Notes 3: Load metrics

3.0 Introduction

There are a number of metrics used to capture the variability of loads. Some of them are mainly used in reference to a single end-user (or customer), and some of them are mainly used in reference to a substation transformer or a specific feeder.
3.1 Customer metrics

There are several metrics commonly applied to individual end-users or groups of end-users. 
3.1.1 Demand

The load averaged over a time period, e.g., the 15-minute demand was 40 kW.

3.1.2 Maximum demand

The maximum of the demands that occur over a time interval, e.g., the 15 minute maximum demand for the week was 150 kW.

3.1.3 Average demand

The average of the demand that occurs over a time interval, e.g., the 15 minute average demand for the week was 100 MW.

3.1.4 Load factor

The ratio of the average demand over a time interval to the maximum demand over the same time interval.

The load factor always falls between 0 and 1. It indicates how peaked the load curve is.
The load factor for a certain west-coast utility in 1986 was 0.58 and for a neighboring utility was 0.40. 

So the first utility’s load is more constant, and the second utility’s load is more variable.

From the utility’s point of view, 

· Because facility investments must be made so that the system can handle the maximum demand, we desire maximum demand to be low. 

· Because revenues are generated in proportion to the average demand, we desire the average demand to be high.
Therefore, a desirable load factor is close to 1.0. 

Utilities sometimes penalize large industrial or commercial customers on their electric bill if the load factor is too low.

3.2 Some terminology

The following terminology is applied to customer group metrics or transformer loading metrics, but not usually to individual end-users.
3.2.1 Coincident demand

The sum of the demands for the same time period. Sometimes also called the simultaneous demand or the diversified demand. The use of the word “diversified” here refers to the fact that the measurements are taken when the various loads are at different percentages of the peak value.
For example, we might say, “The 15-minute coincident demand seen at substation X for the period 9-9:15 am was 300 kW.”

3.2.2 Maximum coincident demand

The maximum coincident demand for a time interval is the maximum of the sum of the demands imposed by a group of loads over that time interval.
The maximum coincident demand is also called the peak demand. We will use Ppeak to represent this.
The difference between maximum demand defined in 3.1.2 and maximum coincident demand is that the former refers to a single load and the latter to a group of loads.

Consider sub X that supplies 5 feeders. At 17:15-17:30, the demand on each feeder was

F1:  120 kW

F2: 80 kW

F3: 100 kW

F4: 110 kW

F5: 90 kW

If this was the maximum total loading for the day at this substation, we would say that “The maximum coincident demand seen at Sub X for Monday occurred between 17:15 and 17:30 and was 500 kW, i.e., Monday’s peak demand at Sub X was 500 kW.”

3.2.3 Maximum non-coincident demand

The sum of maximum demands on the individual groups over a time interval, without restriction that the maximum demands occur at the same time. We will use Pncpeak to represent this.
Consider sub X again. 

· Feeder 1 sees its daily peak at 16:45-17:00 and it is 150kW.

· Feeder 2 sees its daily peak at 18:00-18:15 and it is 150 kW.
· Feeder 3 sees its daily peak at 16:30-16:45 and it is 110 kW.
Feeders 4 and 5 all see their daily peak between 17:15 and 17:30 and are given in Section 3.2.2.
Summarizing,

F1peak:  150 kW

F2 peak: 150 kW

F3 peak: 110 kW

F4 peak: 110 kW

F5 peak: 90 kW

The total is 610 kW. So we would say that “The maximum noncoincident demand seen at Sub X was 610 kW.”

Note: the maximum non-coincident demand is always larger than the maximum coincident demand, and comparing the two provides an indication of the extent to which diversification of usage is helping to reduce the peak for the load group. 

3.2.4 Load diversity

Load diversity is the difference between the noncoincident maximum demand and the coincident maximum demand. In the above example, the load diversity is 110 kW.

3.3 Device loading metrics
The metrics described in this section are normally used in reference to substation, transformer, or feeder loading, but they can be used in reference to customer groups.
3.3.1 Demand Factor

The demand factor DFk for device or group k is the ratio of the maximum coincident demand Ppeak,k to the total connected load for device k.


[image: image1.wmf]k

k

peak

k

L

P

DF

,

=


The total connected load Lk for device k is the sum of the ratings of all load components.
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The total connected load Lk is an upper bound for the non-coincident maximum demand:

· Total connected load depends only on connected equipment.

· Non-coincident maximum demand depends on how equipment is operated.

Note that 0<DFk<1.0.

So what does a small demand factor mean?

( Lots of load but peak is small, therefore load operates nonsimultaneously.

What does large demand factor mean?

( Peak is close to total connected load therefore most of load operates simultaneously.

3.3.2 Utilization factor

Utilization factor for device k, UFk, is often computed for transformers or feeders. It is the ratio of the maximum coincident kVA demand on the component to the rating of the component:
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The utilization factor provides an indication of how well the component is being utilized. 

Example: Consider that a transformer serving our five feeders is rated 550kVA and that the maximum coincident demand on the transformer for the year is 525kW at a power factor of 0.9. What is the utilization factor?
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Components with high utilization factors (close to or greater than 1) may need to be replaced or reinforced in the near future. The average distribution substation transformer utilization factor across the nation has been steadily increasing for the last 10-15 years.
3.3.3 Diversity factor
The diversity factor for device or group k, DvFk, is the ratio of the maximum noncoincident demand to the maximum coincident demand:
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Consider a load group comprised of 100 customers. 

What diversity factor would we obtain if we included only 1 customers data in the calculation?
What would happen to this number if we included 2 customers in the calculation?

Would the trend change as we continued to include customers in the calculation?

If we know the diversity factor, and we know the maximum noncoincident demand (from each customer’s bill), we may compute the maximum coincident demand from
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Why is this useful?
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