Measuring the Daily Energy from the Sun
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LESSON OVERVIEW

This lesson demonstrates how to measure the energy received from the sun over
an entire day including the influence of clouds, overcast and possibly rain on the
received energy. Students place a solar panel near a window and attach it to the
Smart Meter — Data Logger ™ to sample the sun’s energy every 60 seconds
during the classroom day. Every 60 seconds a new data sample of voltage,
current, resistance, power and energy are taken and recorded by the Smart
Meter — Data Logger ™ for later playback. After all samples are taken the data
is plotted on the classroom computer and discussed as to why the weather
(clouds and rain, in particular) have an effect on the readings.

LEARNING OUTCOME

Students learn that solar panels respond to the sun’s energy based on the sun’s
position as it appears to travel across the sky. Moreover, they learn how clouds,
overcast, rain and any other sky borne obstacles to sunlight impact the receipt of
its energy — including the atmosphere itself.

Students come to understand that:

1. The daily cycle of sun travel generates the most energy at noon rather
than during mornings or afternoons due to the amount of atmosphere that
impedes the sun’s energy at these times of day.

2. While clouds generally block the sun they can sometimes reflect back
more sunlight thus producing more power and energy in the process.

STUDENT ACTIVITIES

Students setup the equipment to measure sunlight by placing the solar panel
next to a window or a protected open space in their building that is chosen for its
maximum sunlight gathering potential during the day. During the course of the
activity voltage, current, resistance, power and energy are measured with the
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Smart Meter — Data Logger ™. After the data are gathered students are
charged with displaying the recorded data on the classroom computer and
explaining the differences in the readings. This is followed by printing out plots of
the data on a printer or downloading data files gathered on the computer to be
included in reports about the lesson.

GRADE-LEVEL APPROPRIATENESS

This lesson is appropriate as an introduction to solar energy data interpretation
for students in grades 5 — 8 with more advanced electrical information for
students in grades 9-12.

LESSON TIME

This lesson should take about 10 minutes to setup and take down. The analysis
phase will take between 30 to 45 minutes depending on discussion time.

SAFETY

Make sure that students do not stand on chairs or table tops to position the solar
panels near the light source as injury could occur from a fall.

REQUIRED MATERIALS

Qty Description

1 Solar Panel

Smart Meter — Data Logger
USB cable

Clip leads

10 ohm resistor

Classroom Windows PC computer with REEL Power ™ software
(MACs must have Parallel’'s “Desktop 3.0 for Windows”)

1 Printer (optional)
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PRELIMINARY STEPS

1. Install the graphical software on the classroom computer.
2. Install a fresh 9-volt battery in the Smart Meter — Data Logger
3. Refer to the Smart Meter — Data Logger ™ Tutorial for extra help.
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EQUIPMENT SETUP

1.

2.

Setup the equipment as shown in Figure 1 below. Wire the opposite side
of the solar panel so that all 3 modules are in series in order to produce
maximum voltage. You can use clip leads or the wires with looped ends
to hookup the two inner solar moduless together (+ to -). Then attach a
clip lead from the left-most negative (-) post to the Black Input terminal on
the Smart Meter — Data Logger ™ and another clip lead from the right-
most positive (+) post to the Red Input terminal on the Smart Meter —
Data Logger ™.

Also add a 10 ohm resistor to the Output terminals — the polarity doesn’t
matter.

AWA

Figure 1 — Initial Equipment Setup
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TEACHING THE LESSON - Setting Up to Gather Data

1. Find an appropriate location to place the solar panel where
it can receive the maximum amount of sun during the day.
Face the solar panel to due South to receive the maximum
sun in the Northern Hemisphere — face the solar panel due
North in the Southern Hemisphere. Use the tilt feature to
orient the panel to receive maximum sun all day long.

2. Set the switch on the Smart Meter — Data Logger ™ to ON.

3. Push the Track key until Set Sample Time is displayed. Use the Fwd or
Rev keys to set the sample time to 60 seconds. Once 60 seconds is
displayed, don’t push any keys for 3 seconds. The Sample Time is set
when the bottom line on the LCD is blank.

