Verification Voltage Conversion

Increasing system voltage

The reduction in line losses is possible by increasing the voltage in the feeder.  The voltage-multiplying factor for doubling the voltage results in losses, which are one-quarter of the losses on the existing system.

Line Losses  I12R    for existing voltage

Line Losses  I22R    for upgraded voltage
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Line Losses  = I22R = I12R   for upgraded voltage
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Loss savings = I12R -  I12R  = I12R(1 – 1 )
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Example:

The existing system voltage is    12.47 kV

The upgraded system voltage is  24.9 kV

A = 24.9 kV   = 2

       12.47 kV

Line Losses = I12R  = 1 x I12R     for upgraded voltage

                       A2         4

Line losses on the upgraded system are one-quarter of the losses on the existing system.

Loss savings = I12R(1 – 1  ) = 3  xI12 R

                                             22      4

Loss savings  = 0.75xI12 R

Loss savings are 75 % of the initial line losses.

OPTION I

Hand Calculations

Measure the peak current load a day before voltage upgrade.  The billing meter takes current measurements at one-hour time interval.  Find the peak current for the day.  Then normalize the peak current to the annual peak current. (Find the annual peak current from the historical billing data.)  If the peak current for that day is 150A and the annual peak current is 250A  (150A/250A) the normalizing factor is 60 %.  Any number greater than 60 % is reasonable.

Then measure the current a day after system voltage upgrade. The billing meter takes current measurements at one-hour time interval.  Find the peak current for the day.  In this example, the peak current is one-quarter of the initial current or 37.5A.  Use the normalizing factor to find the annual peak current (40A/0.60)  62.5A.     

Calculate the loss savings for one day.

Loss savings = I12R – I22R = I12R -  I12R  

                                                                    A2
For unbalanced load measure the current load at each phase:

Loss Savings (kW) = (I1a2+ I1b2 + I1c2  )R – (I2a2 + I2b2 + I2c2)R                  

  I1a ‑ Phase "A" current before voltage upgrade

  I1b – Phase "B" current before voltage upgrade

  I1c ‑ Phase "C" current before voltage upgrade

  I2a - Phase "A" current after voltage upgrade

  I2b -  Phase "B" current after voltage upgrade

  I2c -  Phase "C" current after voltage upgrade
  Annual peak loss savings based on the annual peak current are:

  Annual Peak Loss Savings(kWh) = Loss Savings(kW)xl hour

Calculate the annual energy savings based on the peak annual current:

Annual energy savings(kwh)=Annual peak loss savings(kW)xAnnual loss factorx8760
Annual load factor =  total annual energy (kWh)                )                      

                                   peak month's demand(kW) x 8760

Loss factor = 0.9Load factor2 + 0.lLoad factor

OPTION II

System Modeling Software

Use system-modeling software to provide “before” and “after” loss calculations on the line section to be converted.  Milsoft software uses standard electrical engineering algorithms to model the effects of voltage conversion.  Also, the customer can model the system with Power Flow Program for the existing voltage and calculate the line losses.  Then increase the voltage on the system and compute the line losses again.  The loss savings will be the difference between the “before” and “after” line losses.  The loss savings are for one day.  Then find the total loss savings for each hour of the year.

Background:

· Annual hourly load shape is a normalized residential and commercial load mix for Northeastern Oregon.

· Load is uniformly distributed over the feeder.

· Voltage conversion projects may take several months to complete.

Methodology:

ESTIMATED ENERGY SAVINGS

Construct a voltage conversion model:

1. Use Milsoft to determine annual system hourly loss (kWh) at the peak hour "before" and "after" the voltage conversion.

2. Determine the equivalent circuit "before" and "after" voltage conversion.

3. Distribute the peak hourly loss (kWh) "before" and "after" over the annual normalized load shape by utilizing the equivalent circuit.

4. Determine the annual energy savings by taking the difference between the "before" and "after" annual hourly line losses.  This difference produces "estimated" annual energy savings.

VERIFIED ENERGY SAVINGS

Select a radial line segment of the project that will be converted in (one to five) working days (approximately 30 to 50 transformers). Remove the old 4 kV transformers and energize the new 25 kV transformers.

A. COMPUTER MODELING METHOD

1. Take "before" and "after" energy, and voltage measurements at the beginning of the line segment. Energy is measured in hourly blocks. A 24-hour voltage chart is used to provide data for the calculation of the line current.

2. Take the "before" and "after" (kWh) measurements for a period of four weeks: two weeks "before"; two weeks "after" to create the load profile for “before’ and “after” case. 

3. Identify the date and hour of peak load kW and voltage "before” and "after” the voltage conversion.

4.         Use the data to determine the peak hourly current and voltage at that hour on the “before case” system and on the “after case” system. Use modeling software to compute the system losses on the system peak hour for the “before case” two-week test period. Re-run the model for the “after case” system recalculating the losses on the system peak hour for the “after case” two week test period. Calculate the equivalent line resistance for the “before” and “after” cases.  

4. From the Milsoft models, determine the equivalent circuit “before” and “after” resistances.

5. Apply the equivalent circuit loss resistance to the "before" and "after" load shape for the test period. Compute the hourly energy losses (based on the I2R formula) for the "before" and "after" cases. 

B. ACTUAL VERIFICATION METHOD

1
Use the actual "before" and "after" data to determine the actual hourly losses. 

a. “Before” voltage conversion case 

At the beginning of the two-week period, read the meter (kWh) at the source and read the customer meters (kWh) along the length of the line segment. (Select an end segment on the radial line.)

At the end of the two-week period, read the source and customer meters to measure the energy consumed (kWh) by taking the difference between the beginning kWh reading and the end kWh reading. 

The difference between the energy input at the source and at the energy used by the customers is the energy loss  (kWh) “before” the voltage conversion.


b.   “After” voltage conversion case

At the beginning of the two-week period, read the source and customer meters (kWh) along the length of the line segment.

At the end of the two-week period, read the source and customer meters to measure the energy consumed (kWh) by taking the difference between the beginning kWh reading and the end kWh reading. 

     The difference between the energy input at the source and energy used by 

     customers is the energy loss (kWh) “after” the voltage conversion.

             The loss saving (kWh) is the difference of “before” and “after” energy losses.

Compare the losses predicted by the Milsoft modeling program with the losses obtained from the actual data for the same peak hour. Differences should be explainable within ten percent.

C.  ANNUAL RESIDENTIAL - COMMERCIAL ENERGY SAVINGS

1. Apply the circuit resistance data to the annual residential-commercial hourly model to calculate annual hourly losses "before" and "after" the voltage conversion for the entire project.  Run the Milsoft model at the hourly peak load (based on the I2R formula) for the “before” and “after” load profile.

2. The difference between the "before" and "after" models is the annual loss savings due to the voltage conversion. Verification of the line segment is verification of the project. 

3.  Determine the segment’s transformer capacity percentage of the total transformer capacity 

     (kVA) of the whole line. Multiply the above loss savings by the (kVA) percentage coefficient

      to determine the loss savings over the whole line.
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