
 
We all love electricity.  It’s hard to imagine living without any access to electrical 
energy.  However, this electricity must be generated using some type of fuel source. 
Whether it be coal, wind, oil, solar, wood, etc., it is the job of engineers to figure out 
how to get the most electrical output for every unit of fuel source input.  The focus of 
this workshop is to analyze renewable energy sources and how to engineer them for 
maximum output. 

 
Focus Question: What should engineers consider when designing 
renewable energy technology to optimize electric output? 
 
Lessons: 

1. Engineering challenge: Paper Tower 
2. Electricity generation/sources of fuel 
3. Solar engineering:  

Tracking the movement of the sun with shadows 
Angle of PV 
Coverage of PV 
Determining PV placement in your neighborhood 

4. Wind engineering: 
Angle of blades  
Blade design & Wind speed 
Engineering Challenge: Wind Indicator 
Determining wind turbine placement in your neighborhood 

5. Hydro engineering: 
Investigating water pressure 
Engineering analysis 

6. Engineers Meeting 
7. Optional Extensions 
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Lesson 1: Engineering Challenge 
Although this challenge does not address electricity generation, it will help put you in the 
mindset of an engineer. 
 
Objective:  Build the tallest, free-standing structure possible using only 1 piece of printer paper 
and 6 inches (15 cm) of scotch tape. 

Design parameters/specifics: 
● Structure must stand on its own.  Tape cannot be used to secure structure to 

surface. 
● Structure must stand freely for a least 15 seconds 
● Paper can be cut with scissors.  Scissors cannot be part of the final structure.  

 
 
Planning thoughts:  What are your initial ideas on how to complete this objective? 

 
 
Ok, start building.  Good luck! 
 
Height of structure  

 

 
What aspects of your design worked well? What aspects of your design didn’t work so well? 

 
 
Do you think you could do better with fresh materials?  Redesign and try again. Go for it!  
 
What did you change? How did these changes affect the height of the structure? 
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Lesson 2: Electricity Generation 

How is electricity generated?  

 
1. Describe what you think is happening, step by step, in the image above. 

 

 
2. Check off the energy sources that we use to generate electricity that you think 

might use the above method (steam generation) to generate electricity. 

❏ Coal 
❏ Methane: Cow Power 
❏ Methane: Landfill Gas 
❏ Hydro 

❏ Geothermal 
❏ Nuclear 
❏ Oil 
❏ Photovoltaics/Solar 

❏ Solar Collector 
❏ Wind 
❏ BioMass: Wood 
❏ Natural Gas 

 
Vocabulary: 
Renewable Resources are energy sources that we use but will not run out.  
Nonrenewable Resources are energy sources that have a set amount that will run out 
someday, or that take thousands or millions of years to recreate. 
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Look at the Electricity Generation Cards on the next 2 pages. You can print them if you 
like. Use them to fill in the chart below by adding a check mark in each column that 
applies.   
 

Generation Source  Uses a VEEP/ 
NHEEP generator 

Uses 
steam 

Renewable  Nonrenewable 

Ex. Coal  ✔  ✔    ✔ 

Methane: Cow Power         

Methane: Landfill Gas         

Hydro         

Geothermal         

Nuclear         

Oil         

Photovoltaics         

Solar Collector         

Wind         

BioMass: Wood         

Natural Gas         

 
Which of these sources do you think have more negative environmental impacts?  Which might 
have fewer? 

 

 
Optional: Watch this National Geographic video (https://tinyurl.com/renewable-energy-101-video) for 
information about renewable energy, because renewable electricity generation is what we’re 
going to use as our focus for engineering! 
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Lesson 3: Solar Engineering 
Part 1: Tracking the movement of the sun  
 
In this activity we will investigate the movement of the sun by 
observing shadows.  You will need to plan ahead for a full 
sunny day. 
 
Materials:  4 foot pole or stick, 10 smaller sticks or markers 

(popsicle sticks, rocks, pieces of wood, etc.), compass (optional). 
 
