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What Matters for Efficient Risk Management?

Make Better Decisions with Less

Better:

Cost, reliability, emissions

Physics-informed models

Market suitable

Fast computations

Insight discovery 

Less:

Data requirements

Computational costs

Malfunction

Distrust



A Typical Decision-Making Pipeline

Consider a decision-making problem (SCUC/SCED):

objective (cost) function 

vector of  decision variables

feasible solution space

vector of  uncertain parameters

Bottlenecks for risk management :
• Scenario generation
• Accelerated computations
• Risk representation

Concerns:
• Do we have enough data?
• What about guarantees and solution accuracy?
• Do we target the right risk?
• Who will use it? 

Current markets:
• No differentiation between extreme 
     and normal reserve
• No direct interface for risk 

management (VB, CfD, etc)

If  extremes are not considered , why 
should producers care?

• VIr et u

• He



How to Fit Risk Into This Pipeline?

Consider a decision-making problem (SCUC/SCED):

objective (cost) function 

vector of  decision variables

feasible solution space

vector of  uncertain parameters

Uncertainty arises from
• Forecast errors (renewables and demand)

• Sudden unavailability of  resources, full or partial 

• Complex events

Risk arises from uncertainty, regardless of  its source
• Physical risk (e.g. constraint violation or operational infeasibility – overload 

or power mismatch)

• Financial risk (e.g. shortfall from physical risk – profit, liquidity, market 

losses)

• Risk = Probability × Consequence

• Various risk metrics exist (CVaR, VaR, CoVaR, etc)



Bottlenecks Cause “Missing Money” Effects: A Weather Example 

Low availability 

led to high 

prices



Bottlenecks Cause “Missing Money” Effects: A Weather Example 

Texas did the wrong thing (once again), it is obvious: 

• Reduced prices cap led to less incentives to improve availability and participate in the 

market, especially for high-stake hours 

• High demand

• Low availability of  supply

• A combination of  both

The important and overlooked argument is that market prices didn’t help

• Let’s discuss ideal-world prices

𝝀𝒊:𝒋 = 𝝀𝒊:𝒋
𝒆 ⋅ 𝝅𝟎 + (𝝀𝒊:𝒋

𝒎𝒂𝒙−𝝀𝒊:𝒋
𝒆 ) ⋅ (𝟏 − 𝝅𝟎)“ideal” price

marginal price of 
energy

probability of 
normal operations

probability of an 
“oops”

price cap



Out of Market Interventions Can be Much Worse
Several important “market” limitations:

• Limited demand elasticity  + shielded 

consumption

• No incentives to stay in the market, 

especially during critical hours

• High demand

• Low availability of  supply

• A combination of  both

• Self-commitment is always an option

$1B+ in losses/hr

1GW producer lost 

opportunity of  

~$100K/hr



“Missing Money” as a Problem Statement
Private risk evaluation of “firm” agent i Private risk evaluation of “variable” agent j

Social risk 
evaluation

What is “worst-case” 𝜔∗ 
and ”optimal” 𝜖?

Two missing parts: (i) extremes and (ii) volatility



What is Needed  to Overcome “Missing Money” Effects?

Risk management requires thinking across three dimensions of 
representation of risks – (i) modeling extreme outcomes and 

variability, (ii) endogenizing them into decision support tools 
and (iii) alignment of incentives and risk management goals.



Aligning  Private and Social Risks: Represent Extreme Outcomes

Hard to sample extreme 
events

Offshore wind (c-GAN)

Hard to implement physics 
of extreme events

Risk modeling is largely informed by 

financial engineering, benefiting from:

• Lack of  physical complexity

• Randomness 

• Rather “smooth” jumps



Aligning  Private and Social Risks: Endogenize Extreme Outcomes
More generic and nuanced approaches to sample less-likely events is needed

Traditional risk 
constraints

Risk constraints with 
large-deviation theory

Challenges:
• Depend on the indicator function 𝐼(⋅)
• Includes inner minimization for 𝜉∗

• Not clear how to compute the optimal solution
• Likely to be extremely conservative



Aligning  Private and Social Risks: Endogenize Extreme Outcomes

Employ a three-step strategy:
• Reformulate the inner level using first-order conditions
• Postulate the indicator function 
• Obtain single-level approximation



