Test on renewable energy (English)

Notes

1. Wait for instructions before answering
2. 'You have 16 minutes for answering '
3. You may use your calculator. I ESOZ 016

Introduction (in common with the test on meteorological observation)

A solar panel converts solar energy to electrical power by absorbing solar radiation. A
wind turbine also converts solar energy to electrical power, because the source of wind’s
Kinetic energy is solar energy. As explained in the figure, part of solar radiation from the
sun is reflected back toward the space. The rest is absorbed by the atmosphere or the
surface of the earth and then converted to thermal energy. The thermal energy finally
escapes to the space in a form of infrared radiation. In the test on meteorological
observation, those values are measured. In the test on renewable energy, efficiency of

energy conversion of a solar panel and wind turbine is calculated.
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Question 0. Input values you observed.

0-1. Solar radiation absorbed by the solar panel system per second per unit area (unit:
watt per square meter or W/m?)

0-2. Electric power generation by the solar panel system per second (unit: watt or W)

0-3 Rotation rate of blade of the wind turbine (unit: rotation per minute)



Question 1.
1-1. The total area of the solar panel system you observed is 365.4 m® Calculate the
total solar radiation per second that the solar panel system absorbed. The answer should

be rounded off to the first decimal place.

1-2. Calculate the percentage of solar radiation energy that can be converted to
electrical energy by the solar panel system. The answer should be rounded off to the

first decimal place.

Question 2.
A conversion table from the rotation rate of the wind turbine to the wind speed as well
as power generation by the wind turbine is provided in the exam room. If there is no

rotation, the rotation rate will be given by the supervisor of the exam.

2-1. By using the following mathematical formula, calculate the kinetic energy of the air
that passes a circle swept by the rotating blades of a wind turbine per second:
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Here, p is air density (1.2 kg/m®), « is the ratio of the circumference of a circle to its
diameter (use 3.14), r is the radius of the circle (33.0 m), and V is the wind speed that
you converted from the rotation rate. The unit is watt. The answer should be rounded off
to the first decimal place.

2-2. Convert the observed rotation rate to the electrical power generation of the wind
turbine by using the conversion table. In this condition, calculate the percentage of wind
energy that can be converted to electrical energy by the wind turbine. The answer
should be rounded off to the first decimal place.



