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Mirian Rodriguez, Julian Viramontes 

Charter/School of Science and Technology, Houston - MS 

In our project were gonna see the importance of beach erosion and how it affects communiƟes and the ecosystem. 
Were gonna demonstrate it by using a model of a "beach" and use a rain simulaƟon and show the deposiƟon of the 
sand and how it can bank and make new sand formaƟons which can affect the environment and cause flooding and 
also at the same Ɵme were gonna show how sand will work on a slope and how we can see the groves the water 
makes on the sand. We may also do another demonstraƟon showing how waves/currents affect the beaches and 
how it can take the sand with it and it can also cause banking. Erosion affects communiƟes like Galveston by the 
strong waves and currents from the Gulf of Mexico and the hurricanes that go through their affect the sea level and 
human acƟvity and we will tell how sea walls are important, especially for coastal ciƟes. 
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Timely and accurate flood forecasƟng is vital for flood risk management. TradiƟonal physics-based forecasƟng models, 
such as HEC-RAS, require significant running Ɵme, taking hours or even days to simulate a single event, parƟcularly for 
unsteady 2D flow simulaƟon. As climate change intensifies the frequency and magnitude of extreme storm events, 
these computaƟonal constraints significantly limit their pracƟcality for Early Flood Warning, where lead Ɵmes of 
several hours are criƟcal, especially during flash flood events. To address these limitaƟons, this research proposes a 
novel approach using Long Short Term Memory (LSTM) neural networks for flood forecasƟng. The LSTM model uses 
non-linear spaƟal and temporal relaƟonships inherent in the hydrologic and hydraulic dynamics within a watershed, 
and provides accurate discharge forecasts at criƟcal locaƟons within seconds instead of hours or days, with early lead 
Ɵmes of 6 to 12 hours, which are criƟcal for response during extreme weather. The LSTM model is demonstrated for 
the Arroyo Colorado Watershed within the Lower Rio Grande Valley, Texas. Datasets consisted of 10 years of hourly 
precipitaƟon and soil moisture data at 8 rain gauges and hourly peak discharge data at criƟcal locaƟons from the 
InternaƟonal Boundary and Water Commission. A 72-hour sliding window was selected for training the LSTM network. 
The model was tested by comparing the predicted hourly peak discharges against observed peak discharges for 2025, 
including the March 27 flood event. The Nash-Sutcliffe Efficiency was used to validate and determine the model's 
accuracy. The model resulted in a NSE value of 0.96. This indicates high accuracy of predicƟon. By providing flood 
informaƟon within seconds, the model dramaƟcally reduces the computaƟonal Ɵme compared to tradiƟonal 
simulaƟons. The LSTM flood forecasƟng approach offers a scalable, low-cost tool for communiƟes to minimize the 
economic and human harm of floods. 
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This experiment invesƟgated how two different starches—corn starch and potato starch—affect the strength, 
hygroscopy, and opacity of sustainable bioplasƟcs. The bioplasƟcs were synthesized by combining the starch with 
water, glycerol, and aceƟc acid (vinegar). AŌer shaping and drying, they were assessed using three different 
methods: adding weights to test strength, leƫng the plasƟc sit in water and measuring its mass for hygroscopy, and 
checking opacity by comparing how clearly words could be seen through it. The purpose of these assessments was to 
determine which starch source creates a stronger, more resistant, and more funcƟonal plasƟc. The overall results 
showed that the bioplasƟc made from potato starch produced a more efficient, usable, and appealing material. It 
was clearer, stronger, and dried faster than the bioplasƟc made from corn starch. 
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INTRODUCTION: Globally, air polluƟon is a leading environmental health risk, contribuƟng to millions of premature 
deaths annually and disproporƟonately affecƟng vulnerable populaƟons. Despite widespread monitoring of 
atmospheric pollutants, exisƟng air quality forecasƟng systems oŌen lack sufficient accuracy, adaptability, and real-
Ɵme intelligence. AIM: To develop a computaƟonally efficient, highly accurate, hybrid quantum-classical, mulƟ-agent
-recalibrated arƟficial intelligence (AI)-powered environmental intelligence framework, integrated into a real-Ɵme 
plaƞorm, EnviroCast, for precise mulƟ-pollutant air quality forecasƟng and health risk analysis. RESEARCH 
METHODOLOGY: Classical recurrent models (LSTM, GRU) and handcraŌed hybrid Quantum Recurrent Neural 
Networks (QRNNs) were evaluated using large-scale real-world datasets from 12,000+ global monitoring staƟons, 
meteorological sources, and NASA TEMPO observaƟons, with conƟnuous mulƟ-agent recalibraƟon. RESULTS: Hybrid 
quantum-classical models outperformed classical-only baselines, achieving >95% forecasƟng accuracy with improved 
stability and reduced predicƟon driŌ across diverse regions. EnviroCast delivered low-latency hourly 24-hour 
forecasts with robust scalability and generalizaƟon. CONCLUSIONS: This study demonstrates that hybrid quantum-
classical, agenƟc AI frameworks can significantly advance environmental forecasƟng performance. EnviroCast 
establishes a new benchmark for accuracy, adaptability, and real-world deployment in environmental intelligence 
systems. RESEARCH APPLICATIONS: EnviroCast provides scalable, open-access infrastructure for public health 
guidance, urban planning, environmental research, and policy decision-making, enabling improved air quality 
management at a global scale. 
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Dust accumulaƟon remains a costly and widespread barrier to solar efficiency.This project experiments a novel 
approach to improving solar panel efficiency by using mechanical and sound frequencies to generate vibraƟons that 
miƟgate dust accumulaƟon on photovoltaic (PV) panels, and seeks to answer a quesƟon: Can mechanically and 
acousƟcally generated vibraƟons enhance solar panel efficiency by miƟgaƟng dust accumulaƟon and opƟmizing 
energy output? A prototype-based experimental approach with controlled and variable condiƟons was used. A 3650 
VibraƟon Motor and a computer were connected to four mini solar panels Ɵlted at 30 degrees to induce mechanical 
and sound frequencies. Each measurement was repeated mulƟple Ɵmes. For mechanical vibraƟons, the average 
power output improves 9.1%, 20.3%, and 35.2% for light, moderate and heavy dust condiƟons, respecƟvely, 
compared to the control condiƟons. For acousƟcally generated vibraƟons, the average power output improves 3.5%, 
7.4%, and 7.8% for light, 10.6%, 17%, and 14.6% for moderate, and 9.5%, 22.6%, and 24% for heavy dust condiƟons 
for the 100Hz, 500Hz, and 1000Hz frequencies,respecƟvely. The percentage of clean power retained decreases 
significantly when dust becomes heavier. T-tests and ANOVA tests show mechanical vibraƟon is the best to improve 
the percent of power retained. The experimental results indicate that vibraƟon-based dust miƟgaƟon, whether 
mechanical or sound frequency vibraƟons, consistently improves PV performance across all dust condiƟons. The 
demonstrated effecƟveness suggests a promising alternaƟve to tradiƟonal cleaning methods that are oŌen water-
intensive, labor-heavy, or expensive to deploy. 
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Harmony Public Schools - South District/Harmony School of InnovaƟon Katy 

