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What Is Resource 
Adequacy?

Photo by Dennis Schroeder, NREL 18980
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What Is Resource Adequacy?

https://www.esig.energy/resource-adequacy-for-modern-power-systems/

https://www.esig.energy/resource-adequacy-for-modern-power-systems/
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Core Drivers of Modern Adequacy Assessment

Resources are 
subject to unplanned 

outages

Uncertainty

Time-varying availability 
decouples peak risk 
from peak demand

Variability

Leveraging wide-area 
resource diversity requires 

understanding 
interregional transmission

Spatial Coupling

Storage and demand 
response allow shifting 

electrical energy between 
time periods

Temporal Coupling
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Key Question: Can We Balance Supply and Demand?
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Key Question: Can We Balance Supply and Demand?
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different 
possible 
outcomes 
into statistical 
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Probabilistic 
Resource Adequacy 
Suite (PRAS)

Efficient, open-source 
simulation engine for 
conducting wide-area 
probabilistic resource 
adequacy assessments

Fast operations simulations capture:
• Resource and load diversity
• Regional transmission constraints
• Full chronological storage dynamics
• Weather-dependent outages.
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What Is PRAS?

https://github.com/NREL/PRAS 

https://github.com/NREL/PRAS
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What Is PRAS?

Power system
representation

Probabilistic 
simulations

Probabilistic
outcomes

Randomly drawn operating 
conditions + grid operations 

simulation under those conditions

Spatially and temporally resolved
Expected Unserved Energy (EUE),
Loss of Load Expectation (LOLE),

Loss of Load Probability (LOLP), and so on

Regional load, generator 
ratings, reliability statistics,

interregional transfer 
limits, and so on
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Power System Representation

Power system
representation

Probabilistic 
simulations

Probabilistic
outcomes

Randomly-drawn operating 
conditions + grid operations 

simulation under those conditions

Spatially- and temporally-resolved
Expected Unserved Energy (EUE),
Loss of Load Expectation (LOLE),

Loss of Load Probability (LOLP), etc

Regional load, generator 
ratings, reliability statistics,

interregional transfer 
limits, and so on
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PRAS System Components

1
23

45

6
Generator-Storage
Power Capacities (1-5)
Energy Capacity (6)

Storage
Charge Capacity
Discharge Capacity
Energy Capacity

Generator
Power Capacity

All components support reliability statistical data
(forced outage rate, mean time to repair)

Line
Forward Capacity
Backward Capacity
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Example Generator-Storage Applications

Hydro 
Reservoir

Upstream
Inflow

TurbinePump

Battery

PV

[Bidirectional]
Inverter

Heat 
Reservoir

CSP
Heat

Turbine

Fuel 
Stockpile

Fuel
Delivery

Combustion
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Probabilistic Simulations

Power system
representation

Probabilistic 
simulations

Probabilistic
outcomes

Randomly drawn operating 
conditions + grid operations 

simulation under those conditions

Spatially- and temporally-resolved
Expected Unserved Energy (EUE),
Loss of Load Expectation (LOLE),

Loss of Load Probability (LOLP), etc

Regional load, generator 
ratings, reliability statistics,

interregional transfer 
limits, etc
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Probabilistic 
simulations

Probabilistic Simulations

Simulation 1

Simulation 2

Simulation 
99,999

…

Operating 
Conditions 1

Operating 
Conditions 2

Operating 
Conditions 99,999
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Operations Problem Formulation

Considers:

• Renewable profiles and dispatchable 
generator ratings

• Generator availability (outage rates)
• Storage power and energy ratings
• Load profiles
• Interregional transmission constraints 

(“pipe-and-bubble”).

Does not consider:

• Costs and prices
• Unit commitment or economic dispatch
• AC or linearized nodal power flow.

A B

C

Load

Interregional
transfer limits

Available
generation

Available storage 
discharging

Available storage 
charging

Region
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PRAS Outputs

Power system
representation

Probabilistic 
simulations

Probabilistic
outcomes

Randomly-drawn operating 
conditions + grid operations 

simulation under those conditions

Spatially and temporally resolved
Expected Unserved Energy (EUE),
Loss of Load Expectation (LOLE),

Loss of Load Probability (LOLP), and so on

Regional load, generator 
ratings, reliability statistics,

interregional transfer 
limits, etc
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PRAS Outputs

Entity Type Metric

Regions

Shortfall (EUE and 
LOLE)
Surplus (megawatt-
hour, MWh)

Interfaces
Flow (MW)
Utilization (%)

Storages/Generator-Storages State-of-Charge (MWh)
All Resources Availability Status

Most properties available as either sample-level outcomes or sample mean + standard deviation
Additional custom outputs available via user extensions 
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Use Cases

Photo by Werner Slocum, NREL 65316
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Studying Large Systems…
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… and Large Scenario Spaces
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Capturing Weather-Dependent Outages

Load (GW)
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Understanding Economic Trade-Offs
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Complementing More Detailed Grid Simulations
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PRAS

System design

“Stress periods”

7y × 8760h
× N samples

Disaggregate MW capacity into individual units
Apply hourly failure and recovery probabilities

Identify days with highest risk 
of unserved energy and 

include them in the Regional 
Energy Deployment System 

(ReEDS)

Coupling Capacity Expansion and Resource 
Adequacy

Forthcoming: Trieu Mai, Patrick R. Brown, Luke Lavin, Surya 
Dhulipala, and Jess Kuna, “Incorporating Stressful Grid Conditions 

for Reliable and Cost-Effective Electricity System Planning”
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Interested in Using 
PRAS for Yourself?
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Accessing PRAS

PRAS is free and open-source 
software—try it today!

Installation and Getting 
Started instructions are 
available at 
nrel.github.io/PRAS

https://nrel.github.io/PRAS
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Looking Ahead

Planned enhancements for 2025:

• Better economics (merit order 
dispatch, price-sensitive demand)

• Optional friction/suboptimalities 
in interregional resource sharing

• C and Python interfaces

Photo from iStock-627281636
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Questions?

This work was authored in part by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, 
for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08GO28308. Support for the work was also provided by 
Sacramento Municipal Utility District (SMUD) under CRD-17-00691. The views expressed within do not necessarily represent 
the views of the DOE or the U.S. Government. Neither the United States government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring 
by the United States government or any agency thereof. The views expressed in the presentation do not necessarily represent 
the views of the DOE or the U.S. Government or any agency thereof. 

NREL/PR-6A40-91234

gord.stephen@nrel.gov
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