4. Push the Track key until CIr Track Memory is displayed. Wait 3 seconds
until Track To Clr Mem is displayed. Push the Track key again and verify
that the Track Mem Clear message is displayed. If not, repeat this step.

5. Finally, push the Rec-Stop key. The bottom line of the LCD should
display Recording TrackO followed by other messages.

6. Allow the Smart Meter — Data Logger ™ to record data for the entire
school day.

7. When the school day is over set the switch on the Smart Meter — Data
Logger "™ to OFF (towards the USB connector) and bring in the
equipment for the next day’s analysis. Setting the switch to OFF will
save the internal battery from totally discharging overnight.
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TEACHING THE LESSON - Displaying the Data

1.

Plug in a USB cable between the Smart Meter — Data Logger ™ and the
classroom computer and set the switch to the USB position so that it
receives power from the computer’'s USB port. Set the power switch to
the USB position and verify the sign on message on the LCD screen.

Click on the REEL Power ™
icon to bring up the software
menu. Then click on the MPP
Auto Trac — Data Logger icon.

On the computer adjust the voltage (vertical) scale on the REEL Power ™
software to 2.5 volts maximum.

Adjust the time (horizontal) scale on the REEL Power ™ software to show
a red line marching across the bottom of the plot area.

Push the Track key until the View TrackO Data message is displayed.
The computer should begin displaying the data plots for the previous day’s
data. The data should look like Figure 2 below (although your data may
not be as consistent due to weather related issues like clouds blocking the
sun, etc.). Adjust the horizontal plot until a similar display is shown.

Figure 2 — Plot of Solar Panel Electrical Data
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DISCUSSING THE LESSON OUTCOME (all grades)

Atmospheric Conditions

Begin the discussion of the plotted data by pointing out the general “dome” shape
of the voltage plot. Indicate to students that the [green] voltage plot starts out at
low voltage then rises to maximum around noon and then decreases in the
afternoon due mainly to two factors:

1. Due to the atmosphere the sun’s energy is not as great in the mornings
and afternoons as compared to noontime. This is because the sunlight
must penetrate more of the atmosphere during the morning and afternoon,
which absorbs the sunlight. The solar panel can only react to the amount
of sunlight hitting it, so this is partly why the voltages are low in the
mornings and afternoons and higher as noontime approaches.

Noon
Mornin
9 Afternoon
Solar @
Array
Earth Dusk

©

Figure 3 — Effect of Atmosphere on Received Sunligh t

From the surface of the Earth to about 10 miles above sea level, the
atmosphere blocks a portion of the sun’s radiation. Dust and other minute
particles in the upper atmosphere stop or scatter the sun’s energy and
reflect much of it back into space. As the sun appears to move across the
sky from morning to evening, the thickness of the atmosphere accounts
for a significant amount of the sun’s radiation striking the earth. As seen
in the illustration above, in the morning and afternoon hours, the sun’s
radiation must go through much more of the atmosphere as compared
with noon when the atmospheric thickness is at a minimum. In effect, the
more of the atmosphere that the sun must penetrate, the less radiant
energy is received on earth.

2. Another reason for the dome shape of the plot is
that the tilt angle of the solar panel remains fixed
during the day; thus, the solar panel is not
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pointed at the sun

during its’ apparent

travel across the sky

and can only gather

partial sunlight during

the morning and

afternoon hours.

There are devices

that can follow the

sun’s movement for

maximum power.

These devices called

“sun trackers”

mechanically move the solar array so that it always points at the sun.
With this mechanism the solar array captures the maximum amount of
solar energy. Here the solar panels are mounted on poles that rotate with
the help of DC motors (not shown) to keep the solar panels pointed at the
sun all day.

The Effect of Clouds on Sunlight

Clouds are the main
reason that sunlight is
blocked, which results
in lower solar panel
power and energy
outputs. Clouds
account for the “dips”
in power and energy

as shown in the plot Momentary

below. Notice that a P

single cloud only EndofDay g
briefly disturbed the Blocked by

solar panel output Building

during the morning

hours. Otherwise, the

sun shown brightly all

day without any other

clouds — your results

will certainly vary.

