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11.0 POWER SYSTEM SIMULATION

11.1
POWERFLOW MODELING USING PowerWorld 7.0
11.1.1 OBJECTIVE

To use and understand a powerflow simulation and gain understanding of  the impact of various power system components, such as generators, transmission lines, transformers and shunts, on system voltage levels.

11.1.2 DISCUSSION

A power system is designed and operated to maintain certain minimum requirements of reliability and safety.  Such requirements include maintaining system voltage levels such that the steady state voltage at any point on the system lies within +/- 5% of its nominal value.  In other words, if the nominal voltage on the high voltage side of a power transformer were 100 kV, acceptable voltage would range from 95 kV to 105 kV.  The system is designed to maintain that range even if a piece of equipment, such as a transmission line, is taken out of service.  The loss of one piece of equipment is called a single contingency or just a contingency.  Voltage values as low as 90% of nominal may be acceptable under emergency conditions where the loss of multiple pieces of equipment has weakened the system beyond its design constraints.

Another requirement is operating the system in a manner that will avoid the overloading of any transmission line for an extended period of time (10 minutes or more).  Transmission lines are rated in megavolt-amperes of capacity.  The ratings are based on the maximum conductor temperature at which the line is designed to operate.  Conductor temperatures are a function of the thermal heating experienced by the line’s conductors when carrying electric load.  Since the conductors have significant thermal mass, there is a time delay between a sudden change in thermal heating (such as from an overcurrent on the conductors) and the subsequent rise in temperature.  This window of time allows the operators of a power system to make changes to the grid in order to relieve the problem.  As a general guideline, a transmission line can withstand a 115% overload for 10 minutes without exceeding design temperature.

This laboratory exercise is designed to use the PowerWorld Simulator 7.0 to demonstrate methods for relieving transmission overloads, regulating system voltage and conducting power transactions between interconnected systems.

Power system simulators are mathematical models of the electric system.  They use an iterative method to simultaneously solve a large matrix of complex numbers, which numerically represent the power system for a set of initial conditions.  They are often accompanied by a graphical interface which allow the user to ‘see’ the numerical results they produce.

11.1.3 INSTRUMENTS AND COMPONENTS

PowerWorld Simulator, Version 7.0

Saved Case 4501-11.pwb

Personal Computer

11.1.4 PROCEDURE

Saved Case 4501-11 contains an interconnected power system with three independent areas (consider them to be three different electric utilities).  The three areas contain buses (substations), units (generators) and lines (transmission lines).  All three areas also contain loads (a load represents the electric power delivered to customers from a given substation) at various buses.  Transmission lines that run from one area to another are called tie lines or just ties.

Area 1:  Buses:  101, 102, 103, 104  


  Generators:  ONE


  Tie Lines:  2 with Area 2, 1 with Area 3

Area 2:  Buses:  201, 202, 203


  Generators:  ONE


  Tie lines:  2 with Area 1, 2 with Area 3

Area 3:  Buses:  301, 302, 303


  Generators:  TWO


  Tie Lines:  1 with Area 1, 2 with Area 2

Bus 302 is the “swing generator” or “slack bus” for the entire system. {Simulators need one bus (with a generator) at which the error of each iteration in a solution can be added to make the equations balance}

1. Start PowerWorld and open case 4501-11.pwb.

2. Using the mouse, click on Case Information from the top menu bar and then select Areas.  As stated previously, this case consists of three areas, each representing a separate electric utility.  Utilities routinely buy and sell power to each other as economics and unforeseen circumstances dictate.  The transfer of power from one utility to all other utilities with which it is interconnected is called its net interchange.  The utility also keeps track of how much power it is generating and how much power it is selling to customers (load).  Knowing these three values, generation, load and net interchange, the utility can make the following calculation:  Losses = Generation – Load – Net Interchange.  Losses represent anything in the system that consumes real power but can’t be billed for it.  Generation stations consume large amounts of real power (called station service), transmission lines and transformers lose power in the form of heat energy (I2R losses), etc.  As implied, the calculation of losses involves only real power (MegaWatts), yet the system will not operate without the proper flow of reactive power (MegaVars).  Without reactive power to support it, the system would not be able to maintain its designed voltage levels.  However, it has been customary since the inception of power systems to ignore reactive power in the direct calculation of load and losses.

