EXHIBIT 23

UtiliCorp Networks Canada

Distribution Loss Study

December 11, 2000

Exhibit to the Responses to Information Requests prepared by:

Industrial Economics, Incorporated

2067 Massachusetts Avenue

Cambridge, Massachusetts

On Behalf of:

L'association québécoise des consommateurs

industriels d'électricité (AQCIE)

L’association des industries forestiéres du Québec (AIFQ)

5 July 2002

UtiliCorp Networks Canada

Distribution Loss Study

December 11, 2000

Introduction

The purpose of this report is to document the calculation of distribution system losses by Customer Rate Class.

What are Losses?

The delivery of electricity over a distribution system results in a portion of the electricity being consumed or lost before it reaches the customer, essentially due to I2R losses in electrical equipment.

Electricity losses occur in the operation of the following components of an electrical distribution system:

· Distribution feeder conductors

· Distribution service transformers, and

· Secondary wires to individual customers

Figure 1.0 is a simplified representation of a UtiliCorp distribution system supplying electricity to a customer’s meter.

Distribution Feeder Conductor Losses

Losses on the distribution feeder system are essentially due to I2R loss in the distribution feeder conductors. Losses of course, do occur in switchgear, contacts, fuses, splices etc., but they are negligible in comparison to conductor losses.

Distribution Planning has a model of the 427 distribution feeders with our new CYMDIST program. We conducted an assessment of the distribution feeders using the 1998/99 winter peak conditions, which provided us with an estimate of the distribution feeder conductor losses.

Basically, CYMDIST calculates line losses as I2R losses in the distribution feeder conductor.

Our model of the distribution feeder is from the substation breaker to the service transformer of each and every customer on a distribution feeder including all the single-phase system as well as the three-phase system. The CYMDIST model does not include service transformers and secondary conductors.

We used the 1998/99 winter peak value at the substation as measured by the PML meters.

The REA systems are included in the CYMDIST model and the rural transformers are modeled so that the losses associated with a REA rural transformer are included in the calculation of distribution feeder losses as well as the 8 kV system losses.
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The distribution feeder conductor losses at the 1998/99 peak load conditions, as estimated by the CYMDIST model, are 78 MW. Losses were then weighted using the dollar value of distribution property per megawatt of non-coincident peak demand of each rate class, to reflect the increase in losses as services become more distant from transmission substations.

Annual Energy Losses (GWhrs) = 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.15 x Load Factor + 0.85 x (Load Factor)2
Knowing the load factor for each Customer Class, the annual energy loss can be calculated using the equation above.

Transformer Losses

Transformer losses consist of two components; no load loss and load loss. 

No load losses are losses incurred in magnetizing the core of the transformer and are essentially constant regardless of the load supplied and are also referred to as core losses.

Load losses consist of the I2R losses in the transformer winding and they vary with the transformer loading.

Knowing the transformer size in kVA, we know the no load losses from the information supplied to us from the manufacturer.

Load losses in p.u. values are also known from the manufacturer’s information. However, assumptions must be made to determine the loading on the transformer in order to calculate the load losses.

We use the utilization factor (UF), which is the ratio of the peak load of the rate class of customers to the installed transformer capacity, to assume a load level.

Hence, the transformer losses are calculated as follows for the given rate class:

Peak Losses = # of transformers x (No Load Loss + (Load Loss x UF2)) 

Secondary Losses

Secondary Losses for are calculated as follows:

Peak Losses = VD pu x Installed Capacity of Transformers x UF


Cos 2 θ +( k sin θ cos θ )

Where 

k = X/R for the secondary conductor

VD pu is 1.5%

Distribution Losses By Customer Rate Class

Tables 1 & 2 provide a summary of the distribution losses by Rate Class.

Appendix 1 is a list of abbreviations and definitions.

Appendix A – K, provide the detailed calculations by Rate Class for the information shown in Tables 1 & 2.