Many urban and metropolitan areas around the world face both short and long-term air quality hazards, such as 
wildfire smoke and vehicle emissions, that affect heavily populated outdoor areas. The compounds released by these 
hazards pose a serious risk to those who breathe them in, contribuƟng to approximately 7 million premature deaths 
worldwide. The aim of this project is to build and test a compact and affordable outdoor air-filtraƟon and monitoring 
unit to improve air quality in common outdoor environments. The prototype uses HEPA panels, an acƟvated carbon 
layer, a pull-through fan system, and an embedded controller that logs data from upstream and downstream sensor 
sites, allowing for comparison of air quality before and aŌer filtraƟon. AddiƟonally, in areas without consistent access 
to electricity, the system can be equipped with solar panels to meet its energy needs, making it self-sufficient and 
allowing it to be deployed in many harsh environments. Performance is evaluated by ambient field trials in Houston, 
Texas, and key metrics are single-pass parƟcle reducƟon and ozone reducƟon. AddiƟonally, the system allows for 
modularity, serving as a valuable tool for community air quality monitoring and for proacƟve responses in urban 
areas. 
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Huanran Yu, Erin Hua 

Katy ISD/Jordan - HS 

Excess phosphate from agricultural runoff and wastewater discharge is a major cause of freshwater eutrophicaƟon 
and harmful algal blooms, which degrade ecosystems and hurt drinking water quality. This project proposes and 
invesƟgates a low-voltage capaciƟve deionizaƟon (CDI) system designed for selecƟve phosphate removal from water 
using phosphate-affiniƟve electrodes and closed-loop feedback control to opƟmize energy efficiency. A CDI cartridge 
was constructed using a sealed flow housing, porous carbon-based electrodes, and a spacer channel that directs 
water between oppositely charged electrodes under an applied electric field less than or equal to 1.2 Volts. 
Phosphate selecƟvity is introduced through surface modificaƟon of the electrodes to preferenƟally capture 
phosphate relaƟve to compeƟng ions such as nitrate and chloride. Phosphate concentraƟon is measured using a 
molybdenum-blue colorimetric assay integrated with an LED–photodiode sensor. This enables real-Ɵme effluent 
monitoring. A microcontroller implements closed-loop control by dynamically adjusƟng CDI charge–discharge cycles 
based on measured phosphate levels, allowing comparison with fixed open-loop operaƟon. Experiments evaluate 
phosphate removal efficiency, selecƟvity, regeneraƟon behavior, and energy consumpƟon under controlled tesƟng 
condiƟons. 
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Wildfires cause billions of dollars in damage each year, but most wildfire modelling tools focus on predicƟng where 
fires will spread rather than where intervenƟon would be most effecƟve. This limitaƟon becomes criƟcal in regions 
like Houston, Texas, where wildfires are not frequent but have high impact, and dense suburban areas intersect with 
forests and grasslands. Tools currently used by local agencies lack the ability to prioriƟze locaƟons of intervenƟon, 
increasing the risks of inefficient resource allocaƟon and catastrophic damage. This project presents an AI-powered 
Digital Wildfire IntervenƟon OpƟmizer to shiŌ wildfire management from predicƟon to opƟmizaƟon. Using historical 
wildfire data from NASA FIRMS combined with land cover, elevaƟon, and infrastructure data, the system learns how 
fires spread in Houston’s unique environment. The landscape is applied as a grid, and a machine learning model is 
trained to predict probabiliƟes of fire spread between neighbor cells. Rather than evaluaƟng risk alone, the model 
measures how much wildfire spread and potenƟal damage can be prevented by placing a fire break at a specific 
locaƟon. Fire spread is repeatedly simulated while firebreaks are applied to individual grid cells, which allows the 
model to quanƟfy the impact of each intervenƟon. The model then ranks the top five firebreak locaƟons that provide 
the most damage prevenƟon under resource constraints. The final output is a firebreak map and ranked intervenƟon 
list that provides clear guidance for urban planners and fire agencies. This work demonstrates how opƟmizaƟon 
driven by AI can improve wildfire miƟgaƟon in regions underrepresented in wildfire research, offering a cost-effecƟve 
and pracƟcal tool for reducing future damage. 
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Conroe ISD /AST: Academy of Science and Technology 

Heavy metal ions in drinking water are detrimental to human health. Even in a low concentraƟon, they could 
accumulate in the human body and will eventually exceed the safety limit aŌer a long enough Ɵme. The state-of-art 
fluorescence spectral sensing methods using nanomaterials such as carbon quantum dots have been applied to 
detect heavy metal ions in low concentraƟons. However, the biggest challenge of these methods is that they sƟll 
have the potenƟal limit of detecƟon, i.e., they couldn’t differenƟate samples when their concentraƟons are below 
the threshold value. The purpose of this work is to apply the machine learning algorithms on exisƟng data to enhance 
the sensiƟvity of detecƟon of heavy metal ions. 
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Fort Bend ISD /Dulles High School 

The rapid expansion of arƟficial intelligence into nearly all aspects of our lives has significantly increased 
computaƟonal demands on datacenters, resulƟng in high electricity consumpƟon and large-scale water usage for 
cooling systems. ExisƟng AI-based cooling opƟmizaƟon models are oŌen computaƟonally expensive, introducing 
inference latency and contribuƟng to inefficient overcooling while remaining unopƟmized for their own energy 
usage. This project, sustAInable, invesƟgates a hybrid predicƟve cooling approach that dynamically switches between 
small and large AI models in real Ɵme to opƟmize rack-level and room-level cooling. The project aims to address 
opƟmized predicƟve cooling by conducƟng experiments on a prototype and comparing electricity and water usage 
data. The prototype cooling controller was developed using an ESP32 microcontroller, temperature and humidity 
sensor (DHT22), power sensor (INA219), cooling fan, heat source, resistors, transistors and USB power meter. It 
simulates datacenter operaƟng condiƟons. Three cooling control strategies were evaluated: a small-model controller, 
a large-model controller, and an adapƟve controller that switches between models based on simulated workload and 
thermal condiƟons. Model performance was analyzed within the following metrics: cooling energy needs, water 
usage, peak temperature, and switching frequencies. Results demonstrate that adapƟve model switching can 
preserve cooling performance while reducing computaƟonal overhead, suggesƟng a more energy-efficient and 
scalable approach for AI-driven datacenter cooling control. 
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Chloe Luo 

Clear Creek ISD /Clear Lake High School 

This study invesƟgates microalgae as a sustainable biomass and carbon-capture plaƞorm, focusing on how ultraviolet 
(UV) light irradiaƟon influences algal growth under phosphorus-limited condiƟons. Microalgae rapidly accumulate 
biomass and efficiently sequester CO₂, making them promising candidates for miƟgaƟng atmospheric carbon while 
serving as renewable biofuel feedstock. Their photosyntheƟc growth can be represented by: 106 CO₂ + 16 NO₃⁻ + HPO₄²⁻ 
+ 112 H₂O + 18 H⁺ + energy → (CH₂O)₁₀₆(NH₃)₁₆(H₃PO₄) + 138 O₂ While nitrogen nutriƟon has been widely studied, 
phosphorus remains comparaƟvely under-invesƟgated despite its criƟcal role in cellular metabolism and energy transfer. 
Following an analysis of pH effects on phosphorus uptake, this study explores UV irradiaƟon as an addiƟonal energy 
input to enhance algal growth efficiency. A 38-W household UV light irradiated microalgae cultures for 3 hours daily over 
a two-week period. Growth was compared to non-irradiated control samples under idenƟcal condiƟons. Irradiated 
cultures exhibited a 4.4 wt% increase in biomass relaƟve to controls. Although the increase is modest, experimental 
condiƟons were intenƟonally conservaƟve. Cultures were grown at relaƟvely low temperature and supplemented only 
with plain water, without opƟmized nutrient enrichment. In addiƟon, the household UV source provided limited 
irradiance compared to industrial systems or natural solar exposure. These factors suggest substanƟally greater growth 
enhancement may be achievable under opƟmized condiƟons incorporaƟng nitrogen and phosphorus enrichment, 
controlled pH, elevated temperature, and higher-intensity UV exposure. These results support the feasibility of UV-
assisted microalgae culƟvaƟon as part of scalable CO₂ miƟgaƟon strategies. Because natural UV radiaƟon is strongest in 
equatorial regions, oŌen within developing countries, effecƟve global carbon capture may benefit from collaboraƟve 
internaƟonal deployment. 
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Yue Li, Zhixuan Sun 

