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The reliable operation of Virtual Power Plants (VPPs) requires optimizing the coordinated use of distributed energy

resources (DERs) across multiple electricity markets while managing substantial uncertainty in renewable generation, load

behavior, and market prices. This multi-market bidding problem can be formulated as a two-stage stochastic program

and is commonly solved using the Sample Average Approximation (SAA) method combined with Benders decomposition.

While SAA provides consistent estimators of the optimal schedule, its computational burden grows rapidly with VPP size

and required sample counts, often forcing simplified uncertainty representations or limiting applicability to small-scale

systems.

This work presents a spectral approach for stochastic optimization that reformulates the VPP scheduling problem using

intrusive Polynomial Chaos Expansion (PCE). Instead of relying on large scenario sets, the uncertainty is projected onto an

orthogonal polynomial basis, yielding a compact spectral representation of the uncertainty space. In this framework, the

entire second-stage problem (its objective function and constraints) is projected onto the PCE basis, transforming the

stochastic recourse problem into a deterministic system of coupled equations in the PCE coefficients domain. This spectral

representation is solvable and preserves the structure of the original problem at a much lower dimensionality than SAA,

yielding substantial computational benefits.

The methodology is validated on a realistic Swiss low-voltage network with photovoltaic systems, heat pumps, electric

vehicles, and battery storage. Results show that the intrusive PCE surrogate achieves order-of-magnitude efficiency gains

compared to SAA–Benders while maintaining excellent accuracy in market scheduling decisions.
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