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Status of EFORd Methodology Review Report 

 
I.  Background 
 
The Equivalent Forced Outage Rate on demand (EFORd) is one of the key indices currently used 
for evaluating the performance of a generating unit.  Before 2012, generating unit event data was 
used to generate transition rates for input into the Multi-Area Reliability Simulation (MARS) 
program for probabilistic reliability evaluation of the New York Control Area (NYCA).  The 
treatment of the events was conservative and resulted in EFOR values that were consistently 
above the market calculated EFORd values. In 2011, the Installed Capacity Subcommittee (ICS) 
of the New York State Reliability Council (NYSRC) challenged the methodology and its 
resulting EFOR. They concluded that the appropriate matrix for modeling the forced outage rates 
should be the EFORd value, not the more conservative EFOR value.   
 
As a result of this challenge, a consulting firm, the Associated Power Analysts (APA), was 
employed to evaluate and to propose a method to develop transition rates which could result in 
EFORd values closer to the market calculated EFORd values. The developed method named the 
APA transition rate methodology [1] is an accepted solution to different proposals of both 
Consolidated Edison Company of New York (ConEd) [2] and New York Independent System 
Operator (NYISO) [3]. From these transition rates, the EFORd values of the corresponding 
generating units were obtained. It was observed that some EFORd values calculated from the 
APA transition rate methodology somehow deviated from those computed from the market 
calculation method. ICS then requested that the NYISO investigate the top ten units of EFORd 
difference to find the cause of the deviation. 
 
Due to the complexity of the problem, the NYISO reviewed twenty units including the top ten of 
EFORd difference. After checking all aspects of deviation possibilities including the data, 
formulae, and program realization, NYISO concludes that the differences in calculated EFORd 
values of generating units between the APA transition rate methodology and the market 
calculation method are not the result of a single cause, but of several factors together. According 
to the nature of the problem, the root causes of the EFORd calculation differences have been 
identified and can be attributed to the following two categories: 

1) Raw data issues, and 
2) Treatment of the data. 

 
II. Raw Data Issues  
 
Although the APA transition rate methodology and the market calculation method calculate 
EFORds in different ways, they have the common source of raw data, i.e., the Generating 
Availability Data System (GADS). GADS is a reporting system set up by the North American 
Electric Reliability Corporation (NERC) for electric utilities. It is a mandatory industry program 
aimed at collecting and maintaining an accurate, dependable, and comprehensive database 
capable of monitoring the performance of electric generating units and major pieces of 
equipment [4]. 
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A. Data Records 
 
Of all types of data reported to GADS, performance data and event data are the two used for 
calculating the EFORd of a generating unit. Currently, EFORds are calculated using this data 
from the previous five years. 
 
1. Performance data record 
 
Performance data provides information, in a summarized format, pertaining to overall unit 
operation during a particular month in a given year [4]. For years 2011 and before, the records 
followed the Performance Report (95) format. Starting from 2012, a new format, i.e., the 
Performance Report (05) format has been applied to the records of performance data. 
 
The performance data of a generating unit is organized in monthly statistics and is regularly 
checked for validity each month. Thus, any missing or incorrect records can be easily identified 
and corrected. Therefore, performance data records are dependable and are often used as 
benchmarks during EFORd calculations of the market calculation method. 
 
2. Event data record 
 
Event data are records of a generating unit’s operating status or capability change [4]. They 
provide necessary information to evaluate generating unit availability. For years 2011 and 
before, the records followed the Event Report (97) format. Starting from 2012, a new format, i.e., 
the Event Report (07) format has been applied to the records of event data. 
 
There are four general classifications of events that are reported to GADS for a generating unit: 
outages, deratings, reserve shutdowns, and noncurtailing events. This data is organized as a 
series of records, each one corresponding to an event and assigned a unique event number for a 
specific year. In general, the event data of a generating unit historically has many more records 
than the corresponding performance data records. 
 