Private/The Village School 

The project will aim to develop a microchip based biological sensor based on brewer's yeast(Saccharomyces 
cerevisiae). The experiment will test on how the changes in populaƟon of yeast due to pollutants including heavy 
metals and metal salts may affect the carbon dioxide level of the environment of yeast. In turn, it will affect the 
acidity level of the environment due to the formaƟon of carbonic acid in the environment of the yeast. The project 
aims to detect the variaƟon through the microchip, potenƟally developing a less expensive way of detecƟon of 
cytotoxic and harmful substances by yeast. 
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Sam Faulk, Suraj Verma, Micah Kan 

Private/ST. JOHN'S SCHOOL 

Pollutants in the air can pose many health risks, including cancer, cardiovascular diseases, and respiratory diseases, 
as well as reproducƟve, neurological, and immune system disorders. These dangers are especially prevalent to those 
who live in large ciƟes or industrial centers. Despite these dangers, most informaƟon on air polluƟon is on a large 
scale and does not effecƟvely allow for individuals to protect themselves. Although readings that can be found on the 
internet menƟon the high levels of polluƟon in the large area, there is no way to tell how any specific person is 
actually affected. This project aims to create a ground-level drone which travels throughout a neighborhood based 
on a mapping program while collecƟng data on the quality of the air. The drone then presents the data in a digesƟble 
format for the user to understand how best to protect themselves and help the polluƟon in the areas most perƟnent 
to their lives. The system collects data from six disƟnct sensors (parƟculate maƩer, ozone, carbon dioxide, carbon 
monoxide, nitrogen oxides, and volaƟle organic compounds) and organizes the data through heat maps to inform the 
user on the most present pollutants in their neighborhood and the dangers posed by those pollutants. The data can 
then be uploaded to a database so the enƟre community can benefit from the results, not only the user. With easily 
accessible informaƟon about the small-scale dangers in the air people breathe, those individuals can work together 
to protect themselves and reduce the large-scale effects of polluƟon. 

1. As a part of this research project, the student directly handled, manipulated, or interacted with (check all that 
apply): 

2. This abstract describes only procedures performed by me/us, reflects my/our own independent research, and 
represents one year’s work only. 

3. I/We worked or used equipment in a regulated research insƟtuƟon or industrial seƫng. 

4. This project is a conƟnuaƟon of previous research. 

5. My display board includes non-published photographs/visual depicƟons of  
humans (other than myself): 

6. I/We hereby cerƟfy that the abstract and responses to the above statements   
are correct and properly reflect my/our own work. 

Category: 

  Environmental 

Engineering 

 

  Human parƟcipants    
           

  Vertebrate animals    microorganisms     rDNA    Ɵssue 

potenƟally hazardous biological agents  

X yes   no 

  yes X no 

  yes X no 

  yes X no 

X yes   no 

Ground-Level Drone to Survey PolluƟon in Neighborhoods 
Using Grid Mapping 



Abstract: Science and Engineering Fair of Houston 

3316 

Max Madof 

Private/The Emery/Weiner School 

More than one quarter of the world’s populaƟon lacks access to safely managed drinking water due to physical 
inaccessibility or contaminaƟon. The atmosphere, however, represents a vast and largely untapped reservoir of 
freshwater and offers a potenƟal pathway toward scalable soluƟons to this global challenge. Here, I present a low-
cost, thermally driven atmospheric water-harvesƟng (AWH) system that captures moisture directly from ambient air 
and converts it into liquid water. The apparatus, termed FRANK (Forced RadiaƟve Atmospheric Night-day Kollector), 
consists of a transparent acrylic enclosure housing an internal, removable metal screen coated with a hydrophilic, 
water-based polymer (hydrogel). The hydrogel, synthesized from polyvinyl alcohol (PVA), glycerol, and calcium 
chloride, was designed to absorb atmospheric water vapor under cooler condiƟons and subsequently release it as 
liquid water during warmer periods. FRANK was operated over three adsorpƟon–desorpƟon cycles under relaƟve 
humidiƟes ranging from 38% to 93%. Analysis of system performance indicates that water yield increased with both 
higher relaƟve humidity and elevated temperatures, consistent with a thermally driven adsorpƟon–desorpƟon 
mechanism. These results demonstrate that, with further opƟmizaƟon, scaling, and integraƟon of effecƟve liquid-
water purificaƟon strategies, FRANK could be deployed at larger scales and contribute meaningfully to addressing 
global water scarcity. 
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Natasha Pesnell, Leah Walters 

Conroe ISD /AST: Academy of Science and Technology 

The world is facing two major, closely connected problems: rising greenhouse gas emissions that drive climate 
change and the growing accumulaƟon of non-biodegradable waste, especially plasƟcs. This study explores whether 
common waste materials—polyester, acrylic, nylon, rubber, aluminum, plasƟc, and glass—can be reused as concrete 
aggregates to lower embodied carbon without sacrificing strength or durability. Concrete samples were made using 
seven recycled aggregates and a control mix, with 25%, 50%, and 75% of the fine aggregate replaced by waste 
material. This project builds on last year’s research, which focused only on the compressive strength of polyester-
modified concrete. The results show that recycled aggregates clearly affected concrete performance. Most recycled 
mixes were far more workable than the control, which had a slump of 20 mm. Rubber, plasƟc, and glass produced 
the highest slump values, while aluminum showed the lowest workability. Glass had the best environmental impact, 
and mixes with 75% replacement achieved the greatest overall carbon reducƟon. Durability tesƟng showed that 
nylon, rubber, and plasƟc significantly reduced water absorpƟon by up to 88.56% compared to the control, while 
polyester allowed more water penetraƟon. The strongest mixes were those with 75% rubber and plasƟc, achieving 
compressive strengths of 4651.16 PSI and 4069.77 PSI, respecƟvely. Overall, the findings suggest that recycled waste 
aggregates, especially rubber, plasƟc, and glass, can improve concrete performance while reducing environmental 
impact, supporƟng their use in more sustainable infrastructure. 
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Daniel Ayo 

Harmony Public Schools - South District/Harmony School of InnovaƟon Katy 

ConvenƟonal plasƟc bags contribute significantly to environmental polluƟon due to their durability and resistance to 
natural degradaƟon. As a result, biodegradable plasƟcs derived from renewable sources such as algae and starch 
have been experimented as sustainable alternaƟves. This project compares algae-based biodegradable plasƟc bags, 
starch-based biodegradable plasƟc bags, and convenƟonal polyethylene plasƟc bags to evaluate their tensile 
strength, decomposiƟon rate, and environmental impact. Tensile strength was measured by applying increasing 
loads to standardized plasƟc samples unƟl material failure occurred. DecomposiƟon rates were assessed by burying 
samples in soil under controlled indoor condiƟons and monitoring physical changes, mass loss, and structural 
integrity over a 14-day period. Environmental impact was evaluated through analysis of exisƟng scienƟfic literature 
addressing material sourcing, biodegradability, and life-cycle consideraƟons. Results indicated that both algae-based 
and starch-based biodegradable plasƟcs exhibited significantly faster degradaƟon than convenƟonal plasƟc bags, 
while convenƟonal plasƟc demonstrated the highest tensile strength. By doing this project, I aƩempt to connect to 
real-world plasƟc waste challenges and sustainable alternaƟves. 
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Anh Nguyen, Kemli Vo 

