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Agenda

Optimization In Power and Energy

Challenges & Gurobi Role
• Complexity
• Real-time Optimization
• Uncertainty
• Multi-Objectives

Our Partners, Customers and 
Consulting

• Worldwide
• Japan

Q&A
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"How do our customers in energy sectors use Gurobi?"

Optimization In Power and 
Energy
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Optimization of Power Systems
From Plant to Plug

Generation Transmission Distribution Trading

Operational 
Planning

Operational 
Design

AI Generated Image AI Generated Image
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Optimization of Energy Systems
Save the Valuable Resources

Heating/Cooling network Natural Gas Transmission
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Industries Transformed by Optimization
Electrical Power

• Electrical power deregulated in the late 1990s
• Need to create a market for electricity

• Early solution techniques
• Heuristics (Lagrangian relaxation)
• MILP (lots of models; no real usage)

• EPRI report, June 1989:
• “Mixed-integer programming (MIP) is a powerful modeling 

tool….  ‘They are, however, theoretically complicated and 
computationally cumbersome’”

• 7-day unit commitment model could not be solved to 
optimality

• DIMACS meeting 1999:
• Bob Bixby demonstrated that MIP had improved to the point 

where practical power models could be solved
• 7-day unit commitment model solved to optimality in 22 

minutes

• Within a few years, nearly every grid operator in the 
world was using MIP to solve these models

Photo by Matthew Henry on Unsplash 

https://unsplash.com/@matthewhenry?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/photo-of-truss-towers-yETqkLnhsUI?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
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"Gurobi helps you beating planning challenges"

Challenges and Gurobi Role
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Challenges and Gurobi Role
Complexity

Alternating Current (AC) Optimal Power Flow (AC-OPF)
We are given a power system, i.e., a network of

• Generators
• Power lines and transformers
• Buses (nodes)
• Each bus has a load, i.e., numerical demand for power 

generators, lines, transformers, and buses (nodes) with power 
demands.

Objective: meet demands at minimum cost

Cost: Operating Cost

Note: power flows following the laws of physics
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Challenges and Gurobi Role
Complexity

• Model Size:
• Large-scale Power System
• Millions of Variables and Constraints
• Interdependency among systems

• Power flows following the laws of physics
• Quadratic
• Nonlinear
• Non-Convex
 

https://en.wikipedia.org/wiki/AC_power
https://sellugsk.live/product_details/54528194.html
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Challenges and Gurobi Role
Beating Complexity

• Model Size:
• Large-scale Power System
• Millions of Variables and Constraints
• Interdependency among systems

• Power flows following the laws of physics
• Quadratic
• Nonlinear
• Non-Convex
 

Automatic reduction for model size: Presolve, …

Find a feasible solution quickly: Heuristics, ...  

Parallel and  Sequential Optimization 

https://en.wikipedia.org/wiki/AC_power
https://sellugsk.live/product_details/54528194.html

and More ….
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Challenges and Gurobi Role
Beating Complexity

• Model Size:
• Large-scale Power System
• Millions of Variables and Constraints
• Interdependency among systems

• Power flows following the laws of physics
• Quadratic
• Nonlinear
• Non-Convex
 The latestThe latest

https://en.wikipedia.org/wiki/AC_power
https://sellugsk.live/product_details/54528194.html

Special Functions: Sin() , Cos() , Exp(), …

Piecewise linear approximation 
(Ramp constraints: instant power curve)
NonConvex parameter 

Latest version of nonlinear  features

and More ….
General Constrains (Max output power..)
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Challenges and Gurobi Role
Real-time Optimization

Enhancing Grid Reliability and Resilience with Real-Time Optimization

1. Immediate Response to Unforeseen Events
• Real-time optimization systems can quickly adapt to sudden changes in electricity demand, 

ensuring continuous power supply during peak usage times or unexpected demand surges.

2. Mitigation of Equipment Failure
• Automated monitoring and real-time optimization enable the early detection of equipment 

anomalies, allowing for preemptive maintenance or rerouting of power to prevent outages.

3. Adaptation to Extreme Weather Conditions
• Real-time optimization facilitates dynamic grid management during extreme weather events, 

minimizing disruptions by adjusting to changes in generation capacity and demand patterns
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Challenges and Gurobi Role
Real-time Optimization

ØWeekly Power Generation Plan.
Ø Daily Power Generation Plan.

Ø Hourly Power Generation Plan.
Ø Real-time responsive Plan. 

 

MILP Non-convex MIQCP 
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Energy Planning Challenges
Overcoming Uncertainty

• Uncertainties can significantly impact the reliability, cost, and 
environmental sustainability of energy systems.

