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What Is Resource
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What Is Resource Adequacy?
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Core Drivers of Modern Adequacy Assessment

0 0 ©

Uncertainty Variability Spatial Coupling Temporal Coupling
Resources are Time-varying availability Leveraging wide-area Storage and demand
subject to unplanned decouples peak risk resource diversity requires response allow shifting
outages from peak demand understanding electrical energy between
interregional transmission time periods
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Key Question: Can We Balance Supply and Demand?
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Key Question: Can We Balance Supply and Demand?

Combine
different
possible
outcomes
into statistical
risk metrics
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Spring 0:00 EST

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. e | -




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

What Is PRAS?

Power system Probabilistic » Probabilistic
representation simulations outcomes
Regional load, generator Spatially and temporally resolved
ratings, reliability statistics, Randomly drawn operating Expected Unserved Energy (EUE),
interregional transfer conditions + grid operations Loss of Load Expectation (LOLE),
limits, and so on simulation under those conditions Loss of Load Probability (LOLP), and so on
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Power System Representation

Power system
representation

Regional load, generator
ratings, reliability statistics,
interregional transfer
limits, and so on
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PRAS System Components

Line
D Forward Capacity

l Generator
Backward Capacity

Power Capacity
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All components support reliability statistical data
(forced outage rate, mean time to repair) NREL | 11



Example Generator-Storage Applications
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Probabilistic Simulations

Probabilistic
simulations

Randomly drawn operating
conditions + grid operations
simulation under those conditions
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Probabilistic Simulations

Operating

Conditions 1 Simulation 1
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Operations Problem Formulation

Considers:

 Renewable profiles and dispatchable
generator ratings

 Generator availability (outage rates)

e Storage power and energy ratings

* Load profiles

* Interregional transmission constraints
(“pipe-and-bubble”).

Does not consider:
 Costs and prices

* Unit commitment or economic dispatch
e ACorlinearized nodal power flow.

Available storage
discharging

Region

Available
generation

\ 1 Interregional

transfer limits
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PRAS Outputs

Probabilistic
outcomes

Spatially and temporally resolved

Expected Unserved Energy (EUE),

Loss of Load Expectation (LOLE),
Loss of Load Probability (LOLP), and so on
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PRAS Outputs

Entity Type ____ Metric [ —

Shortfall (EUE and
. LOLE)
Regions
Surplus (megawatt-
hour, MWh)
Flow (MW)
Interfaces o
Utilization (%)
Storages/Generator-Storages State-of-Charge (MWh) % honttal (M) % suraiue (W)
All Resources Availability Status 5000 0 5000 b0 05 10

Most properties available as either sample-level outcomes or sample mean + standard deviation

Additional custom outputs available via user extensions
NREL | 17



Use Cases
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Studying Large Systems...

Renewable Integration
A U.S™Perspective’ . # ..

Gregory Brinkman,! Dominique Bain,' Grant Buster,! Caroline Drax),! Paritosh Das, Jonathan Ho,! J\O
Eduardo Ibanez; Ryan Jones,* Sam Koebrich,! Sinnott Murphy,' Vinayak Narwade,' Joshua Novacheck,! e
Avi Purkayastha,' Michael Rossol,' Ben Sigrin,' Gord Stephen,’ and Jiazi Zhang'

' National Renewable Energy Laboratory
2 GE Energy
* Evolved Energy Research
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and Large Scenario Spaces
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Capturing Weather-Dependent Outages

Applied Energy 253 (2019) 113513

Contents lists available at ScienceDirect

Applied Energy

ELSEVIER journal homepage: www.elsevier.com/locate/apenergy

A time-dependent model of generator failures and recoveries captures )
correlated events and quantifies temperature dependence

il

Sinnott Murphy®, Fallaw Sowell®, Jay Apt™>"™"

* Department of Engineertng & Public Policy, Carnegte Mellon Untversiry, Pirsburph, PA, USA
" Tepper School of Business, Carnegle Mellon University, Pitsburgh, PA, USA

HIGHLIGHTS

« We quantify the temp dependence of forced outages for six g tor types.
# Generator transition probabilities are modeled using logistic regression.

* Nonhomogeneous Markov models capture observed correlated generator failures.
# Resource adequacy can be improved by accounting for temperature dependence.

