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Social Emotional Learning 
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The handout has 10 student-friendly scaled 
questions (using a 1–5 Likert scale) about 
daylight and artificial light in a classroom. 
These can help gather opinions on lighting 
quality, comfort, and usefulness.

Before students begin working on their projects to design the most 
effective classroom layout, they will conduct a self experiment with 
the provided material.

They will have to read the article, answer the questions and then 
data will be looked at for each scenario that is tested. This way 
students will have a better understanding of how lighting affects 
their learning and those around them.

Students will investigate how natural daylight and artificial room 
lighting affect productivity and focus in a learning environment. Using 
their findings, they will design and present their own ideal study or 
classroom space that promotes effective learning.

Students will research daylight conservation in schools then get a 
chance to measure how much daylight comes into the class and 
determine how much can their school save. 



Social 
Emotional 
Likert 
Activity
Students will get 
introduced to 
daylighting and 
how this affects 
them personally.

1.

Students will take 
part in an 
experiment to see 
how lighting within 
the class affects 
their own 
productivity and 
even their scores.

Human 
Experiment

2.

Daylight 
Conservation 
Research and  
Experiment

Students will 
research daylight 
conservation in 
schools then get a 
chance to measure 
how much daylight 
comes into the class 
and determine how 
much can their 
school save. 

3.

Classroom 
Design Project
Students will use 
everything they have 
learned so far about 
daylighting and 
conserving energy to 
design a classroom. 

4.
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Introduction 

Instead of throwing out food leftovers, imagine if we could convert that food into energy 
to power our homes, our cars, or even our cities. We would also reduce waste and create 

energy at the same time.
Clean energy sources significantly reduce harmful emissions and promote the responsible 
and environmentally friendly use of natural resources, ensuring that future generations 

can thrive.

Facing fast-growing and concerning environmental challenges due to the rapid exploitation of fossil 
fuels, there is a driving force toward more sustainable practices and a shift toward the use of 

renewable energy sources such as solar energy, wind energy, hydro energy, and energy generated 
from food waste.



The possibility of converting food waste into renewable 
energy is an exacting, interesting, and “smart” way of 

developing technologies that will produce efficient and cost-
effective power for our daily life needs. It's like turning 

trash into treasure!

A key goal of this research is to convert everyday 
food waste into renewable energy and to maximize 

energy recovery from organic waste while 
minimizing negative impacts on the environment. 

Ultimately, this research aims to create and 
provide sustainable solutions that address food 
waste management challenges and support the 

transition to renewable energy practices, and long-
term well being for smaller communities worldwide.

Objective



Source: Adapted from The National 
Energy Education Project (public 

domain)

Source: U.S. Energy Information 
Administration (public domain)

Biomass is organic material that comes from plants and animals. Biomass can be burned directly for 
heat or converted to liquid and gaseous fuels through various processes.

Biomass 



Biomass was the largest source of total annual U.S. energy consumption until the mid-1800s. After 
that period, coal overtook biomass as the dominant energy source due to industrialization and the rise 

of railroads and manufacturing.
  
 In 2023, biomass accounted for about 5% of U.S. energy consumption. The types, amounts, and the 

percentage shares of total biomass energy consumption in 2023 were:
Biofuels—53%

Wood and wood waste—39%
Municipal solid waste, animal manure, and sewage—8%

Global Energy Overview (2023)
• Total primary energy consumption: 620EJ (Exajoule, Unit of energy 

equal to 10^18 joul), up 2% from 2022

• Fossil fuels (oil, coal, gas) still dominate with ~81–82% share Oil: 
32%, Coal: 26%, Gas: 23% 

• Renewables (including hydro, wind, solar, bio): ≈15% of global 
primary energy, a record high 

https://elements.visualcapitalist.com/visualizing-global-energy-production-in-2023/?utm_source=chatgpt.com
https://elements.visualcapitalist.com/visualizing-global-energy-production-in-2023/?utm_source=chatgpt.com
https://elements.visualcapitalist.com/visualizing-global-energy-production-in-2023/?utm_source=chatgpt.com
https://elements.visualcapitalist.com/visualizing-global-energy-production-in-2023/?utm_source=chatgpt.com


   

When organic materials such as plants, wood, and food waste decompose, they 
release energy that can be captured and converted into heat, electricity, or fuel.