B. Primary Source Causing Differences of EFORd Calculation 
 
Through careful review, the GADS event data records have been identified as the primary source 
causing the differences of EFORd calculation. This is because, unlike the performance data 
which is statistical values, the event data is “raw” information of a generating unit. The event 
data records have some intrinsic features of data structure that can influence the realization of 
EFORd calculation methodologies. These features are summarized as follows. 
 
1. Disordered sequence of events 
 
It is required that an event is assigned a unique event number for a specific year. Thus, no two 
events occurring in the same year can have the same event number for a generating unit. 
However, event numbers are not required to be sequential, i.e., the sequence of events according 
to the event numbers are not necessarily in chronological order. This is purposely designed so 
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that an omitted record in a year can be added at a later time simply with the next available event 
number and without the need to renumber all the events for that year. 
 
2. Missing reserve shutdown events 
 
In the historical event data records of some units, occasionally there are no reserve shutdown 
events reported. These missing reserve shutdown events are located in the beginning year of the 
2007-2011 five-year time frame for the EFORd calculation in the planning practice. This is 
because several years ago, the reserve shutdown events were not required to be reported in the 
GADS event data record, while the reserve shutdown hours were required to be reported in the 
GADS performance data record. 
 
3. Overlapping derating events 
 
It was observed in the examined event data records that deratings often overlap with other 
deratings and reserve shutdowns. This is because GADS allows data input of overlapping events 
between deratings and other events. No matter whether a unit is in service or not, a derating 
exists whenever it is not capable of reaching 100% of its Net Maximum Capacity, with 
exemption of ambient-related conditions or system dispatch requirements. 
 
For clear illustration, two examples of simple overlapping deratings are given in Figure 1. The 
four-digit numbers are the event numbers uniquely assigned to the corresponding events. The 
symbols “D1” and “RS” represent the immediately forced derating event and the reserve 
shutdown event, respectively. In Figure 1, the first example shows the situation of one derating 
event (0232) being fully overlapping with another derating event (0231). In the second example, 
it is the scenario that a derating event (0025) is partially overlapping with a reserve shutdown 
event (0031). The part of the derating event not overlapped and circled in red is the portion of the 
derated state on demand. 

 
 

Figure 1.  Examples of simple overlapping deratings 
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Because a derating event can last for a long time depending on whether the equipment that 
caused the derating is fully recovered or not, sometimes a derating event can overlap with a 
bundle of other events. If this situation is also mixed with a sequence of events not in 
chronological order, the overlapping scenario can be very complicated. 
 
Figure 2 is such an example of the complex overlapping derating situation. The derating event 
(0004) of this example is overlapping with over a dozen other events including four immediately 
forced outages (U1), eight reserve shutdowns (RS), and one maintenance outage (MO). Please 
note that in order to make clear illustration, the event numbers of the events involved in this 
complex overlapping case have been reordered chronologically. This sequence of involved 
events associates with a series of event numbers starting from 0003 and ending at 0020, but 
excluding four event records in the middle (event numbers 0005, 0006, 0007, 0019). 
 

 
 

Figure 2.  An example of complex overlapping deratings 
 
 
C. Challenges Imposed on Data Treatment 
 
The above intrinsic features of the GADS event data records indicate that these records are 
“imperfect” for data treatment. Unfortunately, this kind of “imperfect” raw data can be found for 
many units. For a specific unit, the percentage of the disordered/overlapping/missing event data 
records varies significantly. For the total number of events reported, this percentage can be as 
small as 2% for some units, while it can occasionally become as large as over 50% for a few 
other units. 
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Therefore, great challenges have been raised and put on the treatment of the data. Any 
methodology utilizing the event data has to face the following three questions. 
 

1) Can the “imperfect” data be recognized? 
2) How does this data cause problems? 
3) Is it possible to avoid potential miscalculation? 

 
The answers to these questions will impact the methodology in large part on whether the 
deviation from the “true” value can happen during the EFORd calculation process. 
 
