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Abstract
Electricity markets are increasingly misaligned with the technological and economic realities of modern power systems. Despite rapid digitalization, distributed energy resources, and advanced demand-side capabilities, wholesale electricity market designs continue to rely on stylized textbook constructs and very old fashioned about final consumers’ ability to express their preferences as to the reliability they are willing to pay for   — which is most notable in the continued use a single Value of Lost Load (VoLL) parameter applied uniformly across heterogeneous consumers. This paper asks: how can electricity markets be redesigned to better reflect and operationalize consumers’ differentiated willingness to pay for reliability?

Methods
We will begin this paper by explaining how VoLL estimates are used in modern competitive electricity markets, based on economic literature survey and review of market rules around the world. We will then develop an evidence-based analysis of why a single VoLL measure is inadequate at ensuring social welfare maximizing outcomes.  The analytical framework will rely on a combination of conceptual modeling as well as simulation-based analysis of actual power systems, with real world facets and attributes. We intend to test alternatives to the current practices by leveraging the theoretical requirements of a two-sided market in which consumers (or their aggregators) can express time- and state-contingent willingness to pay for electric reliability, and flexible loads can offer reliability services in return within the constraints of known programmatic market features (like aggregated demand response and virtual power plant aggregation) and limits of currently available technology (distributed energy resources, smart meters). We will show how these market features rather than relying on a single administratively determined VoLL, enables voluntary expression of reliability within the energy market.  Using a simulation-based approach, we compare outcomes under a uniform VoLL regime to those under a differentiated system of customer-specific expression of the reliability levels they want.

Findings and Recommendations
Although the research is ongoing, the author observes preliminary modeling indicates that allowing differentiated reliability preferences to be expressed within the market increases allocative efficiency, reduces welfare losses associated with involuntary curtailment, and enhances investment signals for flexible demand and distributed resources. Importantly, small consumers need not engage in real-time optimization; automated aggregation and default service options can preserve simplicity while enabling participation. The findings suggest that moving toward consumer-centric, two-sided market design can improve both efficiency and equity in electricity systems undergoing deep decarbonization and digitalization. 
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