In composting, biomass isn't converted into energy in the same way as burning for 
heat or producing fuels like biogas or ethanol. 

Instead, composting relies on a biological process of aerobic decomposition where 
microorganisms break down organic materials, releasing heat as a byproduct. 



Aerobic processes require oxygen for the microbes to function. In these conditions, bacteria and 
fungi break down organic matter through aerobic respiration.

This process produces carbon dioxide and water, which are less harmful to the environment. 
Aerobic composting  is a popular method for managing organic waste that has potential of 

converting food waste into renewable energy and its more suitable for our backyards. 



Anaerobic processes occur in environments with limited or no oxygen. In these 
conditions, microbes such as bacteria and archaea break down organic matter 

through fermentation.
This process produces biogas – a blend of methane and carbon dioxide – that can be 

reused as a renewable energy source. Anaerobic digestion is commonly used in 
landfills and wastewater treatment plants.

Source: United States Environmental Protection 
Associations





If the pile gets too wet (common with high fruit/veg content), 
aerobic bacteria slow down, and anaerobic bacteria (like 

Clostridium spp.) may take over—causing odors and less heat.

Turning the pile adds oxygen and reactivates aerobic thermophiles.

How to Support Heat-Producing Bacteria:
Mix greens (fruit/veg scraps = nitrogen) with browns (dry 

leaves, shredded cardboard = carbon).

Keep moisture like a “wrung-out sponge.”

Turn the pile weekly to aerate.

Build the pile large enough (at least 3x3 feet) to retain heat.





Methodology

A composting bin was divided into two compartments: 

a) Compartment A, left side 3.72" 

b) Compartment B, right side 2.4"

Thermometer was placed inside the composting bin to monitor 

temperature changes, which indicated microbial activity and 

energy release during composting.

Temperature data was recorded automatically every 5 

minutes from July 5th to July 11th.

The collected temperature data was analyzed to compare 

the thermal energy generated by the different depth on 

each side of the bin.

Results were visualized using a graph to show 

temperature variations over time and to compare the 

energy output from the left side versus the right side 

regarding different depth

Compartment A Compartment B



Results
Time Range: July 5 to July 11, 2025

 Graph Title: Compost (BinA - Ambient)

Solid line: Temperature at  2.4"depth 

(Copartment B)

Dashed line: Temperature at 3.72" depth 

(Compartment A)

Symbols:

🞄 = Start

▲ = Button Up

◆ = Host Connected

 = End of File



Results



Analysis The temperature was fluctuating between ~70°F and ~78°F over the course of 6 

days due to day/night changes and different microbial activity within the 

compost . We can conclude that the compost is not creating a discernable heat 

difference from the ambient temperature. 

Compartment B had a depth of 2.4" and recorded a lower temperatures than 

Compartment A with a depth of 3.72", indicating that deeper compost retains 

more heat, higher temperature trends and is more stable.

-Stable but low composting activity: 

The temperature remains relatively cool (low 

70s °F), which suggests compost is in a 

stagnant phase rather than an active 

thermophilic phase.

-Depth matters: Deeper areas maintain slightly 

higher and more stable temperatures which is 

important for microbial breakdown efficiency.

-Lack of microbial heat spike and activity. The 

composting process must be active in order to 

generate heat.

Key 

Findings



This six-week research project aimed to explain how much thermal 
energy can be generated and evaluate composting efficiency in our 

backyard composting bins by monitoring temperature fluctuations in 
a single compost bin with compartments A and B from July 5 to July 

11, 2025. 

Data collected showed that temperatures ranged between 71°F and 
78°F, with the deeper compartment A (3.72") maintaining slightly 
higher and more stable temperatures than compartment B (2.4"). 
These readings were below the optimal temperature range, which 
should be between 130°F and 160°F, required for rapid microbial 

activity, the start of decomposition, and heat release. 

Given the six-week limited time window, the compost has not 
reached its full decomposing potential. This study showed some 

biological activity, but the conditions were not sufficient for active 
decomposing that would generate the heat nor biogas needed for 
energy conversion. However, further long-term studies are needed 

and recommended to explore the feasibility of converting food waste 
into energy in our backyards.