 
III. Treatment of the Data 
 
The Equivalent Forced Outage Rate on demand (EFORd) is currently defined in the NERC 
GADS Data Reporting Instructions [4] by the following formula which is actually the same as 
defined in the IEEE 762 Standard [5]. 

 %100




FOHdSH
EFDHdFOHdEFORd   (1) 

where 
SH — Service Hours 
FOHd — Forced Outage Hours on demand 
EFDHd — Equivalent Forced Derated Hours on demand 

 
Both the market calculation method and the APA transition rate methodology are using the 
above definition formula to calculate EFORd. However, they differ in implementation of the 
formula by different treatments of the data. The market calculation method uses the formula 
directly as a time-only method. It only needs the aggregate period of time of different event type 
categories for EFORd calculation. In contrast, the APA transition rate methodology uses the 
formula indirectly and is a probability-based-on-time method. It depends on both the aggregate 
period of time and the sequence of events to obtain the transition rates. The EFORd values are 
then calculated from the probabilities associated with these transition rates. 
 
A. Market Calculation Method 
 
In order to calculate the EFORd with the NERC GADS data, the market calculation method uses 
the following equation derived from equation (1) for practical implementation. 

 
%100

%100













FOHfSH
EFDHfFOHf

FOHdSH
EFDHdFOHdEFORd

f

pf
  (2) 

where 
FOH — Forced Outage Hours 
EFDH — Equivalent Forced Derated Hours 
ff — demand factor of forced outages 
fp — demand factor of forced deratings 
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Conceptually the market calculation method to calculate EFORd can be described as: First, 
obtain total hours of forced outages and equivalent forced deratings; Second, use demand factors 
ff and fp to estimate the corresponding hours on demand. Finally, use equation (2) to calculate 
EFORd. 
 
1. Impact of disordered sequence of events 
 
For the market calculation method, only the duration time of events are used in order to calculate 
the EFORd. Because it is based on the additive assumption [4], the duration hours of each event 
with the same type in the data records are simply added. In other words, the relationships 
between events are not important for calculation. Thus, even the sequence of event data records 
are chronologically disordered, there is almost no impact for the EFORd calculation. 
 
2. Impact of missing reserve shutdown events 
 
If some reserve shutdown events are missing, the duration time values for EFORd calculation 
will be influenced. This is because for the market calculation method, the value of service hours 
(SH) in equation (2) is obtained using the following two-step equations (3) and (4). 
 
Step 1: 
 UHPHAH    (3) 
where 

AH — Available Hours 
PH — Period Hours 
UH — Unavailable Hours 

 
Step 2: 
 )Hours Pumping()Hours Condensing sSynchronou(  RSHAHSH   (4) 
where 

SH — Service Hours 
RSH — Reserve Shutdown Hours 

 
Nevertheless, the performance data of a generating unit are regularly checked in each month, as 
mentioned previously. If any reserve shutdown events are missing, the missing duration hours 
are corrected for each month by benchmarking the performance records. Thus, the impact of 
missing reserve shutdown events is successfully avoided by the market calculation method. 
 
3. Impact of overlapping derating events 
 
The existence of overlapping derating events is the most troublesome for the market calculation 
method. This is because it only assumes all duration hours of the same type event to be additive 
and does not care about various relationships between events. Thus, the portion of the forced 
derated hours on demand cannot be distinguished and known exactly, although the total forced 
derated hours can be statistically obtained. In equation (2), the Equivalent Forced Derated Hours 
(EFDH) is calculated using the following formula. 
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events derating forced all

i

ii

NMC
DTEFDH   (5) 

where 
Ti — time accumulated during forced derating event i 
Di — size of capacity reduction by forced derating event i 
NMC — Net Maximum Capacity of the generating unit 

 
For the market calculation method, the Equivalent Forced Derated Hours on demand (EFDHd) 
can only be estimated after the EFDH value is obtained. Thus, a demand factor of forced 
deratings, i.e. fp in equation (2), is used for this estimation. The value of demand factor fp is 
calculated as follows. 

