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Abstract

The primary goal of this project is to learn the use of big data
available on the National Renewable Energy Laboratory (NREL)
solar position and intensity (SOLPQOS) calculator, and use
Microsoft Excel to analyze the data for strategic positioning of
solar panels. The team collected data from SOLPOS to verify
changes in solar irradiance (ETR) In latitude and longitudinal
locations North, East and West of Corpus Christi, Texas. The
irradiance was found to differ significantly between North and
South locations, however little difference can be found between
cities from West to East. In addition to measuring the solar
radiation, the team gathered experimental data from Bishop, Texas
and Corpus Christ, Texas to compare with the SOLPOS. The
measured ETR was found to be consistently lower than the
SOLPOS data. Temperature difference between the front and back
of the solar panel showed dependence on the location and
positioning of the panel.
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Research Methodology

1. The NREL SOLPOS website was explored to obtain information on the ETR for several desired
locations In the North America.

2. The SOLPOS website was used to obtain data for the desired locations which had similar Latitude
and similar Longitude for comparison.

3. Extraterrestrial Tilted Irradiance (ETR) simulation data for 0°, 15°, 30°, and 45° tilted surface were
gathered at 30 minutes intervals from January 1, 2023, through January 1, 2024.

4. Power of the solar panel was calculated (E
orientation [E= Energy output from photovoltaic cell, A = Area of photovoltaic cell, R = Efficiency of
photovoltaic cell, H = Solar Irradiance, PR = Performance rating with Industrial standard = 0.7]

5. For experimental data, the Fluke IRR1 meter and the Portable Segway Solar Panel were utilized; the
portable solar panel was set up at 0°, 15°, 30°, and 45° tilt every hour and ETR measurements were
taken. After 10 minutes delay, between angles, the temperature measurement was taken on front and
back of the panel.

6. Data was then entered into Microsoft Excel and analyzed using a variety of methods.

= A*R*H*PR) at each time interval for every tilt

Results and Discussion

Comparing Front and Back Temperature of Solar Panels

Temperature Change on Panels (Biship, Texas) Temperature Change on Panels (Corpus Christi, Texas)
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Summary

Data suggests that peak solar irradiance (ETR) consistently occur between 12:00pm -12:30pm for all angles measured. The data demonstrated that maximum ETR
was produced throughout the year at different time periods for different angles. The data clearly demonstrated the variation of ETR differed greatly between cities
of similar latitude while cities of similar longitude differed slightly. Curriculum modules were developed based on the research experiences and findings. In the
future, more data collection for different time periods are necessary in addition to additional measurements such as measured watts produced using a multimeter

at the time of other data collection.

Faculty Mentors: Dr. Mohammad M. Hossain and Dr. Marsha Sowell
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Curriculum Module 1

Objective: Students will graph, interpret, and analyze data on solar panels to determine the best
graph for the data and decide the optimal angle placement of solar panels in Corpus Christi in
addition to the students’ city choice in Table 1.1. TEKS — P1L.A-G & P2.A-D

Day 1: Whole group instruction which reviews the process to graph Sin and Cos in Microsoft Excel and generate trigonometric graphs from the data using
Worksheet “Graphing Lab A”. Students may reference the video and instructional guide located in the Canvas module for additional instructions.

Students will prepare a ticket out the door to submit on Canvas during the last 5 minutes of class. The ticket out the door will be a short list of the steps necessary
to enter data and create a sin or cos graph from that data using Microsoft Excel and/or Ti-NSpire.

Day 2: Students will be given “Graphing Lab B” to work on individually (with shoulder and or table partners if assistance is necessary). Students will use the
SOLPOS website to obtain data on the city they have chosen. The students will utilize Microsoft Excel to analyze and graph the data. Once students have
completed “Graphing Lab B” students will compare their solutions with the other students at their table.

Students will compare their solutions with the posted solutions for “Graph Lab A” and “Graph Lab B and compete a google questionnaire located on canvas
about their results as a ticket out the door.

Day 3: Students will be instructed on the use of the IRR Data Meter and the Solar Panel operation and use. Students will collect and record experimental data for
Table 2.2 throughout the day.

Day 4 & Day 5: Students will work in small groups and use as workdays to finalize their reports / PowerPoint presentations. Students will compile their data and
create a Lab report using the “Analysis and Data Report” as a guide to thoroughly describe the solar data exploration activities, computations, and data findings.
Student groups will present findings on Day 5.

