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POWER SYSTEM RELIABILITY

 System operators and planners perform long-term and short-term planning studies to maintain a 
continuous supply of electric energy
— Society expects high reliability
— Cost to society is high if there is a blackout
— Value of Lost Load (VOLL) is often used to estimate the economic impact of load shedding

 System must be able to handle:
— Contingencies (N-1, N-k, N-1-1)
— Uncertainty (Load, area-interchange, renewables)



LONG-TERM RELIABILITY CRITERIA

 Loss of Load Expectation (LOLE) 
— Indicates the expected loss of load over a duration (a year, 10 years)

 Loss of Load Probability (LOLP)
— The proportion of days per year that there is insufficient generation to meet 

demand

 Commonly used standard: LOLP should be no more than 1 day in 10 years or 2.4 
hours/year
— Generally used to specify that the length of time that generation is insufficient to 

meet demand should not exceed 1 day in 10 years



LONG-TERM RELIABILITY CRITERIA

 System-wide and regional reliability metrics (EUE, 
LOLP, and LOLE) are widely used to inform system 
planning and market designs.
— Planning reserve margins
— Capacity market demand curves
— Operating reserve demand curves

J. P. Pfeifenberger, K. Spees, et al “Resource Adequacy Requirements: Reliability and Economic Implications,” available at: 
https://www.ferc.gov/sites/default/files/2020-05/02-07-14-consultant-report.pdf



RELIABILITY ASSESSMENT MODELS

 Industry Status Quo
—PJM: Probability Reliability Index Model (PRISM), Multi-Area Reliability 

Simulation (MARS) 
—NYISO, ISO-NE: MARS
—MISO: MARS, Strategic Energy & Risk Valuation Model (SERVM)
—ERCOT: SERVM

 Challenge: 
—It is important to achieve a balance between detail and computational tractability.
—Limited attention has been given to understanding how different modeling 

assumptions and methods affect reliability metrics.
• Risk sample size
• Filtering methods
• Post-contingency scheduling algorithm



A-LEAF PROBABILISTIC RELIABILITY ASSESSMENT MODEL
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 Temperature-dependent generator outage sampling that utilizes a Markov chain 
approach to model generator state transitions 
—Sampled hourly over a full year (e.g., 10k samples for each unit for 8760 hours)

 Efficient sample filtering method to reduce the number of risk samples requiring 
dispatch simulations while maintaining the accuracy of resulting reliability metrics

 Two-stage system dispatch simulations with and without perfect foresight
—First stage: Steady-state system operations
—Second stage: Realization of system risks and post-contingency system redispatch

 Determines a range of metrics to evaluate system performance. 
—EUE, NEUE, LOLH, LOLP, and LOLE.
— Indicators of outage severity (e.g., the maximum consecutive hours with load 

shedding, and the maximum load-shedding capacity in MW and MWh). 



OUTAGE SCENARIO GENERATION
Markov model to simulate weather-dependent forced outage events

365 days180 days

Outage Scenarios

1 1 0 0 1 1 1 0 0 0 0 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 0 0 0 1…

1 1 1 1 1 1 1 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1…

1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 0 0 0 1…

1 1 1 0 1 1 1 0 0 0 1 1 1 1 1 1 0 0 0 0 0 1 0 0 1 1 0 0 0 0…

…

Transition probability: depends on 
temperature at each time interval

For each unit:
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THE IMPACT OF SAMPLE SIZE ON RA METRICS
 We assess

— 4 different PRM levels
— 20 independent simulations for 

each sample size
— No filtering
— Applied to “ERCOT-like” system

 Across all PRM levels, the variability of 
NEUE decreases across batches as 
the number of samples increases.

 Smaller sample sizes cause high 
variability in absolute EUE values
—Especially at lower PRMs.



 Systems with high PRMs have low 
NEUE in absolute terms the variation 

 But the relative deviation from low to 
high sample size is much greater.

 Results seem to converge around ~25k 
samples 

System-specific sensitivity analyses 
are essential to establish robust 
results and determine the appropriate 
sample size

THE IMPACT OF SAMPLE SIZE ON RA METRICS



ENHANCING EFFICIENCY IN RELIABILITY 
ASSESSMENTS THROUGH SAMPLE FILTERING

 Simulating a large number of risk samples is 
challenging even with high-performance computers.

 This study evaluates the performance of sample 
filtering methods:
—TFGM: based on total firm generation margin
—TFG: based on total firm generation
—TD: based on total demand
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Three Sample Filtering Methods



ENHANCING EFFICIENCY IN RELIABILITY 
ASSESSMENTS THROUGH SAMPLE FILTERING

 Three filtering methods are applied to a full year
—TFGM: based on total firm generation margin
—TFM: based on total firm generation
—TD: based on total demand based

 Referencing the firm generation margin captures more 
relevant information about the systems’ reliability 
margin and outperforms other methods.

 System NEUE was predicted with reasonable accuracy 
when only simulating ~5% of total outage draws

Sample filtering can improve the efficiency of 
reliability assessment models while preserving 
accuracy
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RELIABILITY SIMULATIONS OVERVIEW

Two-stage structure without perfect foresightTwo-stage structure with perfect foresight



THE IMPACT OF IMPERFECT FORESIGHT ON RA 
METRICS

 Finally, we compare two post-contingency redispatch 
methods 1) with and 2) without perfect foresight. 

 The imperfect foresight case shows that operational 
uncertainty leads to higher EUE values.
—Particularly in high-demand periods.

 Perfect foresight post-contingency dispatch models 
may therefore overestimate system reliability.

Careful modeling and design of system dispatch 
algorithms is essential as they can significantly impact 
reliability outcomes

Metrics w/ Perfect 
Foresight

w/o Perfect 
Foresight

Difference 
(%)

EUE (MWh/year) 3,561.7 3,831.6 7.6%
NEUE (ppm) 8.0 8.6 7.6%

LOLH (hours) 2.3 2.5 8.5%
LOLE (hours/year) 0.00027 0.00029 8.5%

Max MW Loss 7,945.3 7,985.5 0.5%
Max MWh Loss 62,293.3 62,701.7 0.7%

Longest Outage (h) 13.0 13.0 0.0%



CONCLUSION

 The reliability assessment model samples generation outages and perform 
Monte-Carlo simulations to evaluate power system reliability levels.
 Our recent study highlights that an adequate number of samples is critical for 

accurate reliability studies; however, computational limitations remain a 
challenge.
— Additional uncertainties (transmission lines, renewable availability, etc)
— System dispatch logics

 AI has the potential to enhance reliability assessments. 
— Additionally, the reliability model can serve to provide training data
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