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GO Competition Challenge 3 Team

• https://gocompetition.energy.gov/
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Overview

• Problem description
• Solution evaluation
• Specific questions about solver performance and solution characteristics, 

including some we have not gotten far on yet
§ Supply-demand equilibrium analysis
§ Comparing different solutions
§ Relative influence of different objective terms
§ Influence of security contingencies
§ Topology switching
§ Run time analysis
§ Pricing
§ Importance of flexible load
§ UC-AC decomposition
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GO Competition Challenge 3
problem overview

• Multi-period unit commitment
§ Division 1 – 6 hour look ahead
§ Division 2 – 48 hours, like DA market
§ Division 3 – 1 week, e.g. to plan for severe weather events

• AC – account for the need to startup a generator specifically for voltage support
• Flexible load – characterized by a bid curve and all the modeling features of 

generators
• Single branch outage security contingencies

§ Post-contingency power flow modeled as linear with real power only (basically DC)
• Full set of reserve products

§ Ramping reserve, increasingly important for management of wind and solar
§ Reactive power reserve, to cover what we miss by using a DC post-contingency model

• Topology switching
• Run time analysis
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Solution evaluation

• Hard constraints
§ E.g. gen/load Pmax, ramping, integrality, voltage limits

• Soft constraints
§ Real and reactive power balance
§ Line limits
§ Multi-interval single device energy limits
§ Post-contingency line limits – used idea from HIPPO SFT to keep evaluation fast in the 

possible presence of topology switching (JH et al., “Fast Simultaneous Feasibility Test for 
Security Constrained Unit Commitment” https://ieeexplore.ieee.org/document/10094291)

• Market surplus objective = consumer value – producer cost – penalties
• Evaluation output (summary.json)

§ Feasibility
§ Objective value
§ ~400 other metrics
§ Run time

https://ieeexplore.ieee.org/document/10094291
https://ieeexplore.ieee.org/document/10094291
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Supply-demand analysis

• In each time interval, form a supply 
curve and a demand curve from the 
Pmax and cost/value curves of all the 
generators and loads in the system

• Then compute an equilibrium price 
and quantity, the total generator cost 
and load value, and market surplus

• Essentially, this is an approximation 
of the real problem, ignoring unit 
commitment, ramping, line limits, 
voltage, etc.

• In many cases it is a relaxation, but in 
general it is not, due to line losses 
and negative cost generators

• Load value is much larger than the 
generator cost
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Supply-demand analysis
Quality of approximation

• The approximation provided by supply-demand analysis is OK
• It behaves likes a relaxation: We have not observed any cases where it is less than the ensemble 

objective
• A few scenarios with particularly large gaps are probably due to manufactured switching cases
• Most of the time the gap is 10% or less
• If you consider the gap relative to the producer cost, then it is much worse, often about 100% to 

1000%, but this might be the right way to analyze this gap
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Relative comparison of two solutions in 
conditions of valuable flexible load

• When comparing two solutions of an 
optimization problem, we often describe the 
improvement of one over the other in terms of a 
relative gap:

𝑧! − 𝑧"
𝑧∗

• What do we use for the denominator 𝑧∗?
• As long as 𝑧!	and 𝑧"	are not too different, either 

one can serve as 𝑧∗.
• But, if there is implicitly a large constant term in 

both solution objectives, then the denominator is 
too large – it makes significant differences 
appear insignificant.

• With the load value term so much larger than the 
generator cost term, I believe much of the load 
value acts as a large constant term

• We can fix this by using just the generator cost 
as the denominator

• And this is consistent with the normalization 
used in current UC practice, where flexible load 
is less common
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Significance of generator cost and load value
• Load value and generator cost were by far the most significant factors in the 

overall objective in the ensemble solutions
• Load value was typically about 100%
• Generator cost typically 1% to 10%
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Generator cost and load value highly correlated 
in ensemble solutions

• Generator (producer) cost is typically between -10% and 10% of the total 
objective

• Load (consumer) value is typically between 90% and 110% of the total 
objective

• Gains in load value come at the expense of generator cost
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Significance of penalties on imbalance of real and 
reactive power and reserves and on line overload

• Penalties on real and reactive 
power imbalance and on line 
overloads in the base case 
were not significant, generally 
< 1%, typically much less

• It appears that the ensemble 
solutions were highly accurate 
with respect to the physical 
constraints of power balance 
and also the engineering 
constraints of line flow

• Reserve imbalance penalties 
were more significant, often 
around 1% to 10%
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Significance of post-contingency penalties
• The post-contingency penalties were only marginally significant
• The worst case penalty was somewhat more significant than the average case 

penalty, as expected, and was on the order of a few percent in some 
scenarios
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• Gauging variation in objective (y axis) as determined by variation in 
producer cost (x axis, top figure) and variation in consumer value (x 
axis, bottom figure)

• Normalization of each quantity X by reference values: (X – X*) / X^

• X is the value in a particular run (solver, scenario)

• X* is a reference level

• X^ is a reference scale

• It appears that there is some bunching of solutions near the optimal 
consumer value, and not much bunching near the optimal producer 
cost, but this effect is rather subtle.