• Avoid uncertainty surprises using Gurobi Multi-Scenario 
Model

Fluctuating demand

Variable renewable
energy production

Fuel price volatility

Regulations changes
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Energy Planning Challenges
Overcoming Uncertainty

• Uncertainties can significantly impact the reliability, cost, and 
environmental sustainability of energy systems.

• Avoid uncertainty surprises using Gurobi Multi-Scenario 
Model

Fluctuating demand

Variable renewable
energy production

Fuel price volatility

Regulations changes

Base 
Model

Scenario 1: Fuel price +1%

Scenario 2: Fuel price +1.5%

Scenario 3: Fuel price +1.8%

Scenario 4: Fuel price -0.2%

Scenario 5: Fuel price -0.3%

Plan 1

Plan 2

Plan 3

Plan 4

Plan 5
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Energy Planning Challenges
Overcoming Uncertainty

• Avoid uncertainty surprises using Gurobi Multi-Scenario 
Model

Fluctuating demand

Variable renewable
energy production

Fuel price volatility

Regulations changes

Base 
Model

Scenario 1: Demand +1%

Scenario 2: Demand +1.5%

Scenario 3: Demand +3%

Scenario 4: Demand -1%

Scenario 5: Demand -5 %

Plan 1

Plan 2

Plan 3

Plan 4

Plan 5
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Energy Planning Challenges
Leveraging Multi-Objective Models

General model

Minimize Z
S.T. 
 Z = Σ …
  …
End. Multiple objectives 

Blended-Objective model

Minimize w1*Z1+w2*Z2
S.T. 
 Z1 = Σ …
 Z2 = Σ …
  …
End.

Hierarchical-Objective model

Minimize Z1
Minimize Z2
S.T. 
 Z1 = Σ …
 Z2 = Σ …
  …
End.

※ w1,w2: appropriate constants
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Energy Planning Challenges
Leveraging Multi-Objective Models

• Optimize two or more objectives simultaneously (sometimes conflicting)
• Some real-objectives: Unit Commitment problem Objectives

model.setObjectiveN(0, GenStartupCost,priority=2)

model.setObjectiveN(1, FuelCost,priority=1)

model.setObjectiveN(2, CO2Emissions,priority=0)

1- Minimize Generators Startup Cost

Get a partial solution

2- Minimize Fuel Cost

Get a partial solution

Get Final Optimal Solution

3- Minimize CO2 Emissions 
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Our Partners, Customers and Consulting

The Power of collaboration



Copyright © 2023, Gurobi Optimization, LLC

European Clients

• 14 Transmission or Electricity System Operators
• 5 large Software vendors in the Eco-System
• 1 regional Security Coordinator
• 2 regulators

References/Logos upon request.
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Success Case Studies
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Gurobi Japan Consulting Servies in Energy Sector

Japan: 70% of Japanese Power Generation Companies use Gurobi
q Hydro-power, Thermal Power, Pumped-Storage,  Renewal Power Planet, and integrated 

Power systems.
q Short-short term Planning (weekly, Hourly)

q Long-term Planning (Monthly, Annual)
q Real-time and disruptive optimization.

q Gurobi Japan Provides Energy Consulting Services (Modeling, Development, Training).
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OptiMods

• Tools to solve specific optimization 
problems

• Have data-driven APIs and integrate 
with the greater Python ecosystem

• Take data in “natural form”, return a 
solution in “natural form”

• Solve mathematical optimization 
problems using Gurobi’s MIP 
technology without the need to dive 
into mathematical modeling
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Gurobi R&D Team

Stefan Heinz

Fernando 
Orozco

Ed Rothberg Michael Winkler Michel Jaczynski

Olivier Noiret Robert Luce

Tobias
Achterberg

Zonghao Gu

Ed Klotz

Pierre Bonami Roland
Wunderling

Wale SipeThomas 
Braam

Rinor Sadiku

Jaromil 
Najman

Xavier Nodet

Simon Bowly

Hassan Hijazi
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Gurobi Experts & Technical Account Managers
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• We need to solve an optimization problem 
every 5 minutes. What settings should we 
use to consistently find the best possible 
solutions in this timeframe?

• Can you help us reduce the time it takes to 
find high-quality solutions for our model 
instances?

• We are using a variety of custom parameter 
settings. Are these settings still beneficial 
for the latest version of Gurobi?

Performance Tuning
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For more information: gurobi.com

Ahmed Azab

Technical Account Manager – Gurobi Japan

April 2024

Thank You