…
…

Q&A
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Learning 
Module

Converting Food Waste into Renewable Energy: Transforming Trash into Treasure

LEARNING OBJECTIVE:
I will analyze the impact of human activities on the environment, describe the interdependence of organisms 
in an ecosystem, and explain the process of composting and its role in converting food waste into renewable 

energy.      
We will:

Evaluate the impact of waste management methods such as reduction, reuse, recycling, upcycling, and 
composting on resource availability in the local environment. TEKSENV.5.F (ENV.6D) 

Explain the flow of energy in an ecosystem, including conduction, convection, and radiation. TEKSENV.6.C 
(Science.ENV.7C)

Investigate and explain the effects of energy transformations in terms of the laws of thermodynamics within 
an ecosystem. TEKSENV.6.D (Science.ENV.7D)

KEY POINTS:
The process of composting involves the breakdown of organic matter by microorganisms, producing nutrient-

rich soil.
Food waste significantly contributes to landfill mass and greenhouse gas emissions.

Ecosystems rely on the recycling of nutrients, and composting facilitates this process.
The interdependence of organisms plays a crucial role in maintaining a balanced ecosystem

ACTIVITY
Students will complete a project where they set up a composting bin and create a presentation based on the 

composting processes and its benefits, demonstrating their understanding of the interdependence of organisms 
and the impact of food waste on the environment.



Learning 
Modules

Renewable Energy and Composting: Potential of Transforming Food Waste into 
Sustainable Power

Module 1

Engagement 1 Day (50 min class)

What Happens to Our Food Waste?
Opening question: Where does your lunch waste go?

Quick facts: Americans waste 30-40% of their food supply
Class discussion: Environmental impact of food waste in landfills •

Demonstration of decomposing food samples in sealed containers • Students will  brainstorm the 
ways to reduce food waste • Directive for food waste collection begin on day 1



Learning 
Modules

Module 2 
 

Guided Activity 3 Days (150 min)

Backyard Biogas Engineering Design Challenge 

In teams, students design a small-scale compostng system suitable for a 
backyard- that will be utilized for 4 wks.

Students will explore and include methods for monitoring temperature/moisture, 
list of materials, potential outputs- formulation of hypothesis and application of 

scientific method.



Learning 
Modules

Module 3

Exploration 3 Days (150 min)
Understanding Composting Basics, Nutrient and Energy Cycling

How composting and anaerobic digestion return nutrients to the environment, 
Compare composting to other waste methods 

 Definition of Composting- The natural process of decomposing organic matter
● Green materials (Nitrogen-rich): Food scraps, grass clippings

● Brown materials (Carbon-rich): Dry leaves, paper
● Water and oxygen

Activities: Students build mini compost in a jar. Students will predict what will happen over a week 
regarding smell and color change

“Which waste system is best for energy and the environment?”
Students will record their findings in their science journal. Students will research landfilling, composting, 

and anaerobic digestion and compare and contrast researched waste management systems.  



Learning Modules Module 4
 

 Understanding 1 Day (50 Minutes)

The Inivisible World of Microbes

Students will explain aerobic and anaerobic processes and the importance of 
microorganisms.

    Activity : Students will play “Microbe Match Game” in order to understand the role of bacteria in breaking 
down organic matter.

 Students will be provided cards with the names of different bacteria involved in waste digestion (e.g., 
methanogens, acidogens), and cards with their functions. Students will match bacteria to their roles.

Extension: Quiz at the end for reinforcement and overall understanding



Learning Modules
Module 5

Analysis 2 Days - (100 minutes)

From Waste to Energy
• Aerobic Vs. Anaerobic digestion process

Bacteria break down organic matter
Production of biogas (mainly methane), heat, compost

Benefits:  Reduction of greenhouse gas emissions, production of renewable energy, and fertilizer as 
byproduct

Activity- Student will collect and share data from the compost bin readings.  Data collected will be 
recorded in science/composition journals for analysis. Students will work in small groups and share 

their findings and initiating whole class collaboration.
Students will explain aerobic and anaerobic processes by creating a diagram.



Learning Modules

Module 6 
                Conclusion 3 Days (150 minutes)

Real World Application
The Students will apply learning from their practical design and explain 

The Science of Decomposition and the Potential of Converting Food Waste into Renewable 
Energy in our Backyards.

