
Journal of Environmental Research And Development Vol. 4 No. 2, October-December 2009 

535 

 

POWER TRANSMISSION SUBSTATION LOCATION 
MODELING : A SOCIO-ENVIRONMENTAL AND 

ECONOMIC PERSPECTIVE 
 

Archana Nema*, V.K. Khare and H.K. Khaira 
Department of Mechanical Engineering, M.A.N.I.T., Bhopal 462051 (INDIA) 

 
 
 

Received September 03, 2009   Accepted December 13, 2009 
 

ABSTRACT 
 
Various Studies reveal that undesirable effects of extra high voltage (EHV) to the 
surrounding population and environment. Substation location modeling research has 
emphasized on the proximity to demand points or population centers to minimize 
transmission losses. An attempt has been made to formulate a new multi goal cost model 
considering both quantitative and qualitative factors, to facilitate decision making for 
locating a new EHV substation in an existing power transmission network so as to minimize 
cost as well as its undesirable effects on the surrounding environment. 
Key Words : Multi-goal optimization , Extra high voltage (EHV) Substation, REL chart. 

 
INTRODUCTION 

The power sector produces and supplies 
power to the end consumers through a huge 
transmission and distribution network. The 
consumers may either be household or the 
industrial sector. The industrial segment 
generally requires high voltage connections 
approximately of 33KiloVolts (kV) and 
above whereas the domestic power supply is 
done at 0.4kV. As per the Indian Electricity 
rules, 1956, an extra high voltage (EHV) 
means a voltage which exceeds 33kV under 
normal conditions, subject, however, to the 
percentage variation allowed by these rules.  

Power is generated at power plants and sent 
to a network of high-voltage (400, 220 or 
110 kV) transmission lines. These 
transmission lines supply power to medium 
voltage (e.g. 10 or 20 kV) distribution 
networks (distribution primary system), 
which supply power to still lower voltage 
(0.4 kV) distribution networks. An electrical 
substation is a subsidiary station of the 
system where voltage is transformed from 
high to low or the reverse using 
transformers. Fig. 1 below shows an outline 
of the system : 
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Fig. 1 : An Outline of the Power Transmission and Distribution System 
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Power from generating plants needs to be 
sent over long distances to meet the demand 
of electricity consumers (load centers). As 
per the National Planning Commission 
report, transmission losses in India exceed 
30% of the total electricity generated. 
Therefore to minimize transmission losses, 
electric power is usually sent over long 
distances through overhead power 
transmission lines at extra high voltages 
exceeding 33kV. An electrical substation is a 
subsidiary and intermediate  station of an 
electricity generation, transmission and 
distribution system where voltage is 
transformed from high to low or the reverse 
using transformers. An electric distribution 
network consists of a number of substations 
connected to each other via feeders. Power 
system energy loss occurs in the process of 
delivering energy from the point of 
generation to consumption. Power lines 
carrying high-voltage electricity generate 
electric and magnetic fields that are 
collectively called electromagnetic fields1 
.Epidemiological studies reveal that several 
health hazards like cancer2, suicidal 
tendencies and alzheimer’s disease are 
prevalent in the people who live in close 
proximity to these lines3-8. Moreover, during 
the construction and installation of these 
feeders and substations, ecological 
disturbances to the terrestrial habitat and 
avifauna9, soil erosion, underground water 
contamination, noise and vibration, harmful 
corona discharges10 have also been noted. 
Details of the impacts which are usually 
associated with high voltages directly or 
indirectly affecting the surroundings are 
discussed earlier11.To minimize the above 
harmful environmental and social costs 

incurred due to extra high voltage, substation 
location planners must locate the EHV lines 
and substations far from populated areas, and 
sensitive zones such as highly populated 
zones, forest areas, national parks and 
wetlands.  

