FACTS for optimum utilization of cable network in power transmission.
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An important line of development in power transmission is the growing importance of cable networks, both represented by new grid facilities and by conversion of existing overhead lines into underground cables. This is coming as a consequence of growing popular and environmental concerns associated with overhead power lines, as well as increasing reluctance against letting productive or recreational land for overhead line corridors. Likewise, the increasing use of offshore installations such as oil and gas platforms, plus at an increasing rate large and very large offshore wind farms, will see a growing use of undersea cables for connection to mainland grids.
The term “FACTS” (Flexible AC Transmission Systems) covers several power electronics based systems used for AC power transmission. Given their nature, FACTS solutions are particularly beneficial in applications requiring one or more of the following qualities: 

· Rapid dynamic response 

· Ability for frequent variations in output 
· Smoothly adjustable output.
Important FACTS devices are SVC (Static Var compensators), STATCOM, and Series capacitors. 

FACTS is a powerful means to come to grips with a number of challenges associated with the proliferation of cable networks in power transmission: 

1. An EHV cable is a considerable contributor of reactive power (Figure 1). By means of FACTS, this reactive generation can be turned to advantage, making it work to the benefit of the grid rather than the opposite. Thus, during high load, the extra vars can be utilized for voltage support, while for low load conditions; the excessive reactive power will be absorbed to prevent overvoltage.
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Fig. 1: EHV cables: large generators of reactive power. 

2. With FACTS, the disadvantage of voltage steps associated with mechanically switched shunt reactors absorbing reactive power from cables is eliminated altogether, and smooth voltage control is provided over the entire range of cable loading.

3. With increasing cable content in grids, load division between parallel circuits of cables and overhead lines is becoming an issue of growing importance. Here, the dynamic qualities of FACTS enable optimum load balancing for various operating conditions in the grid, thereby ensuring the best possible division of load between parallel circuits, as well as associated minimizing of transmission losses.

4. Comprehensive sea cable networks add another dimension, calling for elaborate reactive power control (Fig. 1). The overall scope of reactive power control should encompass the sea cables just as well as the wind farm, to bring about a well regulated reactive power balance of the whole system, answering to the same demands on reactive power regulation as any other medium to large generator serving the grid.

The mode of reactive power compensation is determining for optimum active power transfer through the sea cable. This calls for careful design of the compensation system.

The paper will give an introduction to FACTS, therein primarily SVC and series compensation, as well as elaborate on the various applications of these devices to address the challenges in cable networks as presented above.
