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1/0AL TPX Service Drop 100 28,647         5.59 23.3 0.986 0.1837 0.0284 0.8661 20.2 578.116

4/0 AL QPX Service Drop 50 14,310         5.59 23.3 0.986 0.0917 0.0266 0.2209 5.1 73.666

Total Secondary and Service Losses 651.782
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Background on ERCOT Requirements
The purpose of this report is the document the calculation of distribution losses on the Sharyland Utilities, L.P. distribution system as required by ERCOT. The Electric Reliability Council of Texas (ERCOT) operates the electric grid and manages the deregulated market for 85 percent of the state of Texas.  ERCOT has mandated that all Distribution Service Providers (DSP) must provide to ERCOT the annual Distribution Loss Factors (DLF).  These DLFs are values that show the distribution losses for the DSPs.  The DLFs need to be calculated and submitted for each of the distribution voltage levels loads in the DSP’s certification.  These loss factors are used to settle up with DSPs who provide electrical service through the grid in the deregulated market to customers who are outside their normal service area. The following defines the loss factor variables required for submittal to ERCOT:
Loss factor variables submitted by the DSP shall include:

(1)
The annual DLF for each DLF code;

(2)
The methodology upon which the calculation was made;

(3)
The annual interval average Load for the entire DSP service area used to calculate the annual loss factor for each DLF code;

(4)
The portion of the loss factor that is not sensitive to Load for each DLF code;

Sharyland Utilities, L.P. contacted GDS Associates, Inc. to provide assistance with preparing the loss study and developing the ERCOT required Distribution Loss Factors for their distribution service area.

Background on Sharyland Utilities, L.P.
Sharyland Utilities, L.P. is a Texas-based electric utility that is committed to providing quality customer service, affordable rates, safe and reliable electric delivery, and increased investment in the electric grid of Texas.  Sharyland Utilities, L.P. currently serves approximately 50,000 customers in 29 counties throughout Texas.

Results:
As mentioned above, ERCOT asks for several Distribution Loss Factor variables from each Distribution Service Provider.  The loss analysis study yielded the following loss factor variables:
Sharyland Utilities, L.P. (SU) has one category of consumers, designated as “A” Secondary Consumers.  For the “A” Secondary Customers, the Distribution Loss Factors (DLFs) are based on the Annual Interval Average Load (AAL) and the ERCOT System Peak Loading.  The AAL is defined as:
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For "A" Secondary Customers the DLF at SU’s AAL is 5.971% and the DLF at the ERCOT System Peak Loading is 6.132%.
An AAL value of 34.83 MW was used to calculate the DLF for "A" Secondary Customers.  The ERCOT System Peak Demand AAL was 9,308 MW and was used to calculate the DLF that corresponds to the ERCOT System Peak.
This loss study assumes that the portion of the loss factor that is not sensitive to load for the “A” Secondary Customers DLF are the Power Transformer No-Load Losses and the Distribution Transformer No-Load Losses.  A summary of these no-load losses can be seen below:

Power Transformer No-Load Losses:


   520 kW


Distribution Transformer No-Load Losses: 

4,628 kW
Total Transformer No-Load Losses:
          
            5,148 kW

Discussion of Losses and Types of Losses TC "Discussion of Losses and Types of Losses" \f C \l "1" 
Typical distribution losses are caused by the I2R losses in electrical equipment and conductors. For the purposes of this loss study, it is assumed that the distribution losses would need to be evaluated from 4 key components of the Sharyland Utilities, L.P. distribution system, including the substation power transformers at the point of transmission delivery, the primary distribution lines, the distribution transformers, and the secondary system.  These 4 areas comprise the total loss areas for the distribution system.  The major components of the distribution system and their associated losses are described in further detail below.
Substation Power Transformer Losses TC "Power Transformer Losses" \f C \l "2" 
Power transformers have two main categories of losses associated with them.  The first category is no-load losses.  No-load losses are common to all transformers and are caused by the electrical currents and magnetic fields that are necessary to magnetize the transformer core.  Typical loss values based on the transformer rating were used for this analysis.

Load losses represent the I2R losses, which vary with the square of the load current.  Typical loss values based on the transformer rating were used along with the anticipated loading on these transformers for this loss analysis.

The following formulas show the methodology used to determine the total losses for the substation transformers.  The formula is separated into two parts to show the no-load losses and the load losses:

No-Load Losses = Typical No Load Loss Value by kVA
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Sharyland Utilities, L.P. has 29 substations that contain substation power transformers which will contribute to the system losses.  The following table shows the estimated no load and load losses at rated load for the substation power transformers:
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The total losses for these substation power transformers were then calculated.  The total no-load losses for the power transformers in 2012 were 520 kW or 0.520 MW.  The full load losses for each transformer were used to determine the load losses. The basis for the load losses was the actual 15 minute demands on each transformer.  The peak substation transformer load losses that occur at the system peak of 249.77 MW is 1.0987 MW.  This resulted in a total of 1.6187 MW of substation transformer losses at approximately 249.77 MW of system loading.

Distribution Line Losses TC "Distribution Line Losses" \f C \l "2" 
The losses on the primary distribution lines are due to the I2R losses that occur on the distribution line conductors.  To calculate the distribution line losses on the Sharyland Utilities, L.P. system, SU’s Milsoft Windmil model of their distribution system was used.  Milsoft Windmil is a load flow analysis software that effectively models the distribution system from the lowside breakers at the substation to the distribution transformers that serve the consumers.  The model doesn’t include distribution transformers or secondary conductors.