Sample Data Collection

Curriculum Module 2
Objective: Students will utilize different materials in front of the solar panel to study the

effect on interference on ETR. TEKS — 5(A) & 8(D)

Day 1: Introduction: How would you design a table to collect the temperature outside, the temperature on the front and back of the panel, and the level of
the panel for each 10 minutes. What is the reading for the solar panel: ETR Value: Each 10 minutes. Temperature: front and back for each 10 minutes.
Using a level check to see if the panel is completely flat and if it is continuing to be flat throughout this experiment.

Day 2: Changing colors: - Leading questions:

What color will make the largest increase, if any, to your ETR value?

Why do you think this?

Yesterday, did the solar panel experience any changes to its surface? - Did it bend?

What effect, if any, do you think the colors will have on the changes to the surface?

Why do you think this?

What is the use of the colors on the panel? (interference - explain interference as something that will block or change the wave) (+ interference is the waves
adding together called constructive interference) (- negative interference is the waves canceling out)

Do you want to change your answer to question 1? Why or why not?

How will you design a chart to collect: time, temperature front and back, change in level? Color you used.

Day 3: Reflecting the sunlight back on the panel:

Can reflecting light back on the panel increase or decrease the amount of light captured?

Why do you think this?

How will you design a chart to collect: time, temperature front and back, change in level?

Select one person in the group to hold the mirror and practice reflecting the light back onto the panel.
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RATIONALE

The operation
of a wind farm
may diminish the
potential
energy production
of nearby sites.
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METHODOLOGY

ABSTRACT

This study assesses how wind turbines in two distinct locations
affect nearby wind fields. Using data from the National Solar
Radiation Database and analyzing wind speed and direction in
Excel, the research focuses on coastal and inland wind farms.
Wind fields were studied at distances of 8 kilometers east, west,
and downwind of the turbines, and 16 kilometers downwind.
Significant differences on the wind speeds were found among areas?

Does a wind farm
influence
the wind speed
of surrounding
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Curriculum Modules

This study examines the impact of daylighting on student o LI-210R Pr:gf;;ue?,ecngﬂg:rs . Sensors Wegor;algletggi? [fggaflerl,zcgff? trom Analvzing the Eg:::sr?;;i\;“qm enStucent
learning and  classroom  electricity  consumption. e LI-200R Pyranometer South and Nolroth WindOV\’/S in. eac’h oom Students will investigate the relationship between
Daylighting, the use of natural light to illuminate indoor e HOBO 4-Channel Analog Data Logger o HOBO data loggers were oroarammed t.o measure daylighting and student performance.

spaces, offers Dbenefits such as Improved student 4 Solar L|ght PI\/|A2100 Radiometer " P e calculate, using technology, the correlation

and record every five-minutes for 72 hours
e Electric Lights turned off, room locked and
Manning Hall Room 220 undisturbed

performance and reduced energy use. The research included
both non-human and human data collection.

coefficient between two quantitative variables and
Interpret this quantity as a measure of the strength of

Non-human data was gathered using photometric sensors South and West Facing Windows o Manning Hall room 220 21x30.5 ft the linear association A.4(A)

placed at 0, 10.5, and 21 feet from South and North-facing i e Manning Hall room 224 21x30.5 ft e compare and contrast association and causation in
windows In two rooms with different orientations. Data was Human Data Collection real-world problems A.4(B)

collected in increments of 5 minutes over a 72-hour period. e Participants wore sensor on head and placed another @ write, with and without technology, linear functions
Useful Daylight Illuminance (UDI), Daylight Autonomy on desk to measure lux that provide a reasonable fit to data to estimate
(DA), and Energy Savings percentages were calculated for o completed reading activity then answered 5 multiple solutions and make predictions for real-world

choice questions
e Rated the comfortability of the light in the room

typical working/school hours (8AM to 5PM). problems A.4(C)

