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ABSTRACT Indian power sector is one of the biggest and complex power system exists in the world hence typically 
need to be planned well in terms of its reliability, stability and mode of expansion at required stages. 

Several steps has already been implemented for the transmission corridors in India and several important steps need 
to be taken, As per govt. rules the Central Electricity Authority (CEA) has been appointed as the main planning au-
thority in India for the transmission and overall power system planning in India. In this paper the main planning phi-
losophy and its assessment is highlighted with all necessary constraints available.
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Introduction:
Transmission of electrical power with a complex network 
as in India is a big challenge hence, several optimization 
techniques and tools are being implemented with very 
high accuracy under simulation environment. Also several 
steps has already been implemented for the transmission 
corridors in India and several important steps need to be 
taken hence, as per demand of power the methods and 
ways of transmitted power need to be modified[1]-[3]. In 
Indian power system scenario, CEA takes care of all such 
decisions and requirements.

About CEA [4]-[5]
It is an agency of govt. of India which is responsible for 
overview transmission and generation planning. It manages 
the action related to the planning agencies given in sec-
tion 73(a) of the electricity Act 2003 of Indian govt. The 
controlling of ISTS is governed by CTU. Similarly, on the 
other hand at state level, the efficient transmission sys-
tem within that state is managed by the state transmission 
utilities which are liable for coordinating. Then there is an 
interconnection between the Intra-state and Inter-state 
Transmission utilities. These all collectively form the over-
all electricity Grid in India. Therefore, a uniform approach 
must be obtained for TEP to make a transmission system 
more reliable. The given planning criteria under CEA have 
a predetermined for planning of intra-state transmission 
system field to 66kV and inter-state transmission system 
132kV of voltage level.

General Guidelines and the Planning Philosophy [5]
The electrical power supply has a crucial chain of transmis-
sion system that works as an interconnection between the 
generation and distribution or the load end of the elec-
tricity. In the Indian context, the two broad categories of 
transmission level covered, one is the intra-STS and ISTS. 
The top most layer of operation is ISTS which is operating 
at national level and the intra-STS that lies below it operat-
ing at state level.

 Keeping in view, the requirement of the long term enti-
ties, such as, addition of generation capacity for overcom-
ing increase in power demand, the transmission system is 
expanded.

Applicants requiring long term transmission facilities are 
mandatory to give their all requirements in advance, to the 
STU/CTUs so that the transmission capacity that is required 
can be made available, minimizing the stranded assets and 
connection required.

A long term cost effective and a perspective may be de-
signed for the power corridor for extremely congested 
semi-urban/ urban areas.

The STU shall be the fundamental bureau for the state lev-
el, intra STS planning for coordinating with the alternators 
connected to the power network in a state and the distri-
bution licenses as per the section 39 of the electricity act 
2003.

Generally, the state level, the power is being provided by 
the state level power generation.

All the system loading component and also the system pa-
rameters shall be within the prescribed limit as given in the 
guidelines as described in coming sections.

Under the normal as well as under probable contingency 
conditions the system shall operate within the prescribed 
allowable limits. However, for rare contingency conditions 
the system cannot be planned.

The voltage limits options given below in table are based 
on transmission losses, reliability, right of wage, cost re-
quirements etc. Table.1 below shows the voltage limits 
prescribed by CEA   

Table. 1 [5]

VOLTAGE (kV) r.m.s

Normal rating                Emergency rating

Nominal Maximum Minimum Maximum Minimum

765 800 728 800 713

400 420 380 420 372
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230 245 207 245 202

220 245 198 245 194

132 145 122 145 119

110 123 99 123 97

66 72.5 60 72.5 59

3.1 Reliability or consistency criteria [5]
 
3.1.1       Criteria for (‘N-0’) contingency
The thermal loading limits and voltage limits for equip-
ments connected in a system shall be maintained.

There shall not be an angle which is more than 30º for the 
adjacent buses.

Criteria for (‘N-1’) contingency. 

Steady –state criteria

In this type of contingency all the equipment connect to 
the system will operate within their permissible voltage 
and thermal ratings or limits after a certain perturbation 
without any load shedding or rescheduling of generator.

At most 30 degree phase separation is allowed in this type 
of contingency.

For inter-state Transmission planning
For the majority of the national level transmission system, 
transmission network shall be modeled at 220 kV voltage 
level, but for the part of Sikkim, Himachal, Uttarakhand 
and north-Eastern region the corresponding voltage level 
is 132kV.

The generation units are stepped up using step up pow-
er transformers at 132/110kV level that can be connect-
ed through a 220/132kV transmission system to the next 
220kv available bus. The smaller units which are < 50MW 
capacity may be considered as a single unit, if the entire 
installed capacity which is < 220MW.

For Intra-STS system    
The transmission system may be modeled at 66kV or at a 
level which is outside the authority of the distribution util-
ity.

