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BLUETTI SOLAR PANEL EXPERIMENTATION

Abstract

This study investigates the efficiency and performance characteristics of a Bluetti portable solar
panel system under low-light conditions, with a focus on the relationship between incident light
intensity and voltage output, as well as comparing the energy consumption of AC and DC output
modes during device charging.

In the first phase of the experiment, the voltage output of a single solar panel was recorded
across a range of lux values from 240.0 to 0.1 lux, using a multimeter and lux meter aligned
with the Bluetti solar panel during evening hours. Lux values were logged at each observable
voltage drop from 20.3V down to 7.2V. The data revealed a logarithmic correlation between lux
and voltage.

In the second phase, energy consumption from the Bluetti solar-powered battery was tested by
charging common devices (iPhone and iPad) through AC and DC output modes, as well as running
a vacuum cleaner on AC. Results showed that DC charging was significantly more efficient: charg-
ing a phone from 0% to 100% consumed only 2% of the solar battery on DC, compared to 4% on
AC where charging an iPad consumed 2.5% on DC versus 5% on AC. The vacuum test indicated
a 20% battery drain over 10 minutes on AC, with no DC-compatible alternative.

These findings highlight the correlation between lux and voltage, and showcase how DC output

conserves more stored solar energy.
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Introduction

Portable solar power systems, such as the Bluetti solar generator, have become essential tools
for off-grid living, emergency preparedness, and renewable energy research. While manufacturers
provide rated specifications, these systems operate in real-world conditions that can differ sig-
nificantly from the laboratory environments in which those ratings are determined. For me, this
project was not just about measuring efficiency, but being able to use the Bluetti system as a ves-
sel for scientific curiosity, connecting small-scale experiments to the broader global challenge of
maximizing renewable energy performance.

The primary focus of this study was understanding how the voltage output of a solar panel
changes with light intensity, measured in lux. Illuminance, defined as luminous flux per unit area,
is proportional to the rate at which photons strike the solar cell surface. In a photovoltaic cell,
photons with sufficient energy excite electrons across the semiconductor’s band gap, generating
electron-hole pairs. This process creates a photocurrent /,;, which has a magnitude that increases
with the number of incident photons. For the experiment, since lux is a measure of photon flux
weighted by human visual sensitivity, assuming a relatively constant distribution of light, we can
treat lux as being directly proportional to I,p.

The open-circuit voltage V,. of a solar cell is controlled by the photovoltaic diode equation:

where n is the diode ideality factor, & is Boltzmann’s constant, 7" is absolute temperature, q is the
elementary charge, and I is the diode’s reverse saturation current.

The logarithmic form of the photovoltaic diode equation comes from the current—voltage (/-
V) behavior of a p—n junction under illumination. In darkness, the diode follows the Shockley
diode equation, where current increases exponentially with applied voltage. When illuminated,
the generated photocurrent /,,;, becomes a constant current source in parallel with the diode. The

open-circuit voltage V. occurs when the total current is zero, meaning the diode’s forward current
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equals the photocurrent:
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Rearranging for V. gives:

So given this relationship, we can reason that each multiplicative increase in photocurrent (e.g.,
doubling I,,,) adds a constant increment to V., rather than scaling it proportionally. This would
mean voltage rises sharply in low-light conditions but this rate tends to flatten out as illumination
increases.

The constant 2L

in front of the logarithm determines the slope of the relationship. At room
temperature (7' ~ 298 K) and for an ideal diode (n = 1), %T ~ 25.7 mV, so "kTT typically lies
between 25—-30 mV for high-quality cells. In multi-cell photovoltaic panels, this constant is scaled
by the number of cells connected in series, as the open-circuit voltage is the sum of individual
cell voltages. Additional wiring and load conditions can further influence the apparent slope when
relating light intensity to output voltage.

