
 

LP&L 2023 Distribution Loss Factor Calculations and 
Methodology 

 

Conclusion: 17.8% of total system losses calculated included both primary and secondary system 
losses. 

Code A: Primary Customers = 5.8% loss 

Code B: Secondary Customers = 12% loss 

Code T: Transmission Customers 

Assumptions: 
1. Inputs are measured from substation high side breakers and feeder breakers  
2. Outputs are measured from customers’ meters 
3. Component Losses are represented by the following equation: 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝐴𝐴𝑋𝑋2 + 𝐵𝐵 
𝑊𝑊ℎ𝐿𝐿𝑒𝑒𝐿𝐿 𝑋𝑋 = 𝑃𝑃𝐿𝐿𝑃𝑃𝐿𝐿𝑒𝑒 𝑖𝑖𝑖𝑖𝑖𝑖𝐿𝐿 𝐶𝐶𝐿𝐿𝐶𝐶𝐶𝐶𝐿𝐿𝑖𝑖𝐿𝐿𝑖𝑖𝑖𝑖 
𝐴𝐴 = 𝑃𝑃𝐿𝐿𝑃𝑃𝐿𝐿𝑒𝑒 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐶𝐶𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶𝑖𝑖𝐿𝐿𝐶𝐶𝑖𝑖𝐿𝐿𝑖𝑖𝑖𝑖 
𝐵𝐵 = 𝑁𝑁𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐶𝐶𝐿𝐿𝐿𝐿𝐶𝐶𝐶𝐶𝑖𝑖𝐿𝐿𝐶𝐶𝑖𝑖𝐿𝐿𝑖𝑖𝑖𝑖 

Approximate Simplified Circuit Model 

 

Figure 1: Approximate and Simplified Distribution System Circuit Model 

Primary Conductor Loop 
Figure 1 above shows the simplified model of LP&L’s distribution system. The power source 

represents the high side of a representative substation. The metered data LP&L has is the real and 
reactive power from the substation, the power factor, and the 3 main phase currents. Based on this 
information, we know the total power being delivered to the distribution system as well as the injection 
currents at various points in the system. Using substation data from the high side breakers and the 
feeder breakers, the substation transformer losses can be found with the following equation: 



𝑆𝑆𝑆𝑆𝑆𝑆𝐿𝐿𝑖𝑖𝐿𝐿𝑖𝑖𝑖𝑖𝐿𝐿𝑖𝑖 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆2 + 𝐵𝐵𝑆𝑆𝑆𝑆𝑆𝑆 

Losses can also be represented by the difference in input and output powers of a component. 

(1) 𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆 − 𝑌𝑌𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆2 + 𝐵𝐵𝑆𝑆𝑆𝑆𝑆𝑆 

𝑊𝑊ℎ𝐿𝐿𝑒𝑒𝐿𝐿 𝑋𝑋𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑆𝑆𝑆𝑆𝑆𝑆𝐿𝐿𝑖𝑖𝐿𝐿𝑖𝑖𝑖𝑖𝐿𝐿𝑖𝑖 𝑃𝑃𝐿𝐿𝑃𝑃𝐿𝐿𝑒𝑒 𝐼𝐼𝑖𝑖𝐶𝐶𝑆𝑆𝑖𝑖, 

𝑌𝑌𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑆𝑆𝑆𝑆𝑆𝑆𝐿𝐿𝑖𝑖𝐿𝐿𝑖𝑖𝑖𝑖𝐿𝐿𝑖𝑖 𝑃𝑃𝐿𝐿𝑃𝑃𝐿𝐿𝑒𝑒 𝑂𝑂𝑆𝑆𝑖𝑖𝐶𝐶𝑆𝑆𝑖𝑖 

  

Primary Conductor and Secondary Loop Equations 
Losses in the distribution system were found by creating a mathematical model of the 

distribution system and fitting the available feeder and customer consumption data to it. The losses of 
the primary conductor can be represented by the following equation: 