ARTICLE INFO ABSTRACT

Keywords: Most current approaches to resource adequacy modeling assume that each generator in a power system fails and
Resource adequacy recovers independently of other generators with invariant transition probabilities. This assumption has been
Generating availability data system shown to be wrong. Here we present a new statistical model that allows generator failure models to incorporate
Correlated failures correlated failures and recoveries. In the model, transition probabilities are a function of exogenous variables; as
&MMMM model an example we use tem perature and system load. Model parameters are estimated using 23 years of data for 1845
2 generators in the USA’s largest electricity market. We show that temperature dependencies are statistically
significant in all generator types, but are most pronounced for diesel and natural gas generators at low tem-
peratures and nuclear generators at high temperatures. Qur approach yields significant improvements in pre-
dictive performance compared to current practice, suggesting that explicit models of generator transitions using

jointly experienced stressors can help grid planners more precisely manage their systems.
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Understanding Economic Trade-Offs
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National Transmission Planning Study
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Complementing More Detailed Grid Simulations

Applied Energy 328 (2022) 120151

Contents lists available ar 5

Applied Energy

Multi-Stage Unit
Commitment and
Economic Dispatch

ELSEVIER journal o ol Traditional

Reliability Dispatch

Insights into methodologies and operational details of resource adequacy

assessment: A case study with application to a broader PRAS PRAS & S”P PCM SIIP PCM SIIP PCM

flexibility framework

Yinong Sun ", Bethany Frew *, Sourabh Dalvi®, Surya C. Dhulipala* . . .
0 v et e, 101 i cot00 54 Sienna Sienna Sienna
s M Enginering Deper s University, Beltimors, MD, E754

Base Case, System without Hybrids Base Case, System without Hybrids

«We evaluate the impact of sperwicmal modeling Secasls on resource adequacy resulss.

» Multi stage probabilistic acemments may better capture opesatsonal details.
« Thermal generater outages may i=pect results mear than solar forecase errors. Traditional Single-Stage Single-Stage Multi-Stage Traditional Single-Stage Single-Stage Multi-Stage
= Flexibality provided by hybrids can reduce the number of load shedding events. RD ED uc UC+ED RD ED uc UC+ED

= Resules are more semattive to hybeid inverer sizng than ocher hybrid fearures.

ARTICLE INFO ABSTRACT

Fppmords: Asmeezing and mainesining recsrce adequacy (RA) i 8 cooe pillar of powes systems. Howeves, secent changes (s

Probabuistic pessuree adequary madeling the physical makeup of these systema snd the conditions under which these systems must operate have yiclded &
Mot Curks Tenewed interest in the methods, merries, and assumpeions that umderpin LA asesmments, [n this paper, we

m"""“"’“’“ spmemaicalty npim!amdermydmmnddm.dlmmnnns nmmn;uuob,m\gmmmu\uu

s (accuracy) of data

et that iz svailable for making operational decitions wishis e models and the phyrical runfigurstion of wilar

[PV) with beteesy storage by We agpily & set of probebilissic RA 1ok and productios

wa system & furure Electric Reliability Counet] of Texas pawer
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Mexsbilizy provided by hybnd and other rescurces can belp reduce syvem load shedding event frequencees and
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Coupling Capacity Expansion and Resource

Adequacy

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

System design

—
FQ PRAS

7y x 8760h

ReEDS x N samples
Q )

“Stress periods”

Beyond Capacity Credits: Adaptive
Stress Period Planning for Evolving
Power Systems

Jess Kuna, Gord Stephen, and Trieu Mai

Identify days with highest risk
of unserved energy and
include them in the Regional
Energy Deployment System
(ReEDS)

National Renewable Energy Laboratory

Forthcoming: Trieu Mai, Patrick R. Brown, Luke Lavin, Surya npe——

B ealancing rea

Dhulipala, and Jess Kuna, “Incorporating Stressful Grid Conditions Wind/CP Region
for Reliable and Cost-Effective Electricity System Planning”
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Documentation: https://docs.julialang.org

|
) [CiEs) |
—— 1o ——_ | Type "?" for help, "]?" for Pkg help.
RIS I [ B 7
[ [ 11111 C]] | version 1.9.3 (2023-08-24)
Il ZIN_Z2'Z] | Official https://julialang.org/ release
[__/ |

julia> using PRAS
julia> sys = SystemModel("rts.pras");

julia> length(sys.generators)
153

julia> shortfall, storage_soc = assess(sys, SequentialMonteCarlo(samples
=40000), Shortfall(), StorageEnergy());

2
53 julia> eue = EUE(shortfall)
| EUE = 0.07+0.03 Mwh/878uh

4
ﬂ julia> lole = LOLE(shortfall)
LOLE = 0.0006+0.0002 event-h/878uh

julia> _

-



Accessing PRAS

Installation

The Probabilistic Resource Adequacy Suite

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

Installation

PRAS is written in the Julia numerical programming language. If you haven't already, your first step

Installation and Getting T
Started instructions are —
available at

nrel.github.io/PRAS

NREL | 26
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Questions?

www.nrel.gov NREL/PR-6A40-91234
gord.stephen@nrel.gov

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-AC36-08G028308. 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 e N R E I

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.
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