
Should we use Unforced Capacity (UCAP) MW or Installed Capacity (ICAP) MW to 
represent capacity when determining capacity values?  

Overview 

• System stress conditions occur when the supply of energy and reserves is inadequate to meet 
the real-time demand for energy. Accurately estimating the amount of capacity that may be 
available during a range of potential system conditions is critical for maintaining system reliability.  

• Different capacity resources have statistically different probabilities of being available during 
periods of system stress conditions. Differences in performance are driven by the technology 
type, variable vs non-variable generation and by outage rates. 

• “In the context of a capacity market, a UCAP (unforced capacity) rating represents the amount of 
capacity that a resource can be expected to provide, on average, during periods of system 
stress.”1 In other words, the level of contribution a supply or demand resource can make to 
Alberta’s resource adequacy, during its commitment period, during periods of shortfall.   

• To calculate an unforced capacity value (UCAP) for a thermal resource, forced outage rates are 
applied to installed capacity (or net dependable, depending on season) values (ICAP).  For 
example, in PJM, ICAP represents the summer net capability of a unit, meaning the output level 
the unit can dependably achieve during summer conditions. Unforced Capacity (UCAP) is the 
ICAP value of the unit reduced by its recent actual forced outage rate (EFORd) 

o As an equation UCAP is calculated as: UCAP= ICAP * (1- EFORd).  

• Equivalent Demand Forced Outage Rate (EFORd) is a measure of the probability that a 
generating unit will not be available due to forced outages or forced deratings when there is a 
demand on the unit to generate.” 2 

• The choice of using one methodology versus the other will have an impact on the amount of MW 
a resource will be eligible to offer into the capacity auction.  

Option Evaluation 

 Option 1: Unforced Capacity MW 
(UCAP) 

Option 2: Installed Capacity MW 
(ICAP) 

Description Unforced capacity (UCAP) refers to the 
amount of reliable capacity that can be 
attributed to each resource that clears 
the capacity auction.  In other words, it 
attempts to measure how much 
capacity (MW), adjusted for outages 
and derates, a resource contributes to 
system reliability during demand 
periods3.   
 
For non-intermittent generators (coal, 
gas [CC/SC]) a UCAP methodology 
allows for capacity values of all 
resources to be accounted for on a 
comparable basis.     
UCAP value is calculated as                

Installed capacity (ICAP) refers to the 
maximum amount of energy a generator 
can produce.  ICAP can be considered 
in two different ways: 

1. “Nameplate” capacity rating in 
MW- no jurisdiction utilizes an 
ICAP methodology based on 
nameplate capacity.  

2. Or seasonal net dependable 
capacity rating that accounts for 
ambient temperatures and 
humidity during the season. 

 
Seasonal net dependable for summer is 
generally lower than nameplate 
capacity in Alberta for most thermal 

                                                           
1 Ontario Capacity Auction Draft High Level Design/ ieso/ December 11, 2014 
2 PJM Capacity Market/ PJM Manual 18/PJM Capacity Market Operations 
http://www.pjm.com/~/media/documents/manuals/m18.ashx 
3 The time interval each day on a particular system in which there is a heavy demand for electricity. For PJM, it is 
the time period beginning 8:00:01 and ending 22:00:00, inclusive. (defined in PJM Manual 22, section 2) 



ICAP x (1 – XEFORd) 
 
“XEFORd- equivalent forced outage 
rate during demand periods with 
adjustment to exclude events outside 
management control - or the probability 
that a unit will not be generating during 
its demand period.”4 
 
For intermittent resources (wind, solar, 
hydro), UCAP may be calculated based 
on historical capacity factor by fuel type 
over seasonal peak hours.  
 
Non-traditional resource such as 
storage, batteries and demand 
response are also awarded UCAP 
values, methodologies for calculation 
varies based on the resource type. 
 
For new resources with no historical 
outage information a class average is 
often used to establish a resource 
UCAP. 
For example, in PJM “for units with 
missing or insufficient GADS data5, 
PJM utilizes class average data 
developed from PJM’s fleet-based 
historical unit performance statistics. 
This process is called blending. 
Blending is used for future units, 
neighboring system units, and for those 
PJM units with less than five years of 
GADS events. The term blending is 
used when a given generating unit does 
not have actual reported outage events 
for the full five-year period being 
evaluated. The actual generator unit 
outage events are blended with the 
class average values according to the 
generator class category for that unit.”6 
 

generators, while winter net dependable 
capacity is close to being reflective of a 
thermal resource’s nameplate capacity.  
 
ICAP may overstate a resource’s ability 
to provide capacity during resource 
adequacy events, since it does not 
account for the resource’s availability 
related to the probability of forced 
outages during demand periods.  
 
