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Abstract
Emission of the greenhouse gases from fossil fuel is the main catalyst for global warming. Nations agreed to limit
the amount of warming to 1.5o C above pre-industrial levels in the next twelve years. Motivation for this project is to
study if solar energy can be used for household electricity consumption with a reasonable photovoltaic panel size
which will reduce the use of fossil fuels and hence, the emission of greenhouse gases.
The project studied both, with a fixed photovoltaic (PV) panel, facing towards south and at a tilt angle of 66.55 o with
horizontal and with a TTDAT (Tip-Tilt Dual Axis Tracker) system to track the sun, is used to generate electricity.
Generated electrical energy is calculated in watts per unit area of the PV panel. Average energy consumption per
household in the USA obtained from the U.S. Energy Information Administration. Electricity use accounted for 44%
of household energy consumption in 2017. Based on these data required PV system panel surface size is calculated
for a single-family house.
Data from fixed PV panel and TTDAT system were used to calculate the PV-panel size. It is found that using
tracking system the PV panel size can be reduced by 25% and hence the cost. This is due to the fact that tracking the
sun minimizes the angle of incidence between the sun’s ray and the line perpendicular to the PV panel surface and
captures more solar energy.
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1. Introduction
Recent brushfire in Australia which burned more than 72,000 square miles, wildfire and drought in California,
melting of glacier and devastating flood in different parts of the world are awake up call for the scientific
community of the impact of climate change. This project is to use solar energy for household electricity
consumption, one way to reduce the use of fossil fuels which is largely responsible for greenhouse effects.
Reduction of greenhouse gas emission will reduce the global warming and hence, the impact of greenhouse effects
on the climate changes.

1.1 Objectives
Objective of this project is to calculate required size of PV-panel for a single-family house based on a south facing
fixed tilt angle panel and a panel with tracking device. Also, investigate if tracking the sun, the PV system energy
output increases or decreases compared to a south facing fixed tilt angle PV system.

2. Literature Review
Climate change and its effects are now pronouncing in every country on every continent. People all over the world
are experiencing impact of climate change, which include changing weather pattern, rising sea level and extreme
weather events. To address climate change, nations agreed (Paris Agreement) to limit the amount of warming to 1.5o
C above pre-industrial levels in the next twelve years.
To achieve the goal of limiting global warming to 1.5 o C requires far-reaching and unprecedented measures in a
wide range of areas including energy, industry, buildings, transportation, and cities. These changes must reduce
carbon dioxide emission to about 45 percent of 2010 levels by 2030 and to a neutral level of no carbon dioxide
emissions by 2050.
Our project is an effort to reduce carbon-dioxide emission by using renewable energy in household energy
consumptions. According to the U.S. Energy Information Administration the average energy consumption per
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household is 100 Million Btu/year in the U. S. Midwest region. Electricity accounted for 44% of household energy
consumption. Utilizing solar energy for household energy need would benefit like greenhouse gas emissions
reduction and can in long run help mitigate the adverse effects of the climate change problem plaguing the entire
earth.

3. Methods
A photovoltaic (PV) panel with a size of 6.5 cm x 6.5 cm is used to convert solar energy in to electrical energy. The
PV panel was connected to a light bulb (resistor) and a multi-meter as shown in the test set up Figure 1. The multimeter is used to read voltage and current output from the PV panel. The output data of voltage and current were
collected every fifteen minutes. For the tracking PV system, a TTDAT (Tip-Tilt Dual Axis Tracking) type tracking
system was used. The TTDAT system was manually adjusted towards the sun every fifteen minutes.

Figure 1: Test Setup for Fixed South Facing and TTDAT System Solar Panel
The altitude angle and azimuth angles were changed every fifteen minutes according to calculated values, as shown
in Table-1. The sun’s position at different clock time is calculated using following formulas, the angle of incidence,
θ, is the angle between a beam incident on a surface and the line perpendicular to the surface at the point of
incidence called the normal, n. The surface is inclined at β and the facing at an azimuth angle ϒ, as shown in Figure
2.

Figure 2: Solar Incident Angle and Azimuth Angle
An expression for cos  is given by:
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cos  = (cos L cos + sin L sin  cos ) cos  cos  + cos  sin  sin  sin  + (sin L cos  - cos L sin  cos ) sin  and the
solar azimuth angle ϒs was calculated using sin ϒs = cos sin  / coss.

