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Congestion	Cost	in	US	ISO/RTOs
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Transmission	Bottlenecks
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• Option 1: build more lines
• Option 2: power flow control

Congested

Not Congested



Choices

Building	New	
Transmission	

Lines

More	Efficient	
Utilization	of	
the	Existing	
Grid	– Power	
Flow	Control
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More efficient utilization of the existing 
network is cheaper and paramount!



Power	Flow	Physics

Vj∠θ jVi∠θi B

F = B(θ j −θi )DC Power Flow Equation
This is a linear approximation of AC power flow equation:

• Relatively accurate
• Facilitates efficient computation

Susceptance

Electricity flows according to the laws of physics, not economics!

F
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Variable Impedance FACTS
Bmin ≤ B ≤ Bmax Nonlinear è

Computational Burden

Fk = Bk (θ j −θi )
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Variable Impedance FACTS
Bmin ≤ B ≤ Bmax Nonlinear è

Computational Burden

Fk = Bk (θ j −θi )

Computational Burden

No FACTS set point adjustment 
within EMS or MMS software

Infrequent ad hoc adjustments 



Technology	– TCSC	

• Thyristor-Controlled	Series	Compensator
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8  Thyristor control | Thyristor Controlled Series Compensation

In a TCSC, the whole capacitor bank or alternatively, a section of  
it, is provided with a parallel thyristor controlled inductor which  
circulates current pulses that add in phase with the line current so  
as to boost the capacitive voltage beyond the level that would be  
obtained by the line current alone. Each thyristor is triggered once  
per cycle and has a conduction interval that is shorter than half a  
cycle of the rated mains frequency. By controlling the additional  
voltage to be proportional to the line current, the TCSC will be seen  
by the transmission system as having a virtually increased reac-
tance beyond the physical reactance of the capacitor.

The thyristor valve is integrated in the capacitor overvoltage 
protection scheme. It replaces the Fast Protective Device and 
allows a reduction of the rating of the protective parallel varistor.

Thyristor control

Thyristor-controlled segment of a series capacitor.
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Technology	– Smart	Wires
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Power Router brochure 



Objective:

Design a Computationally-
efficient Algorithm to Control
the Power Flow Controller

Set Points
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Shift	Factor	Structure

• Industry	implementations	of	SCUC	and	SCED	do	not	use	𝐵 − 𝜃
structure;	they	use	PTDFs.
– No	need	to	model	all	the	voltage	angles
– No	need	to	calculate	all	the	flows
– Significantly	faster	compared	to	𝐵𝜃
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terms.



Computational	Complexity	– NLP/MILP

Non
Convex
(MIP)

Convex
(LP)

Convex
(LP)
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Fk = Bk (Δθk )
Bk
min ≤ Bk ≤ Bk

max

Fk

Fk
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What	if	we	knew	which	B&B	tree	
node	is	the		optimal	node?
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Reformulation	to	an	MILP
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Engineering	Insight

• We	only	need	to	know	
the	direction	of	the	
power	flow

• We	know	this	direction	
for	major	lines	(COI)

• Even	if	we	do	not	know	
the	direction,	we	can	
run	a	two-stage	DCOPF	
and	identify	it.
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Convex
(LP)

Convex
(LP)
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Fk = Bk (Δθk )
Bk
min ≤ Bk ≤ Bk

max

Fk
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Fk
min

Δθk

Knowing the direction would 
reduce the complexity to a LP
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Knowing the direction would 
reduce the complexity to a LP

This is a heuristic

Optimality is not guaranteed!



SCED	Cost	Savings—IEEE	118-Bus	System
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SCED	Cost	Savings—Polish	System
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~2,400 buses

~2,900 branches



Results	– Polish	System
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𝑩𝜽 versus PTDF 𝐅𝐢𝐱𝐞𝐝	𝐯𝐞𝐫𝐬𝐮𝐬	𝐀𝐝𝐚𝐩𝐭𝐢𝐯𝐞	𝐓𝐡𝐫𝐞𝐬𝐡𝐨𝐥𝐝𝐬



Computational	Time
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Corrective	Adjustments	
• In	corrective	adjustments	we	have	even	better	
insight	about	the	direction	of	the	power	flow:	pre- or	
post- contingency	flows

• Goal:	minimization	of	post-contingency	network	
violations

• Optimal	utilization	of	FACTS	in	recourse	state	only
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FACTS Adjustment

Contingency Analysis

SCUC

Contingency Analysis

Calculate the difference in 
Network Violations



Corrective	Results—IEEE	118-Bus	System
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Conclusions

• Mathematical	representation	of	OPF	with	
FACTS:	NLP

• We	reformulated	the	NLP	to	a	MILP;	using	our	
knowledge	of	electricity	flow	physics,	we	
reformulate	the	problem	to	an	LP

• The	LP	heuristic	is	extremely	effective:	it	found	
the	optimal	solution	more	than	98%	of	the	time.

• The	heuristic	is	extremely	fast	(LP)	and	would	
not	add	to	the	complexity	of	the	OPF	problem
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Thank	you!
Questions?
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