Instructions: 

1. Find a good, open clearing in your yard or other open area. 
2. Around 9:00 in the morning, insert the long pole into the ground so it stays fixed. 
3. Place a marker at the end of the pole’s shadow. 
4. Place 3 markers where you predict the end of the pole’s shadow will be at 11:00, 1:00 

and 4:00. 
5. Check the shadow every hour and place a marker at the shadow’s end.  Be sure to 

label the markers so you know which indicate the shadow’s end at every hour and 
which represent your predictions. 

6. Answers the questions below. 
 
1.  Describe how the direction and shape of the shadow changed during the course of the day. If 
possible, take a photograph of the shadow and markers and insert below. 

 

 
2.  How close were your predictions to the actual position of the end of the shadow? 

 

 
3. If you have a compass, determine the direction of the markers from the pole. A shadow 
direction will be opposite of the sun’s direction. Using this information, in what general compass 
direction was the sun located most consistently throughout the day (in reference to us)? 
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Lesson 3: Solar Engineering 
Part 2: Angle of PVs 
Now you all know the sun doesn’t stay in one spot in the sky.  Does the angle in which 
the light hits a PV (photovoltaic) solar panel matter? Inspect the chart below to answer 
the questions that follow.   
 
Students placed a lamp in front of the panels below and recorded the number of volts 
produced. Each panel is set at a different angle. 

Solar Panel 
angle to the 
light source 

Voltage (Volts) 
produced by 
the solar panel 

 

 

A 0o  2.93 

B 15o  2.97 

C 30o  3.30 

D 45o  3.38 

E 60o  3.47 

F 75o  3.49 

G 90o  3.55 

 
1. Which angle produced the most volts? Which angle produced the least volts? 

 

 
2. Explain the relationship between the angle of the panel and the volts produced. 
Why does the amount of volts increase or decrease as the angle of the panel changes?  
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Lesson 3: Solar Engineering 
Part 3: Coverage of PVs 

 
How do you think covering up part of the panel will affect the voltage of electricity that 
the panel will be able to produce?  Make a prediction: 

 
 

 
Look at the following photos, where we used a PV panel to generate electricity but 
covered part of the panel with cardboard.  Use this to answer the questions that follow. 
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Percent 0f  PV panel Covered  Volts of Electricity 

0%   

25%   

50%   

75%   

100%   

 
1. What percent of coverage generated the most electricity? 

 

 
 

2. What does the cardboard represent?  What types of things might cause 
coverage of a real solar panel? 
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Lesson 3: Solar Engineering 
Part 4: Determining placement of PVs in your yard or neighborhood 
 
Activity #1 Roof installation 
 
Identify 3 or 4 roofs or roof surfaces near where you live that might be good places to 
install PVs. Check these surfaces 3 times during one sunny day (before the sun goes 
down), and make notes about how much (try to estimate the percentage or the 
fraction) of the surface is covered in sun. If you have a compass, also note which 
direction each surface faces.  
 

Roof identification  Morning  Noon  Afternoon  

Ex. Neighbor across 
street, grey roof, faces 
Southeast 

About ⅘ (80%) of roof is 
covered by direct sun, ⅕ 
(20%) shaded by tree. 

Still sun hitting most of 
roof, about ⅘ (80%), 
maybe more angled 

Roof is mostly in the 
shade, maybe ¼ (25%) 
still has dappled sun. 

       

       

       

 
Which of the roofs do you believe would be the best option for roof PVs?  Explain your 
reasoning. 

 

 
Which of the roofs do you believe would be the worst  option for roof PVs?  Explain your 
reasoning. 
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Activity #2 Ground installation 
 
Sometimes PVs are installed on a frame on the ground.  Place 3-4 markers (sticks or 
poles in ground, piece of wood)  on the ground at several different places in a field or 
yard.   Label these 1-4, and check them several  times during one sunny day, and 
make notes if full sunlight (FS), partial sunlight (PS) or no sunlight (NS) is hitting the 
markers. 
 