Also, the rapid drop off in voltage, etc. at the right of the plot is caused by the
building blocking the sunlight.

Figure 4 — The Effect of Cloud s on the Solar Panel Voltage Plot
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Clouds can both absorb sunlight as well as reflect it.

As seen in this NASA image below sunlight can bounce off the Earth’s surface
then reflect off the bottoms of clouds back to Earth. If a solar panel is receiving
sunlight it gets an extra measure of it from the bounced light.

Figure 5 — Clouds Reflecting Sunlight

Simulating Cloud Reflection with Paper

When repeating this lesson use a regular sheet
of white paper and put it near the solar panel
while the sun is shining on it. Hold it so that it
reflects a portion of the sunlight back onto the
solar panel. Then notice the voltage reading on
the Smart Meter — Data Logger ™, which should

show an increase. This is what cloud reflections /
can do to increase the power and energy outputs

of the solar panel.

Make sure to note the time that this was done so

Q’()Qe‘ : i

that it can be explained in the resulting plot.
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DISCUSSING THE LESSON OUTCOME (higher grades)

There are several interesting electrical characteristics of the solar plots that invite
further explanation. Here is a list of what is discussed:

General Shape of the Voltage Plot
Voltage Variations

Current Behavior

Energy Consumed

General Shape of the Voltage Plot

The general dome shape of the voltage plot can be easily explained by the two
main contributing conditions of atmospheric effects and solar panel tilt angle
described earlier.

What is equally interesting is why it has this shape at all given the fact that the
solar panel used in the experiment will “saturate” at its maximum 4.5 volt level
with only a moderate amount of sun — that is, if it has no load resistance attached
to it — making it an “open circuit”.

Our solar panel which is wired in series for maximum voltage of 4.5 volts DC can
easily achieve this voltage when placed directly in the sun. It can do this since it
does not have to “work” to supply current to a resistor load. Figure 6 illustrates
how quickly our solar panel can achieve maximum voltage with no load.

\ No Load

Voltage

Voltage with
\ 10 ohm Load

Figure 6 — Series Solar Panel Voltage under Load an  d No Load
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However, when a 10 ohm resistor is attached to the solar panel its voltage
immediately drops. How much it drops depends on the amount of sunlight hitting
the panel. The 10 ohm resistor connected to the solar panel (a closed circuit) is
now forcing the solar panel to create electrical current, and the solar panel is
limited in it current producing capability by three basic factors:

1. The size of the solar cell itself
2. The amount of sunlight striking the panel

3. The construction of the solar panel

The Size of the Solar Cell

The physical size of a solar cell has no bearing on its voltage output. Typically
each solar cell can source 0.5 volts (%2 volt) regardless of size. Current, however
is a different matter; the larger the solar cell the more current it can supply. Like
a magnet, you can take a solar cell and cut it in half and you will still get 0.5 volts
from both halves. However, the current from each cell is now reduced by half.

4 Solar_
Cell + Solar )
Cell

0.5 volt
Typical Solar Cell

0.5 volt
Larger Area, Higher Amperage Solar Cell

Figure 7 — Solar Cell Sizes and Related Voltage and  Current Output Abilities

The solar panel used for the
lesson has three sets of solar
modules consisting of three solar
cells per module wired in series.
You can see the three (blue) solar
cells wired together in each solar
module here. Therefore, the
maximum voltage from each solar
module is 1.5 volts (3 x 0.5 volts).
The rated current for each module
is 100 milliamps or 0.1 amps.
Since the lessons calls for the
three modules to be wired in
series, the maximum current
remains at 100 milliamps.

Module 1 Module 2 Module 3
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The Amount of Sunlight Striking the Solar Panel

In a closed circuit made up of a solar panel connected to a 10 ohm resistor the
solar panel’s voltage and current outputs are dependent on the amount of solar
radiation it receives. This is mostly dependent on the panel’s tilt angle — that is,
the angle of the solar panel relative to the rays of the sun at any given time.

