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Our Software Environment: Pyomo

 Project homepage
 http://software.sandia.gov/pyomo

 “The Book”
 2nd Edition released in June 2017

 Mathematical Programming Computation papers
 Pyomo: Modeling and Solving Mathematical Programs in Python (Vol. 3, No. 3, 2011)
 PySP: Modeling and Solving Stochastic Programs in Python (Vol. 4, No. 2, 2012)



Our Hardware Environments
 Our objective is to run on commodity clusters

 Utilities don’t have, and don’t want, supercomputers
 But they do or might have multi-hundred node clusters

 Various HPC platforms we use and have used

 Multi-Core SMP Workstation
 64-core AMD, 512GB of RAM
 For only $17K from Dell….
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ACOPF Problem Formulation



ACOPF Solution With Pyomo/Ipopt



Global Solution of ACOPF With 
Pyomo/Ipopt

Taken from: Global Solution Strategies for the Network-Constrained Unit Commitment (NCUC) 
Problem with Nonlinear AC Transmission Models. Liu, Castillo, Watson, and Laird –
Optimization Online, under review.
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Contingency-Constrained ACOPF 
Results – Extensive Form 

But : Low run-times do not persist to 300-bus and larger cases…
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PH / CCOPF Issues of Note
 Progressive Hedging issues / resolution

 No ”direct” Python-based interface to Ipopt => significant of file 
overhead during each iteration (approximately 30% overhead in runs)

 We are assuming (because it is empirically true) that Ipopt is locating 
globally optimal solutions

 CCOPF issues / resolution
 Conduct pre-filtering of contingencies for which no feasible dispatch 

exists – via graph analysis
 The above allows for additional contingencies for which no feasible 

dispatch exists
 There is no guarantee that there exists a collectively feasible dispatch 

for the remaining contingency scenarios
 Consequently, critical to add slack variables for generation/load mis-

match in all power balance constraints
 Thus, we are identifying infeasible contingencies via post-processing, 

through analysis of slack variables



CCOPF PH Run Times (1)

 Experimental setup
 One scenario (contingency) sub-problem per core
 16 cores per node – Sandia’s Skybridge cluster
 Ipopt configured with MA27
 Some custom Ipopt option configuration 
 Almost no PH tuning performed

 Performance focus
 Wall clock time – all that matters for operation
 Convergence to reasonable tolerances (1e-5)

 Yields very small discrepancies (in the sixth or greater significant digit) in 
primal solution characteristics



CCOPF PH Run Times (2)

Case Name # Contingencies # of PH Iterations Wall Clock Time
case6ww 11 12 2 s
case57 79 21 12 s
case118 117 14 2m 3s
case300 322 8 2m 54s
case2383wp 2252 6 4m 50s

 Sample of results

 Key message
 Using ”modestly” sized clusters and open source software, we can 

solve contingency-constrained ACOPF problems of very large scale in 
(almost) operational time scales



Geomagnetic Disturbances (GMDs)
 Coronal Mass Ejections (CMEs) from the sun send charged particles (i.e., electrons, coronal 

and solar wind ions) into space
 A GMD occurs when particles from a large Coronal Mass Ejection (CME) escape the sun’s 

halo (corona) and are directed towards earth
 CMEs interact with earth’s magnetosphere-ionosphere producing ionospheric currents also 

called electrojets
 Electrojets perturb earth’s geomagnetic field, inducing voltage potential at earth’s surface 

and resulting in geomagnetic induced currents in the grid
 Grid risks:

 Loss of reactive power support which could lead to voltage instability and power system collapse



GMD Grid Resilient Performance
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By switching from an economical operation to a resilience-based operation 
we are able to reduce the probability of system voltage collapse due to a GMD



Mitigating GMDs Through Proactive Dispatch
 Baseline (right) and proactive (left) dispatch
 IEEE 24-bus test case
 Histograms report number of scenarios with given reactive power load 

shedding required to maintain system stability

 Proactive dispatch can dramatically reduce the impact of GMD events



Conclusions and Future Directions
 The contingency-constrained ACOPF optimization problem is an 

extremely relevant problem in power systems operations
 Only currently solved approximately (at best)

 The contingency-constrained ACOPF can be naturally formulated 
as a stochastic program, and modeled and solved using existing 
frameworks and algorithms (Pyomo, PySP, and Ipopt)

 Using modest (<3000) core cluster platforms, large-scale 
contingency-constrained ACOPF problems can be solved in 
operational time scales (< 5 minutes)

 Future directions and issues
 Tuning of PH (likely to have a major impact)
 Direct / controlled comparison with SchurIpopt as the solver
 Explore more difficult NESTA cases
 Probably need to target 1 minute for operational deployment



QUESTIONS
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