The term inside the logarithm, I}’—Oh + 1, is shifted by I, the diode’s reverse saturation current,
which depends on semiconductor material quality, temperature, and recombination rates. A higher
Iy lowers V.. In the theoretical model, the constant in a voltage—light intensity relationship repre-
sents a baseline voltage contribution. This can stem from various things, like the built-in potential
of the photovoltaic junctions and other fixed voltage offsets from the measurement setup or load
characteristics. Environmental factors such as panel temperature, spectral composition of light,
and cell mismatch within the array can influence both n and I, and therefore affect both the slope
and intercept of the fitted equation.

Because I, scales linearly with lux, and V,,. depends logarithmically on I, we can expect a
logarithmic relationship between voltage and illuminance: large voltage drops occur in low-light
conditions, while high-light conditions only marginally increase voltage. This theoretical model

forms the basis for predicting performance in real-world scenarios such as evening or cloudy-day
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charging.

The secondary focus of this study was evaluating the efficiency difference between AC and DC
output from the Bluetti battery. The solar battery itself stores energy as direct current (DC). When
powering a DC device such as a smartphone through USB, energy can be delivered directly from
storage to the load with minimal conversion. In contrast, when powering an AC device such as a
laptop charger, the stored DC must pass through an inverter that rapidly switches the polarity of the
output to generate alternating current (AC). This conversion is not perfectly efficient: switching
losses, resistive heating, and core losses in transformer components can all contribute to a typical
efficiency range of 85-95% under optimal load. Further, efficiency can drop further at partial loads
because the inverter still consumes a fixed amount of overhead power just to operate, even when
output power is low.

So, DC output should always be more efficient for DC-powered devices, as it bypasses the
inverter entirely and avoids these conversion losses. Understanding and quantifying how large this
difference may be can be useful for users who depend on portable solar power systems to more
efficiently charge devices.

By analyzing both the lux—voltage relationship and the AC/DC efficiency gap, this project aims
to link fundamental photovoltaic theory to practical energy delivery. Through this work, I hope to
contribute on a small but meaningful scale to the larger conversation on how renewable energy

systems can be optimized for reliability, sustainability, and maximum real-world usefulness.

Materials and Methods

The two phases of the experiment each had their own materials and methods. For the Light
Intensity and Voltage Measurement phase, a single Bluetti solar panel was placed outdoors at
a 45° angle between approximately 7:00 PM and 9:00 PM under cloudy conditions, and recorded
5 separate times. While results may vary across trials or times, this ultimately does not matter as
the experiment is only to see the relationship between lux and voltage. A lux meter was mounted

flush with the solar panel to ensure it faced the same direction, allowing it to accurately measure
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incident light on the panel surface. A multimeter was connected to the panel’s output wires to
record voltage.

While this experiment measures voltage’s dependence on lux level, I found it most practical to
record the lux level each time the voltage reading on the multimeter dropped by 0.1V, beginning at
20.3V and ending at 7.2V. To reduce data density, results were later downsampled to 0.5V intervals.

For the AC/DC Output Efficiency phase, the Bluetti solar-powered battery was used to charge
three types of devices: a phone, an iPad, and a vacuum cleaner. Each device was tested using either
AC or DC output modes. For charging tests, each device was connected at 0% battery and charged
to 100%. The percentage of the solar battery depleted during this process was recorded. For the
vacuum test, the vacuum was run for 10 continuous minutes using AC output while recording how
much the solar battery drained.

Out of 5 trials, the results were the exact same for each condition, thus I have only provided

the final results table for that phase.
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Results

Voltage output from a single Bluetti PV200L solar panel was recorded as a function of illumi-
nance under evening conditions. Five trials were conducted, with results shown in Table 1. Each
measurement includes instrument resolution uncertainties of +0.05 V (voltmeter) and £0.05 1x

(lux meter).