Figure 3: Solar Altitude Angle at Equator and at North of Equator
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Using voltage and current data at different time of the electrical energy (Voltage multiplied by Current) in terms of
Watts per unit area of the panel is calculated.

4. Data Collection
Tracking speed (frequency of angle change and data collection), tracking angles (altitude and azimuth angle),
voltage and current were recorded. Table 2 shows collected data for a PV panel facing south zero azimuth angle) at a
fixed altitude angle of 23.45 deg.

5. Results and Discussion
5.1 Numerical Results
Results are shown in Table-3, for south facing fixed PV panel and, in Table-4 for TTDAT system. Data of solar
energy available per unit area of the PV panel is plotted with clock time and shown in Figure 4.

5.2 Graphical Results
Data collected with fixed angled south facing panel and with tracking system show similar trends. Data with
tracking system shows a better efficiency in converting solar energy to electrical energy.
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Figure 4: Comparison of Energy Collected by TTDAT and a Fixed Axis South Facing PV System with an
Altitude Angle of 23.45o
Both data set show a decreasing available energy as the day passes from mid-day to sun set. The peak available
energy is in the hours near the mid-day when the sun is close to the south. It is interesting that with tracking system
energy output from the same size solar panel is higher than that of a fixed angled south facing panel at all times.
Time averaged electrical energy is calculated over the period of time data is collected. Time averaged value of
electrical energy show that tracking system converts 25% better than that of the non-tracking south facing panel.
Using this data and the data from the U. S. Energy Information Administration (USEIA) a solar panel size is
calculated. The USEIA data is shown in Figure 5.

Figure 5: Energy Consumption per Household (Data source USEIA)
The USEIA data show that in 2017 the average use of household energy is 100 MBtu (MBtu is abirritation for
million British thermal unit) per year in the Midwest of the U. S. A. Of that 44% is accounted for electrical energy.
Based of this data household electrical energy consumption is calculated as 44,000,000 Btu per year which is equal
to 120,548 Btu per day. Converting 120,548 Btu per day into kilowatts is 1.5 KW. For the fixed axis south facing
PV panel time averaged available energy is 49.1 W/m2 (Figure 4). Hence, the required panel size for a single-family
house in the Midwest of region is 30 m2 (5.5 m x 5.5 m). Similarly, using TTDAT system data (time averaged
available energy 61.23 W/m2 in Figure 4) panel size can be calculated for a single-family house. The require panel
size with a tracking device is 24 m2 (4.9 m x 4.9 m).

5.3 Proposed Improvements
The tracking device used in this study is home made and angles were adjusted manually. An improved and
automatic tracking device will give more accurate results. Also, data collection was done manually. A computerized
data collection system will improve data quality.
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6. Conclusion
The U. S. Energy Information Administration (USEIA) data show that in the year of 2017 in the Midwest, average
use of household energy is 100 MBtu per family per year. Of that, 44% is accounted for electric energy. The current
study focused on the solar panel size for a single-family house to generate required electricity need. Use of solar
energy for household electricity consumption, can reduce the usage of fossil fuels. Using USEIA data of average
electric consumption (in average 44 MBtu per family per year) and the available energy from collected data, solar
panel size was calculated. Calculations show that for a fixed angled south facing 30.0 m 2 panel (5.5 m x 5.5 m)
surface area exposed to the sun will be enough for producing needed electric energy for a single-family house.
Collected data, with the TTDAT system, show that an average solar energy conversion can be improved by 25% for
same size panel compared to a fixed angled south facing solar panel. Calculations show that with a TTDAT system,
a panel size of 24 m2 (4.9 m x 4.9 m) surface area exposed to the sun will be enough to produce needed electric
energy for a single-family house.
The TTDAT system generates more energy, even when the sun is setting, compared to the fixed angled south facing
panel. Another observation is that solar panel generates less and less energy as the sun was setting. Peak hour, near
the mid-day hours, excess energy from the solar panel could be stored and stored energy can be used during night
hours. In conclusion, in order to reduce fossil fuel use and greenhouse emissions requires far-reaching,
unprecedented measures and lifestyle change.
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