 Activity: School research project presentation, discussion, and reflection on the 
interdependence of energy production, consumption, and ecosystem health.



https://www.ecorichenv.com
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BACKGROUND RESEARCH
● Renewable energy has been rapidly growing in the past several decades. 

● In recent years, electricity generated from wind turbines has surpassed coal as 
the second-largest contributor to energy production in the United States, 
underscoring its expanding role in the energy sector.

● Wind energy has emerged as a leading candidate among renewable energies due 
to its scalability, cost-effectiveness, and zero carbon emissions during operation.

● In the US, wind energy accounts for 10% of all energy, making it the largest 
renewable energy source. Texas is the current leader in wind energy, at 
approximately 22% of the Texas grid. 

● Wind farms, particularly in regions like Texas, have seen a dramatic rise in 
capacity, driven by both policy incentives and technological advancements.



• The wake effect causes turbulence and wind speed loss in 

different areas of a wind farm, resulting in an overall 

reduction in power production. 

• Wake losses can account for 10–20% of total energy 

production loss in large-scale farms.

• Wind turbines continue to rapidly increase in height with 

projections indicating hub heights exceeding 150 meters.

• Larger turbines are capable of accessing stronger and more 

consistent wind resources; however, they are also more 

susceptible to aerodynamic interactions, such as wake 

effects, which can significantly diminish downstream 

turbine efficiency.

Background Research on Wake Effect



• Investigate whether varying the vertical height of wind turbines can 

reduce the wake effect compared to using turbines at uniform 

heights.

• Investigate whether staggering the horizontal positions of turbines, 

combined with height variation, can further minimize the wake 

effect and improve overall energy output.

• Translating this research into hands on meaningful curricula for 

students across different grade levels.

Research Objectives

https://flourbluffschools.net/wp-content/uploads/2025/02/2025_2026_FBISD_Official_Calendar_3.pdf


Equipment

• Prototype wind turbines  

• Adjustable platforms for variable height simulation 

• Wind blower (to simulate wind conditions) 

• Anemometer (to measure wind speed at different points) 

• Multimeter (to measure voltage/current from turbines)

• Log Sheet/Data Sheet









● Experiment 1, shows a classic 
wake effect pattern with 
voltage and wind speed 
decreasing on each subsequent 
wind turbine. Each hub height 
remained constant meaning a 
turbulent wake was generated. 

● Experiment 2, increased hub 
heights are utilized to reduce 
wake effect in Turbine 3, but 
generated a huge wake effect 
in turbine 2.

● Experiment 3, shows the most 
pronounced wake effect and 
the strongest recovery.



● Widely accepted tool in wind energy that 
simplifies complex aerodynamic interactions 
within a wind farm.

● Experiment 1, we see a standard, pronounced 
wake effect in turbine 2 and a cumulative wake 
effect in turbine 3. 

● In Experiment 2, we see a decrease in wake 
effect with turbine 2. This shows that wind 
speed is increasing behind the second turbine. 
The increased vertical heights of each turbine 
helped flow recover before reaching turbine 2 
and turbine 3, thereby mitigating waking effect.  

● Experiment 3, turbine 2 demonstrated such a 
low value and then rebounded extremely high 
in turbine 3. 

Jensen’s Model



Singular Turbine for All Three Experiments

● The chart confirms the relationship between wind speed (kt/s) and average voltage (v) generated by the three wind turbines in all three
configurations.

● In all three configurations turbine 2’s wind speed and voltage decreased. Since there were no other turbines this was from the wind flow
decreasing, not the wake effect.

● Turbine three consistently has the highest wind speed and produces the highest voltage output.
● This is likely due to the second fan’s air flow combining with the first fans at turbine 3’s location.

https://flourbluffschools.net/wp-content/uploads/2025/02/2025_2026_FBISD_Official_Calendar_3.pdf


Overall 
● Experiment 1, standard wake 

and compounding wake effect.
● Experiment 2, lessen wake 

effect and strong rebound for 
turbine 3.

● Experiment 3, had extreme 
wake effect in turbine 2 and 
strongest voltage generated in 
turbine 3.



Conclusions 

• These findings suggest that while combined vertical
and horizontal staggering holds promise, careful
spatial optimization is critical to avoid unintended flow
disruption, particularly in midstream turbine positions.