Table 1: Data Table: Lux Values vs. Voltage Output

Voltage (V) + 0.05 Lux (Ix) + 0.05

Trial1 Trial2 Trial3 Trial4 Trial5
20.3 240.3  239.6 240.5 239.8 239.7
19.8 160.1 160.8 160.2 160.6  160.3
19.3 107.9 1074 108.0 107.5 107.6
18.8 84.1 83.8 84.4 83.7 84.0
18.3 67.6 67.3 67.9 67.2 67.5
17.8 534 52.8 53.0 53.1 53.2
17.3 44.3 43.9 43.8 44.1 44.0
16.8 38.7 38.3 38.6 38.9 38.5
16.3 30.3 29.8 30.1 30.2 29.8
15.8 22.1 22.5 22.0 22.4 22.0
15.3 16.5 16.3 16.1 16.4 16.2
14.8 12.1 11.8 12.2 11.9 12.0
14.3 8.8 9.0 8.9 8.7 9.1
13.8 6.9 6.6 6.8 7.0 6.8
13.3 52 5.1 53 4.9 5.0
12.8 4.2 4.1 4.0 4.2 3.9
12.3 34 3.2 33 3.5 3.5
11.8 2.8 2.7 2.6 2.7 2.7
11.3 2.2 2.1 2.3 2.2 2.0
10.8 1.9 1.8 1.7 1.8 1.8
10.3 1.7 1.5 1.6 1.5 1.7
9.8 1.4 1.3 1.3 1.2 1.3
9.3 1.0 0.9 1.0 1.1 1.0
8.8 0.8 0.7 0.6 0.8 0.6
8.3 0.4 0.5 0.3 0.4 0.4
7.8 0.3 0.3 04 0.2 0.3
7.3 0.2 0.1 0.3 0.2 0.2
7.2 0.1 0.1 0.1 0.1 0.1

The five trials were averaged to obtain mean values of lux at each voltage step. Standard errors
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(SE) were calculated to show trial-to-trial variability. These averages are presented in Table 2.

Table 2: Average Lux vs. Voltage Output
Voltage (V) + 0.05 Average Lux (Ix) Uncertainty (£ SE, Ix)

20.3 240.0 0.14
19.8 160.4 0.12
19.3 107.7 0.10
18.8 84.0 0.13
18.3 67.5 0.13
17.8 53.1 0.11
17.3 44.0 0.09
16.8 38.6 0.11
16.3 30.0 0.10
15.8 222 0.09
15.3 16.3 0.07
14.8 12.0 0.07
14.3 8.9 0.07
13.8 6.9 0.06
13.3 5.1 0.13
12.8 4.1 0.10
12.3 34 0.06
11.8 2.7 0.04
11.3 2.2 0.05
10.8 1.8 0.04
10.3 1.6 0.04
9.8 1.3 0.04
9.3 1.0 0.04
8.8 0.7 0.04
8.3 0.4 0.04
7.8 0.3 0.04
7.3 0.2 0.04
7.2 0.1 0.00

The averaged results showed a decrease in voltage corresponding with decreasing illuminance,
ranging from 20.3 V at 240 1x to 7.2 V at 0.1 1x. Figure 1 illustrates this data as a scatter plot with

error bars, a logarithmic best-fit line, and fits for maximum and minimum slope scenarios.
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Figure 1: Scatter Plot
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In the second phase, the energy consumption of the Bluetti AC180 battery system was tested

by charging devices via AC and DC output modes. The results are shown in Table 3.

Table 3: Solar Battery Usage for Full Charging by Output Mode

Device Battery Used (DC) Battery Used (AC)
Phone (0% to 100%) 2% 4%
iPad (0% to 100%) 2.5% 5%
Vacuum (10 min) — 20%

A phone charged from 0% to 100% consumed 2% of the battery using DC and 4% using AC.
An iPad required 2.5% via DC and 5% via AC. The vacuum cleaner test, conducted for 10 minutes

on AC only, consumed 20% of the battery. These outcomes are shown graphically in Figure 2.
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Figure 2: Bar Graph
Comparison of AC vs DC Charging Efficiency
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Discussion of Results

For phase 1, the open-circuit voltage (V) of the Bluetti PV200L solar panel showed a clear
logarithmic relationship with light levels, which matches what the photovoltaic diode equation
predicts. As the light dropped from 240 lux to 0.1 lux, the voltage decreased from about 20.3 V
to 7.2 V for one panel. The data fit the equation V' ~ 1.96 In(lux) + 9.84. This logarithmic shape
happens because the current created by incoming light is proportional to how many photons hit the
solar cells, which scales directly with illuminance.