Marker 
#/Location 

Early 
Morning 

Mid 
morning 

Noon  Mid 
afternoon 

Late 
Afternoon  

ex  NS  NS  FS  FS  PS 

1           

2           

3           

4           

 
Which of the marker locations do you believe would be the best option for ground mounted 
PVs?  Explain your reasoning. 

 

 
Which of the marker locations do you believe would be the poorest option for ground mounted 
PVs?  Explain your reasoning. 
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Lesson 4: Wind Engineering 
Part 1: Angle of turbine blades 

Wind turbines are used to convert the energy of wind into 
electrical energy.  The wind strikes the propeller blades 
which turners the generator which produces electricity. 
Engineers need to consider many factors in order to 
produce maximum electricity output.  Remember, we can’t 
make the wind blow harder.  In this activity we will 
investigate how the angle of the blades affects the electrical 
output. 

 
Look at the following photos where an energy educator worked with a model turbine.  The 
angle of the blades, in relation to the fan, changes in each picture.  Record the voltage for each 
blade angle. (Each light on the voltmeter represents 0.5 volts.  Don’t include the red light that’s by 
itself-that’s the power button.  See the first picture for an example.) 

       

90°  80°  70°  60°  50° 

         

40°  30°  20°  10°  0° 
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Blade 
angle 

90°  80°  70°  60°  50°  40°  30°  20°  10°  0° 

Volts 
 

                   

 
1.  Did the angle of the blades make a difference?  Y/N 
2. Which angle produced the most voltage?  State your evidence: 

 

 

 
3. Do you think there are other angles we could try that would generate more voltage than 

the angles tested above?  Which angle(s) do you think we should try and why? 
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Lesson 4: Wind Engineering 
Part 2: Blade design & Wind speed 
Make a pinwheel using the instructions/templates below. 

Materials:  
❏ 1 Pinwheel template (next page)  
❏ 2 Pencils, unsharpened 
❏ 2 Pins 
❏ 2 small beads 

 
Instructions: 

1. Print and cut out the pinwheel template along the 
square solid outside line. 

2. Cut on the lines from the corners to the center circle. 
3. Using the pin, poke small holes in all 5 dots (4 on 

each corner & 1 in the middle). 
4. With the outline facing up, carefully push through 

one of the dots in the corner from the underside.  
5. Curl a second corner toward the pin and push 

through the dot in the corner. 
6. Repeat with the 3rd and 4th corners to create a 

layered effect 
7. Push the pin through the center dot.  
8. Add the bead and then push the pin slowly into the 

top of the eraser. 
9. The same procedure will be used for the three sided pinwheel. 

 
1. Blow towards the front of the pinwheel. Blow towards the side of the pinwheel. 

What do you notice? 

 

 
2. Compare the 3 bladed and 4 bladed pinwheel. What do you notice? 
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Testing Wind Speed 
Design an experiment to determine the answers to these two investigative questions: 

1. Which wind speed turns your pinwheel (3 or 4 blade) the fastest- low, medium, 
or high wind speed? 

2. How does the number of blades on your pinwheel affect how fast the pinwheel 
spins in each of those wind speeds? 

Tips:  
● You could put your pinwheel in front of a fan, outside in 

the wind, or blow on it yourself. 
● If you can make a slow motion video (most smartphones 

have this option) you can use a dot in one corner (see 
image to the right) to help keep track of how many times 
your pinwheel spins at variable wind speeds.   

 
1. Explain your method for determining which wind speed and what number of blades 

produced the fastest spinning. What did you do? 

 

 
2. Insert a table showing your data. 

 
3. Based on your experiment, what combination of wind speed (low, medium or high) 

and number of pinwheel blades (3 or 4)  spun the fastest? Explain your evidence. 

 

 
Optional activity:  Do you think you could design and build a pinwheel that would spin 
even faster than either the 3 or 4 bladed pinwheels?  Go for it and include your design, 
observations, and/or a photo below. 

 

 

Renewables By Design (MS: 6-8th offline) 19  



 
1. Look at this map of wind speeds in NH and VT. Reflecting on your work with the 

pinwheels, where would you choose to put wind turbines?   
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3. Choose 2 counties in your state from the map below that you think would be a 

good place for wind turbines. 
 