Appendix 1
  Abbreviations and Definitions

Following are the abbreviations and definitions of the technical terms used in this report:

1. LF
:  load factor
· ratio of average load over a designated period of time to the peak load occurring in that period.



2. LsF
:  loss factor
· ratio of the average power loss to the peak load power loss during a specific period of time.



3. NL
:  no load loss
· power loss which occurs when a transformer is energized;  is independent of transformer load.



4. LL
:  load loss
· power loss which occurs when a transformer is loaded; is load dependent.



5. pu
:  per unit
· ratio of a given or calculated quantity to its base value.



6. UF
:  utilization factor
· ratio of the maximum demand of a system to the rated capacity of the system



7.  VD
:  voltage drop
· the voltage difference between the sending and receiving ends of a power line.



8.  X/R
:
· ratio of system reactive (X) impedance to resistive (R) impedance.



Appendix A:

Sample Calculation

Residential Rate Class

Assumptions

Number of Residential Rate Class Customers

247,237

Total Peak Load of Residential Rate Class Customers   
504.4

Peak load of the total Distribution system:


2602.8 MW

Load Factor (LF) for Residential Rate Class Customers
0.43

Utilization Factor (UF) 




0.24

Installed Capacity of Residential Rate Class Customers 
2101.67 MW

Annual Energy of Residential Rate Class Customers 
1,885.5 GWhrs

Distribution Feeder Conductor Losses

The distribution feeder conductor losses at the 1998/99 peak load conditions, as estimated by CYMDIST model are 78 MW. The weighted Conductor loss is 121.3 MW for Residential Rate Class Customers.

Peak Losses for Residential Rate Class Customers are: 


= 504.4 MW  x 121.3 MW 
    2602 MW

= 23.51 MW

Annual Energy Losses for Residential Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.15 x Load Factor (LF) + 0.85x (Load Factor) 2




     = 0.15 x 0.426+ 0.85 x (0.426)2



     = 0.22




Annual Energy Losses for Residential Rate Class Customers are: 

= 8760 hrs x 23.51 MW x 0.22

= 44.92 GWhrs

Transformer Losses

Transformer Losses for Residential Rate Class Customers are calculated as follows:

Peak Losses = # of transformers x (No Load Loss + (Load Loss x UF2))

Where UF   = 
Peak Load of Residential Rate Class Customers




Installed Transformer capacity


       =  504.4 MW


2101.67 MW


       =  0.24

Peak Losses for Residential Rate Class Customers are: 

= 6.121 +(30.967 x 0.24x 0.24)

= 9.49 MW

Annual Energy Losses for Residential Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.22

Annual Energy Losses for Residential Rate Class Customers are: 

= 8760 hrs x 9.49 MW x 0.22

= 18.14 GWhrs

Secondary Losses

Secondary Losses for Residential Rate Class Customers are calculated as follows:

Peak Losses = VD pu x Installed Capacity of Residential Transformers x UF


Cos 2 θ +( k sin θ cos θ )

Where 

k = X/R

= 0.0313   for 1/0 conductor

    0.21

= 0.149
       

Peak Loss =  0.015 x 2101.67 x 0.24


          0.92 + (0.15 x 0.44 x 0.9)


        = 8.71 MW

Annual Energy Losses for Residential Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.22

Annual Energy Losses for Residential Rate Class Customers are: 

= 8760 hrs x 8.71 MW x 0.22

= 16.64 GWhrs

% Energy Loss Calculations for Residential Rate Class Customers

Energy Loss by Component

· Feeder Conductor =    23.51 GWhrs
1885.5 GWhrs

     = 2.38 %

· Transformer = 18.14 GWhrs x 100 %

1885.5 GWhrs

= 0.96 %

· Secondary =    16.64 GWhrs x 100

1885.5 Gwhrs

= 0.88 %

Total Energy Loss = 2.38 % + 0.96 % + 0.88 % = 4.23 % 

Appendix B:

Sample Calculation

Farm Rate Class

Assumptions

Number of Farm Rate Class Customers


56,858

Total Peak Load of Farm Rate Class Customers   

257.3 MW

Peak load of the total Distribution system:


2602.8 MW

Load Factor (LF) for Farm Rate Class Customers

0.47

Utilization Factor (UF) 




0.33

Installed Capacity of Farm Rate Class Customers 

779.70 MW

Annual Energy of Farm Rate Class Customers 

1062.80 GWhrs

Distribution Feeder Conductor Losses

The distribution feeder conductor losses at the 1998/99 peak load conditions, as estimated by CYMDIST model are 78 MW. The weighted Conductor loss is 105.5 MW for Farm Rate Class Customers.

Peak Losses for Farm Rate Class Customers are: 


= 257.30 MW  x 105.5 MW 
    2602.8 MW

= 10.43 MW

Annual Energy Losses for Farm Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.15 x Load Factor (LF) + 0.85x (Load Factor) 2




     = 0.15 x 0.47+ 0.85 x (0.47)2



     = 0.26




Annual Energy Losses for Farm Rate Class Customers are: 

= 8760 hrs x 10.43 MW x 0.26

= 23.60 GWhrs

Transformer Losses

Transformer Losses for Farm Rate Class Customers are calculated as follows:

Peak Losses = # of transformers x No Load Loss + (Load Loss x UF2)

Where UF   = Peak Load of Farm Rate Class Customers



Installed Transformer capacity


       =  146 MW


442.42 MW


       = 0.33

Peak Losses for Farm Rate Class Customers are: 

= 2.681 +(16.435 x 0.33 x 0.33)

= 4.47 MW

Annual Energy Losses for Farm Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.26

Annual Energy Losses for Farm Rate Class Customers are: 

= 8760 hrs x 4.47 MW x 0.26

= 10.11 GWhrs

Secondary Losses

The customer metering for Farm Rate Class Customers is at the service transformer secondary terminals. Hence, there is no need to calculate the losses in the secondary conductors.

% Energy Loss Calculations for Farm Rate Class Customers

Energy Loss by Component

· Feeder Conductor =    23.60 GWhrs x 100

1062.80 GWhrs

     = 2.22 %

· Transformer = 10.11 GWhrs x 100 %

1062.80 GWhrs

= 0.95 %

· Secondary = 0.0 %

Total Energy Loss = 2.22 % + 0.95 % + 0.0 % = 3.17 % 

Appendix C:

Sample Calculation

Irrigation Rate Class

Assumptions

Number of Irrigation Rate Class Customers


4,439

Total Peak Load of Irrigation Rate Class Customers   
161.8 MW

Peak load of the total Distribution system (Summer)

2484.30 MW

Load Factor (LF) for Irrigation Rate Class Customers
0.33

Utilization Factor (UF) 




0.30

Installed Capacity of Irrigation Rate Class Customers 
539.33 MW

Annual Energy of Irrigation Rate Class Customers 

157.0 GWhrs

Distribution Feeder Conductor Losses

The distribution feeder conductor losses at the 1998/99 peak load conditions, as estimated by CYMDIST model are 78 MW. The weighted Conductor loss is 49.9 MW for Irrigation Rate Class Customers.

Peak Losses for Irrigation Rate Class Customers are: 


= 161.8 MW  x 49.9 MW 
    2484.30 MW

= 3.25 MW

Annual Energy Losses for Irrigation Rate Class Customers are: 

= 2920 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.15 x Load Factor (LF) + 0.85x (Load Factor) 2




     = 0.15 x 0.33+ 0.85 x (0.33)2



     = 0.14




Annual Energy Losses for Irrigation Rate Class Customers are: 

= 2920 hrs x 3.25 MW x 0.14

= 1.35 GWhrs

Transformer Losses

Transformer Losses for Irrigation Rate Class Customers are calculated as follows:

Peak Losses = # of transformers x No Load Loss + (Load Loss x UF2)