3.2 Time Horizons for Transmission System Planning.
For the actual commissioning of transmission line expan-
sion the total time required is about 3 to 5 years. New 
transmission lines or substation requires about 5 years of 
time, while the expansion of any existing transmission sys-
tem may require about 3 years of time.

For the load generation requirement usually base case 
models shall be prepared for a 5 year time horizon.

3.3 Planning margins
Due to a difference in load-generation requirement a lager 
power may flow within the system which is a challenging 
entity.  It leads to overloading and congestion of transmis-
sion lines during a real operation.  Prediction of their type 
cannot possible for the future.  The overloading of the 
lines may also be possible because of an uncertain genera-
tion. 

The transmission lines which are coming from a power 
generating station to the main grid may have a planning 
that taking into account the overload capacity of the pow-
er generating station.

A planning margin of 10% shall be given for the thermal 
loading of new addition of transmission lines and trans-
formers. Also a 5% margin is given for inter-regional trans-
mission lines.

A margin of 2% is assigned for voltage limits during plan-
ning. 

TEP methods for a deregulated power system
The planning for transmission expansion deals with the 
difficulty of mounting an existing transmission system to 
serve load centers subject to a set of technical and eco-
nomical constraints[6]-[9]. For any type of generation inter-
connected to the grid, the problem of inadequate export 
capability of the transmission system can occur.

4.1 Fundamentally there are two primary systems by 
which electrical energy can be transmitted.
(1) High voltage DC (HVDC) electrical transmission system.

(2) High voltage AC (HVAC) electrical transmission system.

To transfer power from generation plants to load cent-
ers efficiently, securely, economically and reliably a power 
transmission network is needed. A practical transmission 
network is always expanding and hence, for the construc-
tion of new lines the transmission expansion planning (TEP) 
should be well defined that considered all future span  so 
that the increasing load demand can be met by shift of  
electrical power from existing and upcoming generation in 
a specified time span.

A transmission system gives the essential environment for 
competition among power market participants or power 
market player in deregulated power systems [10], There-
fore as electricity demand move up TEP should be carried 
out in sensible time scale and also in a proper way to ease 
and promote competition among participants. 

 TEP is coordinated and centralized with generation ex-
pansion planning. Therefore, based on the certain reliabil-
ity criteria [10] the power system planners can design the 
least expenditure transmission plan. 

In case of large uncertainties in the system, TEP will not be 
coordinated with generation expansion planning. Hence, 
for load and dispatched power there may not be any fixed 
pattern in deregulated power systems or deregulated en-
vironment. In deregulated environments, due to uncertain-
ties expansion of transmission networks have been faced 
with great problems. Therefore, the final plan must be car-
ried out after the problem estimation for all available so-
lutions. Since risk or problem estimation is typically based 
on probabilistic and stochastic methods, the methods 
based on probabilistic approach should be developed for 
transmission planning in deregulated power systems [11].

In conventional power system, the responsibility to serve 
the load demand of all existing and future consumers is 
carried out by a vertically integrated utility. For generation, 
transmission, distribution and consumer service businesses 
the utility is responsible, with the same goal of reliably 
meeting consumer energy demands at reasonable charge. 
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The conventional approach to TEP is to decompose the 
problem into three main steps for keeping the optimization 
problem dutiful [12].

By using a basic model of the problem, create alternative 
candidate transmission expansion plans. 

To direct the final expansion plan conduct a comprehen-
sive financial and other analyses of these alternatives.

To guarantee the selected plan’s viability carry out a tech-
nical impact analysis. 

Fig.1.1 Traditional TEP procedure

Two interconnected categories can be classified to de-
scribe TEP in restructured environment which termed as 
transmission planning and transmission investment. There 
is an authority responsible for transmission planning in 
most of the jurisdictions, for example, independent sys-
tem operator (ISO), who identifies most suitable or feasi-
ble expansion plans. These ISOs also carried out several 
responsibilities like system stability, power flow balancing 
and also ancillary services. There are also cases in which 
the investors propose and submit a plan to the transmis-
sion planning authority for  its approval [13].

Fig. 1.2 TEP procedures in deregulated environment.
 
CONCLUSION
The entire power industry in India is undergoing a state of 
change, in some states of India there are several private 
utilities, which are financially and technically in a situation 
to enter the phase of a competitive electricity market. In 
conventional power system, the generation, transmission 
and distribution comes under a single authority but on 
the other hand, in deregulated of restructured power sys-
tem all the above entities have their own operating facili-

ties hence providing more options to opt for a better con-
sumer requirement fulfillment. The deregulation came to 
India in late 90’s since, started from Tamilnadu then it is 
growing rapidly. The TEP provided by CEA are designed 
for all possible future conditions and forecasting methods 
that are mainly based of probabilistic approaches. Hence, 
it is needed to supervise all possible solutions and prob-
lem finding technical aspects for a well managed and well 
designed TEP.
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