SESSION ON FACTS IN PLAYACAR

One of the most promising new decentralized network controllers is the family of power electronics-based controllers, known as “flexible AC transmission system” (FACTS) devices. The DOE National Transmission Grid Study identified FACTS devices as playing a significant role in the “Intelligent Energy System” of the future.  By varying the switching patterns, these devices control the power flow through the line. This rapid control has been shown to be effective in achieving voltage support and stability improvement, thus allowing the transmission system to be operated more efficiently with a smaller stability margin.  While FACTS devices offer increased network power flow controllability, the decentralized nature of their actions may cause deleterious interactions between them.  Currently there is a general lack of understanding as to how to systematically stabilize system-wide dynamics via fast local modulation of FACTS devices.  As stated by Marija Ilic:

“Without fundamental research in this area, very little use will be made with full confidence of the real opportunities offered by FACTS devices.  For the time being we only have limited examples, entirely based on simulation, which demonstrate that fast regulation of reactive compensation on a transmission grid could be very useful in the future.  Because of this, there may exist an immediate danger of uncoordinated system-wide fast regulation via FACTS devices which could become detrimental to system integrity under certain operating conditions.” 

There are several impediments to the wide spread implementation of FACTS devices.  The primary difficulty is the current lack of time-scale-based controls and decentralized operating paradigms for interacting FACTS devices.  Power system operating paradigms are typically defined by time-scale:  long-term control (minutes to hours), dynamic control (seconds), and local control (fractions of seconds).  Most FACTS control analyses consider the devices in isolation or interacting with only one other device (usually a generator) and typically consider only one interaction timeframe.  Since FACTS are decentralized, there is justifiable concern over whether they will cooperate or compete in system control.  The most common concern in dynamic control is how to coordinate each FACTS device in controlling power flow and whether or not FACTS devices will “ring” against each other as each device tries to maintain operating states that possibly conflict. Long-term control provides the best placement and power schedule of FACTS devices in a large power network.  The operating paradigms must be fault-tolerant and information-secure since the power system and its control are vulnerable to contingencies, failure of computer systems hardware and software, and intentional interference.  Several observations were made during the discussion:

· Preliminary results suggest possible interaction between devices, however very little work has explored the real-time interaction of FACTS devices.  

· Conventional eigenvalue analysis cannot predict the high frequency self-modes of the several FACTS devices embedded in a large power system network. 

· High frequency control interactions among the several FACTS devices must be checked using an EMTP-type program 
· Dedicated SCADA systems will have to be developed if global control of multiple FACTS controllers is desired. Currently available SCADA systems have a refresh rate of 1 second (maximum). This is sufficient for steady-state control dispatch of FACTS controllers. However, this is inadequate for dynamic control, since high frequency modes (10-100 Hz) may occur on FACTS-assisted power systems.
Future research topics included 

· developing time-based control paradigms for embedded FACTS devices, including communication networks,
· real-time verification of FACTS controls,

· placement studies in large scale systems for both steady-state and dynamic control,

· and the study of hybrid applications, including energy storage.

