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Study Objectives
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Hypothesis: Accreditation for renewables, storage, and demand response 
resources is sensitive to hydro modeling, accreditation methods, and 
renewable penetration.

Method: Evaluate ELCC of resources using different hydro methods 
(scheduling and de-linking water and weather years) and accreditation 
methods (Loss of Load Expectation and Expected Unserved Energy)

• Solar
• Wind (two regions)
• 4-hr storage
• Demand response (varying levels of budget and call duration)



Pacific Northwest Model Topology
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Model Details:
• No transmission 

constraints
• Proxy import 

generator used to 
tune results to 0.1 
LOLE

• Weather Year and 
Water Years are 
linked



Hydro Flexibility Modeling Approaches
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Load Following case has the 
least flexibility

Flexibility Budget case deviates 
during high-risk period, hydro is 
more dispatchable with limits

Net Load Threshold dispatch to 
monthly Pmax within annual water 
limits, bookends results to 
evaluate storage when mainly 
capacity is limited, not energy.

0

3,000

6,000

9,000

12,000

15,000

18,000

12/16/08 0:00 12/16/08
12:00

12/17/08 0:00 12/17/08
12:00

12/18/08 0:00 12/18/08
12:00

12/19/08 0:00 12/19/08
12:00

H
yd

ro
 D

is
pa

tc
h 

(M
W

)
Datetime (Weather Year 2008)

Net Load Threshold Flexibility Budgets Proportional Load-Following



2026 Baseline RA Metrics
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Hydro Scheduling 
Approach

Firm Import 
Assumption (MW)

LOLE (days/year) LOLH (hours/year) EUE (MWh/year)

Load Following 1,440 0.1 1.22 372

Net Load Threshold 910 0.1 0.23 81

Flexibility Budgets 1,320 0.1 1.04 375

Resource adequacy metrics are consistent across hydro approaches.

Hydro modeling effects during risky events drives accreditation differences.

*4,600 simulations (23 WY x 5 LFE x 4 seeds x 10 outage draws) for each case. Calibration was done using firm import units



Impact of hydro flexibility on expected 
unserved energy
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The flexibility changes the 
timing and shape of load 
shed events
• Lower flexibility results 

in broad load shed 
events across the full 
day

• Higher flexibility results 
in short periods 
coinciding with morning 
or evening peaks** *All expected events fall in Winter

**Hydro may dispatch up to max capacity to alleviate offpeak system stress
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Hydro Flexibility Impact on Storage 
Accreditation
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*We assumed hydro provides 100% of ancillary services to 
isolate the ELCC of storage
*The first tranches of batteries will have a higher ELCC 
when providing ancillary services

Hydro 
Scheduling 
Approach

ELCC Using 
LOLE (%)

ELCC Using 
EUE (%)

Load Following 23% 12%

Flexibility Budgets 42% 18%

Net Load Threshold 59% 50%

Storage accreditation is impacted by:
• Flexibility (benefit)
• Hydro conservation (via imports or 

RE) (benefit)
• Accreditation target metric

Marginal ELCC for the first 500 MW of 4-hr 
Battery Storage

LOLE: Calibrate to 0.1 LOLE, trend firm 
load additions back to 0.1 LOLE

EUE: Calibrate to 0.1 LOLE, note EUE 
at 0.1 LOLE, trend firm load additions 
back to starting EUE value

ELCC Calculation



Linked (correlated) or De-Linked (uncorrelated) 
Hydro Modeling Effects
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De-linking water and weather 
years increases load shed 
duration risks

• This often comes down to 
modeler preference

Long duration events reduce 
storage and renewable 
accreditation (P50 duration ~9 
hours)

• ELCC values from previous 
slide are for linked hydro
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4-hr Storage Accreditation is Sensitive to 
Solar Buildout

Confidential 9

Renewable energy enables 
better charging and lets 
hydro operate at minimum 
levels more frequently

Renewable energy 
production and hydro energy 
preservation allow for 
maximum storage value and 
help alleviate risk due to 
energy insufficiency
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Demand Response ELCC Results
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Demand responses ELCC is 
boosted by hydro flexibility
• 24 hr/month = 38% -> 67%
• 24 hr/month = 72% -> 91%

Long duration demand response 
(load flex or DC flex potential) 
could provide high ELCC values 0%
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Key takeaways for the future of resource 
adequacy and accreditation
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Are we modeling 
the hydropower 

system accurately?

Are we capturing how 
renewables plus 

markets conserve 
hydro or reduce load 

shed risk?

Do we establish updated 
resource adequacy 

metrics and 
accreditation methods?

Presenter Notes
Presentation Notes
Modeling methods greatly impact accreditation and warrant these key questions:
Are we modeling the hydropower system accurately?
Can the hydropower fleet respond to growing variable renewable energy and leverage wide-area imports to manage scarcity?
How can we optimize hydro, wind, solar, and storage together?


Baseline resource adequacy metrics (LOLE or EUE) changes the accreditation results:
Should we accredit resources using LOLE or EUE?
What is the target resource adequacy metric for the PNW going forward?




Backup Slides



Regional Energy Shortfall Threshold (REST) tail-risk metrics limit Magnitude (3% of load) and 
Duration (18 hours) in the 0.25% probability weighted tail of events.

Accreditation and Multi-Metrics in Other Regions
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PJM moved to use Expected Unserved Energy (EUE) as a primary metric for accrediting capacity 
for resources and uses Marginal Reliability Improvement (MRI) methods.

ERCOT

PJM

NWPCC

MISO

ERCOT employs Magnitude, Frequency, and Duration metrics in a three-part framework bounded by 
1% exceedance probabilities.

Moved to four metrics, including LOLEv (0.1-0.2 events/year) and Value at Risk (VaR97.5) to set limits 
for Duration, Peak, and Energy

DLOL Accreditation is tied to resource performance during probabilistic “Critical Hours” with lost load 
or “close calls”.

SPP SPP can now consider Expected Unserved Energy (EUE) and LOLE when developing seasonal 
planning reserve margins (PRM).

ISO-NE

GB/NESO Reports Frequency (LOLE) and Magnitude (EEU) based on 34 weather years x 100 outage patterns 
for each grid scenario.
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