Why did you choose these 
areas?  Use evidence from the 
map and your investigations to 
support your claim. 
  

I claim that  

1. 
2. 

 

are good places to build a wind 
turbine in my state because:   

 

 

 

 

Map Image from: 
https://www.nh-vtchristmastree.org/search.php 
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Lesson 4: Wind Engineering 
Part 3: Engineering challenge: Wind indicator 
 
We can’t see wind, we can only see what it does 
(or, as we scientists say, applies a force to).  We 
can observe dust being blown around, trees 
shaking, or a kite in the sky.  So how can we 
determine which location in your yard or 
neighborhood gets the most wind?   
 
Objective:  Design a simple wind indicator.  Construct 4 duplicate wind indicators and label 
them 1-4. 

Design parameters/specifics: 
● Wind indicators must be able to be set outside. 
● They must be able to move even in the slightest wind. 
● Wind indicators should be able to move more with greater wind. 
● Think light materials mounted in such a way as to allow wind to move them. 

 
Planning thoughts:  What are your initial ideas on how to complete this objective? 

 
 

 
Ok, start building.  Good luck! 
 
Describe or add photos of the 4 wind indicators. 
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Lesson 4: Wind Engineering 
Part 4: Determining wind turbine placement in your yard/neighborhood 

 
 
Place your 4 wind indicators in different 
spots in your yard or neighborhood. 
Observe these indicators for 15-20 minutes 
and make observations as to the amount 
and consistency of the wind in those 
locations.   
 
 

Wind 
indicator # 

Location 
description 

Observations 

ex.  Side of driveway  Stayed pretty still.  Moved when other indicators moved but not as much as other spots. 
Maybe moved more that #2 but less than #1 and #4 

1     

2     

3     

4     

 
Which of the indicator locations do you believe would be the best option for a wind turbine? 
What’s your evidence? 

 

 
What factors (geographic, environmental, etc) do you think make it the best option? 

 

 
Lesson 5: Hydro Engineering 
Part 1:Investigating water pressure 
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As we saw in the steam and wind demonstrations, turning a turbine is one way we can 
generate electricity. We can use running water to do the same thing. The more pressure the 
water has when it hits a waterwheel, the faster the wheel will turn, generating more torque. The 
more torque, the more electricity that waterwheel can generate. SO, the farther a jet of water 
travels horizontally, the more pressure it has, and the more pressure we can create from a jet 
of water, the more electricity a water turbine could generate! 

 
Investigative Question: What combination of factors will cause water to squirt the 
greatest distance, and therefore would provide the greatest amount of pressure to 
turn a turbine? 

Materials:  
❏ 1 plastic bottle (2 liter bottle or more works best) 
❏ 1 sharp object (drawing compass or drill with drill bits) to make holes 

in water bottle 
❏ Measuring tape, ruler, or something else to measure distance 
❏ Timer or watch 
❏ Tape (clear tape, packing tape or duct tape work best) 
❏ Marker 
❏ Water (from faucet or hose)  

 
Instructions: 

1. Carefully poke or drill 3 small holes in your bottle (all the same size on 
the same side), so that you have a top, middle and lowest hole. 

2. On the opposite side of your bottle (but at the same height as the 
lowest hole), drill or poke a larger hole (at least twice the 
diameter of the other 3). 

3. Draw a line with a marker so you can keep track of the 
volume of water you will start with for each test. 

4. Put small pieces of tape over each of those holes to prevent 
water from coming out before you’re ready to start. 

5. Go outside or to a place like a sink or a bathtub, where you 
can make a bit of a mess with water. 

6. Put your bottle on some sort of table or platform so that it is at 
least 2 feet off of the ground (or other level surface where you 
can measure), and set up your measuring tape on the ground. 