 
AH
SHf p    (6) 

From equation (6), we know that fp is the ratio of service hours to available hours. Thus, it is only 
an estimate of the ratio of forced derated hours on demand to total forced derated hours. There is 
actually an important assumption already made here, i.e. deratings are assumed to be uniformly 
distributed during the available hours, which is explicitly pointed out in the IEEE 762 Standard 
[5]. This assumption is most appropriate when a large number of generators are grouped for 
calculating pooling unit statistics. However, for a specific generating unit during a certain period 
of time, this assumption may not be true. For clear illustration, Table 1 gives the comparison 
results of the demand factor fp used by the market calculation method and the actual ratio of 
forced derated hours on demand to total forced derated hours during 2007-2011, which were 
manually checked for three generating units of the New York Control Area (NYCA). 
 

Table 1  Comparison of the demand factor of forced deratings 
 

Example 
Units 

Market demand factor fp  
(estimate) 

Ratio of forced derated hours on demand 
to total forced derated hours (actual) 

Unit 1 0.90267 0.99942 
Unit 2 0.14277 0.11554 
Unit 3 0.01253 0.00297 

 
From Table 1, we can see that the demand factor fp as an estimate can deviate from the actual 
ratio of forced derated hours on demand to total forced derated hours. In addition, the mode of 
this deviation (i.e. change of magnitude and direction) can vary significantly for different 
generating units, depending on their respective data records. 
 
Because of the assumption and demand factor fp used for estimation, the EFORd of a specific 
generating unit obtained by the market calculation method could deviate somewhat from the 
corresponding “true” value. As this is associated with the intrinsic data treatment capability of 
the market calculation method, such impact of the overlapping derating events on EFORd 
calculation is unavoidable. 
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B. APA Transition Rate Methodology 
 
The APA transition rate methodology is actually a probability-based-on-time method. It also 
derives from equation (1) in order to use the NERC GADS event data for EFORd calculation. 
The implementation formula is shown as follows. 

 
  %100)Pr()Pr(

%100

states derated forced all


















i

ii DdDdFOd

FOHdSH
EFDHdFOHdEFORd

  (7) 

where 
Pr(FOd) — conditional probability of the on-demand forced outage state 
Ddi — size of capacity reduction (p.u.) for the on-demand forced derated state i 
Pr(Ddi) — conditional probability of the on-demand forced derated state i 
 

Conceptually the APA transition rate methodology to calculate EFORd can be described as: 
First, obtain total hours of forced outages and use demand factor ff to estimate the corresponding 
hours on demand; Second, directly count total on-demand hours for each forced derated states. 
Thirdly, count the number of transitions between each state according to relationships between 
events and calculate the transition rates. Finally, obtain the conditional probability of each state 
from the transition rate matrix and use equation (7) to calculate EFORd. 
 
1. Impact of disordered sequence of events 
 
For the APA transition rate methodology, the impact would be the most harmful if the disordered 
sequence of events are not recognized and treated appropriately. This is because not only the 
duration time of events, but also the number of transitions between events is used for calculation. 
The number of transitions itself is highly dependent upon the chronological sequence of events. 
For a disordered sequence of events, the relationship of events is distorted. Thus the number of 
transitions will be incorrectly counted resulting in wrong transition rates and EFORd. 
 
However, the APA transition rate methodology has foreseen this potential harm and is equipped 
with the data Pretreatment Procedure 1—Handling Mistaken Sequence of Events. Using the 
algorithm of this data pretreatment procedure, the GADs Open Source software for the APA 
methodology correctly ordered all event records of a generating unit into a strictly chronological 
sequence. Therefore, this impact is successfully avoided. 
 
2. Impact of missing reserve shutdown events 
 
If some reserve shutdown events are missing, it is very harmful to the calculation. Because the 
duration time of states can be incorrectly calculated, the calculation value of EFORd will be 
influenced. If the missing reserve shutdown events happen to overlap with some deratings, the 
number of transitions between events can also be mistakenly counted. This impact could be 
serious if the portion of the missing reserve shutdown events is relatively large. 
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Unfortunately, this impact is unavoidable as the APA transition rate methodology highly relies 
on data processing of the event sequence. The only scenario where this impact can be mitigated 
is where the missing events are simple reserve shutdowns that don’t overlap with any other 
deratings. In this case, the reserve shutdown hours can be corrected by benchmarking those of 
the performance data records. 
 