Human data collection involved participants in three rooms Manning Hall Room 224 Recorded lux and student score on assessment Types of Lighting Influence The Growth of
with different lighting conditions: natural light only, electric North and West Facing Windows Repeated in three different lighting scenarios - Plants
light only, and a combination of both. Participants uaents witl.
completed reading activities and multiple-choice questions Results e Investigate the influence of lighting types on the
while wearing photometric sensors and provided feedback Manning RM 220 South and West Windows 8am-5pm | Desk LUX vs Student Score growth of plants
on lighting comfort. LUx  Windowsil 0Stetrom | :ﬂ: 48 T 1 e identify the facto_rs th_at affect the growth and
The findings highlight the potential of daylight to enhance | Window 80% . | 1. : energy conservation in plants (B.11A)
learning environments and reduce electricity consumption. DA >500 98.77% 39.51% 0.00% e ' ‘ o a_nal;_/ze the amount of growth dependent on the
Further research with larger samples is needed to confirm UDI (>=100,<500) 1.23% 60.49% | 2.16% o - lighting source
the]c correlation between daylighting and academic |uUDI (z=500.<1000) 15.74% 39.51% 0.00% - m
erformance. ; ; .
i IR C=T008, % 39‘51:“ ﬂ'mf Dm:ﬂ R - o0 o ”— pon oo ® Theideal UDI range 500-1000 lux was reached about
Ke Def| N |t| ons & Concents CREE000) S nae o i 40% of the time in the center of each classroom

o _ _ _ Manning RM 224 North and West Windows 8am-Spm . =y Level LUR va Student Saose e Room 220 observed 65.49% energy savings when
» Daylighting-the practice of using natural light from the sun _ _ YT mﬂ; 4 ] | “ | utilizing daylighting
to illuminate the interior spaces of buildings e TndonsE Window #1ft from Windon HU B . e Room 224 observed 80.43% energy savings when
* Pyranometer-device that measures global solar radiation DA =300 10007 oo oo g 60% - . utilizing daylighting

_ _ _ UDI (>=100,<500) 0.00% 60.31% 89.54% . e Participants favored room 224 with natural lighting
* Photometric Sensor-device that measures light as seen by B
UDI (>=500.<1000) 6.77% 39.69% 7.69% . _ only
the human eye in lux or lumens UDI (>=1000.<2000) 61 54% 0.00% 0.00% - No significant findings between lux and student score
 Lux-the Sl unit of illuminance, equal to one lumen per UDI (>3000) 5.85% 0.00% 0.00% U a o Eye LevlLux y 2 FUtU e App rOaCheS
square meter. (500 lux is the ideal level for workspaces) o Participant Light Comfortability Rating e Include more classrooms and students to obtain a
- Daylight Autonomy (DA)- represents the percentage of 30 mRMZ2) mRMZA4 5045 Participant Mized ;,li"ght Electrle Light Natural Light more robust data set and achieve statistically
. . . . 70 65.49 significant results.
the occupied time during which a space receives enough I ; i j : e Conduct the study over a longer period to account
daylight to meet the required lighting level (500 lux), 50 41 47 41.60 3 2 2 5 for variations in student performance and lighting
without the need for artificial lighting. 1, jE : i : : COﬂditiO_ﬂﬁ
» Useful daylight illuminance (UDI)-a metric used to assess 2° 14.31 6 3 4 5 o Use ad_dltlonal sensor_s and loggers for more
| o B | 10 - 8.14 7 4 3 5 extensive data collection.

the quality of natural light in a building. The UDI range is = H Average Rating: 2.71 3.86 4.29 e Include students from a wider age range to determine
usually defined between 100 and 2,000 lux. ,, o Detiaht AWy v frope Electricity Savings (%) . : = : : if the impact of daylighting varies across different

“ educational levels.
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ABSTRACT CONCLUSIONS

This research investigates the potential of anaerobic composting of yard and food waste for renewable energy generation in a backyard setting, focusing on heat production. The study Research showed heat can be produced through the anaerobic composting of yard and food waste.
employed various bin models and temperature sensors to measure the heat generated during the anaerobic composting process. A comparative analysis was conducted between composting Maximum temperatures in each bin exceeded the ambient temperature by 23°F to 36°F (Fig. 16).

yard waste alone and a combination of yard waste and food waste. The findings provide insights into the amount of heat generated in small-scale composting scenarios. Additionally, the Comparison of Core Temperatures of Grass to Surface Level Temperatures in Bin A: Bin A core
project developed curriculum modules to teach students the primary concepts investigated. These educational modules aim to help students understand composting and energy production and surface temperatures initially increased at similar rates. Core temperatures rose to a higher
through temperature differentials, thereby linking practical composting techniques with renewable energy concepts. max temperature before plateauing (July 17th) and then decreasing over the next few days (Fig.

