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Agenda 

• Resource adequacy criterion definition 
• Resource adequacy criterion types 

– Physical Criterion 
– Economic Criterion 

• Physical Resource Adequacy Metrics 
– Loss of Load Events (LOLE) 
– Loss of Load Hours (LOLH) 
– Normalized Expected Unserved Energy (EUE) 

• Resource Adequacy Criteria in different jurisdictions 
• Alberta Historical Performance against Physical Reliability 

Criteria 
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Resource Adequacy Criterion Definition 

• Resource adequacy criterion establishes sufficient amount of 
capacity resources required to serve the forecast load and to 
avoid involuntary shedding of load during system scarcity 
events. 

• Resource adequacy determination involves  
– choosing the resource adequacy criterion and measure, and  
– the approach for calculating the target capacity volume 

requirement (as well as min and max volumes) needed to meet 
an established resource adequacy criterion.  
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Resource Adequacy Criterion Types 

Resource 
Adequacy Criterion 

Physical Resource 
Adequacy Criterion 

“1-in-10” loss of 
load criterion 

Normalized 
Expected 

Unserved Energy 
(EUE) 

Economic Resource 
Adequacy Criterion 
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Attempts to minimize total 
system or customer costs 
(including the capital cost of 
adding resources, production 
costs, off-system and 
emergency purchase costs, and 
the cost of load shed events) by 
weighing the tradeoff between 
the incremental costs and the 
benefits of increasing the 
reserve margin.  



Resource Adequacy Criterion Types 

Physical Resource Adequacy 
Criterion 

Economic Resource Adequacy 
Criterion 

Alignment with 
current standard 

Aligned Not Aligned 

Implementation  Generally implemented as “1-in-10” loss of 
load standard.  

Requires Value of Lost Load (VOLL)*, 
incremental value and costs associated with 
additional capacity resources estimation 

Level of 
Reliability 

Will likely drive higher reliability level / 
reserve margin, which sometimes is argued 
to lead to over procurement.  

The VOLL-based economically optimal 
criterion may lead to lower reliability level 
compared to “1-in-10” standard. 

Costs  A several percentage points increase in 
reserve margin can slightly increase the 
average annual costs, but more significantly 
reduce the likelihood of experiencing very 
high-cost events.  

Theoretically the VOLL-based option is able to 
choose the most cost-effective reliability 
criterion as it minimizes the combined cost of 
capacity capital costs and VOLL. 

Considerations There is substantial variation in how this 
criterion is implemented in various regions 
(see next slide).  

The cost-minimizing reserve margin only 
represents the “optimum” reserve margin from 
a risk-neutral perspective. From a policy 
perspective, risk aversion may cause the 
reliability criterion to converge to the one with 
lower political risks.  

4 * Value of Lost Load (VOLL) is the cost of an outage to customers or the price that an average customer would be willing to 
pay to avoid an involuntary interruption of their electricity supply. 



Physical Resource Adequacy Metrics  

• The 1-in-10 standard may be interpreted as either one event in ten years or one 
day in ten years.   
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Loss of Load Events (LOLEV) Loss of Load Hours (LOLH) 
Description Expected number of load-shed 

events in which some system load 
is not served in a given year* 

Expected number of hours per year 
when a system’s hourly demand is 
projected to exceed the generating 
capacity* 

Threshold 0.1 LOLEV / year (1 loss of load 
event occurred in a 10-year period) 

2.4 hours / year (1 day or 24 hours in 
10-year period) 

Considerations Frequency of occurrence metric. 
Doesn’t consider the duration 
(hours) or the size (MWh) of an 
unserved load event.  

Measures the duration (hours) but not 
the size (MWh) of an unserved load 
event. 

* Based on NERC Probabilistic Assessment Technical Guidance Document, August 2016 
http://www.nerc.com/comm/PC/PAITF/ProbA%20Technical%20Guideline%20Document%20-%20Final.pdf 

• Loss-of-Load Expectation (LOLE) - expected number of days per year for which 
generation capacity is insufficient to serve daily peak demand (frequency of 
occurrence). Typically requires only a forecast of peak load of the day; load shed 
may not occur during peak hour. Not used in NERC’s probabilistic assessment. 

 

  



Physical Resource Adequacy Metrics  
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• Several concerns about “1-in-10” loss of load physical criterion and metrics have 
driven exploration of new physical metrics: 
– The criterion has not been updated for a long time for changes in electricity industry,  

– There is no alignment in its measurement / interpretation, 

– It does not consider system size and hence doesn’t allow for direct compare among 
jurisdictions, etc. 

