
CHAPTER 4 
CONGESTION MANAGEMENT

DEFINITION OF CONGESTION

Whenever the physical or operational constraints in a

transmission network become active, the system is said to be in a

state of congestion. The possible limits that may be hit in case of

congestion are:

 line thermal limits,

 transformer emergency ratings,

 bus voltage limits,

 transient or oscillatory stability, etc.

These limits constrain the amount of electric power that can be

transmitted between two locations through a transmission network.

Flows should not be allowed to increase to levels where a

contingency would cause the network to collapse because of

voltage instability, etc. offs, that no constraint is violated.



• The peculiar characteristics associated with electrical power prevent

its direct comparison with other marketable commodities.

• First, electrical energy can not be stored in large chunks. In other

words, the demand of electric power has to be satisfied on a real

time basis.

• Due to other peculiarities, the flexibility of directly routing this

commodity through a desired path is very limited. The flow of electric

current obeys laws of physics rather than the wish of traders or

operators.

• Thus, the system operator has to decide upon such a pattern of

injections and take-off , that no constraint is violated.



How Transfer capability is limited?

Congestion, as used in deregulation parlance, generally refers to a

transmission line hitting its limit. The ability of interconnected

transmission networks to reliably transfer electric power may be

limited by the physical and electrical characteristics of the systems

including any or more of the following:

• Thermal Limits: Thermal limits establish the maximum amount of

electrical current that a transmission line or electrical facility can

conduct over a specified time period before it sustains permanent

damage by overheating.

• Voltage Limits: System voltages and changes in voltages must be

maintained within the range of acceptable minimum and maximum

limits. The lower voltage limits determine the maximum amount of

electric power that can be transferred.



• Stability Limits: The transmission network must be capable of

surviving disturbances through the transient and dynamic time

periods (from milliseconds to several minutes, respectively).

Immediately following a system disturbance, generators begin to

oscillate relative to each other, causing fluctuations in system

frequency, line loadings, and system voltages.

• For the system to be stable, the oscillations must diminish as the

electric system attains a new stable operating point. The line

loadings prior to the disturbance should be at such a level that its

tripping does not cause system-wide dynamic instability.

• The limiting condition on some portions of the transmission network

can shift among thermal, voltage, and stability limits as the network

operating conditions change over time. For example, for a short line,

the line loading limit is dominated by its thermal limit. On the other

hand, for a long line, stability limit is the main concern. Such differing

criteria further lead to complexities while determining transfer

capability limits.



Importance of congestion 
management in the deregulated 

environment
• If the network power carrying capacity is infinite and if there are

ample resources to keep the system variables within limits, the most

efficient generation dispatch will correspond to the least cost

operation. Kirchoff’s laws combined with the magnitude and location

of the generations and loads, the line impedances and the network

topology determine the flows in each line. In real life, however, the

power carrying capacity of a line is limited by various limits as

explained earlier. These power system security constraints may

therefore necessitate a change in the generator schedules away

from the most efficient dispatch. In the traditional vertically

integrated utility environment, the generation patterns are fairly

stable.

• From a short term perspective, the system operator may have to

deviate from the efficient dispatch in order to keep line flows within

limits



• However, the financial implications of such re-dispatch does not

surface because the monopolist can easily socialize these costs

amongst the various participants, which in turn, are under his direct

control. From planning perspective also, a definite approach can be

adopted for network augmentation.

• However, in deregulated structures, with generating companies

competing in an open transmission access environment, the

generation / flow patterns can change drastically over small time

periods with the market forces. In such situations, it becomes

necessary to have a congestion management scheme in place to

ensure that the system stays secure. However, being a competitive

environment, the re-dispatch will have direct financial implications

affecting most of the market players, creating a set of winners and

losers. Moreover, the congestion bottlenecks would encourage

some strategic players to exploit the situation.

•



Effects of Congestion
• Market Inefficiency: Market efficiency, in the short term, refers to a

market outcome that maximizes the sum of the producer surplus
and consumer surplus, which is generally known as social welfare.
With respect to generation, market efficiency will result when the
most cost-effective generation resources are used to serve the load.
The difference in social welfare between a perfect market and a real
market is a measure of the efficiency of the real market. The effect
of transmission congestion is to create market inefficiency.

• Market Power: If the generator can successfully increase its profits
by strategic bidding or by any means other than lowering its costs, it
is said to have market power.

 Imagine a two area system with cheaper generation in area 1 and
relatively costlier generation in area 2. Buyers in both the areas
would prefer the generation in area 1 and eventually the tie-lines
between the two areas would start operating at full capacity such
that no further power transfer from area 1 to 2 is possible.



• The sellers in area 2 are then said to possess market power. By

exercising market power, these sellers can charge higher price to

buyers if the loads are inelastic. Thus, congestion may lead to

market power which ultimately results in market inefficiency.

• In multi-seller / multi-buyer environment, the operator has to look

after some additional issues which crop up due to congestion. For

example, in a centralized dispatch structure, the system operator

changes schedules of generators by raising generation of some

while decreasing that of othersThe operator compensates the

parties who were asked to generate more by paying them for their

additional power production and giving lost opportunity payments to

parties who were ordered to step down. The operator has to share

additional workload of commercial settlements arising due to

network constraints which, otherwise, would have been absent.



• One important thing to be noted is that creation of market

inefficiency arising due to congestion in a perfectly competitive

market acts as an economic signal for network reinforcement. The

market design should be such that the players are made to take a

clue from these signals so as to reinforce the network, thus

mitigating market inefficiency.





DESIRED FEATURES OF CONGESTION 
MANAGEMENT SCHEMES

Any congestion management scheme should try to accommodate

the following features:

• Economic Efficiency: Congestion management should minimize its

intervention into a competitive market. In other words, it should

achieve system security, forgoing as little social welfare as possible.

The scheme should lead to both, short term and long term efficiency.

The short term efficiency is associated with generator dispatch,

while long term efficiency pertains to investments in new

transmission and generation facilities

• Non discriminative: Each market participant should be treated

equally. For this, the network operator should be independent of

market parties and he should not derive any kind of benefit from

occurrence of congestion. Otherwise it provides perverse signals for

network expansion.



• Be transparent: The implementation should be well defined and

transparent for all participants.

• Be robust: Congestion management scheme should be robust with

respect to strategic manipulation by the market entities. This again

refers back to principle of economic efficiency