RESEARCH OBJECTIVES 12

Comparison of Core Temperatures Between Large and Small Bins Containing Grass Only: Both the

METHODOLOGY

Data Logger: HOBO data loggers used to measure temperature in degrees Fahrenheit. * Investigate heat generation from anaerobic composting of yard and food waste. large (115 gallons) and small (43 gallons) bins showed early temperature increases. The small bin
>ensor Setup * Compare core temperatures of grass to surface level temperatures. had a slightly higher positive rate of temperature increase, leading to a much higher initial
. Trash Can (A) (mass in Ibs) . . . .
‘Amb'e"”empj | Load 1 Grass 14 * Compare core temperatures between large and small bins. temperature (Fig. 13). Bin B temperature then decreased to match the temperature of Bin A.
| s e alia * Compare core temperatures of small bins with grass-only versus grass/food. However, temperatures in Bin B increased over the next few days, yielding the highest midweek
Bin (A) igore 1: HOBO data logger pused o Toollect Load 4 Grass 24.2 - temperatures of all bins before reducing temperature towards the week's end.
temperature data. Loggers can support up to four Load 5 Grass 26.2
o e Total 110.8 I NTRO D U CT I O N Comparison of Core Temperatures of Small Bins with Grass-Only Versus Grass/Food: Bins
Surface Temp Table 1: Mass of biomass loaded into Bin A for the anaerobic
Com ost Bin B Com ost Bin C composting experiment. Bin A contained 110.8 pounds of grass. . . . . . . L L . o _ege . .
Grass Only p (B) p (C) B e oire Food waste is organic waste discharged from various sources, including food containing additional food waste had the longest sustained initial rate of increase (Fig. 14). These
Load 1 Grass 25.2 ] ] . . . : ihi : : ; : :
Grass Only Grass and Food o2 | Cress > orocessing plants, domestic and commercial kitchens, cafeterias, and restaurants. bins also exhibited the longest continuous rate of increase without a measurable high negative rate
i : Sensor placement in bins for the anaerobic composting experiment. o, . . . . . . . . . , 1 1 1 1 1
5 :rgmamsi.e?\ttem;tleraturesens:rw:ssu:pendedi:theairptomegasuFr)esurroundingconditions. Tablo Z.Tj:il °f biomass loaded nto Bin B for t:ez.ai:\aerobic Tradlthna”y, fOOd WaSte IS InCInerated; however, InCIneratIOn Can Cause alr pO”UtIOn Of temperature Change at the Week S end (Flg 15). Whlle temperatures In Bln B dECIIned towards
Bin A: Core temperature sensor at 54 cm depth, surface temperature sensor at 13 cm depth. t.in exeriment. Bin B containe 5 pounds of erass. . . | . . . .
Bins B and C: Rotating compost tumblers with two sensors on the left and right sides at the same depth. P 8 pCQmpOBStBBinC(:n:szspin |(:}s;g and result In the |OSS Of the Chemlcal Values Of food Waste-[Z] llllllllllllllllllllllllllllllllllllllllllllll the Week S end, bOth Sensors In Bln C IncreaSEd In temperature.
Load | Cross i2 In the US, each person wastes 422 grams of food '/ fessupee | BN [ Foodwaste | Key Observation: Around July 17th (16:00 to 21:00), fluid began leaking from all three bins. Buckets
P oa 00 : : : : e : . C : : : :
Data Collection: Load 3 Grass 5 daily (2018). This amounts to 51,608,760,000 metric "" were put in place to catch draining liguids where possible (Fig. 10). This release of fluid
iAN- Load 4 Food 12.6 : : S | « — . : . :
o Duratlon.uly 14,2 3 PM to July 21, 2024, 8 PM o - = tons annually, underscoring the need for improved corresponded with temperature drops observed at midweek. Additional research is needed to
Total 424 food waste management and more efficient — examine how fluid loss may affect heat production within the bins. Further research can also
Table 3: Mass of biomass loaded into Bin C for the anaerobic me m-

composting experiment. Bin C contained 26.4 pounds of food and 16 resou rce use [1]

pounds of grass, totaling 42.4 pounds.

explore the effects of adding more carbon-based materials to the compost, such as dry leaves,