In PJM ICAP = UCAP for wind and solar 
resources: “The capacity value for a 
wind or solar capacity resource 
represents the amount of generating 
capacity, expressed in MW that it can 
reliably contribute during summer peak 
hours.”7 No forced outage data is 
collected for solar or wind resources – 
the EFORd of solar or wind resources is 
set to zero.8       
 
 
 

  

                                                           
4 MISO XEFORd& UCAP Calculation 
https://www.misoenergy.org/Library/Repository/Meeting%20Material/Stakeholder/Workshops%20and%20Specia
l%20Meetings/2014/20140313%20LOLE%20Workshop/20140313%20LOLE%20Workshop%20GADS.pdf 
5 The Generator Availability Data System (GADS) is a NERC- based program and database used for 
entering, storing, and reporting generating unit data concerning generator outages and unit performance. 
6 http://www.pjm.com/~/media/planning/res-adeq/2014-pjm-reserve-requirement-study.ashx 
7 PJM/ Manual 21: Rules and procedures for determination of generating capacity/Appendix B 
https://www.pjm.com/~/media/documents/manuals/m21.ashx 
8 Manual 18: PJM Capacity Market/ Section 4 Supply Resources in the Reliability Pricing Model 
http://www.pjm.com/~/media/documents/manuals/m18.ashx 
 

https://www.misoenergy.org/Library/Repository/Meeting%20Material/Stakeholder/Workshops%20and%20Special%20Meetings/2014/20140313%20LOLE%20Workshop/20140313%20LOLE%20Workshop%20GADS.pdf
https://www.misoenergy.org/Library/Repository/Meeting%20Material/Stakeholder/Workshops%20and%20Special%20Meetings/2014/20140313%20LOLE%20Workshop/20140313%20LOLE%20Workshop%20GADS.pdf
http://www.pjm.com/%7E/media/planning/res-adeq/2014-pjm-reserve-requirement-study.ashx
http://www.pjm.com/%7E/media/documents/manuals/m18.ashx


Advantages • UCAP creates stronger alignment 
between the product procured in the 
auction and the product expected to 
be delivered to ensure supply 
adequacy and reliability during 
periods of system stress. 

• Resources with the same UCAP 
value provide equivalent 
contributions to resource adequacy 
needs. In other words, 1MW of 
UCAP is a comparable 
product/service across all capacity 
providers.  Ex. Coal generator with 
20 MW UCAP = Gas generator with 
20 MW UCAP = Wind generator 
with 20 MW UCAP. 

• To estimate a UCAP value for a 
generator, historical performance 
data is utilized during peak periods. 
This provides resources with an 
incentive to increase their 
availability during peak periods and 
overall, in order to increase future 
UCAP rating for subsequent 
auctions. This incentivizes supply 
resources to perform maintenance 
during periods least likely to 
experience supply adequacy 
shortfalls such as off-peaks or 
shoulder season. 

• Enables level playing field across 
resource types, as all resources 
compete on a uniform product 
based on their expected availability. 

• By providing a higher capacity value 
to resources with higher availability, 
the UCAP method creates 
incentives to increase availability 
during periods when capacity is 
most likely to be required.    

• Ambient temperature impacts on 
individual assets will need to be 
calculated in order to establish an 
ICAP methodology.  However, this 
process will not be as demanding 
as transitioning to a full UCAP 
methodology which would involve 
the determination of each asset’s 
historical forced outage rate during 
a specified demand period.  

• Assuming a Pay for Performance 
(PFP) model, with penalties and 
incentives, capacity providers will 
be incented to bid their resource at 
a price that accounts for the risk of 
non-performance penalties – 
resources with historically poor 
performance will bid their resources 
at higher prices (into the auction) to 
account for the risk of penalties.        

• May not require as much 
administrative oversight and initial 
calculations if delivery 
penalty/incentive mechanism 
provides the right levels of incentive 
for provision of capacity.     

 

Disadvantages  • The UCAP methodology requires 
substantial effort to develop. The 
processes to verify UCAPs for each 
supply and demand resource will be 
administratively demanding. 

• Data shortcomings – UCAP in PJM 
is evaluated based on NERC 
mandated GADS data- AB has no 
GADS data available. Difficulty 
translating current AESO MC/AC 
historical values into NERC 
compliant GADS data or equivalent. 

• Potential for dispute over 
methodology or calculations as 

• ICAP is not consistent with the 
product/service that will be used to 
ensure resource adequacy during 
the commitment periods. ICAP 
overstates supply availability and 
understates resource adequacy 
risks. 

• Using ICAP is not a standardized 
product because each ICAP MW 
may not provide comparable 
availability of capacity.  

• Using ICAP introduces a known 
error into the estimate of resource 
adequacy that might lead to 



capacity providers will want to 
ensure that the UCAP methodology 
truly reflects the capability of their 
resource.  Higher UCAP translates 
into more capacity (MW) available 
to be sold into the auction and thus 
into higher capacity market 
revenues. If a capacity provider 
believes that the UCAP 
methodology used is overly 
conservative and does not reflect 
the true capability of their resource 
– disputes over calculations might 
occur.  

underestimating system reliability 
risks. 

