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The 90’s was characterised by a boost in the interconnection 

projects either among isolated systems or for strengthening 

electric pools already interconnected.  

This trend was experienced world-wide and has accelerating 

in many regions 

The main aim is  

• On decreasing their operation costs through better resource management  

• To access to new sources of electric supply, which permits to reach more 

flexibility in the management of electric power systems. 



The electricity markets has introduced new factors in the 

network management, mainly related to: 

High degree of uncertainty for the future generation expansion; 

Growth of distributed generation on MV and even LV level; 

Lack of direct control from the system operator in the length of time 

between project initiation and completion for new generation; 

Greater difficulty in the realisation of new network reinforcements 

considering the multiplicity issues in executing projects including 

many owners; 

Increased number of eligible customers able to get energy wherever 

economically convenient; 



Deep review of network capacity planning is needed considering the 

above factors  

In the past, where the planner was able to carry out the optimal 

choice with limited risk, or, in some cases, without risks and also 

without uncertainty. 

An important requirement deriving from the new environment and 

the consequent evolution of the planning process is in the need of 

operating the networks with a greater flexibility.  

This might be obtained by strengthening power corridors with the 

construction of new lines but is poised with many ROW issues along 

with environmental obstacles and authorisation processes.  



Investment in the 

transmission grid has not kept up 

with the growth in demand and 

increase in energy trading; 

Regulatory uncertainty 
has delayed the investment in the 

grid and there is a lack of incentives 

for transmission network companies 

to upgrade their grids, due to costs 

and environmental constraints; 

Electricity market environment, 

many existing transmission and 

distribution systems may have to be 

operated close to their operating 

limits in terms of voltage, thermal and 

power transfer capabilities, and 

system stability constraints; 

Lack of fast dynamic control 
resources such as FACTS and HVDC, 

which can be used to re-direct power 

flows among the available 

transmission corridors, and provide 

dynamic voltage support; 

Worldwide the 

critical issues 



Critical Issues Indian context  

The transmission system has not got sufficient investment both 

at State and Central levels commensurate with the capacity 

addition and demand growth 

There is lack of active power control in optimising the existing 

resources due to 

•  Inadequate and near absence of dynamic var  

• WAMS 

• Wide Area Control 



Power transfer capability curves is generally defined by “St. 

Clair curves” for planning engineers ever since their 

publication in 1953 

The curves are defined based on voltage & stability limits 

The curves defines the loadability in terms of SIL for line 

lengths upto 400miles 







In theory, a transmission system can carry 

power up to its thermal loading limits. 

But in practice, to reach the thermal limit, the 

system has to satisfy the following constraints: 

• Transmission stability limits 

• Voltage limits 

• Loop flows 



By definition, the main limiting factor in a transmission 

system is the thermal limit.  

If this is exceeded, the transmission line, due to the heat 

generated by the line current, sags will increase resulting 

in reduced clearances and would be unsafe.  

If the system is operated close to its thermal limit, it is 

being used to its maximum capacity.  

However, the thermal limit is hardly achieved since 

voltage or stability limits restrict the capacity of a 

transmission system 



Voltage limits normally require that the voltage 

level within a transmission system be 

maintained within a specified interval, for 

instance ±5 percent of the nominal voltage. 

•Transient (or angular) stability refers to rapid events, for 

instance, the reaction of the voltage to faults in the 

transmission system caused by events such as lightning or 

sudden disturbance.  

•Dynamic stability refers to slower events, for instance, power 

oscillations occurring from disconnection of large amounts 

of generation or load, or switching of some lines. 

Stability limit - 

rapid and slow 

phenomena.  







•Ambient temperature 

•Wind velocity 

•Age of the conductor 

•Type of construction 

The 

thermal 

rating 

of the 

line 







• Phase shifting transformers to 

control active and reactive power 

flows 

• Series capacitors or controlled 

series reactors to adjust the 

impedances of network branches, 

and 

• FACTS elements (including DC 

links) to control voltage, active or 

reactive power flows 

Network 

optimisation 





NGCs broad approach to planning the future development of 

the transmission system has been to try to maximise the 

utilisation of the existing system.  

This has been achieved by the strategic deployment of power 

flow and reactive compensation devices.  

To improve real power sharing 15 Quadrature Boosters or 

phase shifting transformers have been installed at both the 275 

kV and the 400 kV voltage levels with ratings ranging from 750 

MVA to 2750 MVA. 

In order to maintain voltage profile, reactive power 

compesnation devices are installed at 400kV, 275kV and 

132kV. 