To avoid miscalculation of EFORd, the GADS Open Source software for implementation of the 
APA transition rate methodology will skip a year if reserve shutdown events are missing for that 
year. Therefore, less than five years worth of data were occasionally used for EFORd 
calculation. 
 
3. Impact of overlapping derating events 
 
As previously mentioned, the existence of overlapping derating events could be harmful to 
EFORd calculation. If they were not identified and treated appropriately, both the number of 
transitions and duration time of states could be impacted. Thus, the APA transition rate 
methodology has adopted the data Pretreatment Procedure 2—Handling Overlapping Events. 
With this sophisticated data processing algorithm, the methodology is capable of combing 
complex relationships of the overlapping events. 
 
Theoretically, the on-demand portion of a forced derating event can be accurately identified by 
the APA transition rate methodology if there is no missing reserve shutdown in the event data 
records. Thus, the forced derated hours on demand are obtained directly with accuracy. With the 
correctly counted number of transitions between events, both the transition rates and the 
equivalent forced derated hours on demand can be obtained without difficulty. 
 
4. Other impact 
 
There is another impact which also contributed to the deviation of EFORd calculation. During 
the examination of data, it was found that data for four units was overridden using data from the 
previous year. This impacted the EFORd values of these units. After corrections were made to 
these units, the NYISO has improved the data of the EFORd calculation differences. The results 
before and after this improvement are shown in Figure 3. The simulation test didn’t find a 
change of NYCA LOLE after implementation of this NYCA capacity difference. 
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Figure 3.  NYCA capacity difference by EFORd before and after improvements 
 
 
IV. Conclusion 
 
Through analysis of data, formulae, and program realization, it is found that the root causes of 
the differences in calculated generating unit EFORd values between the APA transition rate 
methodology and the market calculation method are closely associated with the raw data issues 
and the treatment of the data. 
 

1) The widely observed overlapping derating events and occasionally found missing reserve 
shutdown events in the NERC GADS event data records are the primary sources causing 
differences of EFORd calculation. 

2) Some differences in EFORd values between the market calculation method and the APA 
methodology are expected. In addition, differences between the estimated market EFORd 
value and that derived from the APA methodology for developing the MARS transition 
rates are intrinsic to how each applies the GADS data. 

a) The market calculation method is based on an ‘agreed to’ formula that estimates 
the value of the demand factor fp in order to determine the forced derated hours on 
demand. The APA methodology calculates the forced derated hours on demand 
directly, and thus avoids the use of the fp approximation. 

b) The reserve shutdown hours in the market calculation are taken from the 
performance cards. This is different from that of the APA methodology, which 
obtains its reserve shutdown hours from the event cards. Since the requirement to 
submit reserve shutdown events has been in existence for four years, some of the 
units have only reported these events over that period and thus their EFORds are 
based on four years’ worth of reserve shutdown data versus five years. 

3) During the examination of data, it was found that data for several units was overridden 
using data from the previous year. Future substitutions will not be allowed to occur. 
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4) The use of the APA methodology coupled with the GADS OS software resulted in small 
differences (less than 0.6% of the total NYCA resources) between the Market calculated 
EFORds and the APA generated EFORds. Most of these differences are accounted for in 
the data used for the calculation (event data versus performance data) and the differing 
formulae themselves (fp versus direct determination of EFDHs). It is possible though that, 
like most software, it would not be uncommon to find that improvements could be made 
in the program. This fine tuning of the software is not recommended here. The small 
differences now being seen in the aggregate tend to be in the conservative direction for 
determining LOLE.   
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Appendix 
 
See attached power point presentation titled “Status of EFORd Methodology Review”. 