Where UF   = 
Peak Load of  Irrigation Rate Class Customers


Installed Transformer capacity

 =  161.8 MW
     539.33 MW

= 0.30

Peak Losses for Irrigation Rate Class Customers are: 

= 1.235 + (5.815 x 0.30x 0.30)

= 1.76 MW

Annual Energy Losses for Irrigation Rate Class Customers are: 

= 2920 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.14

Annual Energy Losses for Irrigation Rate Class Customers are: 

=  2920 hrs x 1.76 MW x 0.14

= 0.73 GWhrs

Secondary Losses

The customer metering for Irrigation Rate Class Customers is at the service transformer secondary terminals. Hence, there is no need to calculate the losses in the secondary conductors.

% Loss Calculations for Irrigation Rate Class Customers

Energy Loss by Component

· Feeder Conductor =    1.35 GWhrs x 100%
157 GWhrs

     = 0.86 %

· Transformer = 0.73 GWhrs x 100 %

156.4 GWhrs

= 0.46 %

· Secondary = 0.0 %

Total Energy Loss = 0.86 % + 0.46 % + 0.00 % = 1.32% 

Appendix D:

Sample Calculation

Exterior Lighting Rate Class

Assumptions

Number of Exterior Lighting Rate Class Customers


1,671

Total Peak Load of Exterior Lighting Rate Class Customers   
15.4 MW

Peak load of the total Distribution system:



2602.8 MW

Load Factor (LF) for Exterior Lighting Rate Class Customers
0.44

Utilization Factor (UF) 





0.41

Installed Capacity of Exterior Rate Class Customers 

37.56 MW

Annual Energy of Exterior Lighting Rate Class Customers 

59.3 GWhrs

Distribution Feeder Conductor Losses

The distribution feeder conductor losses at the 1998/99 peak load conditions, as estimated by CYMDIST model are 78 MW. The weighted Conductor loss is 229.5 MW for Exterior Lighting Rate Class Customers.

Peak Losses for Exterior Lighting Rate Class Customers are: 


= 15.4 MW  x 229.5 MW 
    2602.8 MW

= 1.36 MW

Annual Energy Losses for Exterior Lighting Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.15 x Load Factor (LF) + 0.85x (Load Factor) 2




     = 0.15 x 0.439+ 0.85 x (0.439)2



     = 0.23




Annual Energy Losses for Exterior Lighting Rate Class Customers are: 

= 8760 hrs x 1.36 MW x 0.23

= 2.73 GWhrs

Transformer Losses

Transformer Losses for Exterior Lighting Rate Class Customers are calculated as follows:

Peak Losses = # of transformers x No Load Loss + (Load Loss x UF2)

Where UF   = 
Peak Load of Exterior Lighting Rate Class Customers 


Installed Transformer capacity

 =  15.4 MW

      37.56 MW


 = 0.41 

Peak Losses for Exterior Lighting Rate Class Customers are: 

=0.071 + (0.564 x 0.41 x 0.41)

= 0.17 MW

Annual Energy Losses for Exterior Lighting Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.23

Annual Energy Losses for Exterior Lighting Rate Class Customers are: 

= 8760 hrs x 0.17 MW x 0.23

= 0.33 GWhrs

Secondary Losses

Secondary Losses for Exterior Lighting Rate Class Customers are calculated as follows:

Peak Losses = VD pu x Installed Capacity of Exterior Lighting Transformers x UF


Cos 2 θ +( k sin θ cos θ )

Where 

k = X/R

= 0.0313   for 1/0 conductor

    0.21

= 0.149       

Peak Loss =  0.02 x 37.56 x 0.36


          0.92 + (0.149 x 0.44 x 0.9)

     = 0.24 MW

Annual Energy Losses for Exterior Lighting Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.229

Annual Energy Losses for Exterior Lighting Rate Class Customers are: 