Multi Objective Planning Problem 
Besides environmental considerations, 

total cost contributes significantly in the 
location decision. Hence, efforts must be to 
locate the substation as close as possible to 
the load center of its service area, in order to 
reduce the product of the load and the 
distance from the substation 12.Thus the 
decision of the location of substation 
becomes a crucial aspect of the power 
transmission and distribution system 
planning, with a strong impact on the 
investment, operational and social costs 
involved in it. Optimization focuses on 
locating the best possible solution for a given 
problem considering a number of constraints. 
Although single objective optimization 
procedures mostly generate global optimum 
solutions, according to Rivas-Dávalos et al. 
13, multi-objective problems can provide as 
many solutions as objectives using 
evolutionary multi objective algorithms. It 
has been found that very few mathematical 
programming formulations have been 
proposed and applied to the problem of 
location of EHV substations. Moreover, 
minimization of cost has been the only 
objective in the optimization efforts made 
earlier for locating the substations. 12-16 
.Environmental issues have generally been 
formulated only as constraints in location 
analysis, if addressed at all. For example, in 
some environmental issues such as air 
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quality, water quality (e.g., minimal stream 
flows) and preferred usage (e.g., parks, 
wetlands and scenic rivers) were treated as 
constraints rather than as objectives to locate 
a power plant17. A deficiency of 
mathematical models has been found in the 
literature where both the qualitative and 
quantitative objectives of minimization of 
costs and minimization of adverse effects on 
the human and environmental health have 
been considered. 

MATERIAL AND METHODS 
In this paper, the planning problem has 

been formulated as selecting one site among 
a set of discrete identified sites so that the 
energy costs, the cost of installation and the 
social costs in terms of societal disutility 
caused is minimum, together with non 
violation of the voltage and capacity 
constraints. Social costs (qualitative impacts) 
borne by the surrounding population in the 
vicinity of the EHV substation have been 
converted into quantitative ratings with the 
help of relationship chart or REL chart 
developed by Muther18. For minimization of 
adverse impact on human health, the concept 
of closeness relationship ratings 19 has been 
incorporated in the present model. A 
quantitative matrix containing the level of 
interaction between pairs of departments had 
been earlier used to design user interface 
components20. In deciding the location of 
substation with respect to the closeness 
relationships, with the surrounding 
population centers, the site with highest 
population can be assigned a lower rating in 
order to minimize the undesirability in the 
form of hazards and hence efforts should be 
to minimize closeness from the densely 

populated colonies, thus minimizing the 
adverse effects of extra high voltage. The 
subjective closeness ratings to be used are, A 
(Absolutely necessary), E (Essentially 
important), I (Important), O (Ordinary), U 
(Unimportant) and X (Undesirable).These 
are handled mathematically by assigning 
numerical values in the ranking 
A>E>I>O>U>X as shown in Table 1. 

The aim is to formulate a new optimized 
location planning model of a new 132/33kV 
substation in an existing power transmission 
network. The new model considers that there 
is adequate substation capacity (transformer 
capacity) and feeder capacity (distribution 
capacity) to meet the load forecasts within 
the planning horizon. Fig. 2 shows the basic 
structure and pattern of power flow from 
source substation (220/132kV) to new 
(132/33kV) substation ultimately delivering 
power to the industrial consumers at 33kV 
(L1-Ln). A discrete number of identified 
potential substation sites (j=1,…., m) are 
supplying power to a specified number 
(k=1,…,n) load points .Identification  of 
discrete candidate locations is done in which 
some indexes can be considered such as land 
price, location of existing substations, 
distance from load centers, distance to the 
upward grid etc. 

RESULTS AND DISCUSSION 
 The Multi- Goal Cost Model 

The problem here is that of selecting the 
best location from a set of potential 
substation sites. Transmission losses due to 
the flow of current in the transmission lines 
in both 132kV and 33kV feeders Fig. 2 are 
proportional to the square of the current ‘I132’ 
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and ‘I33’.Let, Pj and Pjk be the connected 
loads to upper grid and lower grid (132 kV 
and 33kV) feeders. So, 

Pj1=Ij1
2*R and Pj2=Ij2

2*R .Therefore, 
Pj1/Pj2=I2

j1/I2
j2. (Since resistance per unit 

length for the same type of conductor is 
equal) 

 I2R=Power consumed (load); Therefore, 
I2= (P/V) 2R                                                 (1) 

