

Cost Escalation due to Project Delay (Rs in Crores) 6849.0 6840.0 6840.0 6308.55 6209.8 

Cost Escalation due to Inflation (Rs in Crores) 958.86 957.60 957.60 883.19 869.37 

Cost Escalation due to Right of Way (Rs in Crores) 1369.8 1368.0 1368.0 1261.7 1241.9 

Total Investment Cost (Rs in Crores) 22875.66 22845.6 22845.6 21070.54 20740.67 

EENS (MWh/yr) X106 3.78 4.04 4.04 4.33 4.33 

EDNS  (MW) 432.21 461.96 461.96 494.34 495.72 

PLC 0.0425 0.0496 0.0496 0.0565 0.0574 

VI 0.1545 0.1482 0.1482 0.3541 0.3562 

LI 2.087 2.078 2.078 3.616 3.672 

TPI 2.493 2.492 2.492 2.303 2.267 

 

 

 
Figure 1: TEP Cost and Length of lines for Normal Operation 

 

 
Figure 2: TPI for Normal Operation 

 
Figure 3: TEP Cost and Length of lines for 25% hike in generation and 

load 

 
Figure 4: TPI for 25% hike in generation and load 
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Figure 5: TEP Cost and Length of lines for 50% hike in generation and 

load 
 

 
Figure 6: TPI for 50% hike in generation and load 

 

     Figure 1 shows Cost of added lines and Length of lines 
added for Normal Operation for Transmission Expansion 
Planning. Figure 2 gives Transmission Planning Index for 
Normal operation. Figure 3 elucidates Cost of added lines 
and Length of lines added for 25% hike in generation and 
load for Transmission Expansion Planning. Figure 4 
presents Transmission Planning Index for 25% hike in 
generation and load. Figure 5 illustrates Cost of added 
lines and Length of lines added for 50% hike in 
generation and load for Transmission Expansion 
Planning. Figure 6 gives Transmission Planning Index for 
50% hike in generation and load. 
     To comprehensively account for different stakeholders 
who form the core of the deregulated environment, a 
Transmission Planning Index (TPI) is formulated. This 
index takes into account both technical as well as 
economic criteria that have to be considered while 
formulating a Transmission Expansion Plan. Different 
stakeholder’s preferences are accommodated in the form 
of weights and the planner has option to choose the 
weight on his/her requirement. The Transmission 
Planning Index considered factors like cost of the line 
calculated from the number of lines added and a total 
length of lines added for that particular plan. Similarly 
EENS, EDNS and PLC account for the reliability aspects 
while Line Loading Index and Voltage Profile Index take 
care of the stability issues. The Transmission Planning 
Index forms the objective function which has to be 

optimized to deliver a viable and acceptable Transmission 
Expansion Plan. 

 

 
Figure 7: Congestion Cost for 25% hike in generation and load 

 

 
Figure 8: Congestion Cost for 50% hike in generation and load 

 

     Congestion Cost for 25% hike in generation and load 
is illustrated in Figure 7 and also Congestion Cost for 
50% hike in generation and load is represented by Figure 
8. 
 

VIII. CONCLUSION 
 

     In this paper to comprehensively account for different 
stakeholders who form the core of the deregulated 
environment, a Transmission Planning Index (TPI) is 
formulated. This index takes into account both technical 
as well as economic criteria that have to be considered 
while formulating a Transmission Expansion Plan. 
Different stakeholder’s preferences are accommodated in 
the form of weights and the planner has option to choose 
the weight on his/her requirement. In this paper, 
Transmission Expansion Planning for 133 bus Tamilnadu 
Test System was done for normal operation, 25% hike in 
both generation and load and 50% hike in both generation 
and load using different approaches like BS,FS,HS,GA 
and BFOA. Enhancement in cost due to project delay, 
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Inflation and Enhancement in cost due to Right of Way 
are also considered in this paper for calculating total 
investment cost. Reliability Indices and Adequacy Indices 
are calculated for assessing the suitability of the proposed 
method for planning. Finally, it be concluded that GA and 
BFOA techniques suggests better plans compared with 
BS, FS and HS techniques.  
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Figure 9: 133 Bus Tamilnadu Test System

 


