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Focus on FACTS

Following the New York blackout on August 14, as well as outages in major European cities, utility companies are struggling to find fast and effective ways of increasing the stability and capacity of their electrical grids. FACTS (Flexible AC Transmission Systems) are technologies that promise to do just that.

The power industry term FACTS (Flexible AC Transmission Systems) covers a number of technologies that promises to enhance the security, capacity and flexibility of power transmission systems. FACTS solutions enable power grid owners to increase the capacity of existing transmission networks, while maintaining or improving the operating margins necessary for grid stability. As a result, more power can reach consumers with a minimal impact on the environment, a substantially shorter project implementation time, and at a lower investment cost, when compared to the alternatives of building new transmission lines or power generation facilities.

Demand for electrical energy continues to grow steadily. For various reasons, electricity grid upgrades, and especially the construction of new transmission lines, cannot keep pace with the growing power plant capacity and energy demand. Finding suitable rights-of-way is particularly difficult in industrialized countries, and gaining the necessary approvals is more time-consuming than ever. In addition, during power line construction investment capital that could be used for other projects is tied up, and not earning a return.

However, power technology suppliers, such as ABB, say there are alternatives to building new transmission lines. Alternatives that ABB claims are less expensive and faster to implement. ABB says FACTS technologies have been in use by utilities around the world for decades to better utilize the existing infrastructure. It increases the transmission capacity and improves the stability of the power system. Improving the stability of power systems has received significant attention since the August 14, 2003 blackout that affected the Northeast and Midwest of USA, as well as parts of Canada.

Blackouts and electrical stability

A blackout in an electric system means that the complete system collapses, affecting all electricity consumers in the area. It can originate from several causes. One example is the loss of generation, e.g. the trip of a power plant that causes a mismatch between production and load.  This puts a strain on other generators, resulting in under-frequency in the system while it “catches up”, and may result in the further loss of other generators. Another example is an overload of the transmission system caused by congestion, forcing an overloaded power line to trip, causing increased loading of other lines that results in additional trips, and – in the end – a voltage collapse due to the high impedance in the weakened grid. In general, one initial event that might even be considered as minor, leads to a second event, a third and so forth, with increased stresses on the system which finally collapses. The course of events is an example of the well-known “Domino Effect”.

Faults do occur in power systems – The trick is to rapidly disconnect the faulty part, and to have the muscles, speed and intelligence to stabilize the remaining and healthy part. FACTS technologies provide these abilities.

Power transfer limits

Three limiting factors are distinguished in a transmission system:

1. Thermal limit

2. Voltage limit

3. Stability limit

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 down un-permittedly and may contact trees. 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.

Stability can be divided into rapid and slow phenomena. 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. 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.

FACTS technologies can provide remedies for all of the above voltage and stability issues, and create possibilities to run the transmission system closer to its thermal limit.

FACTS benefits

A number of electrical utilities around the world have strategically been utilizing FACTS technologies for decades. Of course, the reasons for doing so may vary between the different operators. Traditional reasons are to improve the stability and increase the transmission capacity. In the wake of the deregulation, other aspects have been brought forward. Especially in deregulated markets, where end-users of electricity are able to select their preferred supplier, the electrical utilities have to pay attention to their brands to appeal to the market.

Environmental aspects

Building new overhead transmission lines has a huge impact on the environment. On the other hand, utilizing renewable generation is a good thing. The most common renewable energy source today is hydroelectric power. Due to the geography of a region, the access to water may be far away from the load centers. Transporting energy via overhead transmission lines is justified by the above argument. However, the environmental demand, as well as economical, would be to utilize the transmission system in the most effective way, which is to optimize it. In Sweden, for instance, eight 400 kV systems run in parallel to transport electrical energy from the north to the south. Each of these transmission systems is equipped with FACTS. Studies have shown that four additional 400 kV transmission systems would be necessary, if FACTS were not utilized on the existing systems.

Flexibility and uptime

Constructing new overhead transmission lines take several years. A FACTS installation requires no or limited access to new land, and is normally in-service 12 to 18 months after a contract is awarded to a supplier. Not only can FACTS provide increased capacity and improved stability to the system, it also has the flexibility for future upgrades. There are also examples of completely relocated FACTS installations, mainly due to changes in power demands. 

Financial aspect

One of the main purposes of utilizing FACTS is to increase transmission capacity and the investment cost is a fraction of building new transmission lines. It is not unusual that the payback time of the investment is less than a year. Also, in a deregulated market, the improved stability in a power system substantially reduces the risk for forced outages, thus reducing risks of lost revenue and penalties from power contracts.

Reduced cost for maintenance

The potential savings are related to maintaining overhead lines. Just securing the clearances from the surrounding environment are projects of their own. In addition, the larger the number of transmission lines, the higher the probability of faults occurring on the lines. By utilizing the transmission systems optimally, the total number of line faults is minimized, thus reducing maintenance costs. Finally, some FACTS suppliers offer unmanned installations, which can be operated remotely from a dispatch center.