= 8760 hrs x 0.24 MW x 0.229

= 0.48 GWhrs

% Energy Loss Calculations for Exterior Lighting Rate Class Customers

Energy Loss by Component

· Feeder Conductor =    2.73 GWhrs
59.3 GWhrs

     = 4.61 %

· Transformer = 0.17 GWhrs x 100 %

59.3 GWhrs

= 0.56 %

· Secondary = 0.48 GWhrs x 100

59.3 Gwhrs

= 0.80 %

Total Energy Loss = 4.61 % + 0.56 % + 0.80 % =5.97 % 

Appendix E:

Sample Calculation

Small General Service Rate Class

Assumptions

Number of Small General Service Rate Class Customers

40,263

Total Peak Load of Small General Service Rate Class Customers   
193.4 MW

Peak load of the total Distribution system:



2602.8 MW

Load Factor (LF) for Small General Service Rate Class Customers
0.57

Utilization Factor (UF) 





0.33

Installed Capacity of Small General Service Class Customers 
586.06 MW

Annual Energy of Small General Service Rate Class Customers 
966.0 GWhrs

Distribution Feeder Conductor Losses

The distribution feeder conductor losses at the 1998/99 peak load conditions, as estimated by CYMDIST model are 78 MW. The weighted Conductor loss is 104.0 MW for Small General Service Class Customers.

Peak Losses for Small General Service Rate Class Customers are: 


= 193.4 MW      x 104.0 MW 
    2602.8 MW

= 7.73 MW

Annual Energy Losses for Small General Service Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.15 x Load Factor (LF) + 0.85x (Load Factor) 2




     = 0.15 x 0.569+0.85x (0.569)2



     = 0.36

Annual Energy Losses for Small General Service Rate Class Customers are: 

= 8760 hrs x 7.73 MW x 0.36

= 24.41 GWhrs

Transformer Losses

Transformer Losses for Small General Service Rate Class Customers are calculated as follows:

Peak Losses = # of transformers x (No Load Loss + (Load Loss x UF2))

Where UF   = Peak Load of Small General Service Rate Class Customers


Installed Transformer capacity

 =  193.4 MW

     586.06 MW


 = 0.33

Peak Losses for Small General Service Rate Class Customers are: 

= 1.153 +(8.856 x 0.33 x 0.33)

= 2.12 MW

Annual Energy Losses for Small General Service Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.36

Annual Energy Losses for Small General Service Rate Class Customers are: 

= 8760 hrs x 2.12 MW x 0.36

= 6.69 GWhrs

Secondary Losses

Secondary Losses for Small General Service Rate Class Customers are calculated as follows:

Peak Losses = VD pu x Installed Capacity of Small General Service Transformers x UF


Cos 2 θ +( k sin θ cos θ )

Where 

k = X/R

   = 0.27/0.26

   = 1.04

for # 266 kcmil Al conductor

Peak Losses =  0.015 x 586.06 x 0.33



            0.92 + (1.04 x 0.44 x 0.9)


        = 2.38

Annual Energy Losses for Small General Service Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.36

Annual Energy Losses for Small General Service Rate Class Customers are: 

= 8760 hrs x 2.38 MW x 0.36

= 7.50 GWhrs

% Energy Loss Calculations for Small General Service Rate Class Customers

Energy Loss by Component

· Feeder Conductor =    24.41 GWhrs
966.0 GWhrs

     = 2.53 %

· Transformer = 6.69 GWhrs x 100 %

966.0 GWhrs

= 0.69 %

· Secondary = 7.50 GWhrs x 100

966.0 Gwhrs

= 0.78 %

Total Energy Loss = 2.53 % + 0.69 % + 0.78 % = 4.00 % 

Appendix F:

Sample Calculation

Pumping Rate Class

Assumptions

Number of Pumping Rate Class Customers


14,929

Total Peak Load of Pumping Rate Class Customers   
118.2 MW

Peak load of the total Distribution system:


2602.8 MW

Load Factor (LF) for Pumping Rate Class Customers
0.77

Utilization Factor (UF) 




0.36

Installed Capacity of Pumping Rate Class Customers 
328.33 MW

Annual Energy of Pumping Rate Class Customers 

794.6 GWhrs

Distribution Feeder Conductor Losses

The distribution feeder conductor losses at the 1998/99 peak load conditions, as estimated by CYMDIST model are 78 MW. The weighted Conductor loss is 121.3 MW for Residential Rate Class Customers.