The constant +-9.84 V in the fitted equation means the voltage does not drop straight to zero at
very low light. This can come from things like the built-in electric fields in the cells, tiny leftover
currents inside the panel, or small offsets from the measuring tools.

To compare the data directly with theory, the diode equation was used to predict the slope of
the voltage—light curve. For a single solar cell in ideal conditions, the open-circuit voltage is given

by:
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AtT =~ 298 K (25°C) and assuming n = 1, the constant factor ”kTT is approximately 25.69 mV
per natural log unit of 7,;, which is much less than the slope of 1.96 V per natural log unit of lux.
THis is because there are 72 cells in series, so multiplying the single-cell value by the number of

cells predicts a slope of:

slopeyeoretical = 72 % 0.02569 V ~ 1.85 V.

This theoretical slope can now be compared to the experimentally determined slope of 1.96 V.

The percent error is given by:

slope... — slope .
Percent Error = stop °xp PCincorcial x 100%.
Slopetheoretical
Substituting the values:
1.96 — 1.85
Percent Error = % x 100% =~ 5.95%.

The low percent error indicates a strong agreement between the experimental and theoretical
values. The differences between the measured and predicted values could be caused by several fac-
tors. One is spectral mismatch: lux meters measure light based on human eye sensitivity, which is
not the same as how silicon solar cells respond to light. As the color of the sky changes, especially
at sunset, the lux reading does not match the actual useful light hitting the cells. Temperature also
matters, because warmer solar cells produce slightly less voltage (about —2 mV per degree Celsius
for each cell).

So, the logarithmic fit and the small percent error relative to the diode-equation prediction
suggest that the equation model can describe low-light behavior of a portable panel with high-level
accuracy. If this experiment can capture the essential physics of V—In L, then the same processes
can inform decisions about off-grid design, emergency power planning, and more.

In the future, one way to improve accuracy would be to replace illuminance (lux) with irradi-

ance (W/m?) using a calibrated pyranometer or a silicon reference cell. Because lux is photometric

10
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and eye-weighted, it introduces spectral bias; irradiance would let you test the proportionality be-
tween photocurrent and incident power without depending on sky color or time of day. Further,
recording the temperature during stages of the experiment would let us apply the known V. tem-
perature coefficient and evaluate whether the small slope offset you observed is fully explained by
temperature.

To extend the scientific scope, one thing we we could do is measure two identical panels in
series and in parallel to test the predicted doubling of the V—In L slope in series and the current
increase in parallel. We could also compare different module technologies (mono-Si vs. thin film)
to see how ideality factor and intercept shift with material. Or lastly, another thread we could
explore is tracking the same panel over months to see how age impactst slope or intercept.

For phase 2, charging devices through the Bluetti AC180 battery’s DC output ports was more
efficient than charging them through the AC ports. A phone charged from 0% to 100% used only
2% of the battery when connected with DC, but needed about 4% when charged through AC. An
1Pad used 2.5% on DC compared with 5% on AC. These results show that DC charging gave the
same useful outcome while using much less of the stored energy.

To estimate the efficiency of AC charging, the battery percentage consumed on AC can be

compared directly to the percentage consumed on DC for the same device.

B Useful Energy Delivered Useful Energy Delivered
~ Battery Energy Consumed (AC)/ Battery Energy Consumed (DC)

nNac

Because the useful energy delivered is the same, this reduces to a ratio of DC to AC battery
usage:
__ Battery Used (DC) 2%

~ — 2% _ .50 or 50%.
¢~ Battery Used (AC) 4% or 50%

The iPad test showed a similar result, with 2.5% on DC versus 5% on AC, also giving:

2.5%
= = 0.50 or 50%.
NAC =7 or 50%

11
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These measured values of about 50% are much lower than the expected efficiency of modern
inverters, which typically range from 85-95% near their rated load. The gap can be explained by
the fact that small loads like a phone or tablet charger are well below the inverter’s rated capacity.
For small loads, inverter efficiency often drops significantly because fixed overhead power con-
sumption (the idle draw needed just to keep the inverter running) becomes a large fraction of the
total. So, while the theoretical expectation of 85-95% applies to larger loads, the measured ~50%
efficiency here could reflect the performance levels for lighter loads. This can be very useful to
users to understand the battery’s efficiency on lighter versus heavier loads.

