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Reliability, Operation, and Planning of  
Power and Energy Systems

ropeslab.org
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Electricity demand is rising Electricity demand is changing

[NYISO 2023 Power Trends]
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Projections of future load

Candidate infrastructure 
investments

Operations Model

        Minimize Cost
s.t.: Technical constraints
        Power Flow
        Reliability     

Optimal 
infrastructure 
investments
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Operations Problem
(e.g., Multi-period OPF)

Investment cost Planner’s expected cost from operations

Demand distribution
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Projections of future load

Candidate infrastructure 
investments

Operations Model

        Minimize Cost
s.t.: Technical constraints
        Power Flow
        Reliability     

Optimal 
infrastructure 
investments

Load patterns are a planning decision

Candidate POLICY investments

Optimal 
policy 

“investments”

Integrated investment and policy planning
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Investment cost
Policy-dependent 
demand distribution

Related concepts from the literature:
- Decision-dependent uncertainty: Reparameterization gradients on “fixed” distributions
- Performative prediction: Same formulation, different modeling goal
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Now What?

Step 1:

Solution approach via 
gradient descent

• Differentiation through 
optimization problems

• Differentiation through 
demand distribution

Step 2:

Parametrizing a suitable 
differentiable scenario generator

• Requires a deterministic 
differentiable sampling path
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Solution via gradient descent “Reparameterization trick”

Gradient Gradient
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Solution via gradient descent “Reparameterization trick”

Gradient Gradient

• Implicit differentiation through the solved operations problem for each scenario
• Efficiently possible though the problem’s KKT system, e.g., via DiffOpt.jl
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Solution via gradient descent “Reparameterization trick”

Gradient Gradient
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Parameters

External data 

Simulation

Sample database

Generator Training

Scenario Generator

Differentiable Scenario Generation via DDIMs

• Suitable choice for conditional time series: Diffusion Models

• Denoising Diffusion Implicit Models (DDIMs) are deterministic and differentiable



Robert Mieth ROPESLab 13

Differentiable Scenario Generation via DDIMs



Robert Mieth ROPESLab 14

An illustrative sampling simulator

Four policy knobs:
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An illustrative sampling simulator

Four policy knobs: 𝜋 = [0,0,0,0]
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An illustrative sampling simulator

Four policy knobs: 𝜋 = [1,0,0,0]
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An illustrative sampling simulator

Four policy knobs: 𝜋 = [1,1,0,0]
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An illustrative sampling simulator

Four policy knobs: 𝜋 = [1,1,1,1]



Robert Mieth ROPESLab 19

Analyzing the gradients 𝜋 = [0.5, 0.5, 0.1, 0.1]
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Analyzing the gradients 𝜋 = [0.1, 0.1, 0.5, 0.5]
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Now let’s test it

g1 g2

g3g4g5

b1

b2b3 b4
b5b6
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robert.mieth@rutgers.edu

ropeslab.org

This talk

Related
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Backup


