
Homework 7

EE 451/551 Wind Energy

Due Feb 28th at 11:59pm. Submit to
https://canvas.uw.edu/courses/1515456/assignments/7137733

Problem 7. Bonus for 451 students, must attempt for 551 students
A solution that is often used to smooth out wind power production at a turbine is to attach
a battery to it. Assume the power production at a turbine in one hour follows a Gaussian
distribution with a mean of 5 MW and a standard deviation of 1MW (note this allows the
power to be negative, which is not possible in practice. But for simplicity, we will assume
this is ok in this problem). A battery is attached to it and the can charge and discharge
at 100% efficiency. The battery has a finite capacity. Find a way to reduce the standard
deviation of the output of the system to 0.2 MW. How big of a battery do you need? Hint:
an analytical calculation is difficult, you should simulate the system.

We assume that we can easily generate samples from a Gaussian distribution. For ex-
ample, the command in Python (NumPy) is random.normal and the command in Matlab
is randn. The rule that the battery should employ is relatively straightforward. Since it
cannot generate net power and has 100% efficiency, the best way to minimize the output
variance is to keep the output as close to the mean (5 MW) as possible. Let bt be the amount
of charge/discharge at time t. Since the charging and discharging efficiencies are the same
(100%), we don’t need to separate them. The operation of the battery would be to regulate
its output to be 5MW up until the capacity of the battery. We can take the standard devia-
tion of the output. Empirically, we can generate a large number of samples, and empirically
compute the standard deviation. As the capacity of the battery grows, the standard devia-
tion would decrease, as shown in Fig. 1. We can read off when this curve crosses 0.2, which
would be around 28 MW. This also shows that it takes lots of storage capacity to reduce
standard deviation of renewable energy. On the other hand, this is somewhat exaggerated
by the Gaussian model, which tend to lead to large deviations .

1



15 20 25 30
capacity (MW)

0.18

0.2

0.22

0.24

0.26

0.28

S
ta

nd
ar

d 
D

ev
ia

tio
n

X 28
Y 0.1987

Figure 1: Figure for problem 7.
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