Alief ISD/Alief Taylor HS 

Rising atmospheric carbon dioxide (CO₂) levels are a major contributor to climate change, driving global temperature 
increases and environmental instability. Current carbon capture technologies are oŌen energy-intensive, costly, and 
primarily focused on long-term storage rather than reuse. This project presents an integrated atmospheric filtraƟon 
dome that captures CO₂ using calcium hydroxide and converts thermal energy into electrical energy through a 
thermoelectric generator (TEG). Ambient air is drawn through a chemically coated filter where CO₂ reacts to form 
calcium carbonate, reducing greenhouse gas concentraƟon. Simultaneously, a temperature gradient applied across 
the TEG generates electrical power via the Seebeck effect. Experimental trials measured CO₂ removal efficiency and 
energy output under varying temperature differences. Results showed an average CO₂ removal of approximately 30% 
and increased electrical energy generaƟon with larger temperature gradients, confirming effecƟve coupling of carbon 
capture and energy recovery. This low-cost, small-scale system demonstrates the feasibility of integraƟng chemical 
CO₂ capture with thermoelectric energy conversion for sustainable climate miƟgaƟon applicaƟons. 
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Jason Zhao 

Katy ISD/Tompkins - HS 

LiƩer accumulaƟon in urban forest parks is a rising challenge for environmental engineering. Large geographical 
scope, complex ground surface types, and parƟal occlusion by surrounding vegetaƟon make ground survey methods 
highly Ɵme-consuming and limit environmental monitoring efficiency. Unmanned Aerial Vehicles (UAVs) equipped 
with computer vision systems are gradually becoming a potenƟal engineering soluƟon for large-area liƩer 
monitoring. However, their effecƟveness has not been fully validated under real forest park condiƟons, especially 
since environmental factors such as ground surface types and illuminaƟon condiƟons may constrain the reliability of 
UAV-based liƩer monitoring systems. This study evaluates the performance of a UAV-based liƩer detecƟon system in 
a real urban forest park. A systemaƟc evaluaƟon was performed to test the effects of liƩer type, ground type, and 
illuminaƟon condiƟons on detecƟon accuracy. A dataset containing 375 images was created using drone-captured 
imagery, and a YOLO object detecƟon model was created based on this dataset. The impact of environmental 
condiƟons on detecƟon accuracy was analyzed using ANOVA staƟsƟcal method. The results show that liƩer type and 
environmental condiƟons have significant effects on detecƟon accuracy, with certain significant interacƟon effects 
between them. From an environmental engineering perspecƟve, this study provides insights for establishing UAV-
based liƩer monitoring strategies. The findings could improve environmental monitoring efficiency, help liƩer 
cleanup operaƟons, and provide decision-support for park and ecological management. 
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Neev Pratap, Krishiv Vyas 

Fort Bend ISD /Elkins High School 

Over 6 million Americans live within three miles of oil refineries, facing chronic benzene exposure that increases 
leukemia risk by 27%. This environmental burden falls disproporƟonately on low-income and minority communiƟes, 
with African American and Hispanic populaƟons experiencing 10–21% higher benzene concentraƟons and people in 
poverty facing up to 50% greater cumulaƟve exposure. Current monitoring approaches fail to protect these 
vulnerable populaƟons. High-quality sensors cost $15,000–$100,000+ each, creaƟng coverage gaps that leave enƟre 
neighborhoods unmonitored and operate reacƟvely, detecƟng benzene only aŌer residents have already been 
exposed. Pure computaƟonal models, such as CFD, require perfect meteorological data and take hours to compute, 
making them unsuitable for rapid monitoring. This project addresses this problem by developing an integrated hybrid 
machine learning system that provides comprehensive predicƟve benzene monitoring at a feasible cost. First, a 
Physics-Informed Neural Network (PINN) was trained on syntheƟc data generated from numerically solved advecƟon
-diffusion equaƟons, with physics-based loss terms enforcing transport dynamics and conservaƟon laws. To account 
for real-world deviaƟons from idealized simulaƟons, a data-driven correcƟon network was then implemented to 
learn systemaƟc discrepancies between PINN outputs and sparse sensor measurements. This two-stage approach 
eliminates monitoring gaps by providing concentraƟon esƟmates at every spaƟal point, while enabling proacƟve 
alerts before benzene plumes reach residenƟal areas. This empowers environmental jusƟce communiƟes to take 
protecƟve acƟon before exposure occurs. 
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Aaron Wu, Carson Wang 

Private/ST. JOHN'S SCHOOL 

Global honeybee populaƟons have conƟnued to decline by 40-50% in the last decade, creaƟng a criƟcal agricultural 
crisis, especially in Controlled Environment Agriculture (CEA), where natural pollinaƟon is hindered by arƟficial light 
and pathogens. Enter PollenPilot: an autonomous, convoluƟonal neural network (CNN) integrated ground robot 
designed to pollinate greenhouse tomatoes. The system consists of four novel subsystems: a tread-based drivetrain 
with a rack-and-pinion actuator, stereoscopic computer vision, biomimeƟc soŌ roboƟcs, and non-contact 
electrostaƟc pollinaƟon. Using a You Only Look Once (YOLOv8) CNN to classify flower bloom stages (bud, bloom, 
flower), PollenPilot coordinates with stereoscopic triangulaƟon to generate real-Ɵme depth maps. To opƟmize the 
path of travel, a 3D Traveling Salesman Problem (TSP) algorithm was developed; with a custom Z-weighted Euclidean 
heurisƟc, this algorithm proficiently reduced localized travel distance by 16.6%, from 33.24 cm to 27.73 cm during 
cluster traversal. The current performance metrics show a drivetrain speed of 0.161 m/s and an average arm 
extension Ɵme of 7.33 seconds, successfully meeƟng industry standards of 5-8 seconds. By synthesizing four 
subsystems, PollenPilot ensures food security in the face of the acceleraƟng collapse of natural pollinaƟon. 
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Amber Zheng, Gauri Chandran 

Conroe ISD /AST: Academy of Science and Technology 

As industrial acƟvity and global transportaƟon expand, water polluƟon has become a criƟcal environmental and 
public health concern. Oil spills, in parƟcular, cause long-term damage to aquaƟc ecosystems by creaƟng an 
impermeable film on water surfaces, prevenƟng oxygen transfer. However, tradiƟonal methods of treatment are 
oŌen expensive and energy-intensive, highlighƟng the need for a sustainable, efficient, and scalable alternaƟve. In 
this study, a bio-based nanosponge was developed to explore the potenƟal of sustainable, biodegradable materials 
for the removal of pollutants. First, chitosan, cellulose, and Fe3O4 nanoparƟcles were incorporated into an acidic 
soluƟon to form a viscous gel base for the nanosponge. This soluƟon was then poured into foil-lined Petri dishes and 
frozen for over 24 hours, allowing a porous internal structure to develop. AŌer freezing, the chitosan gel-polymer 
structure was neutralized using NaOH to stabilize and preserve its structural integrity during the 48-hour air-drying 
process. The resulƟng sponges were then characterized and tested based on physical appearance, hydrophobicity, 
magneƟc response, and oil absorbance capacity. The sponges exhibited irregular pores, but a mechanically usable 
structure. They showed magneƟc aƩracƟon within approximately 4 seconds and absorbed, on average, around 5 
grams of oil per gram of sponge, while effecƟvely repelling water. This approach presents a promising soluƟon for 
the targeted removal of oil from contaminated water sources, offering a sustainable and reusable method for 
miƟgaƟng localized water polluƟon, paving the way for groundbreaking soluƟons to advance environmental 
remediaƟon efforts. 
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Luke Lipari 