Assumptions of the proposed model are : 
i. The system is energized full time in 

a day and there are 8760 hours in a 
year. 

ii. Transformer copper losses are same 
for all potential locations of the new 
substation. 

iii. Power is to be supplied to all the 
loads.  

iv. Loads are fixed in number with 
deterministic load (MVA) 
requirements per year. 

v. Every load point has a 33/11kV 
substation for the incoming 
33kVfeeder to supply to the load 
requirements. 

vi. Cost per unit length for laying 132 
kV and 33kV feeders assumed 
constant. 

vii. Service life of the substation is ‘z’ 
years. 
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Fig. 2: Proposed Power Transmission Network 
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The Multi-Goal Cost Optimization Function is : 
Minimise, 
Total Cost = µ2 (Cost of New Substation+ Cost of New Feeders+ Cost of Transmission 
  Losses) + µ1 (Social Costs) 

CT  = µ2 (C1 + C2 + C3 + C4) + µ1 (C5)
where, 

C1= 
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 C5= 
 

m

j

n

k
kjjkjk rx

1 1
     (6)

The first and second cost components C1 
and C2 compute the total cost of the 
transmission lines from the source substation 
to the new 132/33kV site followed by a 33 
kV line from the new substation to the 
potential load.C3 calculates the total cost of 
land acquisition (purchase) and substation 
construction cost. C4 calculates the total 
transmission losses due to 132 kV and 33kV 
feeders. To ensure that the cost of future 
transmission losses for the assumed life span 
of the facility (z years) is taken care of, a 
discounting factor has been incorporated in 
the model. pt denotes the cost per unit of 
power to be supplied .ρ132  and ρ33  are the 
resistivity  of conductors. Vj and Vjk denote 
the upper grid and lower grid transmission 
voltages. The cost component, C4, considers 
total annual transmission losses for 8760 
hours in a year. ‘C5’ defines the total 
numerical rating calculated for each potential 

site. REL ratings (rjk) are assigned as per 
table 1, to facilitate consideration of 
qualitative factors, political needs, or 
dynamic situations where precise data cannot 
be made available due to temporal, financial, 
and other practical constraints. These 
requirements are expressed in REL charts 
through closeness rating such as: A 
(Absolutely necessary), E (Especially 
important), I (Important), O (Ordinary 
closeness), U (Unimportant) and X 
(Undesirable). These also depend upon the 
characteristics of the path/route to be 
followed .These may be important landmarks 
like forest areas, water bodies, densely 
populated colonies, industrial zones, schools 
or university. The path of the feeders and the 
affected population along its path can be 
considered as key factor in the assignment of 
closeness ratings. Table 1 shows a typical 
REL rating chart. 
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Table 1 : Typical REL Rooting Clast 

 
Costs related to coupling of 132/33kV 

EHV substation to upward and downward 
grid (load points)grid ,is considered as an 
independent cost in the equations (2) and 
(3).Cost of land acquisition and substation 
construction cost as represented in equation 
(4) are added together. These three costs are 
incurred in the base year and there is no 
requirement to incorporate the present value 
factor in equations (2), (3) and (4). The 
expression of cost function related to power 
transmission losses are variable costs and 

their amounts are dependant on time. 
Therefore the cost of future losses need to be 
discounted to the base year as shown in 
equation (4). Equation (5) again is the 
qualitative rating given to each of the 
potential site .It is computed in the base year 
depending upon the socio-political condi-
tions existing and is a one time decision, 
discounting factor has not been incorporated. 

Therefore, total multi goal costs equation 
is : 
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                 (7) 

 
Subject to the following constraints: 

Capacity  
Each new substation has a limited 
maximum capacity (bm) which depends 
upon the capacity of the transformer 
units installed in it. Assuming that these 
transformers can be loaded up to their 
maximum capacity. 

mn ba 0       (8) 
In the model all potential new 

substations (132/33kV) have the same 
capacity, bm. Equation (8) ensures that 
customer demand serviced by a 
substation cannot exceed its capacity. 

