
Homework 8

EE 451/551 Wind Energy

Due March 12th at 11:59pm.
https://canvas.uw.edu/courses/1515456/assignments/7164487

Problem 1. This problem includes some basic calculations for battery storages.

a) Suppose a battery has an energy capacity of 10 kWh and can charge from empty to
full in two hours. Assume the battery is 100% efficient. What is the C-rate? What is
the charging power, assuming it’s constant? Recall a battery has k-C rate is it takes
1/k hours to charge it.

b) Suppose Suppose a battery has an energy capacity of 10 kWh but is only 90% efficient
charging/discharging. That is, 1/0.9 units of energy is needed to put 1 unit of energy
into it; and when 1 unit of energy is extracted, only 1 · 0.9 unit of energy is released
to the grid. If the battery is charged from empty to full, how much energy is needed
from the grid? Now the battery is discharged from full to empty, how much energy is
released to the grid? What is the round-trip efficiency?

Problem 2. Batteries typically undergoes self discharging, even when it is not used. Given
a battery with 20 kWh of energy and a self-discharge rate of 5% per hour (it losses 5% of
energy every hour), how long does it take the battery to lose half of its energy?

Problem 3. A battery is used to backup a load in case the primary power fails. The load
is random, with the following probabilities: Find the size of the battery (both power and

Load (kW) probability
10 0.1
20 0.05
30 0.2
40 0.1
60 0.15
80 0.1
90 0.2
100 0.1

energy capacities) that would supply the load with at least 80% probability for at least 10
minutes.
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Problem 4. A battery is used for arbitrage in a market. There are two time periods. The
price of energy in the first period is 1 unit. The price in the second period is 4 or -1, with
equal probability. The battery has a capacity of 10 units. What is the average profit and
the standard deviation of the profit?

Problem 5. A battery costs $1,000,000 with energy capacity of 300 kWh. It can last 8,000
charge and discharge cycles with reaching its end of life. What is the cost of using the battery
per 1 kWh?
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