There are still some uncertainties in the measurements. The Bluetti battery shows its charge
only in whole percent steps, so small differences may have been hidden. Charging times can also
change depending on the device and its battery condition, so the trial may not perfectly represent
the solar battery but rather the phone battery and its potential irregularities. The design of the
charging brick matters too: a phone or tablet adapter may not run at peak efficiency, and AC
adapters can keep drawing a little power even after the device is full. For the vacuum cleaner, a
DC test was not possible since the appliance is made only for AC, so the 20% drain reflects both
the load and the inverter’s overhead power, and this test was merely to understand how the solar
battery deals with larger loads.

The AC/DC charging results indicate for solar battery users that DC ports should be used
whenever possible for phones, tablets, and other devices, while AC should be reserved for items
that require it.

Future work could aim for more accurate measurements by using inline watt-hour meters or
coulomb counters, which measure energy directly instead of relying on the battery’s percent read-
out. Running more repeated trials with different load levels could show how inverter efficiency
changes depending on load size. Improvements could also include tracking idle inverter consump-
tion, carefully recording charging times, and testing more DC-compatible appliances (like fans or
LED lights) for a broader comparison. These steps would give a clearer picture of AC/DC tradeoffs

and make the results even more useful for both science and practical energy planning.

12
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Conclusion

This project used a small portable solar system to test how light intensity affects panel voltage
and to compare the efficiency of AC and DC charging. The experiments confirmed key ideas from
photovoltaic theory while also showing how energy choices influence efficiency.

The results bridge theory and practice by demonstrating how a simple setup can verify scientific
models, while also providing lessons on conserving energy in off-grid or emergency settings.

More broadly, this study reflects the value of hands-on inquiry. Curiosity-driven experiments
like these not only deepen understanding of renewable energy but also highlight how individual
actions, such as choosing DC over AC when possible, can make a measurable difference in sus-

tainable power use.

13
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Solar Energy: Power from the Sun and Its
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Executive Summary

Purpose & motivation. This report combines hands-on philanthropy (designing and fundraising
for an elementary school classroom solar kit) with field observations from a summer trip to
Tibet. It explains how solar energy works, why it matters, and compares adoption patterns in
Tibet and Pennsylvania.

Global picture. By the end of 2024, the world had more than 2.2 TW of installed solar PV. China
exceeds 1 TW, the United States is around 236 GW, and Germany is near 99 GW. Solar led new
renewable additions in 2024 as costs continued to fall.*?®

Tibet (TAR). Tibet’s high elevation and strong sunlight have driven rapid growth to ~9.4 GW
(2025), including record high-altitude PV-plus-storage projects (e.g., Caipeng at ~5,228 m)*. In
towns and rural areas, we observed solar on street lights, rooftops, and small off-grid kits for
lighting and charging—clear examples of practical, everyday impact.

Pennsylvania. Pennsylvania surpassed ~2 GW of installed solar in 2025, with growth from both
distributed rooftops and utility-scale projects. Typical residential costs remain competitive
(national benchmarks around $2.5-52.7/W), and average household electric bills are roughly
$150-5160/month, making well-sited systems financially attractive—especially with available

incentives.®’®

Key comparisons. Tibet has a larger installed base and strong off-grid use tailored to high-
altitude conditions, while Pennsylvania’s growth reflects policy support and market maturation
on a modern grid. Both cases show how local geography, policy, and infrastructure shape solar
outcomes.

Takeaways. Solar is now mainstream and cost-competitive. The biggest opportunities are in grid
modernization, storage, and streamlined permitting. At the community level, small solar kits
offer immediate learning and resilience benefits, while large projects continue to push clean-
energy goals forward.