• Normalized EUE is the total expected firm load shed due to supply shortages 
(MWh) as a % of the total system net energy for load, and therefore represents an 
overall percentage of system load that cannot be served. 

• The recommended measures from NERC are the EUE and the LOLH as these 
represent a consistent measure across areas with different sizes* and are in use 
today**. 

• Theoretically, meeting the LOLEV metric requires the highest planning reserve 
margin, with the LOLH requiring lower and the Normalized EUE the lowest reserve 
margins. 

 
*http://www.nerc.com/files/2012_proba.pdf 
**http://www.nerc.com/comm/PC/PAITF/ProbA%20Technical%20Guideline%20Document%20-%20Final.pdf 

   



Resource Adequacy Criteria in Different 
Jurisdictions 

Jurisdiction Physical Resource Adequacy 
Criterion 

Economic Resource Adequacy 
Criterion 

PJM 0.1 LOLE / year target (occurrences in days) 

NYISO 0.1 LOLEV / year target  

ISO-NE 0.1 LOLEV / year target   

MISO 0.1 LOLEV / year target    

CAISO 15 – 17% (2004 CPUC decision; based on 1 
day in 10 years LOLE) 

GB 3 hours per year (expressed as LOLH); 
CONE/VOLL based 

Ireland 8 hours per year (expressed as LOLH); 
CONE/VOLL based 

Australia NEM Max of 0.002 % Normalized EUE 

Alberta 1 event in 10 years. This level is equivalent to 
a one hour supply shortfall for the entire 8000 
MW system once every ten years (or a one 
hour 800 MW supply shortfall per year in 
each of the two model years). 7 

• The majority of capacity markets use “1-in-10” loss of load standard 



Alberta Historical Performance against  
Physical Reliability Criteria 



Load-Shed Events 

• ISO Rules 201.6 3(1)(b) defines a load-shed event: 
“The ISO must set the system marginal price at each minute as one 
thousand dollars ($1000) per MWh if to maintain the reliable operation 
of the system the ISO has issued a directive to the legal owner of an 
electric distribution system to shed firm load in accordance with 
subsection 6(1) of section 202.2 of the ISO rules, Supply Shortfall and 
Short Term Adequacy” 

• Three load-shed events since 2000: 
1. 24-Jul-2006 

2. 9-Jul-2012 

3. 2-Jul-2013 
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Methodology and assumptions  

1. Loss of Load Events (LOLEV) 
- Each load shed event was counted as one in frequency 

2. Loss of Load Hours (LOLH) 
- Load Shed event duration estimated by time at $1000 

- Exception in 2006 

3. Unserved energy estimated using a three step process 
– Identify the load shape most like the one in question (like-day) 

– Estimate the expected shape using the like-day load 

– Evaluate Area under the curve used to estimate Unserved MWh 
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Load-Shed Event Summary 

Event LOLEV (events) LOLH (hours) EUE (MWh) 
24-Jul-2006 1 1.8 465 
9-Jul-2012 1 3.0 330 
2-Jul-2013 1 1.1 177 
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Assessment LOLEV (events) LOLH (hours) Normalized EUE 
AB Observed 3 5.9 0.0001% 
AESO Rule 202.6*  NA NA 0.0011% 
NERC Standard 1 24 NA 

Alberta Historical 
Performance 

10 year aggregate 3 5.9 972 

* Translated to fixed normalized EUE  



Appendix 



Load-Shed Event 1 
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Date Start End Duration (min) EUE (MWh) 
24-Jul-2006 16:28 18:14 106 465 



Load-Shed Event 2 
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Date Start End Duration (min) EUE (MWh) 
9-Jul-2012 14:10 17:10 180 330 



Load-Shed Event 3 
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Date Start End Duration (min) EUE (MWh) 
2-Jul-2013 16:24 17:29 65 177 



Annual Reserve Margin (w/o intertie) 
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Year Reserve Margin % 

2004 23% 
2005 16% 
2006 15% 
2007 14% 
2008 18% 
2009 18% 
2010 20% 
2011 20% 
2012 21% 
2013 22% 
2014 23% 
2015 36% 
2016 43% 

Note: SD1 and SD2 are not 
included in total capacity 
for 2012 for the reserve 
margin calculation, as 
capacity from these units 
was not available during 
those years. 

Interpretation of NERC RM 
implies that non-firm 
imports should not be 
included in the RM 
calculation. 

Highlighted years are those 
that had load shed events. 



Thank you 
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