Conroe ISD /AST: Academy of Science and Technology 

This project invesƟgated the efficacy of a small, decentralized, cartridge-based system with biochar-amended media, 
designed to reduce turbidity and balance pH in syntheƟc stormwater while maintaining reasonable hydraulic 
performance. Stormwater runoff oŌen contains high turbidity and imbalanced pH levels, leading to water and soil 
quality decay. Decentralized filtraƟon systems introduce a small-scale soluƟon to this problem that can be easily 
implemented across urban areas to reduce pollutants before they enter local major water bodies. MulƟple cartridge 
configuraƟons, including biochar, sand, and zeolite media, were constructed and tested using syntheƟc stormwater 
under controlled and sustained flow condiƟons of 2 L/m. Filter performance was evaluated across mulƟple trials to 
assess turbidity reducƟon, pH neutralizaƟon, hydraulic headloss, and longevity. The filtraƟon system met the 
turbidity and pH thresholds in 14 of the 15 trials run for each. Headloss achieved its target goals in all trials, and 
longevity tesƟng indicated stable performance, with step growth below 15% across six consecuƟve measurements. 
These results highlighted that the system frequently performed well across mulƟple configuraƟons and maintained 
reliability over repeated usage. AddiƟonally, the results illustrate consistent effecƟveness across mulƟple biochar-
amended configuraƟons. Overall, these findings successfully exhibit that a decentralized cartridge-based micro-BMP 
can effecƟvely treat syntheƟc stormwater while maintaining hydraulic funcƟon, indicaƟng potenƟal for broader 
applicaƟon in urban runoff management. The outcomes of the tests run on the interchangeable design and use of 
removable cartridges suggest this system could be adjusted for urban small-scale stormwater management 
applicaƟons. 
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Adam Siddiqi 

Conroe ISD /AST: Academy of Science and Technology 

In recent years, the increasing accumulaƟon of plasƟc waste has posed a significant environmental challenge due to 
polymers’ resistance to natural degradaƟon methods, overfilling MSW Landfills. Polyethylene terephthalate (PET) 
plasƟcs, found in commercial packaging and consumer products, are impervious to degradaƟon largely due to their 
hydrophobic nature. Fungal species PestaloƟopsis microspora has garnered aƩenƟon due to its capabiliƟes of plasƟc 
degradaƟon through extracellular hydrolyƟc and oxidaƟve enzymes. However, current enzymaƟc-plasƟc interacƟons 
remain ineffectual due to their anƟparallel hydrophobic and hydrophilic natures, limiƟng degradaƟon efficiency. This 
research aims to invesƟgate whether Polysorbate 80 (Tween 80), a biodegradable surfactant, can enhance fungal-
mediated plasƟc degradaƟon by mediaƟng plasƟc and fungal surface tensions. 2 PET plasƟc pieces, weighing 5g, 
were placed into petri dishes, one immersed in a 1% Polysorbate 80 soluƟon. Then 6 cm^3 of liquid PestaloƟopsis 
microspora were placed onto the PET plasƟc surface, and measurements were taken each day over a five-day period 
to measure plasƟc degradaƟon uƟlizing Monte Carlo SimulaƟons to approximate the integral of the surface. Results 
revealed a 26% increase in plasƟc degradaƟon in the Polysorbate 80-surfaced plasƟc compared to the control with 
only the fungi. Importantly, Polysorbate 80’s presence in the experiment did not significantly alter the fungal growth 
or pH; in fact, the fungi uƟlized the degraded plasƟc as a source of nutrients, contribuƟng to greater fungal growth. 
These findings demonstrate the potenƟal of fungal surfactant-based approaches in bringing a promising soluƟon to 
plasƟc degradaƟon, contribuƟng to applicaƟons in the research industry and landfill areas. 
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Lorena Zou 

Fort Bend ISD /Clements High School 

In this project I plan to complete three composts with three groups, two of which involve different add-ons, and one 
of which is the control group. Since this is a solar-powered thermal composter, the buckets the soon-to-be compost 
is placed in are located outside, so that they can be rained on and have direct sunlight to enable quicker thermal 
composƟng. The control group has all the normal components of compost: brown maƩer (shredded paper and 
cardboard) and organic maƩer (fruit and vegetable scraps, leaves), as well as a small but measured quanƟty of dirt. 
Likewise, the other two groups also have the same amount of brown and organic maƩer, but the other two groups 
have different commercial compost starters purchased online. The first experiment I ran for this project determined 
which bucket type I used: Lowe’s blue 5 gallon bucket or an off-brand white 5 gallon bucket. I leŌ them both outside 
on both cloudy and sunny days and noƟced a clear temperature difference, with the blue bucket being consistently 
warmer, making it the beƩer choice for this thermal composter. In addiƟon, a second experiment with only brown 
maƩer inside the two differently colored buckets showed an even larger difference, so I picked the blue bucket for all 
three groups. Next, I filled them all with equal amounts of brown and organic maƩer with the same amount by 
weight of either a commercial compost starter or dirt from my backyard and mixed them all before placing them in 
the same locaƟon outside. My hypothesis is that there is not much of a difference between commercial compost 
starters and dirt in acceleraƟng the thermal composƟng process, and I hope to prove it with the three compost 
groups. 
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Paulo Galindo, Dany Zabala 

Alief ISD/Alief Taylor HS 

The purpose of this experiment is to test plant fibers and recycled paper as biodegradable air filter materials. We 
expect that these materials can capture harmful parƟcles from the air, and then break down safely aŌer use instead 
of creaƟng long lasƟng waste. This experiment helps explore sustainable alternaƟves to tradiƟonal syntheƟc filters, 
which can release microplasƟcs and may not capture all parƟculate maƩer, such as PM2.5 and PM10. Our hypothesis 
is that processed recycled paper and plant fiber based materials can provide effecƟve parƟculate filtraƟon while 
reducing environmental and human health impacts. To test this hypothesis, it was necessary to break down the 
paper and fibers as much as possible. Previous research shows that cellulose based filters and papers that are 
reshaped from their original form can remove fine parƟcles more easily because of the way their pores form. Guided 
by these results, samples of both materials were prepared and tested to create a steady airflow and reduce the 
amount of PM parƟcles in a small, controlled space. To evaluate the efficacy of each material, we used a small 
enclosed space and a small fan to constantly circulate parƟcles through the filter. The results indicate that both plant 
fibers and recycled paper can serve as subsƟtutes for plasƟc based filters. Their performance shows effecƟve air 
purificaƟon can be achieved using sustainable materials that do not create residual plasƟc waste. This supports 
ongoing efforts to develop ecofriendly filtraƟon technology and provides a starƟng point for improving 
biodegradable filter design. 
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Isabel Sopon, Abigail ConstanƟne 

Conroe ISD /ASHP: Academy for Science and Health Prof 

This project aims to help coralline algae survive in acidic environments. The hypothesis is, “If other algae can survive 
in acidic environments, then geneƟcally modifying coralline algae should help improve the survival rate.” Growing 
different species of algae at varying pH levels, specifically 2, 5, 7, and 8, enables the isolaƟon of cells that can survive 
best in acidic environments. Once the algae have finished growing, begin the DNA extracƟon process, followed by 
geneƟc sequencing to determine the geneƟc code responsible for adapƟng to an acidic environment. The main 
materials needed are test tubes, pipeƩes, pepsin soluƟon, and water filters. With the pH levels of 2 and 5, those 
algae did not grow to their full potenƟal. Compared to the pHs for 7 and 8, which conƟnually grew. The hypothesis 
that different algae can survive in different acidic environments was supported. 
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Karina DSouza 