Aligning  Private and Social Risks: Endogenize Extreme Outcomes

Note that ≥ is replaced with =
• No convexity of 𝐹 ⋅  is required
• Indicator function is low

Cannot be solved at scale and efficiently 

Single-level approximation
• Ensures convexity
• Provides guarantees
• Captures extreme cases
• Can be used for pricing



Aligning  Private and Social Risks: Endogenize Extreme Outcomes

Note that ≥ is replaced with =
• No convexity of 𝐹 ⋅  is required
• Indicator function is low

Cannot be solved at scale and efficiently 

or

Treatment of risk via Taylor’s 
expansion



Aligning  Private and Social Risks: Example
Chance-constrained ED LDT-constrained ED 



Aligning  Private and Social Risks: Example
Single-level LDT-constrained ED 

Extremely conservative!

Here is an idea: use weighted chance 

constraints to alleviate conservatism! 



Aligning  Private and Social Risks: Example

Weighted chance constraints to avoid conservatism by regulating your rate of  response (risk)



Solve a WCC-
relaxation

Check WC 
feasibility

Add a linear 
cut

Optimal 
solution

Important: completes market with risk, while ensuring 

cost recovery and revenue adequacy. 

Aligning  Private and Social Risks: Computable Equilibrium! 



Aligning  Private and Social Risks: Results 

Solvable for a realistically large instance:

• 2209 nodes

• 2866 nodes

• June 2022 data set

Solver: Gurobi

One instance w/out cutting planes: 19.4 s

One instance w/cutting planes: 3.7 s

Cost savings (relative to non-WCC case) – 3.9%



Aligning  Private and Social Risks: Results 

Considering extreme events does change dispatch and reserve allocation

Cheap Intermediate

Expensive 

Considering extreme events does change reserve, not energy prices

The most 

diversified 

reserve 

portfolio



Aligning  Private and Social Risks: Larger Instances 

LDT-WCC reduces both the expected cost and 
standard deviation:

Pay more upfront to avoid being sorry

Consistent zonal energy prices and monotonic (to risk) reserve prices. 



So What?

• Let’s discuss ideal-world prices:

𝝀𝒊:𝒋 = 𝝀𝒊:𝒋
𝒆 ⋅ 𝝅𝟎 + (𝝀𝒊:𝒋

𝒎𝒂𝒙−𝝀𝒊:𝒋
𝒆 ) ⋅ (𝟏 − 𝝅𝟎)

• We found the best proxy by introducing an additional (extreme) reserve product and 

completing market design with risk:

         𝝀𝒊:𝒋 = 𝝀𝒊:𝒋
𝒆 ⋅ 𝝅𝟎

         𝝌 ∼ 𝚬𝝅𝟎[(𝝀𝒊:𝒋
𝒎𝒂𝒙−𝝀𝒊:𝒋

𝒆 (𝝅𝟎) ⋅ (𝟏 − 𝝅𝟎)]

• Still, it doesn’t solve the problem of  price volatility



Price Volatility

Price volatility drives consumer’s risk exposure (recall largely inelastic demand): 

• Volatile prices can still be efficient though

• Hedges against volatility exists (e.g., VB)

• Important point: we do not seek to eliminate volatility

• Goal: Complete markets with information about volatility



Price Volatility

Adversarial problem can come in a variety of  forms, but there are two conditions:

• Must be internalized with current market designs

• Must be “computable”

• Must be “priceable”

Typical 
SCUC/SCED 
constraints

Proxy for 

consumer risk 

exposure

Power 

mismatch
RT price

Decomposable problem:

- No-good, L-shaped, LBBD cuts

- Solves as quick as SCUC



Price Volatility

• Consumer risk exposure is reduced at no 

expense to the system efficiency.

• Risk management is not orthogonal to 

efficiency.

• Dramatic reduction in consumer exposure



Concluding Thoughts

• Risk management scales to realistically large networks

• Extreme outcomes and volatility are considered endogenously and 
without computationally intensive sampling

• We provide a robust pricing framework that captures option-value 
of  resiliency

• This framework can be adapted to other applications



Thank you! Questions? Suggestions? Feedback?

• We are constantly looking for Ph.D. applicants
• Reach out to us at ydvorki1@jhu.edu

• Collaborators:

mailto:ydvorki1@jhu.edu
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