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Summary Overview 

The power flow controller is presented here as a class of grid components which are able to 
asynchronously transmit real and reactive power flow between two systems or subsystems.  
This class includes two primary categories: those which are electro-mechanical devices, and 
those which are static, solid state devices.  These devices can be dispatched by grid operators, 
however, unlike a generator, their input energy comes from the grid, thus they cannot be used 
as an energy source to supply electrical demand.  Categorically, these resources have the ability 
to augment the natural flow of energy between different parts of the same grid system, or 
between separate grid systems.   
 
Individually, their functions become more unique.  Each type of power flow controller is 
different in its specific capability, although collectively they offer benefits which include the 
ability to; 1) efficiently utilize available capacity of transmission lines that are lightly loaded, 2) 
transmit power from one synchronous system to another without the necessity of synchronous 
alignment, 3) decrease the cost of transmission over long distances, and 4) manage the stability 
and reliability of the grid. 
 
Definitions 

Power Flow Controller – A class of grid components which are able to asynchronously transmit 
real and reactive power flow between two systems or subsystems.   
 
High Voltage Direct Current (HVDC) Transmission – A type of power flow controller that is used 
to transmit power over long distances.  Cost justification typically requires minimizing the 
number of midpoint AC-DC converter stations. Line losses are low due to very high voltages 
utilized and uniform current density afforded by DC. 
 
Variable Frequency Transformer – an electro-mechanical device that acts as a rotating phase-
shifting transformer, and which can asynchronously transmit power between systems.  The VFT 
does not make a step change in voltage magnitude although it can offer reactive power 
support.  Although the device is electro-mechanical, it also relies on the use of solid state 
components to create a rotating magnetic field on its rotor that is decoupled with its physical 
rotation.  
 
Solid State Transformer – a solid state device that dually transmits power and adjusts a step 
change in AC voltage between its input and output terminals. 
 
Phase Shifting Transformer – a physical transformer that is designed to control voltage phase 
angle change rather than a step change in voltage magnitude. 



 
Static – a device that has no moving parts, or does not move as part of its functional operation. 
 
Solid State – an electronic device made using semiconductor materials. 
 
Inverter – a collection of solid state components arranged in a manner to convert DC energy 
into an AC waveform of specific frequency, voltage, power and reactive power. Smart inverters 
include capabilities to aid the management, performance, and efficiency of the grid to which 
they are connected. 
 
Component Class Description 

Purpose and Function 

Unlike a DC system, power flow is dictated by the change in voltage angle between nodes on 
the grid [7].  Generators naturally augment the voltage angle at their point of injection so that 
real power is injected into the grid.  After that, however, the path the power takes through the 
network to the loads is largely uncontrolled. This fact creates complexity in ensuring that 
system constraints are met while simultaneously trying to dispatch the least costly generation.  
Some of these constraints include ensuring that no transmission lines are overloaded, the 
preservation of system reliability, and the ability to minimize system power losses.  By 
physically inserting power flow control devices into the grid, voltage angles are controlled, thus 
the power flow is controlled and the above constraints are remediated.  As is the case most 
often, justification requires the cost of inefficient operation to surpass the cost of the power 
flow control device used to remedy the issues.   
 
Electro-mechanical versions of power flow converters include phase-shifting transformers and 
variable frequency transformers [1,5].  The former is a unique transformer design that results in 
an imaginary turns ratio. Although it is a transformer, it is not used to change voltage 
magnitude as a typical transformer does, but rather the voltage angle. Variable Frequency 
Transformers [4] are relatively new, and are designed as a rotating phase-shifting transformer.  
Functionally, they are similar to HVDC systems [9,10]. 
 
Static devices include UPFCs [5], solid-state transformers [2], and HVDC systems [9,10].  These 
devices hold special promise as the cost of wide-bandgap semiconductors decreases and their 
performance increases.  UPFCs, a type of FACTS device, are typically connected both in series 
and parallel with transmission lines and primarily are used to enhance system stability.  These 
systems can be used on lower voltage systems too, but require cost justification that typically 
only occurs for specialty applications such as advanced micogrids.  HVDC systems have been in 
use for a few decades in north America and are financially justified above HVAC transmission 
when the transmission distance is long and there are few, if any, midpoint converter stations 
required.  These systems operate with lower line losses due to a) the higher voltage levels used 
and b) the uniform current density across the conductor cross section. These systems are used 
to transfer power within the same synchronous interconnection (such as the 3.5GW Pacific DC 



Intertie in the Western Interconnection) and to transfer power across interconnection 
boundaries (such as those used to connect Quebec and the US New England area).  A HVDC 
system variant is used to asynchronously connect the Western and Eastern Interconnections at 
various locations.  These ‘back-to-back’ converters are not used to transmit power over 
distance, but rather transmit power across synchronous system boundaries. 
 
Key externally visible properties 

These systems offer an increase in overall system efficiency and grid reliability.  They do so 
under a variety of control mechanisms.  For example, phase shifting transformers are typically 
adjusted as transmission flow patterns change seasonally.  Whereas HVDC systems have 
autonomous control to manage real and reactive power in real time, and with the ability to be 
adjusted as often as needed by grid dispatch. 
 
Interface descriptions 

All of these devices are capable of autonomous and remote operation and control. The extent 
to which these devices employ automated action is predicated largely on technical complexity 
as well as coordination between participating organizations.  For example, the control of a 
HVDC line is subject to the agreements and approvals of reliability entities (balancing 
authorities) at each end of the system. 
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