Conroe ISD /TWHS: The Woodlands High School 

Oil spills cause severe ecological and economic damage, killing birds and sea turtles, harming marine mammals, 
disrupƟng fish populaƟons, and restricƟng fishing and boaƟng during long cleanup periods. Many current cleanup 
methods further damage vulnerable aquaƟc life, rely on harsh techniques, and fail to preserve spilled oil, resulƟng in 
significant waste as in 2024 approximately 10,000 tons was lost to tanker spills. Duckweed is typically harmful due to 
its rapid growth and oxygen depleƟon, but contains a microtubular structure that absorbs oil, allowing it to be 
repurposed for oil spill cleanup. This project builds on my prior work in converƟng harvested duckweed starch into an 
oil absorbing material and evaluates its effecƟveness under freezing, sunlight, and saltwater condiƟons, as well as its 
impact on water quality and the possibility of oil reuse. To evaluate performance under freezing, sunlight, and 
saltwater condiƟons, 6 grams of material were exposed to simulated oil spills for 48 hours and then reweighed to 
determine oil absorpƟon; each test was repeated three Ɵmes. Saltwater condiƟons were modeled using a saline 
soluƟon made by dissolving 9 grams of iodized salt in 1 cup of water. AŌer absorpƟon, a centrifuge was used to 
separate the oil from the material to find the percentage of oil recovered and oil clarity. Water quality was assessed 
using three pH strips. Results showed that freezing condiƟons doubled oil absorpƟon, while sunlight and saltwater 
produced results consistent with the control variable. On average, the material absorbed 71% of the oil with a 
recovered purity of 69%, and all pH tests remained neutral, indicaƟng environmental safety. The results suggest oil 
reuse would be possible with a successful under various condiƟons, cost-effecƟve, quick, and environmentally safe 
duckweed starch-based material. 

1. As a part of this research project, the student directly handled, manipulated, or interacted with (check all that 
apply): 

2. This abstract describes only procedures performed by me/us, reflects my/our own independent research, and 
represents one year’s work only. 

3. I/We worked or used equipment in a regulated research insƟtuƟon or industrial seƫng. 

4. This project is a conƟnuaƟon of previous research. 

5. My display board includes non-published photographs/visual depicƟons of  
humans (other than myself): 

6. I/We hereby cerƟfy that the abstract and responses to the above statements   
are correct and properly reflect my/our own work. 

Category: 

  Environmental 

Engineering 

 

  Human parƟcipants    
           

  Vertebrate animals    microorganisms     rDNA    Ɵssue 

potenƟally hazardous biological agents  

X yes   no 

  yes X no 

X yes   no 

  yes X no 

X yes   no 

Eco-Starch: Bio-RemediaƟon for Oil Spills 



Abstract: Science and Engineering Fair of Houston 

3330 

Nilgun Sari, Halid Avsar, Neva Ugur 

Harmony Public Schools - South District/Harmony School of InnovaƟon Katy 

The purpose of this project was to design an efficient point absorber wave energy converter and study how changes 
in wave condiƟons and mooring setup affect electrical power output. As global energy use moves toward renewable 
sources, improving small scale hydrokineƟc energy systems is important for supplying power to offshore sensors and 
coastal infrastructure. In this study, a prototype floaƟng buoy was built using high density foam and connected to a 
permanent magnet DC generator. The system was tested in a controlled wave tank where wave height (H) and wave 
period (T) were adjusted. A power take off system converted the verƟcal up and down moƟon of the buoy into 
rotaƟonal moƟon that could generate electricity, and the electrical output was measured using a digital mulƟmeter 
across a fixed load. The sƟffness of the mooring system was changed by using springs with different constants to 
observe how this affected the buoy’s natural moƟon and energy capture efficiency. Results showed that power 
output increased when the wave period matched the natural frequency of the buoy system. Under opƟmal 
condiƟons, with a wave height of (X) cm and a period of (Y) seconds, the prototype produced a peak voltage of (Z) 
mV. Further analysis showed that increasing mooring sƟffness improved efficiency in short period waves but reduced 
performance in long period swells, leading to the conclusion that tuning the buoy system to match wave condiƟons is 
key to maximizing energy output and demonstrates the potenƟal of small scale wave energy for sustainable offshore 
power. 
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Shaan Patel 

Conroe ISD /AST: Academy of Science and Technology 

2.2 billion people are facing water shortages, one of humanity’s most pressing concerns. Surface and ground water is 
depleƟng, inaccessible, and heavily polluted; microplasƟc-heavy metal coagulaƟon amplifies this effect. SorpƟon 
atmospheric water harvesƟng (SAWH) is a promising alternaƟve with current trade-offs between performance and 
environmental impact. A zirconyl-based metal-organic framework-801 with a photothermal graphene oxide addiƟve 
and experimental calcium chloride was developed and tested to maximize uptake, integrity, and reusability. MOF-
801-GO was synthesized from zirconyl chloride octahydrate, fumaric acid, and a 5% wt graphene oxide addiƟve using 
reflux-based solvothermal synthesis. MOF-801-GO was isolated by vacuum filtraƟon and solvent exchange, then 
incorporated into gelaƟn-sodium alginate-polyvinyl alcohol hydrogels, containing 0%, 5%, 10%, and 20% CaCl₂ (w/w 
polymer). Alginate provided ionic crosslinking and PVA improved mechanical stability. Samples then underwent 2 
adsorpƟon-desorpƟon cycles, including 28 trials. AdsorpƟon was conducted at STP and 70-80% relaƟve humidity in 
darkness for 8 hours, followed by desorpƟon at low relaƟve humidity and 50-60°C using a heaƟng lamp. AdsorpƟon 
metrics were quanƟfied gravimetrically, and CaCl₂ concentraƟon strongly influenced performance. The 10% CaCl₂ 
hydrogels had the most consistent water uptake of 0.65-1.06 g/g, 200% of similar research, and retained ~50% of 
uptake across cycles. 5% CaCl2 samples exemplified previously unreported osmoƟc-pressure based bubbling, 
contribuƟng to high uptake, while 20% CaCl2 samples showed high apparent uptake (up to 1.29 g/g) though they sƟll 
need remediated degradaƟon. Compared to exisƟng energy-free SAWH systems, these results demonstrate 
significant advancement, with a future-facing focus on scalability. 
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Jose Barrios, William Li 

Conroe ISD /AST: Academy of Science and Technology 

Heavy metal contaminants, such as chromium and lead, originaƟng from industrializaƟon, urban runoff, and mining, 
cause major health issues and five million annual deaths. Current filters adsorb contaminants but quickly saturate 
with non-target parƟcles, resulƟng in recurrent and expensive replacements preventable through target-triggered 
filtraƟon. Many convenƟonal metal detecƟon methods are either qualitaƟve, such as paper strips, or lab-based and 
expensive. HydroMetrix is a digital heavy metal sensor using the piezoelectric property of a quartz crystal 
microbalance (QCM) to detect changes in frequency when heavy metals are present in water. By coaƟng the QCM 
sensors in chitosan and sodium tripolyphosphate, the sensor is capable of real-Ɵme detecƟon of metal ions through 
the frequency shiŌ as they bind to the coated surface. Sensor performance was evaluated using copper soluƟons to 
safely test heavy metal detecƟon. Using an oscilloscope, the QCM frequency changes were recorded using a two 
second rolling average to reduce environmental noise. Frequency shiŌs exhibited a strong linear correlaƟon with 
metal concentraƟons, with an R squared value of 0.89. A t-test confirmed a staƟsƟcally significant non-zero slope, 
with a p-value less than 0.05. Repeated exposure trials demonstrated consistent frequency shiŌs and stable sensor 
performance. The results prove the feasibility of using a novel, digital QCM-based sensor to detect heavy metals in 
water. HydroMetrix provides a low-cost and real-Ɵme method for water monitoring, helping ciƟes idenƟfy dangerous 
water contaminaƟon before people suffer and supporƟng future development of adapƟve filtraƟon by acƟvaƟng 
mechanisms only when heavy metals are detected. 
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Nathan Sharma, NaiƟk Patel, Evan Quach 