Peak Losses for Pumping Rate Class Customers are: 


= 118.2 MW  x 128.7 MW 
    2602.8 MW

= 5.84 MW

Annual Energy Losses for Pumping Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.15 x Load Factor (LF) + 0.85x (Load Factor) 2




     = 0.15 x 0.766+ 0.85 x (0.766)2



     = 0.61




Annual Energy Losses for Pumping Rate Class Customers are: 

= 8760 hrs x 5.84 MW x 0.61

= 31.42 GWhrs

Transformer Losses

Transformer Losses for Pumping Rate Class Customers are calculated as follows:

Peak Losses = # of transformers x (No Load Loss + (Load Loss x UF2))

Where UF   = Peak Load of Pumping Rate Class Customers



Installed Transformer capacity


       =  118.2 MW


328.33 MW


       = 0.36

Peak Losses for Pumping Rate Class Customers are: 

= 0.613 +(4.855 x 0.36 x 0.36)

= 1.24 MW

Annual Energy Losses for Pumping Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.61

Annual Energy Losses for Pumping Rate Class Customers are: 

= 8760 hrs x 1.24 MW x 0.61

= 6.68 GWhrs

Secondary Losses

Secondary Losses for Pumping Rate Class Customers are calculated as follows:

Peak Losses = VD pu x Installed Capacity of Pumping Transformers x UF


Cos 2 θ +( k sin θ cos θ )

 Where 
k = X/R

   = 0.22 

for 1/0 Al conductor

Peak Losses=  0.02 x 328.33 x 0.36

            0.92 + (0.22 x 0.44 x 0.9)


        = 1.98 MW

Annual Energy Losses for Pumping Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.61

Annual Energy Losses for Pumping Rate Class Customers are: 

= 8760 hrs x 1.98 MW x 0.61

= 10.62 GWhrs

% Energy Loss Calculations for Pumping Rate Class Customers

Energy Loss by Component

· Feeder Conductor =    31.42 GWhrs
794.6 GWhrs

     = 3.95 %

· Transformer = 1.24 GWhrs x 100 %

794.6 GWhrs

= 0.84 %

· Secondary = 10.62 GWhrs x 100

794.6 Gwhrs

= 1.34 %

Total = 3.95 % + 0.84 % + 1.34 % = 6.13 % 

Appendix G:

Sample Calculation

General Service Rate Class

Assumptions

Number of General Service Rate Class Customers


5,550

Total Peak Load of General Service Rate Class Customers   
765.8 MW

Peak load of the total Distribution system:



2602.8 MW

Load Factor (LF) for General Service Rate Class Customers
0.74

Utilization Factor (UF) 





0.60

Installed Capacity of General Service Rate Class Customers 
1276.33 MW

Annual Energy of General Service Rate Class Customers 

4,988.7 GWhrs

Distribution Feeder Conductor Losses

The distribution feeder conductor losses at the 1998/99 peak load conditions, as estimated by CYMDIST model are 78 MW. The weighted Conductor loss is 58.2 MW for General Service Rate Class Customers.

Peak Losses for General Service Rate Class Customers are: 


= 765.8 MW  x 58.2 MW 
    2602.8 MW

= 17.12 MW

Annual Energy Losses for General Service Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.15 x Load Factor (LF) + 0.85x (Load Factor) 2




     = 0.15 x 0.742+ 0.85 x (0.742)2



     = 0.58




Annual Energy Losses for General Service Rate Class Customers are: 

= 8760 hrs x 17.12 MW x 0.58

= 86.89 GWhrs

Transformer Losses

Transformer Losses for General Service Rate Class Customers are calculated as follows:

Peak Losses = # of transformers x (No Load Loss + (Load Loss x UF2))

