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Deliverable Number: 3002019300 

Product Type: Technical Update 

Product Title: Exploring the Impacts of Extreme Events, Natural Gas Fuel and Other 
Contingencies on Resource Adequacy 

PRIMARY AUDIENCE: Electric utility management and resource planners, ISO/RTO staff engaged in 
resource or transmission planning 

SECONDARY AUDIENCE: Utility operational planners, state regulators including staff of state energy offices 
and public utility commissions 

KEY RESEARCH QUESTION 

Extreme weather events and limitations on natural gas availability are occurring more frequently, while the 
metrics and methodologies for addressing these events have not kept pace. For example, weather is causing 
significant changes in the correlated output of variable energy resources. In addition, the increased threat of 
cyber-attacks must be addressed in power system planning and preparedness. Therefore, there is a need to 
understand events that can simultaneously impact multiple generating units and to develop metrics and 
methodologies with which to measure and plan for their impacts on resource adequacy. 

RESEARCH OVERVIEW 

This document provides an analysis of current reporting, resource adequacy metrics, and supply planning 
related to events that can disrupt supply on a system-wide basis, and offers opportunities for improvement. 
The paper categorizes and reviews the sources of supply disruption, including extreme weather events, cyber 
/ physical risks, and fuel supply constraints. It addresses a critical gap in current metrics and approaches that 
do not focus on the correlated impact on multiple resources of common mode events, often weather-related, 
that can cause significant disruptions in supply. It highlights the fact that the metrics used to measure resource 
adequacy are themselves inadequate in that Loss of Load Expectation (LOLE) and Effective Load Carrying 
Capability ELCC are measures of system capacity that often do not account for common mode events, and 
do not measure the depth, breadth or duration of outages or their economic impact. In a world evolving toward 
renewable resources with increased variability, the role of technologies that can respond to this variability, 
i.e., natural gas, storage, and flexible demand, are critical enablers. The availability of consistently collected 
and reported data on extreme events handicaps both analysis of the probability and severity of service 
disruptions and the development of effective responses. The impact of long-term trends in weather is non-
linear in that the severity of events is increasing more than the frequency. For the power industry, weather 
data needs to be collected and analyzed at the regional and national level for the duration of system-wide 
storms rather than just on a local, station-by-station basis as is currently the case. 

KEY FINDINGS 

1. The electric industry systematically understates the probability and depth of many high impact common 
mode events: 

 Extreme weather events are rising in frequency, intensity, geographic scope, and duration; the impact 
of weather is non-linear and rising much faster than frequency; a ten-year historical calculation of 
extreme event probability understates the likelihood of an extreme event in a changing climate (4-1). 
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ELCC calculations generally do not consider weather correlated deviations from standard profiles for 
variable energy resource (VER) output that might result in large fleet-wide variations in the output of 
both existing resources and incremental units (3-7).  

 The availability and output of renewable sources being correlated with weather requires other 
resources and/or demand to rapidly respond to significant changes in renewable energy production 
(4-5). 

 It is acknowledged that natural gas-based generation is a critical supply technology needed to maintain 
reliable service to consumers; it is generally assumed to be an “available resource” even though both 
operational and regulatory issues can and do lead to that capacity being unavailable (4-8).  

 The industry’s methodologies for calculating resource adequacy assume that outages and reductions 
in output are independent and uncorrelated. Increased dependence on renewable technologies 
combined with a recognition of common mode events that affect multiple generators makes it clear 
that the assumption of independence may no longer be valid (3-7).  

2. Due to the rising trend in disruptive events and common mode outages, the traditional approaches to 
ensure resource adequacy need to evolve: 

 To project disruptive event probabilities moving forward, the historical probabilities for the frequency, 
intensity, geographic scope, and duration of weather events need to be adjusted upwards to take 
recent climate trends into account. Probabilistic weather forecasts are another tool that can help deal 
with rising frequency, intensity, and duration of extreme weather events (4-5).  

 The resource adequacy framework needs to be modified to reflect the depth, duration, and economic 
costs of unserved energy, and supplemented to account for common mode events. Scenario planning 
for high impact common mode outages should be included in resource planning. Such planning should 
include scenarios that are relevant to the specific region, and consider both investments and potential 
operational responses (3-1). 

 The interaction between the natural gas and electric power markets needs to be restructured to 
remove the operational inefficiency that exists today due to the nonalignment of the daily and longer 
market cycles of the two industries (5-8). 

 Planning in the power industry needs to evolve to acknowledge the stochastic realities brought about 
by variable resources, increased variability in weather, and changing consumer behavior. These 
changes can be addressed by the development of probabilistic metrics and analytic / modeling 
systems that can measure, probabilistically, the economic impacts of these changes beginning with 
the development of scenario planning methods of extreme events (3-11).  

The authors’ key recommendations are to: 

 Develop scenarios by region of high impact, common mode events, and estimate the probability 
distributions of the scenario’s physical impacts and associated economic costs (6-1).  

 Develop regional Value of Loss Load (VOLL) studies that update and extend the available estimates 
of customer outage costs (6-1). 

 Develop a modeling framework to combine an operational model of the natural gas pipeline network 
with a production costing power system model (6-1).  
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Develop a disruptive weather classification system including intensity, geographic coverage, and 
duration directly targeted for use by the US Electricity Market (6-2).  

 Develop Value of Load at Risk as a conceptual framework to address the shortcomings of the current 
resource adequacy metrics (6-2).  

 Develop a stochastic mathematical programming model for resource planning and pricing resource 
scarcity (6-3).  

WHY THIS MATTERS 

The electric industry and its customers need to anticipate and better prepare for high impact events resulting 
from simultaneous outages and significant correlated changes in output. A recognition of the rising frequency 
of common mode failures provides the opportunity to better understand when a combination of low output 
from variable renewable sources, uncertainty in output from gas generation, and disruptive weather can lead 
to widespread outages.  

HOW TO APPLY RESULTS 

The study concluded with six interconnected recommendations that focused on better collection and 
classification of data on high impact extreme events, and on the development of metrics and probabilistic 
models for supply planning.  

LEARNING AND ENGAGEMENT OPPORTUNITIES 

The data and model development recommendations provided will be of direct interest to and supported by 
the North American Electric Reliability Corporation (NERC) and the Department of Energy, including the 
Energy Information Administration (EIA). 

EPRI CONTACTS: Robin Hytowitz, Engineer/Scientist III, RHytowitz@epri.com 

Adam Diamant, Technical Executive, ADiamant@epri.com 
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