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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 (SU) distribution system. The Electric Reliability Council of Texas (ERCOT) operates the electric grid and manages the deregulated market for 75 percent of the state.  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 contacted GDS Associates, Inc. /Hi-Line Engineering (Hi-Line) to provide assistance with preparing the loss study and developing the ERCOT required Distribution Loss Factors for SU.

Background on Sharyland Utilities

Sharyland Utilities, L.P. is the first greenfield electric utility in the United States since the Reedy Creek Improvement District was created to serve Disney World in the late 1960s. SU has approximately 1,733 customers and two distribution substations.
Conclusions TC "Conclusions" \f C \l "1" 
As mentioned above in the Background on ERCOT Requirements section of the report, 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 (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:

[image: image1.png]



For "A" Secondary Customers the DLF at SU’s AAL is 2.150% and the DLF at the ERCOT System Peak Loading is 2.113%.
An AAL value of 2.1791 MW was used to calculate the DLF for "A" Secondary Customers.  The ERCOT System Peak Demand AAL was 8,794 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:


55.52 kW


Distribution Transformer No-Load Losses: 

67.20 kW
Total Transformer No-Load Losses:
          
          122.72 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, Hi-Line assumed that the distribution losses would need to be evaluated from 4 key components of the Sharyland Utilities distribution system, including the 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.
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.  The actual values for no-load losses are provided by the transformer manufacturer for loss analysis.

Load losses represent the I2R losses which vary with the square of the load current.  The actual values for full load losses are provided by the transformer manufacturer for loss analysis.

The following formula shows 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 = No Load Loss Value Supplied by the Manufacturer
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Sharyland Utilities has 2 substations that each contain one 30 MVA power transformer.  These two stations are designated as Taylor and Bentsen.  The following is the provided no load and load losses at rated load for the Taylor and Bentsen power transformers:
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The losses for these two power transformers were then calculated.  The total no-load losses for the two power transformer units in 2006 were 55.52 kW or 0.0555 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 15.47 MW is 0.0208 MW.  This resulted in a total of 0.0763 MW of substation transformer losses at approximately 15.47 MW.

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.  SU’s distribution system is primarily underground.  To calculate the distribution line losses on the Sharyland Utilities 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 5 distribution feeders and these are accurately represented in the Windmil model.  Taylor Substation has 3 distribution feeders and Bentsen Substation has 2 feeders.  An assessment of these feeders was performed by loading the distribution model with the Summer 2006 SU coincident peak (coincident with ERCOT system peak) demands and then running a voltage drop analysis to determine the losses.  The loading was assumed to be evenly distributed.
The losses for the distribution lines, calculated by the model at the ERCOT system peak demand of 15.47 MW, where 86 kW.

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 rating are provided by the transformer manufacturer for loss analysis.
SU used average values for no-load and full load losses for their single-phase and three-phase padmounted transformers.  In addition, industry standard loss values for the overhead polemounted transformers were utilized.  The following chart shows the quantity, type, and phasing of distribution transformers on SU’s system and their associated average no load and full load loss values at rated load:
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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:
No-Load Losses:  
67.20 kW
          Load Losses: 
          53.53 kW
 Total Losses: 

120.73 kW
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 point of entry.  SU uses 350 MCM AL UG Triplex cable for the majority of secondary runs on their system and they use 4/0 AL UG Triplex cable for the majority of their service runs.  SU has approximately 1,733 consumers on their distribution system and for the purposes of this analysis we assumed that there are 1,733 services on the distribution system.  Average lengths were determined by examination of system maps for the average length of secondary conductor and service conductor per service.  It was determined that the average secondary run was 83 feet and the average service run from a transformer or pedestal was 35 feet.  It was also determined that 42% of all services are served directly from the distribution transformer.  In addition, it was determined that the peak loading per service would be 9.58 kVA per consumer, based on the SU coincident peak demand divided by the number of services.
Secondary conductor impedances were determined as follows:
Inductive Reactance Formula (ohms per 1,000 ft.):
[image: image10.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

Capacity

 

Transf

 

Installed

Customers

 

of

 

Load

Peak 

 

 

UF







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 reactance, the following formula was used to calculate the voltage drop through the secondary cable and service cable for all services, using the peak loading for consumer data and the ratio of services served directly from the transformer and those that are served from a secondary pedestal:

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 or locked rotor amps of air conditioner



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 times the voltage drop throughout the secondary cable.

The total secondary losses for all secondary and service cable sections were found to be 48.452 kW.
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