Latest technology

Once again, in a deregulated market it is important for an electrical utility to build an attractive image, and to be perceived as a professional and concerned supplier. One obvious aspect is ecological concern, but the positive image from utilizing state-of-the art technologies to optimize the electrical energy transmission can also be beneficial to utilities. As an example, Austin Energy in the USA recently selected state-of the art technology in favor of existing must-run generators. Local residents gain as the new technology has a minimum footprint and will be practically invisible and silent.

FACTS technologies

Commercially available FACTS technologies can be divided into two main branches: Dynamic shunt compensation and series compensation. As indicated in the expressions, the former is connected in shunt with the power system, and the latter in series. Both technologies have been applied in several hundred installations around the world.

Dynamic shunt compensation

Dynamic shunt compensation has the ability to automatically support the voltage level in a specific area of the power system. The voltage level is an immediate image of the reactive power balance – too high a voltage means a surplus of reactive power and vice versa. A dynamic shunt compensator automatically and instantaneously adjusts the reactive power output smoothly compared to the reference voltage level, thus maintaining the voltage stability.

An event such as lightning striking a line section causes rapid changes in the power system and it is very important that the faulty section is disconnected. The remaining, healthy part of the power system needs the ability to instantaneously overcome the event in order to remain in service. The ability for the healthy part of the power system to rapidly recover from an event is transient stability. A dynamic shunt compensator improves transient stability by quickly detecting and automatically adjusting its output in response to system events. 

There are currently two commercially available dynamic s   hunt compensation technologies on the market: the static (non-rotating) var compensator (SVC) and the static (non-rotating) compensator (STATCOM). 
An SVC is built up with reactors and capacitors, controlled by thyristor valves. It operates by measuring the actual voltage, and automatically generating or consuming reactive power to the system through its capacitors and reactors, hence automatically providing voltage and transient stability. This technology originates from the mid 1970s, and there are more than 800 installations worldwide.

A STATCOM is built based on voltage source converter (VSC) technology, meaning that the valve is built up with power electronics with turn-off capabilities. A comparison with an SVC yields that the capacitors and reactors are replaced with intelligent switching of semiconductors. VSC technology utilizing power transistors (IGBTs) operates at a frequency in the kHz range, giving possibilities to implement advanced algorithms in the control system. By connecting DC capacitors on one side of the converter, the STATCOM is able to vary its output with respect to magnitude, frequency and phase angle. This means that the way the converter is operated; the STATCOM is automatically giving the requested output to provide voltage and transient stability. This technology originates from the mid 1990s, and there are approximately 20 installations worldwide.

Series compensation

Series compensation increases the transmission capacity and improves the stability of a power system. A long and loaded overhead transmission line is, in brief, characterized as an inductive reactance, meaning that the transmission line itself consumes reactive power as it transmits the active power. Once again, this means that the transmission system is not operated in the optimum way. By adding series compensation technology to the transmission system, the transmission capacity is drastically increased, as the capacitors will produce (capacitive) reactive power. Furthermore, it is a self-regulating phenomenon; as more current is transmitted, the power system will consume more reactive power and the capacitors will also automatically produce more reactive power. As a result, the transmission line is utilized more effectively, and more active power can reach consumers on the existing infrastructure. Series compensation supports the voltage, as long lines otherwise see a decaying voltage profile along the line.

Specifically, the transient stability of a series compensated transmission line is dramatically improved. The angle between the voltages in the sending and receiving ends is a measure of transient (or angular) stability. With series compensation, the power flow can be held constant and angle can be decreased, increasing the transient stability margins. Alternatively, power flow can be increased if the angle between sending and receiving end voltages is held constant.

Since the introduction of metal oxide varistor (MOV) overvoltage protection in the beginning of the 1980s, the series capacitor will automatically and instantaneously support the remaining and healthy part of the transmission system after the faulty part has been disconnected. Series compensation technology has been utilized since the 1950s, and there are currently some 500 installations worldwide.

One alternative to building new lines is re-conductoring existing transmission corridors with lines able to carry larger currents. However, re-conductoring does not reduce the system demand for reactive power. In fact, re-conductoring will generally increase reactive power consumed by the system, as reactive power used by the system is proportional to the square of line current. However, re-conductoring in combination with series compensation can provide a superior means of increasing power flow over existing rights-of-way.

Since the mid 1990s, controllable series compensation technology is available on the market, i.e. thyristor controlled series compensation (TCSC). This technology opens up new applications.

One example is that effective interconnections of power systems can be accomplished by means of AC (previously only feasible with HVDC technology). When strong isolated power systems are interconnected, power oscillations may appear between the power systems; for instance, upon the disconnection of generation. By applying TCSC technology on the interconnecting line(s), and controlling it to effectively mitigate these power oscillations, the power exchange between the systems is maintained safely.

Another important application for TCSC is the situation where a high degree of compensation (ratio between the series capacitor reactance and the line reactance) is required in conjunction with thermal generation. This combination might lead to interactions between the mechanical eigenfrequency of the generator and the electrical eigenfrequency of the power system, normally called sub-synchronous resonance (SSR). For these applications, TCSC technology will mitigate the sub-synchronous resonances, and power transmission continues unaffected. 
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Another possibility would be to add a footnote saying static means non-rotating.
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