
Final

EE 454 Power System Analysis

Due Nov 16th at 11:59pm. Submit to
https://canvas.uw.edu/courses/1396999/assignments/5902376

There are three pages, 6 questions worth 100 points. Read the questions carefully, show
your work and clearly indicate the answer.

Problem 1. [10 points]
A small power system is supplied by three generators. The cost characteristics of these
generators are given by (the powers are expressed in MW):

C1 = 300 + 8P1 + 0.1P 2
1 [$/h]

C2 = 250 + 10P2 + 0.06P 2
2 [$/h]

C3 = 150 + 12P3 + 0.07P 2
3 [$/h]

Calculate the economic dispatch (find the output of the generators) for the case where the
total load on the system is equal to 500 MW. Find the Lagrange multiplier. Assume that
there are no limits on the output of the generators.

Problem 2. [10 points]
A small power system is supplied by three generators. The cost characteristics of these
generators are given by (the powers are expressed in MW):

C1 = 300 + 9P1 + 0.1P 2
1 [$/h]

C2 = 250 + 10P2 + 0.08P 2
2 [$/h]

C3 = 150 + 11.5P3 + 0.09P 2
3 [$/h]

There are no limits on the generators. It turns out that the Lagrangian multiplier is 12
$/MW. What is the total load in the system?

Problem 3. [20 points] Consider the system in Fig. 1 with the complex voltages and the
line admittances given in the figure.

a) Find the active power injections at each of the nodes.

b) Find the total active power lost in the transmission lines. Hint: It can be computed
directly from the solution of part a).
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Figure 1: Figure for problem 3.

Problem 4. [20 points] An area is supplied by a utility with three generating units. The
cost are (power expressed in MW):

C1 = 200 + 7P1 + 0.08P 2
1 [$/h]

C2 = 300 + 5P2 + 0.07P 2
2 [$/h]

C3 = 350 + 4P3 + 0.10P 2
3 [$/h]

and the generator limits are

200 ≤ P1 ≤ 600

100 ≤ P2 ≤ 200

200 ≤ P3 ≤ 600

The total load is 1000 MW.

a) Find the optimal dispatch and the total cost. Hint: solve the problem without inequal-
ity constraints first, then guess which of the inequalities are binding.

b) A neighboring area is offering to buy one MW (1 MW) from the utility serving this
area for $80. Should the utility agree to this sale?

Problem 5. [20 points]
Consider a small system with 3 generators with the following parameters (all units in MW):

Unit 1: C1 = α + 3P1 + 0.02P 2
1 , Pmin = 250, Pmax = 300

Unit 2: C2 = 500 + 8P2 + 0.04P 2
2 , Pmin = 300, Pmax = 350

Unit 3: C3 = 300 + 16P3 + 0.08P 2
3 , Pmin = 200, Pmax = 750

They serve a load of 700 MW.
Each generator can be tuned on or off. The number α is positive. Find the range of the
values for α where the optimal commitment decision is to have units 1 and 3 on, and unit 2
off.
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Problem 6. [20 points] Consider the following unit commitment problem with 2 generators.
They have the following parameters (power in MW)

Unit 1: C1 = 50 + 3P1 + 0.02P 2
1 , Pmin = 300, Pmax = 600

Unit 2: C2 = 25 + 2P2 + 0.04P 2
2 , Pmin = 250, Pmax = 500

Both units have no start-up costs, but they have shut-down costs of 3500 for unit 1 and 4500
for unit 2. The shut-down cost is incurred when a unit transition from ON to OFF. The
units supply power in two time periods. The load in the first time period is 650 and 400 in
the second time period.

a) Find the optimal unit commitment solution (the unit status and the generation levels)
and the total cost.

b) The load in the second time period is increased by 150 MW. What is the new cost?
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