L IEA-PVPS, Snapshot of Global PV Markets 2025 (global and 2024 country totals; share of new additions).
% |RENA / Our World in Data (historical capacity context).

3 Germany: BNetzA / Fraunhofer ISE end-2024 figure (~99 GW).

* Takshashila Geospatial Bulletin, 2025 (installed capacity ~9.365 GW; project counts).

’pV Magazine article on Caipeng (world’s highest-altitude plant; elevation, specs).

® Commonwealth of Pennsylvania / PUC update (2 GW milestone).

7 EnergySage 2025 national pricing (cost per watt; typical system costs).

® NREL H2-2024 median benchmarks (cost corroboration).

? Statewide bill references (PA average monthly bill).
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1.Introduction

Solar energy has emerged as one of the most promising and sustainable solutions to meet the world’s
growing energy demands. Every day, the sun delivers an extraordinary amount of energy to Earth—far
more than humanity could ever consume. Harnessing this power not only helps mitigate climate change,
but also creates economic opportunities, improves quality of life, and fosters energy independence
across communities.

This report was inspired by a dual motivation: a philanthropic initiative to raise funds for a solar energy
kit for Pickering Valley Elementary School, and a transformative visit to Tibet, where solar technology is
deeply embedded in daily life. In Tibet’s remote villages and spiritual centers, | witnessed solar panels
powering homes, streetlights, and water heaters—often in places unreachable by traditional power
grids. These observations underscored the potential of solar energy to drive equity, resilience, and
innovation, especially in underserved regions.

Combining technical analysis with personal experience, this report will explore the fundamentals of solar
energy, the technologies used to capture and convert sunlight into electricity, and the environmental
and social benefits of solar adoption. It will also present a comparative overview of global solar
deployment, with a focused case study on Tibet and its contrast with Pennsylvania in the United States.
Through this lens, the report aims to highlight how solar energy can be both a scientific solution and a
tool for community empowerment.



2.What Is Solar Energy?

At its core, solar energy is the energy that comes from the sun’s light and heat. The sun, a massive ball
of burning gas, constantly produces energy through a process called nuclear fusion. This process makes
the sun the most important source of energy for life on Earth. Each year, the Earth receives an incredible
174 petawatts of solar energy—so much that, if we could capture it all, we’d never need any other
energy source.

Only a tiny portion of the sun’s energy actually reaches Earth, but it is still enough to meet all human
energy needs many times over. Solar energy can be used in different ways: for heating, lighting,
producing electricity, or even powering vehicles. Because it is freely available and renewable (which
means it will never run out as long as the sun shines), solar energy is considered one of the best
alternatives to fossil fuels like coal, oil, and gas.

How Solar Energy Reaches Us

e The sun creates energy in its core by fusing hydrogen atoms into helium through nuclear fusion.
e The energy travels millions of kilometers from the sun to the Earth, taking about eight minutes
to arrive.

e Once it reaches Earth, some of this energy is reflected, some is absorbed by the atmosphere or
land, and a small but significant amount is available for us to use.

Types of Solar Energy Technologies

Solar energy can be captured and used by different technologies. The main types are:
a) Photovoltaic (PV) Cells

Photovoltaic cells, or PV cells, are what you see in solar panels on rooftops or large solar farms. These
special panels convert sunlight directly into electricity. PV cells are made from materials like silicon that
let electrons move when hit by sunlight. When light strikes the cell, it knocks electrons loose, creating an
electric current.

e PV cells are joined together to make a solar panel.

e Multiple panels make solar arrays, which can power buildings, street lights, or even entire
neighborhoods.

e A standard photo voltaic system includes solar panels, a charge controller, an inverter, and
optional batteries. Panels produce DC electricity; the charge controller manages safe battery
charging; and the inverter converts DC to AC to run typical appliances. Excess energy can be
stored for night use or exported to the grid where allowed.
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Figure 1: Basic PV system — Sun = Panel - Charge Controller - Battery + Inverter - Loads.

Image- Photons from sunlight hit the cell, creating electricity by moving electrons.