• Can we actually say:
§ The variation in producer cost is greater than the variation in consumer value and 

contributes more to the variation in objective value.

• Need to check out penalties and try to confirm this observation 
quantitatively.

Influences on variation in 
objective – all solutions, 
not just the ensemble
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• Reference 
scale X^ is the 
equilibrium 
objective value

Influences 
on variation 
in objective



15

• Reference 
scale X^ is the 
equilibrium 
producer cost

Influences 
on variation 
in objective
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Topology Switching

• Standard DC 
example
§ Cheaper if we open 

low capacity line 1
• Why would we be in 

this situation?
§ Why is line 1 closed 

initially?
§ (n-1)-security
§ Diversity of 

operating conditions 
– wind, solar, 
flexible load.

• Further DC example
§ Optimal line 1 status 

depends on wind 
availability scenario

• How frequent are 
conditions like this?

Line 1. B = -1
S <= 50 MVA

Line 2. B = -1
S <= 200 MVA

Gen 1.
C = 10 $/MWh

Gen 2.
C = 50 $/MWh

Load.
Pd = 200 MW

Line 1 Closed Open
Pg1 100 200
Pg2 100 0
C 6000 2000

Gen 1.
C = 0

Gen 2.
C = 0

Load.
Pd = 200

Gen 3.
C = 50

S £ 200 S £ 100

Line 1. S £ 50

Scen 1 1 2 2
Pmax1 200 200 0 0
Pmax2 0 0 200 200
Line 1 1 0 1 0
Pg3 50 0 50 100
C 2500 0 2500 5000



Methods of modifying a problem to make 
switching valuable

• Add a large open line in parallel with an existing line connecting a leaf node
§ Beneficial to close it (switch into service)

• Add a small closed line in parallel with an existing line
§ Beneficial to open it

• Add a small closed line in parallel with a pair of incident lines
§ Beneficial to open it

• Add a small open line in parallel with an existing line
§ Beneficial to keep it open
§ Algorithms that just close every line at the start of the model horizon will miss this

17



Creating a set of problems demonstrating value 
of switching

• Start with original problem P0
§ Solve with benchmark solver for solution X0
§ Evaluate solution – Z0

• Create modified problem P1 with presumably ideal topology in starting state
§ Solve with benchmark solver with no switching allowed for solution X1
§ Evaluate solution – Z1

• Create modified problem P2 with presumably non-ideal topology
§ Solve with benchmark with no switching allowed for solution X2
§ Evaluate solution – Z2

• Consider X1 as a solution to P2 with switching allowed
§ Evaluate – Z3

• Z3 – Z2 is the additional value created by allowing switching

18
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Value of switching in scenarios designed to 
highlight switching

• Modified 73 bus 
division 2 
scenarios and 617 
bus division 1 
scenarios

• Varied the number 
of lines modified 
and the sizes of 
lines added

• Obtained modified 
scenarios 
demonstrating 
more or less value 
of switching
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Value of switching depends on extent of 
modification

• Adding more new 
lines
§ decreases the 

overall objective of 
the problem and

§ makes switching 
more beneficial

0
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0 5 10 15 20 25 30 35

617 Bus, Div 1, Scen 1
Line Scale 20%, Prob Ideal Status 50%, Seed 44

Objective vs Probability of Modification

Switch to ideal topology No switching Switching by benchmark
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Competitor switching results

• Many instances of large improvements from no switching allowed to switching allowed
• Even the improvements that look small relative to the total objective are large relative to the 

generator cost
• Some improvements happened despite no switching occurring
• Some improvements occurred with switching only by closing all lines at the start of the 

horizon
• Some improvements occurred with “real” switching – i.e. either opening some lines at the 

start of the horizon or any kind of switching after the start
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Run time

• Explore tradeoff between run time and solution quality
• Which solvers were particularly fast without sacrificing quality?
• Need a quality cutoff
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Real and reactive power prices

• Using the benchmark solver on a D2 
73 bus scenario

• The solver obtains Lagrange 
multipliers from the NLP solver 
IPOPT at a KKT point

• These can be transformed into prices 
for real and reactive power ($/MWh 
and $/Mvar-h) at each bus in each 
interval

• Plot, over time, selected quantiles of 
the bus-indexed multipliers

• Much more to do
§ Other pricing methods
§ Incorporate reserves and ramping in 

pricing
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Importance of flexible load

• Generate fixed load scenario from a given flexible load scenario
• A difficulty with this in Challenge 2 was that the events did not have any 

scenarios with fixed loads, so when we tried this analysis after the events, the 
solvers did not handle fixed loads well

• In Challenge 3, some of the scenarios in the events did have fixed loads
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UC-AC decomposition

• Can we take the UC algorithm of one solver and combine it with the ACOPF 
algorithm of another solver?

• Currently we are experimenting with using the benchmark solver for the AC 
phase and using competitor solvers for the UC

• Next try the benchmark for the UC with competitors for AC
• Seems like an easy way to improve on a solver that is pretty good at UC or 

AC but not as good at the other task
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