Voltage kV Type Number Total-Capacitive Total-Inductive 

66 MSC 2 120   
132 MSC 105 5889   
132 MSR 71   4170 
275 MSC 14 2100   
275 MSR     2080 
275 SVC 6 900 512 
275 Statcom 5 240 150 
400 MSC 30 6750   
400 MSR 12   2400 
400 SVC 14 2100 1275 
400 Statcom 3 180 90 

  SVC Teritiary 12 720   
  Total   18999 10677 



In order to take care of system planning 

uncertainties faced by National Grid, relocatable 

reactive compensation systems are installed with 

enhanced system performance.  

To date, 12 relocatable SVCs (RSVCs) have been 

installed as part of a planned  program of work to 

meet these changing system needs. 









Phase-shifting transformers (PST) have been around 

for more than 60 years.  

They are typically used for increasing or decreasing 

transmission line power flow.  

For instance, PSTs often compensate for undesirable 

phase angle differences at given line terminals 

resulting from highly variable power generation 

dispatch within a network or between networks. 



Many TSO’s prefer phase shifting transformer or Quad Boosters to 

control power flow 

Phase shifting transformers have been developed for transmission 

system enhancement in steady state system conditions.  

The operation principle is voltage source injection into the line by a 

series connected transformer, which is fed by a tapped shunt 

transformer 

Speed of phase shifting transformers for changing the phase angle of 

the injected voltage via the taps is very slow: typically between 5 and 

10 s per tap, which sums up for 1 minute or more, depending on the 

number of taps 



In NGC over 15 phase shifting transformers are in 

operation with  6Nos. at 275kV, 750MVA capacity  

and 9nos. at 400kV, 2000MVA to 2750MVA 

capacity 

These are installed in North south and East west 

corridors to relieve congestion during system 

operation. 



In the context of the open market the phase shifter is an 

important device in the energy transport in the UCTE power 

system 

In the German 380 kV bulk power system a 1500 MVA phase 

shifter is in operation since about 15 years.  

The main driving force for the installation was the energy 

exchange of about 1000 MW between the western part of the 

German grid and mainly the southern part and also the 

northern part. 

The decision for the phase shifter solution was made on the 

basis of lower costs.  
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Inter-Regional Lines tripped (Nr-Wr region)- 
except Agra – Gwalior Line 
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 Inter-Regional Lines tripped 
(Nr-Wr region) 
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Geographical map around Parulia – without Phase shifting transformer 
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 Inter-Regional Lines tripped (Nr-Wr 
region) 

 SVC at Patna & Azamgarah S/S 
 Phase shifting transformer at Purnia 

to Farakka 
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Geographical map around Parulia – with Phase shifting transformer 
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 Inter-Regional Lines tripped (Nr-Wr region) 

 SVC at Patna, Azamgarah, Kalwa, 
Sultanpur, Kashipur, Gwalior S/S 

 Phase shifting transformer at Purnia to 
Farakka 
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 Inter-Regional Lines are in service (Nr-Wr 
region)- similar to Basecase 

 SVC at Patna, Azamgarah, Kalwa, Sultanpur, 
Kashipur, & Gwalior S/S 

 Phase shifting transformer at Purnia to Farakka 
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Maximum Power Transfer on a 300kM 400kV Quad 
line is 800MW. 
Cost/km = Rs.1.8Crores 
Investment Cost/MW = Rs.0.675Crores 



With 40% series compensation (mid point) power 
transfer can increase to 1040MW – an increase of 
240MW  - Investment around Rs.40Crores 
 
Investment Cost/MW = Rs.0.5645Crores 



With 40% series compensation (mid point) along with 
+400/-100MVAr SVC power transfer can increase to 
1500MW – an increase of 700MW  
Additional Cost – Rs.80Cr (app.) 
 
Investment Cost/MW = Rs.0.4439Crores 
 



The main challenges 

for Large Open 

Access Systems is 

handling bottlenecks 

in the system, 

created by a 

mismatch between 

the desire of the 

marketplace and the 

transmission system 

physical capability 

PST & FACTS devices provide Open 

Access systems with flow- and stability 

control functionality, and are as such 

one of several options for increasing 

the systems physical capacity.  

Advantage over 

transmission line 

expansion and 

traditional flow 

control units is 

that they are more 

robust with respect 

to varying flow 

patterns.  

But they do not 

really increase 

capacity, they 

only enable the 

utilisation of 

the systems 

maximum 

capacity. 
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