(Source- https://www.labxchange.org/library/items/Ib:LabXchange:8e084a3e:html:1)



b) Concentrated Solar Power (CSP)
CSP systems use mirrors or lenses to focus sunlight onto a small area. The concentrated sunlight heats

up fluids, usually to create steam, which then turns a turbine to produce electricity. This is used mainly
in large power plants.

¢) Solar Thermal Systems
These systems use the sun’s heat to warm water or air. For example:

e Solar water heaters: Use panels to heat water for homes and swimming pools.
e Solar ovens: Cook food using reflected sunlight for heat.

d) Passive Solar Design

This is not a device but a smart way of building homes and structures. For instance, buildings can be
designed with big south-facing windows to let in the sun during winter, saving on heating costs.

Comparison of Types of Solar Technologies

Technology HHow It Works HMain Uses

Convert sunlight into Homes, street lights,

Photovoltaic (PV) Cells .
(PV) electricity calculators

Concentrated Solar Power .
Focuses sunlight to make heat ||Large power plants

(CSP)
‘Solar Thermal Systems HHeats water or air HWater heaters, greenhouses ‘
‘Passive Solar Design HBuiIding placement/materials ”Homes/buildings ‘

Most modern solar panels last 20-30 years and can remain about 80% efficient even after decades in
use. Recent advancements such as bifacial solar panels (which collect sunlight on both sides) and Al
monitoring have made these systems even more reliable and efficient, especially in places like Tibet.
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Benefits of Solar Energy- Environment & Social

Environmental Benefits of Solar Energy

ergy is one of the cleanest sources of energy. It produces electricity without releasing harmful
pollutants into the air. Here are the main environmental benefits:

Reduces Greenhouse Gases

Conventional fuels like coal and oil release carbon dioxide (CO,) and other pollutants when burned.
These gases trap heat in the atmosphere and cause global warming. Using solar panels cuts the need for
fossil fuel power plants, directly helping to reduce these emissions.

d)

In 2022, solar energy offset over 140 million metric tons of CO, emissions globally.
Solar PV’s life-cycle emissions are ~6—40 g CO,e/kWh vs ~820 g CO,e/kWh for coal (about 100—
140x lower.

Reduces Air and Water Pollution

Solar power systems don’t release air pollutants, which means fewer cases of asthma, lung
disease, and breathing problems.

Unlike many other power plants, solar does not use water for cooling, saving a vital resource—
especially important in dry places. (To be precise, PV systems use minimal water in operation;
CSP plants can require cooling water)

Limits Resource Use and Supports Recycling

It takes six months to two years for a solar panel to “pay back” the energy used in its
manufacturing process—a small fraction of its total lifespan.
90-97% of solar panel materials are recyclable, further reducing long-term waste.

Protects Land and Wildlife

Solar panels can be installed on roofs or “brownfields,” using previously developed land and not
disturbing wild habitats. Solar farms, when designed carefully, can coexist with nature,
sometimes allowing wildflowers and insects to thrive.

Key Environmental Benefits

‘Benefit ||So|ar Energy HFossiI Fuels ‘
\coz Emissions ||Very low (6g/kWh) HVery high (up to 820g/kwWh) ‘
‘Air/Water Pollution ||None in operation HSignificant ‘
‘Resource Usage ||Renewab|e, recyclable HFinite, polluting ‘
Water Use Very little High (for cooling)




‘Benefit ||So|ar Energy HFossiI Fuels

‘End-of-life Impact ||90—97% recyclable HOften toxic waste

Employees work at Veolia’s solar panel recycling plant in Rousset, France
Source: https://www.reuters.com/article/world/uk/europes-first-solar-panel-recycling-plant-opens-in-france-idUSKBN1JL296/

3.2 Social Benefits of Solar Energy

Besides helping the planet, solar energy offers important social advantages for communities and
individuals.

a) Job Creation and Local Economic Growth

e The global solar sector employs ~7 million (2023, IRENA/ILO), including manufacturing, sales,
installation, and maintenance jobs.

e In the United States, the “green economy” has created more than 280,000 jobs in the solar
industry, making it one of the fastest-growing job markets.

e Solar projects boost local economies by providing work for electricians, engineers, and project
managers.
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review-2023)

Energy Independence and Security
Solar energy helps communities rely less on imported oil and gas.