Heat production during composting may provide r——

A Figure 11: Household routines, including planning, shopping, storing, cooking,
S eating, and managing leftovers, play a decisive role in both food provisioning and

shredded paper or cardboard. These findings provide valuable insights into the production of heat

a way utilize otherwise lost energy. through anaerobic composting of yard waste and can serve as a foundation for future research on

food waste generation.3

< g decompositiofiberates heat, the surrounding compost substrate and its air and water heat captu ion

increase in temperature. This research investigates the potential of anaerobic V&

composting of yard and food waste for renewable energy generation in a backyard
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Figure 3: Trash Bin A used for the Figure 4: Holes drilled into Bin A for Figure 5: Assembled 43-gallon compost
anaerobic composting experiment, with an sensor insertion. Hole 2, as seen tumbler used for Bins B and C in the
approximate volume of 115 gallons. above, is for the core temperature anaerobic composting experiment.
sensor, and Hole 1 for the surface-level

temperature sensor. Both holes were

drilled slightly lower than the desired

height of the sensors to accommodate

setting, focusing on heat production. Environmental Systems (Science) Module

Composting in the Classroom
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‘ Bl @y 4 Temperature vs Datetime Heat Map of the Rate of Change in Temperature e Students will be given the opportunity to research and explore the science behind composting.
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waterproofing. The image illustrates the biomass material. The figure shows the of the biomass material. The figure shows dripping from the compost tumbler containers, which began on ¢ Ambient = .

extent of leakage observed before any locations of temperature sensors inserted the locations of temperature sensors Wednesday, July 17, 2024. PhySICS MOduIes

waterproofing measures were applied. on the left and right sides of the compost inserted on the left and right sides of the _ « Bin A (Grass :

. tumbler. compost tumbler. & only Core- o . . ° e o
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Figure 13: Comparison of ambient temperature and bin A core with Bin B core temperatures. This graph i effECt’ a n d re I ated p rl n CI p I es * il

allows for observations of the relationship between core heat temperature of different biomass amounts.

This material is based upon work supported by the National Science Foundation under Award No. 2206864. Any opinions, findings, and conclusions or Figure 15: Heat map of the rate of change in temperature for each bin. A zero rate of change is colored yellow, o Day 2: LED Module
. . . . . . . . . Temperature vs Datetime iti d i f ch lored blue. Dark lors indi
recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation. P positive rates of change are colored red, and negative rates of change are colored blue. Darker colors indicate
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INTRODUCTION WAKE EFFECT WAKE LOSS METHODS

Electricity from wind turbines is a significant carbon-free energy source,
now surpassing coal as the second largest contributor to energy
generation. Wind farms, particularly in Texas, have seen substantial
growth in capacity, highlighting the need for enhanced turbine efficiency
to improve cost-effectiveness. As turbines increase in size, reaching
projected heights of 500 feet by 2035, maximizing energy production
becomes crucial despite challenges such as wake effects between
turbines. This study investigates wake steering techniques, which have
shown promise in increasing energy output by up to 13%, aiming to build
on previous research and optimize turbine performance.

WAKE STEERING

This project focuses on utilizing wake steering to optimize wind farm
layout and increase power production. Wake steering is a wind farm
control strategy that redirects the wakes of upstream turbines away from
downstream turbines by adjusting the yaw angle of the turbines. This
allows downstream turbines to experience higher wind speeds and
produce more power, although there is a slight reduction in power
production at the upstream turbines. By mitigating wake losses through
strategic orientation adjustments, wake steering enables downstream
turbines to operate more efficiently and extract more energy from the
wind. This approach not only increases the overall power production of
the wind farm but also enhances its economic potential, particularly in
locations with land constraints or larger capacities. Field trials and
simulation studies have demonstrated the success of wake steering in
Increasing energy production, providing design flexibility, and optimizing
wind farm layouts.
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Wake effect is a consistently studied phenomenon in wind turbine
operation and wind farm layout optimization, where the interaction
between the turbine blades and the wind creates a downstream area
with reduced wind speed and increased turbulence. The wind turbine
wake effect refers to the disturbance in the airflow caused by a wind
turbine. When wind passes through a turbine, it generates power but
also creates a wake. This wake is a region of slower, turbulent air that is
formed behind the turbine. This wake can impact the performance of
downstream turbines by reducing their efficiency and power output. This
effect is similar to how a boat leaves a wake in the water behind it. To
minimize this effect, turbines are strategically placed to ensure optimal
distance and alignment with prevailing winds. Effective wind farm design
strategies can mitigate wake interference and enhance overall wind farm
performance. Understanding and addressing the wake effect is
fundamental to maximizing energy Yyield, reducing costs, and advancing
sustainable wind energy solutions. Ongoing research aims to further
optimize these strategies for even greater efficiency.