Where UF   = Peak Load of General Service Rate Class Customers



Installed Transformer capacity


       =  765.8 MW


1276.33 MW


       = 0.60

Peak Losses for General Service Rate Class Customers are: 

= 2.72 +(11.154 x 0.60 x 0.60)

= 6.72 MW

Annual Energy Losses for General Service Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.58

Annual Energy Losses for General Service Rate Class Customers are: 

= 8760 hrs x 6.72MW x 0.58

= 34.09 GWhrs

Secondary Losses

Secondary Losses for General Service Rate Class Customers are calculated as follows:

Peak Losses = VD pu x Installed Capacity of General Service Transformers x UF


Cos 2 θ +( k sin θ cos θ )

Where 

k = X/R

   = 1.04 

for # 266 kcmil Al conductor

Peak Losses =  0.02 x 1276.33 x 0.60



            0.92 + (1.04 x 0.44 x 0.9)


        = 9.41

Annual Energy Losses for General Service Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.58

Annual Energy Losses for General Service Rate Class Customers are: 

= 8760 hrs x 9.41 MW x 0.58

= 47.73 GWhrs

% Energy Loss Calculations for General Service Rate Class Customers

Energy Loss by Component

· Feeder Conductor =    86.89 GWhrs
4988.7 GWhrs

     = 1.74 %

· Transformer = 34.09 GWhrs x 100 %

4988.7 GWhrs

= 0.68%

· Secondary = 47.73 GWhrs x 100

4988.7 Gwhrs

= 0.96 %

Total Energy Loss = 1.74 % + 0.68 % + 0.96 % = 3.38 % 

Appendix H:

Sample Calculation

Large General Time-of-Use Rate Class

Assumptions

Number of Large General Time-of-Use Rate Class Customers
99

Total Peak Load of General Time-of-Use Rate Class Customers   
358.0 MW

Peak load of the total Distribution system:



2602.8 MW

Load Factor (LF) for General Time-of-Use Rate Class Customers
0.90

Utilization Factor (UF) 





0.67

Installed Capacity of General Time-of-Use Rate Class Customers 
534.33 MW

Annual Energy of General Time-of-Use Rate Class Customers 
2,815.1 GWhrs

Distribution Feeder Conductor Losses

The distribution feeder conductor losses at the 1998/99 peak load conditions, as estimated by CYMDIST model are 78 MW. The weighted Conductor loss is 28.5 MW for Large General Time-of-Use Rate Class Customers.

Peak Losses for General Time-of-Use Rate Class Customers are: 


= 358.0 MW  x 28.5 MW 
    2602.8 MW

= 3.92 MW

Annual Energy Losses for General Time-of-Use Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.15 x Load Factor (LF) + 0.85x (Load Factor) 2




     = 0.15 x 0.895+ 0.85 x (0.895)2



     = 0.82




Annual Energy Losses for General Time-of-Use Rate Class Customers are: 

= 8760 hrs x 3.92 MW x 0.82

= 27.99 GWhrs

Transformer Losses

Transformer Losses for General Time-of-Use Rate Class Customers are calculated as follows:

Peak Losses = # of transformers x (No Load Loss + (Load Loss x UF2))

Where UF   = 
Peak Load of General Time-of-Use Rate Class Customers


Installed Transformer capacity


       =  358.0 MW


534.33 MW


       = 0.67

Peak Losses for General Time-of-Use Rate Class Customers are: 

= 0.642 +(3.168 x 0.67 x 0.67)

= 2.06 MW

Annual Energy Losses for General Time-of-Use Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.82

Annual Energy Losses for General Time-of-Use Rate Class Customers are: 

= 8760 hrs x 2.06 MW x 0.82

= 14.74 GWhrs

Secondary Losses

Secondary Losses for General Time-of-Use Rate Class Customers are calculated as follows:

Peak Losses = VD pu x Installed Capacity of General Time-of-Use Transformers x UF


Cos 2 θ +( k sin θ cos θ )