SU has 29 substation areas along with 3 Primary metering points that are represented in the Windmil model.  An assessment of these service areas was performed by loading the distribution model with the Summer 2012 SU coincident peak (coincident with ERCOT system peak) demand of 249.77 MW and then running a voltage drop analysis to determine the distribution line losses.  
The losses for the distribution lines, calculated by the model at the ERCOT system peak demand of 249.77 MW, where 8,058 kW or 8.058 MW.


Distribution Transformer Losses TC "Distribution Transformer Losses" \f C \l "2" 
Distribution transformers exhibit the same kind of no-load and load losses that power transformers do. The values for no-load losses and full load losses at the transformer nameplate rating were estimated using typical distribution transformer loss values.  
The following formula shows the methodology used to determine the total losses for the distribution transformers:

Distribution Transformer Losses:
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The utilization factor (UF) is the ratio of the peak load of customers to the installed transformer capacity.  
Utilization Factor:
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The calculated losses for the distribution transformers are as follows and are summarized in the table below:
No-Load Losses:  
4,628 kW
          Load Losses: 
             583 kW
 Total Losses: 

5,211 kW
The following chart shows the estimated quantity of transformers on the Sharyland Utilities, L.P. distribution system along with the no-load and load losses associated with these transformers.
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Secondary Losses TC "Secondary Losses" \f C \l "2" 
The losses on the secondary are due to the I2R losses that occur on the secondary conductors.  The SU secondary distribution system represents the overhead and underground conductors that are present between the distribution transformers and the customer’s service entrance.  
It is estimated that at the time of the system peak in 2012 there were approximately 42,957 services in place on the Sharyland Utilities, L.P. distribution system.  Single-phase residential type services were assumed to average approximately 100’ in length and use a 1/0 triplex service conductor.  Three-phase commercial type services were assumed to average 50’ in length and employ a 4/0 quadruplex service wire.

Secondary conductor impedances were determined as follows:
Inductive Reactance Formula (ohms per 1,000 ft.):
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Where:





Xh = Inductive reactance to neutral of one conductor in ohms per 1,000 ft.




f = Frequency in hertz (60 hertz)




s = Spacing between the centers of the conductor in inches




r = Radius of the metal portion of the conductor in inches

After calculating the service conductor reactance, the following formula was used to calculate the voltage drop through the service cable for the services:

Secondary/Service Voltage Drop:
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Where:





Vdser/sec = Voltage drop through service/secondary conductor in volts




Ih = Load current of one home in amps



Ih = kVA Load of One Home divided by kV




kV = 0.240 kV




PF = Power factor of load current expressed as a decimal




Rh = Resistance of the service/secondary in ohms per 1,000 feet




Xh = Reactance of the service/secondary in ohms per 1,000 feet




L = Length of service/secondary conductor

Once the voltage drop was obtained, the kW losses could be calculated by multiplying the load current by the voltage drop throughout the secondary cable.
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As shown in the table below, the total calculated losses in the service wires were found to be 651.78 kW.
� EMBED Equation.3  ���
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0032 Koch 5 55.03% 10 16.5 26.5

0162 Brown 7.5 58.76% 13 28.2 41.2

0274 Gardendale 20 47.67% 20 36.7 56.7

0566 Midkiff 20 84.44% 20 65.0 85.0

1276 Triangle 20 76.62% 20 59.0 79.0

1360 East Midland 25 51.12% 24 46.0 70.0

1440 Salem 16 41.77% 20 32.2 52.2

1548 Greenwood 20 55.43% 20 42.7 62.7

1646 Grady 20 75.55% 20 58.2 78.2

1956 SU 1956 20 30.55% 20 23.5 43.5

2058 Pembrook 20 67.59% 20 52.0 72.0

2168 Stiles 20 73.88% 20 56.9 76.9

2254 South Midland 20 53.45% 20 41.2 61.2

2372 St. Lawrence 20 66.28% 20 51.0 71.0

2478 Vealmoor 20 82.42% 20 63.5 83.5

2664 Fairview 16 68.24% 20 52.5 72.5

2757 Eiland 20 79.84% 20 61.5 81.5

2850 Elbow 7.5 74.48% 13 35.7 48.7

3852 Colorado City 16 39.87% 20 30.7 50.7

4084 4084 25 27.79% 24 25.0 49.0

4780 Floyd 25 39.73% 24 35.8 59.8

4882 Farmersville 15 43.75% 16 27.6 43.6

5100 Dutton 10 46.75% 13 22.4 35.4

5200 Terry 5 32.26% 10 9.7 19.7

5300 Eden 5 49.39% 10 14.8 24.8

5500 C. Bowie 12 36.38% 20 28.0 48.0

5600 Camp S.S. 20 71.65% 20 55.2 75.2

5700 Hext 7.5 37.42% 13 18.0 31.0

5800 R. Springs 5 30.79% 10 9.2 19.2

Totals

520.0 1,098.7

1,618.7

Substation Power Transformer Losses
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1-Phase OH Type 

Transformer for 1-phase 

Service 15 19,098 1,107.68 142.80 1,250.49

1-Phase OH Type 

Transformer for 3-phase 

Service 

2

25 42,930 3,520.26 440.44 3,960.70

Total: 4,627.94 583.24 5,211.19

Distribution Transformer Losses
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