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an power flow controllers help smart
grids to integrate more green generation without overloading lines? Our recent research suggests that only modest benefits can be anticipated, unfortunately
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costlier and dirtier generation must be used instead.

Approach
To explore what benefits may be available from using flow-controllers in this way, we had to answer
two related questions. Firstly, where in the grid
should these flow-controllers be placed? Secondly,
how should they be operated once they are installed?
The first question is answered with a new technique
that test every configuration of every bus bar in the
system, to find an insertion site that gives the flowcontroller the maximum coverage over the system
(figure 1 indicates how this technique works). The
second question is answered by including the flowcontrollers’ flexibility within the algorithm which calculates the cheapest set of generators to use to serve
the load. If it is possible to use the flow-controllers
to prevent a line overload and thereby make cheaper
generation available, the new algorithm will have the
freedom to do so.

New technologies exist that allows the amount of electricity flowing through a powerline to be controlled,
like a valve on a pipe of water. Such flow controllers
have typically been placed at system boundaries to
control cross-border power flows for commercial and
security purposes. In this work, we explore a new
use case for these devices: embedding them within
power grids. The hope here is that these devices can
then be used to affect the power flows on a wide set
of lines within the power system. This wide control- Test systems
lability should be useful to prevent lines becoming
overloaded. When lines become congested, it some- The
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demonstrate the siting and operational methodologies for the flow-controllers. In common with
previous works on congestion alleviation, for this validation these test system were artificially weakened
to induce congestion (as most common test power
systems are generously specified, branch thermal
limits do not tend to constrain generator schedules)
Firstly, branch thermal limits were reduced to 50%
of their rated values. Then, to allow the two systems
to be compared in an even-handed way, their
loadings were normalized. By creating substantial
congestion costs, it is easier to appraise the ability
of flow-controllers to improve the optimality of
generation schedules. Three flow-controllers were
incrementally added to each test system, with a
+
maximum capacity of Pf,k
= 300M W . To gauge the
efficacy of the flow controllers over the full gamut of
operational situations that may arise on each system
100 representative snapshots of potential generator
dispatch profiles were created.

Results
Even for the artificially weakened systems, the cost
savings shown in Table I are quite modest. This
indicates that while flow-controllers can be used successfully within meshed networks, they are likely to
only be economically viable for networks that are
congested in specific ways.
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(a) A single line diagram for the test system

(b) First insertion, at bus 223, with its controllable flows in blue
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(c) Second insertion, at bus 107, with its controllable flows in green
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(d) Third insertion, at bus 101, with its controllable flows in violet

Figure 1: Areas of influence for each incremental flow-controller inserted into the test system.
Table 1:

Usefulness of Flow-Controllers Across 100 Operational Scenarios

System

Case

Total Cost

Congestion
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No thermal limits

$21,438,762

$0

-

With thermal limits

$22,747,384

$1,308,623

-

Control at 223

$22,741,987

$1,303,225

0.41%

Control at 223 & 107

$22,580,076

$1,141,314

12.79%

Control at 223, 107 & 101

$22,556,693

$1,117,931

14.57%

No thermal limits

$1,515

$0

-

With thermal limits

$43,886

$42,370

-

Control at 28

$41,676

$40,161

5.21%

Control at 28 & 34

$40,643

$39,128

7.65%

Control at 28, 34 & 85

$37,338

$35,823

15.45%
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