• Overall, the data underscores the potential of hub
height variation as a low-complexity, passive solution
for reducing wake effects and improving wind farm
energy yield.

• Controlled classroom-based experiments using cost-
effective, scalable materials, can provide a safe, fun
learning experience for students.



Future Studies
● Need for further investigation into optimized linear and

nonlinear layouts, particularly those that balance flow
distribution across all turbine positions.

● Future research should incorporate more complex
modeling tools, such as computational fluid dynamics (CFD)

● Explore additional variables including atmospheric stability,
yaw control, and rotor diameter scaling to validate and
extend the applicability of these findings to full-scale wind
farm environments.

https://flourbluffschools.net/wp-content/uploads/2025/02/2025_2026_FBISD_Official_Calendar_3.pdf


Modules will aid in student understanding of the following science 
and environmental biology principles:

■ Engineering design process
■ Renewable Energy
■ Energy Generation using wind power

Curriculum Modules



Lesson 1: Energy Card Sort
○ Students will be able to begin to understand that devices we use 

everyday require electrical power. 
■ Students sort items in order of least energy expensive to most 

energy expensive.
■ Students calculate how much energy they use on a daily basis.



Lesson 2: Circuit Building Using Wind 

Turbine

● Students will be able to build basic circuits using energy generated by wind 

turbines and understand that wind energy can be used in place of 

traditional electricity such as batteries. energy they use on a daily basis.



Lesson 3: Measuring Power Generation 

From Placing Turbines at Various Locations
● Students will measure wind output at different locations around their 

school and determine the best location using data collected. 

https://flourbluffschools.net/wp-content/uploads/2025/02/2025_2026_FBISD_Official_Calendar_3.pdf


Lesson 4: Create Cars, Boats, and Other 

Items Using Wind Turbines
● Students will create different boats and cars using the engineering process.



Lesson 5: Create a model of an offshore 

wind Turbine
• Students will design and test out a floating wind turbine



THANK YOU 
Acknowledgement

This material is based upon work supported by the National Science Foundation under Award No. 2206864. 

Any opinions, findings, and conclusions or recommendations expressed in this material are those of the 

author(s) and do not necessarily reflect the views of the National Science Foundation.

References
GWEC. (2024). Global Wind Report 2024. Global Wind Energy Council. Retrieved from

https://gwec.net/global-wind-report-2024

McCarthy, N. (2023, September 6). Texas’ energy mix by fuel type. Statista.

https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/

National Renewable Energy Laboratory. (2021). 2021 Cost of Wind Energy Review. U.S. Department of 

Energy. https://www.nrel.gov/docs/fy22osti/82115.pdf

U.S. Energy Information Administration. (2023). Electric Power Monthly.

https://www.eia.gov/electricity/monthly/

https://gwec.net/global-wind-report-2024
https://gwec.net/global-wind-report-2024
https://gwec.net/global-wind-report-2024
https://gwec.net/global-wind-report-2024
https://gwec.net/global-wind-report-2024
https://gwec.net/global-wind-report-2024
https://gwec.net/global-wind-report-2024
https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/
https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/
https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/
https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/
https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/
https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/
https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/
https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/
https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/
https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/
https://www.statista.com/chart/24202/texas-energy-mix-by-fuel-type/
https://www.nrel.gov/docs/fy22osti/82115.pdf
https://www.eia.gov/electricity/monthly/

	I-READ 2025 Presentation Team 1
	Slide 1
	Slide 2: Project Overview
	Slide 3: Objective Goals
	Slide 4: Background
	Slide 5: Background
	Slide 6: Background
	Slide 7: Methods - Experimental Parameters
	Slide 8: Methods & Results Corpus Christi Validation
	Slide 9: Methods & Results Kingsville Validation
	Slide 10: Methods - Analysis Parameters
	Slide 11: Conclusions
	Slide 12: Tracking Systems
	Slide 13: Best Tilt Angle Heatmap (SOLPOS)
	Slide 14: Interactive Tool
	Slide 15: Curriculum Modules
	Slide 16: Acknowledgements & References

	I-READ 2025 Presentation Team 2
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24

	I-READ 2025 Presentation Team 3
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

	I-READ 2025 Presentation Team 4
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

	I-READ 2025 Presentation Team 5
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21