Katy ISD/Cinco Ranch - HS 

VariaƟon in soil moisture across agricultural fields reduces crop yields and leads to inefficient water management. 
Climate change has increased the variability of soil moisture, intensifying this problem. An autonomous drone 
system, built for under $1000, collects soil moisture data and generates high-resoluƟon field maps using regression 
kriging. The drone integrates a custom linear-actuator-driven capaciƟve sensor probe, an RTK-GPS for cenƟmeter-
level spaƟal accuracy, and a Raspberry Pi/Pixhawk architecture for data collecƟon and semi-autonomous navigaƟon. 
We calibrated the soil sensor against the gravimetric water content of the test field soil. Custom wriƩen code 
collected data at landing points, controlled the actuator, and evaluated interpolaƟon methods. Among Ordinary 
Kriging, Regression Kriging, and Inverse Distance Weighted InterpolaƟon, Regression Kriging demonstrated the 
smallest Root-Mean-Square Error (RMSE) in Leave-One-Out-Cross-ValidaƟon (LOOCV) and reasonable Mean Error 
(ME) when coupled with elevaƟon data. Field validaƟon shows interpolated moisture values are within experimental 
uncertainty of ground-truth measurements. While commercial agricultural drones cost several thousand dollars, our 
relaƟvely low-cost system provides high-resoluƟon, spaƟally explicit moisture mapping, revealing detailed paƩerns of 
soil moisture variaƟon and potenƟally supporƟng improved irrigaƟon decision-making and water efficiency. 
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Joslinne Ramirez-Salgado, Lindsey Lozano, Caitlin Helm 

Conroe ISD /ASHP: Academy for Science and Health Prof 

The purpose of this project is to design a prototype device that holds Jasmonic (JA) & Abscisic (ABA) acid to 
implement a hormone-based method that decelerates the germinaƟon of the Chinese Tallow Tree. It is hypothesized 
that a device can be innovated that supplies a specific concentraƟon of Jasmonic (JA) and Abscisic (ABA) acid to 
prevent the germinaƟon of the Triadica Sebifera during a yearly 3 month Ɵme period. (February to March) The 
hormonal device was built using a mini linear actuator, an RF forward reverse switch, a 3000mAh baƩery, and a 10mL 
syringe kept inside of a clear rectangular container. The actuator was connected to the syringe and controlled by a 
remote to push and pull the connected syringe, which would release jasmonic and abscisic acid. The device was 
tested through 15 trial runs to confirm that the actuator had the ability to push and pull just as it was programmed to 
do. It was tested to prove that the device had the potenƟal to release hormones into the tree, and all results 
concluded “Yes”. As this ensured 100% accuracy as the device funcƟoned. The engineering goal was correct since the 
device successfully pushed and pulled the syringe to deliver jasmonic and abscisic acid. Thus, despite the device 
being in its embryonic stages, it could be used in the future to control the germinaƟon of Chinese Tallow Tree seeds 
and help manage their invasive spread across the United States. This creates a possible soluƟon to eventually 
eradicate the invasive species Sapium Sebiferum, a prospect for restoraƟon in its surrounding environment for naƟve 
wildlife. 
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Stopping Seeds Before They Sprout: A Hormone-Based 
SoluƟon for Chinese Tallow Trees. 
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Advika Asthana 

Home School/Homeschool 

Long-duraƟon spaceflight introduces significant challenges in atmospheric management, parƟcularly the conƟnuous 
buildup of CO₂ within Ɵghtly sealed spacecraŌ environments. Current Environmental Control and Life Support 
Systems (ECLSS) for long-duraƟon spaceflight face criƟcal limitaƟons in mass efficiency and resource regeneraƟon. 
We present a system that integrates Metal-Organic Frameworks (MOFs) with biological carbon fixaƟon to create a 
self-sustaining atmospheric cycle. The study uƟlizes in-silico screening and simulaƟons via the MOFX-DB to 
characterize the adsorpƟon kineƟcs of candidate materials, specifically MOF-210 and its amine-funcƟonalized 
derivaƟves. SimulaƟon results under simulated spacecraŌ condiƟons (0.5% CO2, 298 K) demonstrate that MOF-210 
exhibits a superior CO2 capacity (up to 2.4 kg/g) and enhanced selecƟvity over atmospheric nitrogen compared to 
tradiƟonal zeolite-based scrubbers. By employing a computaƟonal materials science approach to opƟmize the 
capture-to-conversion interface, this research provides a validated framework for. This research presents an 
advancement in engineering life support systems that will be essenƟal for long-duraƟon space missions. 
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Rodrigo Valdez 

Pasadena ISD/Pasadena Memorial Early College HS 

In the agricultural life, farmers faced serious measures on growing their agricultural plants by facing these things 
called pests which are an invasive species who feed on the agricultural plants. Farmers have come up with soluƟons 
to solve this but one of them brings harm to the environment. By using pesƟcides which are chemicals that remove 
the pests but it has 2 downsides of using those services by using this some pests can grow immune to the usage of 
over excessive chemicals. The other is that these chemicals are sprayed on the fields which are just leŌ there in the 
ground but when it comes to irrigate the field. Some farmers may saturate the soil over the excessive amount of 
water, and because of that, it causes run-off water to bring with the chemicals with it and the run-off water mainly 
affects nearby body's of lake which puts in risk the aquaƟc life. In this case if chemicals are drag into a nearby body of 
water this will cause Alga bloom covering the whole enƟre body of water, which the alga bloom covers the rays of 
the sun which prevents the plants underwater to produce oxygen and therefore the aquaƟc life would not have 
anything to breath under with. Because of this the RoboƟc Linear Actuator's main job is to monitor how much water 
is being watered around the soil, to prevent the saturaƟon of the soil and prevent which at the same Ɵme it prevents 
run-offs, which as well prevents alga bloom. 
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Laurelle Er 

Conroe ISD /AST: Academy of Science and Technology 

PlasƟcs are a major source of polluƟon, degrading into microplasƟcs, which are harmful to human health. BioplasƟcs 
are an alternaƟve to convenƟonal plasƟc because they’re made from renewable, organic sources. Biofillers are 
natural addiƟves added to bioplasƟcs to improve their thermal and mechanical properƟes. This project invesƟgates 
whether starch-based bioplasƟcs reinforced with waste biofillers can be a viable alternaƟve to plasƟc mesh 
packaging. This study uƟlized tapioca starch with eggshells, cardboard, and pine needles incorporated as biofillers in 
the producƟon of bioplasƟc. Ten samples with different composiƟon and percentage of biofillers were fabricated. 
The results showed that two bicomposite bioplasƟc samples, BC3 (10% cardboard and 10% pine needles) and BC4 
(10% cardboard and 5% pine needles) were capable of holding eight and six Ɵmes the weight load of mandarin 
oranges packaged in a convenƟonal plasƟc mesh bag. Both biocomposites have high tensile strength, which indicates 
that the biocomposites are stronger at resisƟng tension, and the Young’s modulus measurement indicates that the 
materials retain some degree of flexibility. BC3 and BC4 have beƩer water resistance compared to bioplasƟc made 
from tapioca starch alone. This experiment demonstrates that starch-based bioplasƟcs, enhanced with cardboard 
and pine needles can serve as a viable alternaƟve to plasƟc packaging. 
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Katherine McDermoƩ, Meera Kalakkunnath 

Conroe ISD /TWHS: The Woodlands High School 

Athletes and children are exposed to the crumb rubber infill in arƟficial turf daily, which poses extreme chemical 
risks. Studies have shown that if a child were to digest or was regularly contaminated by phthalate parƟcles in infill, it 
could cause hormone development problems as well as chemical infecƟons considered risky on the EPA levels. 
AddiƟonally, the infill contains levels of lead, and no level of lead exposure is safe for children. Moreover, various 
studies on the Ɵre crumb infill stressed the presence of carcinogens in the Ɵre crumb, which has risks for both 
children and adults. This research is important because as more people begin to add arƟficial turf in their lawns and 
schools, more kids’ and athletes’ bodies are becoming less developed. We strive to create something that can 
conƟnue to keep arƟficial turf’s low-maintenance features while allowing for a safe environment. 
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Kaelynn Suris, Isaac Morales 