Wind Wake of wind turbine
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Upstream Turbine Downstream Turbine

Wind turbine wake losses refer to the reduction in energy production
caused by the wake effect. When a wind turbine operates, it creates a
wake of slower, turbulent air behind it. This wake can affect other
turbines by causing them to operate in less optimal conditions which
diminishes their efficiency and overall energy output. As a result, these
downstream turbines generate less power than they would in
undisturbed wind which leads to a significant reduction in the overall
energy output of the wind farm. Wake losses are a critical consideration
In wind farm layout design. By strategically spacing turbines and
optimizing their alignment with prevailing winds, it is possible to minimize
these losses and improve the efficiency of the entire wind farm. Proper
turbine placement ensures that each turbine can operate in the best
possible wind conditions, and therefore maximizing power production
and the economic viability of the wind farm.
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Baseline Measurements:

Set up four industrial blowers. (See Diagram Below)

Measure initial wind speeds at various distances using an anemometer.
 Single Turbine Measurements:

Place the first turbine 31.5 inches from a blower.

Position a second turbine at incremental distances (1-foot steps) behind the

first, up to 10 feet.

Measure and record wind speed and voltage at each position.
« Wake Steering Tests:

Switch the first turbine to wake steering.

Repeat measurements for the second turbine.
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CURRICULUM MODULES CONCLUSIONS FUTURE STUDIES

 PB1: Physics in Wind Turbine Analysis
Observe wake steering effects on turbine models and analyze physics
properties to optimize wind farm layouts, explaining how wind speed
and generated energy vary by turbine location.

« B4B: AP Biology - Engineering Practices
Identify biological problems and apply solutions using proper tools
and models.

 G10A: Geometry - Trigonometric Ratios in Right Triangles
Use trigonometric ratios to calculate angles at which wind strikes
turbines and analyze resulting wake effects.

« A2B: Statistics - Analyzing Functions in Wind Turbine Data
ldentify and interpret quadratic relationships in wind speed and turbine
output data, analyzing data to identify these relationships.

The purpose of this research project was to show the effects that wake
steering has on increasing energy production through optimizing wind
farm layouts. This project showed that wind speed and voltage were
Increased when the yaw angles of upstream turbines were adjusted to
deflect the wakes and mitigate wake losses. The upstream turbine did
show a slight reduction in power production, but the succeeding turbines
Increased to the point that this initial loss was offset. The data of this
study supports the use of wind steering and stresses the importance of
optimizing wind farm layouts. The model turbines effectively replicated a
scaled-down, controlled simulation of a wind farm layout. Adjustments of
turbine angles can lead to significant efficiency gains. The findings
suggest that further research and application of wake steering can
enhance the overall performance of wind farms.

The results indicate that wake steering can lead to significant improvements in wind farm efficiency. Data collected from various turbine configurations
showed an increase in energy production when turbines were angled away from direct wind. These results support the hypothesis that wake steering

can be a valuable technique for optimizing wind farm performance.

Impact of Wake Steering on Wind Speeds (mph)

1901766

——Average Wind Speeds (No Turbines)
——\Without Wake Steering
——\Vith Wake Steering

17.0

15.0

13.0

11.0

9.0

7.0

Wind Speed (mph)

5.0

3.0

1 2 3 4 5 6 7 8 9 10
Location of Measurements (ft) from O

Impact of Wake Steering on Voltage (V)

0.260 : :
——\Without Wake Steering

0.250 ——\With Wake Steering

0.240 0.235 232
S 0.230
()
g 0.220 0.215
O
>

0210 5217

0.200

0.190 0.195 0.195

0.190 0.188
0.180
1 2 3 4 5 6 7 8 9 10

Location of Measurements (ft) from O

 Determining the effects of wake steering on column C and column D.

« Graphing the effects of wind steering on plant growth.

« |nvestigating the long-term impacts of wake steering on turbine longevity and
maintenance.

 Exploring the economic implications of large-scale implementation of wake
steering in wind farms.
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