To produce maximum current the solar panel must face directly into the sun.
This is where it will receive the direct rays of the sun.

This can be achieved in two ways - either keep the solar panel pointed at the sun
at all times with a sun tracker - or achieve maximum current output when the sun
happens to align itself with the current tilt angle (which is what we have here).

As can be seen in Figure 7 (below) the current (blue line) rises along with the
voltage then generally levels off since the solar panel cannot produce any more
current. It is actually slightly above its stated maximum of 100 milliamps (0.1
amps) for quite sometime during the day.

Figure 7 — Solar Panel Current Limits at 120 millia mps

Since the voltage continues to increase the power (red line) continues to
increase, as well. Remember that power is really voltage times current so for a
given current, the higher the voltage the higher the power.

What is clear at this point is that the solar panel cannot reach its maximum
voltage of 4.5 volts because the 10 ohm load is simply too much. A lighter load
of 100 ohms will cause the voltage to increase even more. This can be the basis
for an additional experiment.
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Solar Panel Construction

Solar panels are constructed by grouping individual solar cells into modules and
then grouping the modules into the solar panel itself. The grouping is really
arranging the solar panels in series and parallel arrangements to come up with
the desired voltage and current rating for the panel.

In our particular solar panel there are three solar cells that make up each of three
solar modules as seen in Figure 8. Notice how each of the three solar cells are
wired in series to create 1.5 volts.

1.5 Volt Solar 1.5 Volt Solar 1.5 Volt Solar
Module Module Module

Figure 8 — 1.5 Volt Solar Modules

You are now given the opportunity to group the solar modules in up to six series
and/or parallel configurations by connecting the solar modules together. As an
exercise show how these three solar modules can be arranged in six different
ways. This lesson provides one way — all three modules in series. Find the other
five ways.
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Energy from the Sun
Energy and power are different.
Power (in watts) is the instantaneous measure of voltage times current as in:

P=V~*l|
Where P = Power in watts
V = Voltage in volts
| = Current in amps

Energy (in watt-hours) is power times time as in:

E=P*T
Where E = Energy in watt-hours
P = Power in watts
T = Time in hours

We can also measure energy in different time units like seconds where we can
convert from watt-hours to watt-seconds and back again as in:

Watt-Hrs = Watt-Sec / 3600
Watt-Sec = Watt-Hrs * 3600

Where 3600 = number of second in one hour

To determine the energy generated during your experiment simply push the
Track key on the Smart Meter — Data Logger ™ until the View Trackx Data
message is displayed. Push the WHrs key and then push the Fwd key to cycle
through the readings going forward. You will see the Watt-Hrs and Watt-Sec
increase with each push of the Fwd key indicating the amount of energy
consumed up to that point. One experiment over 7 hours measured nearly 1
Watt-hour of power. This is what the display indicated when the experiment was
over. The “T0O” indicates that this is the recorded Watt-Hour and Watt-Second
data from Track O.

00.926Wh 03335T0
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TEACHER GUIDELINES AND TIPS

For best results it is recommended that students repeat the experiment for
different days with possibly different weather conditions. This way they
can better compare the differences created by the varying weather
patterns.

Don't clear the Track memory as indicated in Step 4 of Setting Up to
Gather Data . Just push the Rec-Stop key to record another set of data
for the next day. With the Sample Time set to 60 seconds you could have
up to five days worth of memory storage available.

The original day’s data is stored in TrackO while subsequent data is stored
in Trackl through Track9. Once the data are recorded connect the Smart
Meter — Data Logger ™ to the computer and push the Track key to View

Trackx Data , where x = 0 through 9.

You may have to replace the internal 9-volt battery if you do this particular
experiment more than twice. The battery has a lifetime of about 12 to 14
hours maximum. Refer to the Smart Meter — Data Logger ™ Tutorial for
extra help in doing this.

Have students capture screen displays and either print out the images for
discussion or include them in reports.

Click this icon to capture screen images.

On the computer go to C:\My Documents\Reel Power\Data to
find and to copy the images for print out or inclusion into reports.
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