Fort Bend ISD /Willowridge High School 

The goal of this project was to design a solar panel and wind turbine dual hybrid powered water pump to help 
irrigate dry areas without relying on electricity from the grid. The background research showed that renewable 
energy systems like wind and solar are commonly used in remote or drought prone regions because they are 
sustainable and cost efficient. We also learned about water scarcity issues from sources like the U.S. Drought 
Monitor and methods such as rainwater harvesƟng and underground pumping. To build the hybrid system, I created 
a small verƟcal axis savonius wind turbine and paired it with a solar panel to test how both could power a DC water 
pump. Using a fan for wind and a lamp for sunlight, I measured how much water the pump moved under different 
condiƟons. Some trials showed the wind turbine producing enough energy on its own, while others relied more on 
the solar panel. When both wind and sunlight were available, the pump worked faster and more consistently. These 
results showed that using two renewable sources increases reliability, since one can compensate when the other is 
weaker, making hybrid systems more efficient than using wind or solar alone. AŌer building and tesƟng my 
prototype, my results showed that solar and wind energy can successfully power a small water pump under certain 
wind speeds and photovoltaic energy. This supports our engineering goal of creaƟng an ecofriendly irrigaƟon 
soluƟon. The data we collected matched what we found in my research. Hybrid systems work best in areas with 
consistent wind and sun can reduce dependence on tradiƟonal water pumping methods. My conclusion connects 
directly to my research because it proves that renewable energy can be applied to solve real-world water challenges. 
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Jay Holliday 

Conroe ISD /ASHP: Academy for Science and Health Prof 

The global demand for energy efficient housing is increasing as energy consumpƟon conƟnues to outpace energy 
producƟon, placing greater strain on cooling systems in buildings. TradiƟonal flat exterior walls contribute 
significantly to internal heat gain, yet alternaƟves that reduce heat absorpƟon without added insulaƟon remain 
underexplored. This study invesƟgated whether exterior wall geometry alone could reduce internal temperature rise 
in small scale structures. Five model buildings with different wall designs were exposed to direct sunlight under 
controlled condiƟons, and internal temperature changes were measured over Ɵme and corrected for ambient 
temperature. One geometric design consistently demonstrated beƩer thermal performance, showing the lowest 
average corrected temperature increase (5.00 °F), the smallest variability (1.52 °F), the slowest heaƟng rate, and the 
fastest stabilizaƟon at a thermal plateau. Moreover, when compared to the poorest performing design, this structure 
reduced heat gain by 25% and outperformed a flat-wall control by 2.3%. Other designs increased heat gain, indicaƟng 
that wall geometry can either enhance or degrade thermal performance depending on configuraƟon. Furthermore, 
these results demonstrate that carefully designed exterior wall geometries can directly reduce internal heat gain, 
which suggests a pracƟcal strategy for lowering cooling demand and improving energy efficiency in residenƟal and 
industrial buildings. 
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Taha Elldakli 

Alief ISD/Alief Early College 

Potholes pose a serious threat to our infrastructure, oŌen causing damage to vehicles, accidents and costly repair 
bills. The purpose of this project was to study a simple, low-cost short-term pothole method for making our roads 
safer. The objecƟve of the project was to invesƟgate whether common commercial adhesives could be used as a 
temporary pothole patch. This study tests the hypothesis that patch potholes using strong commercial adhesives will 
hold beƩer to compressive forces than a road that had already been constructed (the control). The adhesives used 
for tesƟng in this study were EclecƟc E6000, Gorilla Glue, and Titebond Original Wood Glue. Each adhesive will be 
diluted to the consistency of a patch used for potholes. The Ɵme was recorded for each adhesive to achieve relaƟve 
hardness. Then each patch, as well as the control road surface, were subject to non-standardized compressive forces 
for evaluaƟon purposes. The usability of each patch can be watched qualitaƟvely by observing whether the patch 
held under the imposed compressive forces. According to the gathered data, EclecƟc E6000 displayed the quickest 
hardening Ɵme (rank 1), while Gorilla Glue was ranked second. The control road surface sustained the maximum 
(highest ranking) compression test without failure, while Gorilla Glue failed second (rank 2) compleƟng the least tests 
was EclecƟc E6000 (rank 3). All adhesives failed the compression tests. Therefore the hypothesis was not supported 
since the compression test did not yield any adhesive to outperform the control. The trade-off was clearly between 
Ɵme to harden vs strength. The stronger adhesive (Gorilla Glue) would prove to be a beƩer choice when compared 
to the quicker curing (E6000) suggesƟng that the strength of the patch area will be more important for a temporary 
pothole patch. 
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Zoe Valdez, Juliana Guillen, Jocelyn Elias 

Aldine ISD/Nimitz Ninth Grade School 

Our experiment is to test if we can make a Solar-Powered Water Purifier at a low cost that is also efficient, for areas 
that have limited access to clean and drinkable water. The purifier would prevent diseases by evaporaƟng the water 
and separaƟng the bacteria and metals by leaving them behind. The solar-powered water purifier would also help 
improve hydraƟon, food security, and reduce dehydraƟon rates. Our hypothesis was to test whether we can make 
impure water pure and clean water. Alongside the quesƟon “How much water can it purify per hour?” as well as 
“How does the system use solar energy to filter and purify the water?” To test whether our experiment is usable for 
people in need of pure clean water. For our experiment, we used a glass bowl, a glass cup, a rock, clear wrap, and 
contaminated water. We placed our experiment outside in direct sunlight for roughly 6 hours. Every hour or so, we 
would check on the experiment and switch the pure water to a different container. We redid the process unƟl we hit 
the 3-gallon mark. We concluded that our solar-powered water purifier was able to purify 3 gallons of water in 6 
hours. 
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Briley Grimm 

Clear Creek ISD /Clear Falls High School 

ScienƟfic research studies show that atmospheric carbon dioxide (CO2) is rising faster than current soluƟons can 
safely remove it. Many exisƟng carbon capture soluƟons depend on storing CO2 underground in tanks or geologic 
formaƟons. This raises long-term safety and capacity concerns. An alternaƟve is to copy Earth’s own chemical 
process known as enhanced weathering. Olivine, an abundant silicate mineral, reacts with CO2 and water through 
natural weathering forming stable carbonate silt. This project invesƟgates if olivine dust/sand suspended in a 5:1 
disƟlled water to olivine slurry can be an air-filtraƟon system that reduces CO2 in a closed system. Air enriched to be 
5000 ppm of CO2 was passed through slurries containing 0 g, 57g, 114g, 170g, or 227 g of olivine. CO2 concentraƟons 
were measured repeatedly in 5-minute increments. The average CO2 value decreased from 4636.1 ppm in the 
control trials to 2956.6 ppm at 227 g of olivine showing clear removal of CO2 from the closed air space. Standard 
deviaƟons increased with the olivine mass, which demonstrates that while the effect strengthened on average, trial 
measurements became more variable, likely due to agitaƟon or mixing differences in the thicker slurry. These results 
support the hypothesis that increasing olivine concentraƟon in a slurry enhances CO2 removal and shows a proof-of-
concept for using olivine mineral slurries inside filtraƟon systems in homes, businesses, and industries. In the future 
olivine-based air filters could replace underground CO2 storage schemes by locking carbon into safe mineral forms 
offering a safer approach to long-term carbon management. 
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