On the tool bar, click Single Solution and then read and record the values of generation, load, interchange and losses for each area:

	AREA
	GENERATION
	LOAD
	INTERCHANGE
	LOSSES

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	


For each area, do the losses equal the difference between generation and the sum of load and interchange? __________

What is the sum of all the losses?  ___________

3. Using the mouse, kill the Area Records window and select Edit Mode on the tool bar above the system diagram.  Right click on Bus 302 and then select Bus Information Dialog.  Verify that this is indeed the system slack bus by clicking on the system slack bus checkbox to unselect it. Click OK at the bottom of the dialog screen and select Run Mode from the toolbar.  An error message should pop up saying that the case is now invalid for lack of a slack bus.  Again select Edit Mode (the program may do this for you), right click on Bus 302 and select Bus Information Dialog.  Click on the system slack bus checkbox to re-select it as the swing generator and then click OK.

4. Select Run Mode.  Right click on the Run Mode button and select Run Mode from the pull-down menu.  An extension of the toolbar should appear, including “reset”, “play” and “pause” symbols.  Click on the Play symbol to start a simulation.

5. Examine Bus 102.  Somewhere near the bus should be a per unit voltage value, such as 0.99 pu.  Now Right Click on the bus and then select Bus Information Dialog.  Somewhere near the middle of the menu should be two boxes labeled “voltage (p.u.)” and “voltage (kV)”.  Record those values in the space below and then cancel the menu by clicking the X button in the upper right hand corner or at the bottom.

Bus 102 Voltage:   Per Unit:  ________
  kV:  ________

Per Unit is the ratio of the actual voltage to the rated or nominal voltage.  Using the values above, calculate the rated voltage for this bus:

Rated Voltage =  kV / per unit  =  _________ kV.

6. Observe the transmission line between buses 101 and 102, thoughtfully labeled, “11 Line”.  The red boxes on the line represent circuit breakers and are placed at each end of the line to interrupt the current flowing on the line in the event of a fault.  Click one of the red boxes.  Both boxes should now turn green.  In a power system green means open or safe (de-energized), red means closed or dangerous (hot).  Note that the line now carries Zero power.  As noted in the Discussion section, this is called a contingency, meaning the transmission line has been lost from useful service and the power system must be operated without it.

7. Also note that the voltage at Bus 102 falls to a level below the acceptable voltage criteria stated in the Discussion section.  Record the per unit voltage in the space below:

Post-Contingency Bus 102 Voltage:   Per Unit:  ________


8. The low voltage at Bus 102 occurs for a single-contingency outage.  That is, the loss of one piece of equipment caused an unacceptable voltage condition.  This violates the design criteria of the system.  It may be that the system was originally designed to accommodate the loss of 11 Line, but now, due to growth in electric load, is unable to do so.  Utility engineers routinely perform contingency studies to determine if the power system can be operated reliably with present day electric load and also with load projected to be present 5 or 10 years in the future.  Wherever the system cannot meet design criteria for the projected load, the engineers must devise cost-effective methods to strengthen the system.

9. Return 11 Line to service by clicking the Reset button on the toolbar and perform a contingency study on this power system.  In other words, methodically remove each transmission line from service while the simulation is playing and examine the system for low voltage       (< 0.95 pu) or overloaded lines (>100%).

Does any other contingency violate criteria?  _________  If so, which Line(s)? ____________________________________________

Does any other contingency violate criteria?  _________  If so, which Line(s)? ____________________________________________

Reset the system to its original configuration.

10. Now strengthen the system to eliminate the low voltage problem at Bus 102 for the single-contingency loss of 11 Line.  Recall that Step 2 of the Procedure stated reactive power supports voltage on the system.  More specifically, leading Vars (capacitive) created by generators and shunt capacitor banks supply the lagging Vars (reactive) consumed by transmission lines, transformers and most importantly, electric load.  When enough capacitive Vars are available, a properly designed system will be able to maintain desired voltage levels, even after a contingency.  Therefore, the addition of a shunt capacitor bank at Bus 102 may provide the necessary voltage support.  Examine the load at Bus 102 and enter the information below:

Load at Bus 102:

________ MW
________ MVar

11. Calculate the power factor for the load:

pf = cos (tan-1(Q/P)) = _________ Leading/Lagging (circle one)

12. Calculate the size of a shunt capacitor bank (in MVar) that would correct the power factor of this load to 0.99 lagging.