Current /power loss  
Current I132 and I33 flowing through 
conductors should be less than the 
maximum current carrying capacity of 
the conductors. This ensures a limit on 
the maximum power loss in the 
conductors.  

RATINGS Explanation 
A Absolutely necessary 
E Especially important 
I Important 
O Ordinary closeness 
U Unimportant 
X Undesirable 
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Voltage drop 
Voltage drop at the receiving end 
(consumer) should be within permissible 
voltage drop limits as per the Indian 
Electricity Rules. 

max0 VV jk       (9) 

 
Each consumer is assigned to exactly one 
facility. 

1
1




m

j
j       (10) 

The sum of weighting coefficients is unity. 
µ1+µ2=1                 (11)  
Here in the optimization model 

represented by equation (7), the economic 
costs are denoted as the sum of C1, C2, C3, 
and C4 and T depicts the social costs 
involved with EHV substation location. 
µ1and µ2 are the weighting co-efficient with 
respect to the above mentioned costs .These 
are at the discretion of the decision makers, 
as per the requirements and conditions 
prevailing at the decision maker’s end. 

CONCLUSION 
This paper presents a new optimization 

model for locating an extra high voltage 
(transmission) substation where twin 
objectives of minimization of total substation 
cost (including construction costs and 
transmission loss cost) and minimization of 
adverse effects to the society in the vicinity 
of the substation has been considered. This 
generalized model can be used to find the 
optimal site of an EHV substation from 
among a number of potential sites to cater to 
the demand of discrete number of potential 
power consumers .Moreover, it is a new 
approach in planning the location of EHV 
substation considering the adverse impacts 
imposed on the surrounding environment 
while achieving cost minimization also. The 
model can be validated and applied 
conveniently by private as well as public 
sector power producers for EHV substation 
location planning to protect the surrounding 
habitat. The solution to the optimization can 
either be done through either mathematical 
programming or using innovative methods 
like evolutionary algorithms or neural 
networks.

NOMENCLATURE 

m  potential substations sites  
n  potential consumer load points  
rjk  numerical closeness rating between new substation(j) and kth load point. 
an  Sum of consumer demand (MVA) at n load points 
bm  maximum capacity of substation ‘m’(MVA) 
cj  cost per unit km of laying 132kV line (Rs) 
cjk  cost per unit km of laying 33kV feeders (Rs). 
xj Distance between source substation to jth substation in km. 
xjk  Distance between jth substation to kth load point in km. 
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αj  0 or 1; a binary decision variable indicating the presence or absence of substation  
βk  0 or 1; a  binary decision variable indicating the presence or absence of consumer 

load  
CT Total multi goal cost of new substation (to be optimised) in Rs. 

C1 cost of laying 132 kV feeder to the jth substation in Rs. 
C2 cost of laying 33kV feeders to ‘n’ possible loads in Rs. 
C3 cost of construction of substation at ‘j’ in Rs. 
C4 cost of power loss during transmission from source substation (220/132kV) to the 

consumer load via potential substation at ‘j’, in Rs. 
C5   total numerical rating(TNR) related to distance weighted closeness 
pt  cost of power in Rs/ kWh in the year ‘t’ where t=1,…..,z.                                
i discount rate(%) to calculate the present value of future cash flows 
z Service life of the facility 
Ccj cost for substation construction at ‘j’ (Rs.) 
Cj Cost of land per unit area for the new substation in Rs. 

Aj Area of land required(sq.km) 
µ1  weighting coefficient related to Distance Weighted Closeness (TNR) 
µ2 weighting coefficient related to cost of substation construction and operation. 
Vj Average voltage for upper grid transmission lines in volts. 
Vjk Average voltage for lower grid transmission lines in volts 
ρ resistance per unit length of conductor in ohms/km at 20oC 
Pj Average Load (VA) on 132 kV conductor. 
Pjk Average Load (VA) on 33 kV conductor. 
cosθ Annual Power factor  
x length of conductor in km. 
 Vmax Maximum allowable voltage drop as specified in the Indian Electricity Act, 2003. 
kV Kilo Volt 
Amp Ampere 
MVA Mega Volt Ampere 
kWh Kilowatt hours 
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