EGR 325
Homework 9
Due April 15, 2011

Power World Simulator

Note that problems 1-4 all use the same case. You might want to read through all so you are efficient in how you approach the problems. This is somewhat like a lab exercise, in that you will be recording data, making observations and drawing conclusions.

Problem 1: Using Example 6_14, determine the acceptable range for the generator output at Bus Three, and plot changes in bus voltages.  

· Open Example6_14.  Note, for this problem (and problem 2) you will leave the circuit breaker open for the capacitor.

· You might need to shrink the diagram to see everything (including the Losses calculation at the bottom).  You can do this by scrolling the mouse wheel and then clicking and holding to move the diagram around (or by fighting with the tab buttons as I did in class).

· You will be varying the MW value at Bus 3, and watching the other values around the system, MW, MVAr and voltage (indicated by the “pu” value at each bus) and the degree (which is the angle of the voltage phasor at each bus)

· Right click on the “520 MW” value and select “Generator Field Information Dialog.”

· Change the “Delta per Mouse Click” to 10.  Close the dialog box.

· You will now have an up-down arrow next to the 520MW value.

· Change this value (MW of Bus Three generator) up and down to find the acceptable range of MW generation values.  An unacceptable value is one for which one or more device is overloaded – this is indicated by the associated pie chart on the transmission line showing 100% or more (or close to it).

· Once you get a feel for what is going on, you can record data points for every 20 MW, or more – making sure you are not obscuring any system behavior by collecting data points with less resolution.

· For Bus Three and Bus Five, plot the voltage magnitude and phase angle (“pu” and “Deg”) over the range of acceptable Bus Three Generator outputs.  Also plot the Real Power Losses for the range of generator output values.
· Discuss your graphs (there will be three) – briefly identifying and explaining the behavior of the system. You can combine problem 1, 2 and 3 graphs and discuss them together if you want to do that.

Problem 2:  Repeat Problem 1, for Bus Two 

· Reset the simulation to its starting values (i.e., reset Bus Three Generation to 520MW, along with anything else you changed)

· Increase and decrease the load at Bus Two to find its acceptable range.  

· For Bus Two and Bus Five, plot the voltage magnitude, phase (“pu” and “Deg”) and real power losses over the range of acceptable Bus Two load values.

· Discuss your graphs – briefly identifying and explaining the behavior of the system.

· One new thing:  You will find that you need to decrease the load until it is negative.   What does this indicate?  What is happening at Bus Two and at Bus One/Five when the load is negative?

Problem 3:  Still using Example 6_14, determine the effect of the 200 MVAr shunt capacitor bank at Bus Two.

· Reset the simulation to its starting values (original MW values at Bus Two and Bus Three).

· Click the green outline box above the capacitor at Bus Two to close the circuit breaker (the box should turn red).  

· Find the acceptable range for the Bus Two load (now assuming it cannot decrease below 0MW) both with and without the capacitor bank connected (refer to problem 2 as it is useful).

· Compare (plot and discuss) the Bus Two voltage phasor (magnitude and angle) , and losses, over the acceptable range for the Bus Two load, with and without the capacitor bank.

Problem 4:  Slack Bus

· Change the MW and MVAr labels for the slack bus so you can change them with mouse clicks.

· Try to change the values – you cannot change them!

· State briefly why you cannot change the values of the slack bus output.

PROBLEM 5:  New Case, for OPF (determining the price of electricity in this example)

· Open Example 11_8

· Vary PG2 between 150MW and 250MW in 5 MW steps.  Leave everything else as it is.

· Note that you may need to shrink the display again, to be able to view everything.

a) Plot the variation in the total hourly cost as PG2 is varied.

b) Plot the variation in system lambda (marginal cost) as PG2 is varied.

c) What is the relationship between the minimum of the plot in part (a) and that of part (b)?  In particular, explain separately what is happening at the minimum point of each graph, and explain what is happening on the other graph at the given graph’s minimum. Think about the generator and the system costs and efficient operating points, and system losses.

d) Briefly comment on the shape of the two plots from parts (a) and (b) in terms of generator operation, generator costs, system costs, system operation, losses, etc.

NOTE:  To add a transmission line:  (if you were to want to do this)

· Change to edit mode

· Select the Draw tab, and in the second panel to the right (Individual Insert), select the “Network” dropdown menu and select “Transmission Line”

· You now have crosshairs for a cursor – click on the solid black bar that is Bus Four and then the bar that is Bus Two – you might need to double click here to let the model know you are done.  >>  Yes you do want a duplicate line

· For the dialog box that pops up, you can probably leave everything as it is, but you want to make sure that the Y parameters (R, X, B, G) for this line is the same as the existing line between Bus Two and Bus Four.

· In particular though, this new line will need to be “Circuit 2” where the first one is “Circuit 1”

· Shrink the pie chart to a reasonable size and move labels out of the way as needed