• Procuring the right level of capacity 
will be more challenging. 

 

Analysis • UCAP standardizes the expected availability feature of capacity across a 
wide range of resource types. The UCAP purchased ensures the system-
wide average forced outage rate, or UCAP, is matched by the committed 
set of UCAP resources. 

• Using ICAP rather than UCAP has the risk of rewarding poorer performing 
resources by providing them the same payment streams as better 
performing resources while resulting in a potential cost advantage for 
resources with lower availability. 

Alignment to criteria 
and assumptions 

• The capacity market should achieve desired reliability objectives by 
creating a measureable supply adequacy product designed to provide 
energy production or reduced consumption when needed.  

A UCAP methodology is more aligned with the criteria since the UCAP 
methodology is more consistent with the resource adequacy assessment 
process. UCAP methodology provides a more accurate estimate of expected 
resource availability during system stress. 

• Common practices and lessons learned from other capacity market 
implementations should be leveraged as much as practicable and 
applicable. 

UCAP methodologies are utilized in the majority of capacity markets.  Derating 
capacity in the pre-qualification stage before the auction is a common practice 
across multiple jurisdictions. 
 

Please see the ICAP/UCAP slides for additional comparison to criteria.  

 

 

 

 

 

 

 

 

 



Appendix – Example UCAP Calculations for ISO-NY and MISO 

ISO New-York UCAP Determination 

“A generator may sell capacity equal to its maximum demonstrated output 
adjusted for the deliverability limit and by its historical availability.9 

UCAP=CRIS adjusted DMNC X (1 – Derating factor) 

DMNC- Dependable Maximum Net Capability Test – demonstrates a 
generator’s ability to generate power. (maximum proven output) 

CRIS adjusted – deliverability limit. 

Intermittent Power Resources: Based on the amount the Intermittent resource 
can provide during system peak Load hours, as determined per ISO 
Procedures 

Limited Run-of-River Hydro Resources: Determined separately for Winter and 
Summer Capability Periods as the rolling average of the hourly net Energy 
provided by each resource during the 20 highest NYCA integrated real -time 
load hours in each of the five previous Summer or Winter Capability Periods”10 

Example: historical availability of a unit is 0.95. DMNC 100 MW, 100% 
deliverability. 

UCAP=CRIS Adjusted DMNC X (1- Derating factor) 

UCAP = 100 X 0.95 

UCAP =95   

MISO: UCAP determination 

“The unforced capacity calculation is based on the resource’s type and volume 
of interconnection service and forced outage rate (XEFORd).  

The first step is to determine the total installed capacity that the Planning 
Resource can reliably provide, which is the Total Interconnection ICAP.  

The next step is to convert the resultant Total Interconnection ICAP value to 
unforced capacity value, Total Interconnection UCAP, by applying its forced 
outage rate (XEFORd).  

UCAP for Intermittent Generation and Dispatchable Intermittent Resources is 
determined by the Transmission Provider based on historical performance, 
availability, and type and volume of interconnection service.  

Will be assigned a XEFORd of zero”. 11 

 

                                                           
9 ISO New York Independent System Operator / Installed Capacity (ICAP) Market/ NYMOC/June 8, 2017 
http://www.nyiso.com/public/webdocs/markets_operations/services/market_training/workshops_courses/Traini
ng_Course_Materials/NYMOC_MT_ALL_201/Installed_Capacity.pdf 
10http://www.nyiso.com/public/webdocs/markets_operations/services/market_training/workshops_courses/Train
ing_Course_Materials/NYMOC_MT_ALL_201/Installed_Capacity.pdf 
11 MISO XEFORd& UCAP Calculation 
https://www.misoenergy.org/Library/Repository/Meeting%20Material/Stakeholder/Workshops%20and%20Specia
l%20Meetings/2014/20140313%20LOLE%20Workshop/20140313%20LOLE%20Workshop%20GADS.pdf 

http://www.nyiso.com/public/webdocs/markets_operations/services/market_training/workshops_courses/Training_Course_Materials/NYMOC_MT_ALL_201/Installed_Capacity.pdf
http://www.nyiso.com/public/webdocs/markets_operations/services/market_training/workshops_courses/Training_Course_Materials/NYMOC_MT_ALL_201/Installed_Capacity.pdf
https://www.misoenergy.org/Library/Repository/Meeting%20Material/Stakeholder/Workshops%20and%20Special%20Meetings/2014/20140313%20LOLE%20Workshop/20140313%20LOLE%20Workshop%20GADS.pdf
https://www.misoenergy.org/Library/Repository/Meeting%20Material/Stakeholder/Workshops%20and%20Special%20Meetings/2014/20140313%20LOLE%20Workshop/20140313%20LOLE%20Workshop%20GADS.pdf
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