With solar, even remote areas can have reliable electricity, which helps reduce poverty and
increases resilience in natural disasters.

Lower Electricity Bills and Community Benefits
Solar panels can reduce household energy bills by 20-50% on average.

Programs such as “community solar” share the benefits with families who might not be able to
afford their own panels.

Public Health Improvements

Cleaner air means fewer health problems, reduced hospital costs, and a better quality of life for
all.
Improved access to electricity in rural areas also supports health clinics and schools.

Educational and Technological Advancement

10



e Schools, including those in rural or remote regions, can use solar for lighting, computers, and
science labs.
e Solar technologies inspire new scientific research and innovation.

f) Equity and Social Justice

e New policies help low-income families afford solar power through rebates, grants, and
community programs.

e The US “Solar for All” program aims to expand solar access for over 900,000 low-income
households by 2025

Summary: Environmental & Social Benefits of Solar Energy

‘Environmental Benefits HSociaI Benefits |
‘No greenhouse-gas emissions HLower energy bills for families and schools |
‘No air or water pollution HCIean jobs in manufacturing & installation |
‘Renewable, needs no fuel HReIiabIe power in remote areas |
‘Helps prevent climate change HEnergy independence & security |
‘Uses existing rooftops, less land Hlmproved public health from cleaner air |

Solar energy stands out for its unmatched dual role—protecting the planet while improving lives,
particularly for those most in need.
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4.Global Overview of Solar Energy Adoption

Solar energy use is rising rapidly across the world, with new records set each year. The cost of solar
panels has dropped by over 70% in the last decade, making solar cheaper and more accessible.

Key Worldwide Statistics

Installed Capacity (GW)

1000 -

800

600

400

200+

By the end of 2024, global solar energy capacity reached >2.2 TW (gigawatts)—the largest share
of any renewable energy source.™

More than 2.2 terawatts (2,200 GW) installed worldwide by mid-2025.

In 2024, solar accounted for 75—-81% of all new renewable energy capacity added globally.

Over 600 GW of solar installed in 2024 alone—mostly in China, the US, and the European
Union".

Top 10 Countries by Installed Solar PV Capacity (End of 2024, Approx.)

1000.0 GW
236.0 GW
99.3 GW 100.0 GW 100.0 GW
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Figure — Top 10 countries by Installed Solar Capacity (Source: IEA-PVPS Snapshot 2025;

IRENA/OWID 2000-2024)

1% Global totals and country rankings based on IEA-PVPS Snapshot of Global PV Markets 2025 (for 2024 values) and
IRENA/Our World in Data (2000—2024 historical)
n Germany ~99.3 GW by end-2024 (BNetzA / Fraunhofer ISE)
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Global Solar PV Capacity Growth (Selected Years)
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Figure: Global solar PV cumulative capacity growth (selected years, 2000—2024). (IEA-PVPS Snapshot 2025;
IRENA/OWID 2000-2024 global capacity datasets.)

Key Trends and Projects

e Rooftop solar systems, community solar, large solar farms, and off-grid installations are all part
of the solar boom.

e The cost to generate electricity from solar panels is now as low as $0.03-$0.06 per kWh,
competing with or beating fossil fuels.

e Emerging markets, such as Tibet and other high-altitude sunny regions, are capitalizing on their
natural advantage.

Major Policies and Incentives

e Many countries and states offer tax credits, rebates, and net metering, making solar more
affordable for homeowners.

e The US Inflation Reduction Act (IRA) set aside billions for solar incentives, benefiting families and
local businesses.

e China’s government has supported solar adoption through large infrastructure investments,
making it the world leader in both manufacturing and installation.

13



5.Solar Energy in Tibet: High-Altitude Excellence

Solar Resource and Potential

e Tibet receives an annual solar radiation of 5,852-8,400 MJ/m?, ranking it among the highest
globally.

e Lhasa, