alifornia IMethodology for Assessing the Value of Building New Transmission Facilities to Reduce Firm Load Interruption
For practical and economic reasons, all electric transmission systems are planned to allow for some involuntary loss of firm load under some contingency conditions. For some systems, such a loss of load may require several contingencies to occur while for other systems, loss of load may occur in the event of specific single contingencies. In March of 2000, the ISO Board adopted the “Interim California ISO Principles toward the Application of Involuntary Planned Load Interruption.” These principles outlined a common and consistent approach toward the allowance of planned involuntary load interruptions in the planning of the ISO grid. The principles also specified that the ISO Grid Planning Standards Committee (PSC) would be developing a common probabilistic methodology to be used by the PTOs. The PSC has developed such a common methodology and it is described in this paper. As a basis for their method, the PSC weighed using a cost of service approach against a Performance Based Ratemaking (PBR) approach. After comparing the two approaches the conclusion was that since PBR is based on VOS, the same result can be achieved using either approach. Since the PTO’s already are using, or are planning to use, a PBR approach with the CPUC, the PSC decided that the ISO should also use PBR for consistency. The methodology being recommended by the PSC is based on measuring the benefits of reliability improvements based on the assumptions used as a basis in the various PTO’s Performance Based Ratemaking (PBR) mechanisms developed by the CPUC.


Financial incentives for the transmission system performance consist of either PBR rewards or penalties for each utility depending on the duration and frequency of customer interruptions.  System performance measures historically used by electric utilities include the System Average Interruption Duration Index (SAIDI) and System Average Interruption Frequency Index (SAIFI).  SAIDI is calculated as the sum of customer interruption durations divided by the total number of the utility’s customers.  SAIFI is calculated as the total number of customer interruptions divided by the total number of customers served. These reliability indices are not deterministic values but are the expected or average values of underlying probability distributions.  Other measures of the system reliability used in PBR may be Average Customer Minutes of Interruption (ACMI), number of distribution circuits interruptions, and maintenance, repair and replacement outages per mile of line. 

Since the proposed methodology be used for transmission projects, just the interruption of customer load due to forced outages of transmission facilities should be included in the reliability indices. The proposed methodology suggests using SAIDI and SAIFI indices (btransmission outages only) as the base for plying PBR to transmission projects.  There is no need to include other performance measures.  For example, maintenance, repair and replacement outages per mile used by PG&E refers only to outages on the distribution system that are directly impacted by maintenance practices.  Average Customer Minutes of Interruption as used by Southern California Edison (SCE) is identical to SAIDI, and the Number of Distribution Circuit Interruptions is also used by SCE is as a measure of the actual distribution system performance.  
both the  and 
In transmission planning studies, it is often unclear how many distribution circuits would be interrupted if a substation load needs to be reduced.  Therefore, it will be necessary to make certain assumptions about the amount of customers and MW of load supplied from each distribution circuit, he number of distribution circuits connected to each transmission substation.  This will create additional uncertainties and may decrease accuracy of the study results.

here are three ranges for the annual reliability indices; an upper range with penalties, a middle range or “dead band” with no reward or penalty, and a lower range with rewards. There are also limits on the total annual amount of reward or penalty.  Any project that affects the SAIDI or SAIFI contributes to a PBR penalty or reward, and this contribution is included in the economic evaluation of the project.  SAIDI and SAIFI are probabilistic indices. They vary significantly and cannot be predicted precisely.  According to SCE data, actual historic reliability indices have large variations mainly because they are sensitive to weather.  Probabilistic distribution of these indices may be described as normal with large standard deviations. 

PBR rewards or penalties depend on annual SAIDI or SAIFI.  If, for example, the SAIDI is higher than a certain amount, a penalty is imposed proportionally to the SAIDI up to a certain limit.  If the SAIDI is within the “dead band”, utility does not get any reward or penalty.  And if the SAIDI is below a certain number, a reward is granted proportionally to the SAIDI, but also to a certain limit.  Fig.1 illustrates application of this principle in PG&E, and Fig. 2 shows an example of Customer Minutes Interruption assessment in Southern California Edison Company.


















 















The same reward and penalty mechanism is applicable to SAIFI.
 
mount and the limits for rewards and penalties are established based on historical statistics for the duration and frequency of customer interruptions.  Since the annual duration and frequency of customer load interruptions variesignificantly, probabilistic methods are used to determine the rewards and pnaltylimits.  The expected PBR reward or penalty for a current year is determined by using the normal frequency distribution derived from historic data. For example, SCE uses a six-year history a two-year rolling average for these indices.  PG&E uses four years of historic data to calculate average indices and standard deviations.  If a project is expected to reduce SAIDI or SAIFI by a certain amount (as determined by a reliability study), the above frequency distributions are shifted by the same amount without changing shape (as shown in Fig.2).  The standard deviation remains the same.

The PBR benefit an individual transmission project is calculated as the difference in expected PBR rewards or penalties before and after the project.   

SCE and PG&E studies showed that the SAIDI and SAIFI reliability indices can be represented by normal probability distribution with standard deviations which are rather large.  Because these indices are probabilistic, points on the reward and penalty curves for future system performance are just average values with probabilistic distributions.  The expected rewards and penalties can be calculated along the reward/penalty curve and plotted on the same chart.  An example of such a curve is shown in Fig. 1 as a dotted line.  The exact shape of this line depends on the type of probability distribution and on the magnitude of dispersion (standard deviation for normal distribution) for this distribution.  With a normal distribution and a standard deviation equal or larger than the dead band, average rewards and penalties will follow a straight line.  The slope of this line represents the expected reward (or reduction in penalty) per unit of reliability improvement.

The rewards and penalties curves for SAIDI (average annual minutes of interruptions per customer) and SAIFI (average annual frequency of interruption per customer) are different for different electric utilities.  They depend on the size of the utility (total amount of customers) and historic data for customer load interruptions, which varylocal conditions.  Therefore, the proposed methodology does not recommend to use certain reward/penalty curves, but rather the curves developed by particular utilities for their use. These curves may be periodically updated based on actual data for the duration and frequency of customer interruptions and changes in the number of customers.

It is recommended to use the proposed methodology for any transmission projectimpacts PBR rewards or penalties.  The expected reward or penalty is calculated as the sum of expected values of rewards or penalties for each interval of SAIDI and SAIFI.  

E  =   Pi  . PBRI

where  PI  is a probability of the reliability index (SAIDI or SAIFI) to be within interval I  of possible values f this index, and PBRI  is the expected PBR reward or penalty fo this interval.

The PBR methodology uses system-wide data, and the curves of rewards or penalties versus reliability indices (SAIDI and SAIFI) are based on average composition forf customer (residential, commercial, industrial, and agricultural).  PBR does not distinguish between the size of customers; one small residential customer is treated the same way as one big industrial or commercial customer.  Usually, around 80% of electric utility customers are residential, so the system-wide reward/penalty values are closer to the load interruption costs of residential customers and may undervalue large industrial or commercial customers, for whom the cost of a service interruption is higher.   Therefore, for each project it is recommended first to study the load composition in the area where the project is planned to be implemented.  For projects in areas with a high concenttion ofindustrial or commercial loads, the reward/penalty curves may need to be increato better reflect load composition in this particular area. 
Applying this methodology to evaluation of transmission projects includes the following steps.

1. Estimate expected improvements in reliability for each project.

To estimate these improvements, reliability indices (SAIDI and SAIFI) should be calculated for the system with and without the project.  mprovement in reliability indices may be caused by fewer customers being interrupted due to the project. For transmission projects, calculations for reliability indices require information such as the annual average frequency and duration of transmission facility outages, expected load growth and load duration curves, the amount and location of load needed to be interrupted to eliminate the loading or voltage criteria violations, the number of customers interrupted and total number of customers served by the electric utility.

2. Calculate penalty or reward with and without the project and deteincrease in reward or decrease in penalty due to the project.

3. Determine benefit to cost ratio for the project. Thbenefit would be net present value of an increase in reward or a reduction in penalty. The costnet present value of lthe project related cos.
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Fig. 1.SAIDI Performance Measure.  PG&E Data
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Fig. 2.  EXPECTED PBR REWARD FOR CMI
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