7. Fill your bottle to your measuring line, and remove the tape 
over one of the holes. Observe for at least 30 seconds. 

8. Measure and record in the table below the maximum distance 
the water reached, and also the distance it is reaching after 30 
seconds. If you have a phone or camera, take a picture. 
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9. Put the tape back on the 1st hole, and repeat steps 7 & 8 with the other holes, 

making sure you refill the water each time so the volume is the same, and to 
retape the holes you’re not measuring. 

 

Hole  Maximum 
Distance 

Distance 
after 30 sec. 

Other Observations 

Top       

Middle       

Lowest       

Larger Hole 
(Low on 
Otherside) 

     

 
10. Once you’ve finished your measurements, fill your bottle and 

take off all of the tape so that all of your holes are open. 
11. Observe (with your eyes and your sense of touch). What do 

you notice about the distance and pressure of the various jets 
of water when they’re all going at once? 

 

12. Finally, add flow to your bottle by turning on a hose or faucet, 
and letting it continuously flow into your bottle.  

13. Watch what happens to the water coming from the holes 
when you turn up the water flow. What do you notice? 
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What does the length and pressure of different streams 
of water have to do with electricity? Consider the 
following set-up, where a hose will power an impeller to 
turn an electrical generator→ 
 
In the table below are the three different water 
pressures we used with the hose, and next to them are 
the number of volts of electricity each stream of water 
was able to generate when directed at the impeller 
(hamster wheel) attached to the generator shaft. 
 
 

Low pressure 

 

Medium 

 

High 
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Now think about your experiment with the plastic bottle. Which hole caused water to squirt the 
greatest distance, and therefore would create the most pressure to turn a turbine? Why do you 
think this was the case? 

 

 
When you turn on the hose or faucet, does it seem like the pressure of the jets of water coming 
out of your bottle increases, decreases or stays the same? What’s your evidence? 
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Lesson 5 Hydro Engineering 
Part 2: Engineering analysis 
 
There’s a guy on Youtube named Quint who says he can power his cell phone with rainwater. 
 
How can you imagine doing this? Make a simple, labeled drawing or diagram with your ideas. 

 

 
What factors would you consider when deciding whether this rainwater project was likely to 

succeed in generating electricity? 

 

 
Remember that it is the job of an engineer who is working on renewable resource electricity to 
maximize the electrical output given a certain input.  Review the following pictures and then 
answer the questions.  
 
Optional: Watch Quint’s video “Rain Gutter Power #1”.(https://tinyurl.com/rain-gutter-power) 
 

Renewables By Design (MS: 6-8th offline) 28  

https://www.youtube.com/watch?v=S6oNxckjEiE


 

 
 
List 3 engineering design decisions made by Quint. 

Did your design have anything in common 
With his? 

 

 
After seeing Quint’s design, would you revise your design in any way? Draw it here. 
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Focus Question: What should engineers consider when designing 
renewable energy technology to optimize electric output? 
 
Lesson 6: Engineers’ meeting 
 
Now it is time to present your findings and 
ideas to a group of fellow engineers.  Imagine 
you are going to design a new project in each 
of the renewable energy technologies you 
investigated.  For each type, propose 3 
important considerations for designing these 
electrical generation projects (physical design, 
location, etc).  Be sure to include your evidence 
for these proposals.  Check with your classmates about their considerations and discuss. 
 

Solar project:  My Fellow engineers, when we design this PV project we should consider… 
 
 
 
 
 

 

Wind project:   My Fellow engineers, when we design this wind project we should consider… 
 
 
 
 
 
 

 

Hydroelectric project:  My Fellow engineers, when we design this hydro project we should 
consider… 
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Optional Extensions: 
 
Check out Google’s Project Sunroof.  You can type in addresses to see how much money you 
could save over 20 years if that building were to install roof PV panels. 
https://www.google.com/get/sunroof 
 
Take a class or family field trip to a solar array, a wind farm, or hydroelectric dam near you! 
See if the owners would be willing to give you a tour. 
 
Dig in deeper!  Read more info on Energy Sources  

● https://www.need.org/need-students/energy-infobooks/ 
● https://learninglab.usgbc.org/sites/default/files/lesson-resources/energy_resources_101.pdf 
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