Where 

k = X/R

   = 1 

for 500 kcmil Al conductor

Peak Losses =  0.02 x 534.33 x 0.67

            0.92 + (0.44 x 0.9)


        = 4.45

Annual Energy Losses for General Time-of-Use Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.82

Annual Energy Losses for General Time-of-Use Rate Class Customers are: 

= 8760 hrs x 4.45 MW x 0.82

= 31.79 GWhrs

% Energy Loss Calculations for General Time-of-Use Rate Class Customers

Energy Loss by Component

· Feeder Conductor =    27.99 GWhrs
2815.1 GWhrs

     = 0.99 %

· Transformer = 14.74 GWhrs x 100 %

2815.1 GWhrs

= 0.52 %

· Secondary = 31.79 GWhrs x 100

2815.1 Gwhrs

= 1.13 %

Total Energy Loss = 0.99 % + 0.52 % + 1.13 % = 2.65 % 

Appendix I:

Sample Calculation

Direct Connected Service Rate Class

This rate class of customers are directly connected  to the transmission system , hence the distribution losses are 0.

Appendix J:

Sample Calculation

Temporary Energy Rate Class

Assumptions

Number of Temporary Energy Rate Class Customers


423

Total Peak Load of Temporary Energy Rate Class Customers   

211.3 MW

Peak Load of Temporary Energy connected to Distribution


78.18

Peak load of the total Distribution system:




2602.8 MW

Load Factor (LF) for Temporary Energy Rate Class Customers

0.466

Utilization Factor (UF) 






0.41

Installed Capacity of Temporary Rate Class Customers 


MW

Annual Energy of Temporary Energy Rate Class Customers 

866.0 GWhrs

Annual Energy of Temporary Customers connected to Distribution

320.42

Approximately 63 % of Temporary Energy Rate Class customers are directly connected to the transmission system, hence the distribution losses are 0.

Approximately 37% of the Temporary Energy Rate Class Customers are on the large General Time-of-Use rate.

Hence, it is assumed the losses are same as the General Time-of Use Rate.

% Energy Loss Calculations for Temporary Energy Rate Class Customers

Energy Loss by Component

· Feeder Conductor = 0.60%

· Transformer = 0.12 %

· Secondary = 0.25 %

Total Energy Loss = 0.60 % + 0.12 % + 0.25 % = 0.96 %

Appendix K:

Sample Calculation

Wholesale Service (closed) Rate Class

Assumptions

Number of Wholesale Service Class Customers


6

Total Peak Load of Wholesale Service Rate Class Customers   
17.2 MW

Peak load of the total Distribution system:



2602.8 MW

Load Factor (LF) for Wholesale Service Rate Class Customers
0.703

Annual Energy of Wholesale Service Rate Class Customers 
106.0 GWhrs

Wholesale customers are municipal electric systems that are supplied from a 25 kV distribution line.

Hence, the only losses associated with this Rate Class of Customers are the distribution feeder conductor losses.

There are no transformer and secondary losses.

Distribution Feeder Conductor Losses

The CYMDIST program was used to calculate the distribution feeder conductor losses for Wholesale Service Rate Class Customers, at the 1998/99 peak load conditions, of 0.88 MW.

Annual Energy Losses for Wholesale Service Rate Class Customers are: 

= 8760 hrs x Peak Loss x Loss Factor (LsF)

Where Loss Factor (LsF) = 0.15 x Load Factor (LF) + 0.85x (Load Factor) 2




     = 0.15 x 0.703+ 0.85 x (0.703)2



     = 0.53




Annual Energy Losses for Wholesale Service Rate Class Customers are: 

= 8760 hrs x 0.88 MW x 0.53

= 4.09 GWhrs

% Energy Loss Calculations for Wholesale Service Rate Class Customers

Energy Loss by Component

· Feeder Conductor =    4.09 GWhrs
106 GWhrs

     = 3.86 %

Total Energy Loss = 3.86 %
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