(2) 𝑋𝑋𝑃𝑃 − 𝑋𝑋𝑇𝑇 − 𝑌𝑌𝑃𝑃 = 𝐴𝐴𝑃𝑃𝑋𝑋𝑃𝑃2 + 𝐵𝐵𝑃𝑃 

𝑊𝑊ℎ𝐿𝐿𝑒𝑒𝐿𝐿 𝑋𝑋𝑃𝑃 = 𝑃𝑃𝑒𝑒𝑖𝑖𝐶𝐶𝐿𝐿𝑒𝑒𝑃𝑃 𝐶𝐶𝐿𝐿𝑖𝑖𝐿𝐿𝑆𝑆𝐶𝐶𝑖𝑖𝐿𝐿𝑒𝑒 𝐼𝐼𝑖𝑖𝐶𝐶𝑆𝑆𝑖𝑖, 

𝑋𝑋𝑇𝑇 = 𝐷𝐷𝑖𝑖𝐿𝐿𝑖𝑖𝑒𝑒𝑖𝑖𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖𝐿𝐿𝑖𝑖 𝑇𝑇𝑒𝑒𝐿𝐿𝑖𝑖𝐿𝐿𝐶𝐶𝐿𝐿𝑒𝑒𝐶𝐶𝐿𝐿𝑒𝑒 𝐼𝐼𝑖𝑖𝐶𝐶𝑆𝑆𝑖𝑖, 

𝑌𝑌𝑃𝑃 = 𝑃𝑃𝑒𝑒𝑖𝑖𝐶𝐶𝐿𝐿𝑒𝑒𝑃𝑃 𝐶𝐶𝑆𝑆𝐿𝐿𝑖𝑖𝐿𝐿𝐶𝐶𝐿𝐿𝑒𝑒 𝐶𝐶𝐿𝐿𝑖𝑖𝐿𝐿𝑆𝑆𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝐿𝐿𝑖𝑖 

 The secondary conductor losses are tied in with the transformer losses as one loss calculation. 
The secondary losses of the system are calculated by first determining the injection power into the 
transformer (using equation 2) and then subtracting the customer output data. These losses are 
represented by the following equation: 

(3) 𝑋𝑋𝑇𝑇 − 𝑌𝑌𝑆𝑆 = 𝐴𝐴𝑇𝑇𝑋𝑋𝑇𝑇2 + 𝐵𝐵𝑇𝑇 

𝑊𝑊ℎ𝐿𝐿𝑒𝑒𝐿𝐿 𝑌𝑌𝑆𝑆 = 𝑆𝑆𝐿𝐿𝐶𝐶𝐿𝐿𝑖𝑖𝐿𝐿𝐿𝐿𝑒𝑒𝑃𝑃 𝐶𝐶𝑆𝑆𝐿𝐿𝑖𝑖𝐿𝐿𝐶𝐶𝐿𝐿𝑒𝑒 𝐶𝐶𝐿𝐿𝑖𝑖𝐿𝐿𝑆𝑆𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝐿𝐿𝑖𝑖 

Combining equations 2 and 3 will give an overall mathematical model of the distribution system 
from the feeder breaker to the customer meters. This will represent secondary customer consumption 
as a function of primary conductor input and primary customer consumption as seen below: 

𝑌𝑌𝑆𝑆 = 𝑋𝑋𝑃𝑃 − 𝐴𝐴𝑃𝑃𝑋𝑋𝑃𝑃2 − 𝐵𝐵𝑃𝑃 − 𝑌𝑌𝑃𝑃 − 𝐴𝐴𝑇𝑇�𝑋𝑋𝑝𝑝 − 𝐴𝐴𝑃𝑃𝑋𝑋𝑃𝑃2 − 𝐵𝐵𝑃𝑃 − 𝑌𝑌𝑃𝑃�
2 − 𝐵𝐵𝑇𝑇 

Customer and substation meter data can then be regressed to this model to provide the A and B 
coefficients for each loss equation. These loss equations can then be used to calculate the percent loss 
across the system.  

 

DLF Calculation 
The A and B coefficients are used to determine the loss percentages at varying loads into the 

LP&L distribution system. These loss percentages are then used to find the Settlement Interval 
Distribution Loss Factor (SILFi) for each class of customer. These loss factors are then fit to the following 
equation to find F1, F2, and F3: 
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 Figures 2 through 7 show the DLF calculation and graphs for the primary and secondary 
customers. Coefficients for each are below: 

 

 

Figure 2: DLF Calculation Table 

 

Figure 3: 15 kV Secondary DLF Calculated  



 

Figure 4:  Primary DLF Calculated 
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