Qnew  =  P tan (cos-1 (pfnew)) = ___________  MVar

Qcap = Qnew – Qold  = ____________ MVar

13. Install a shunt capacitor bank at Bus 102 of the same size as calculated in step 12 above.  On the tool bar, select Edit Mode.  Click on Insert from the top menu bar and then select Switched Shunt from the pull down menu.  Align the crosshairs on the middle of Bus 102 and click.  The Switched Shunt Options information menu should appear.  In the Nominal MVar box, type in the value calculated in Step 12 (PowerWorld considers Positive VARs to be Capacitive).  Also make sure that the Control Type is “fixed”.  Fixed means that the capacitor bank will not have any automatic controls to tell it when to switch in (such as for low voltage due to a contingency).  A fixed bank is always on and is the lowest cost solution.  A check will be performed later to ensure that this solution will be adequate.  Click OK at the bottom of the information menu to finish the installation.  Select Run Mode and press the Play button.

14. Record the new system intact voltage value for Bus 102 and also the MVar output value for the new capacitor bank in the table below.

15. Click on one of the red breakers for 11 Line.  Record the new post-contingency voltage for Bus 102 and the corresponding MVar output value in the table below.

	Conditions:  Shunt Cap Added
	Bus 102 Voltage

Per unit
	Capacitor 

MVar

	System Intact
	
	

	11 Line Contingency
	
	


16. A fixed capacitor bank may not be desirable if it causes voltage to rise above the acceptable limit of 1.05 pu when the system is intact and lightly loaded (such as at night when people aren’t using as much electricity).  If the system intact condition above is considered to be a lightly loaded case, does the fixed capacitor appear to be the right solution?  ____________

17. Reset the Reset button to restore initial conditions.

18. Powerflow simulators are effective tools for examining the impact of large power transfers between utilities.  Prior to Deregulation, when utilities exchanged power, they declared a “contract path” for the transaction.  The contract path identified (on paper) the transmission lines between the utilities upon which the exchange would take place.  If the utilities were separated by a third utility, that utility could give or withhold consent for its transmission to be used in the contract.  Regardless of the contract, the power flowed where it wanted, following the path of least resistance.  In the post-Deregulation era, any legitimate power brokers (not just utilities) are entitled to use any and all of the bulk transmission system for transactions, regardless of who owns it.   There are restrictions, of course, and it isn’t free.  The owners of the transmission are allowed to charge a Tariff for its use.  Again, even for a sale from point A to B, point C may see significant changes in power flow if it is a path of low resistance (this is called Loop Flow).  Examine the impact of a 100 MW sale from  Area 1 to Area 2 (and the subsequent impact on Area 3).  

19. Make sure the case is reset to initial conditions and click Single Solution on the tool bar to ensure the information displayed is valid.

20. Record the MW information associated with one end of each tie line between the areas and record them in the table below.

21. On the screen near the generator of Bus 103 should be some text describing the megawatt (MW) output of the generator.  Right Click on it to produce the Bus Field Options Menu.  Select the Gen MW Output field.  Add 100 MW to the value displayed in the Field Value box.  Click OK.  Also, right click on the generator output field for Bus 202.  Again select Gen MW Output, but SUBTRACT 100 MW from the value displayed in Field Value.  Click OK. Incrementing Area 1 generation by 100 MW and decrementing Area 2 generation by 100 MW, creates a sale of 100 MW between the two areas.  In this simple transaction, the swing generator will pick up any slop, such as increased losses due to the sale. . (In reality, Area 1 would have to increase its generation by more than 100 MW to make 100 MW move to Area 2, perhaps 102 MW, because of increased transmission losses.)

22. Select Run Mode and click on Single Solution from the tool bar.  Record the new tie line MW values in the table below:

	Tie Line
	Case 1: No Sale
	Case 2: 100 MW Sale
	Difference

	12 Line
	
	
	

	13 Line
	
	
	

	21 Line
	
	
	

	22 Line
	
	
	

	31 Line
	
	
	


23. Calculate the change in power flow on each tie line, Case2 – Case 1.

How much of the 100 MW transaction flows on 12 and 13 Lines, the ties between Area 1 and 2?  ___________  MW

How much of the transaction actually “loops” through 

Area 3?     _______ MW

11.1.5 CONCLUSIONS

1. Name the system slack bus for the case just studied and briefly describe its purpose:

______________________________________________________________

______________________________________________________________

______________________________________________________________

2. Give two reasons why a shunt capacitor bank can improve the operation of a power system:

______________________________________________________________

______________________________________________________________

______________________________________________________________

3. Explain the concept of loop flow during a power transaction:

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________
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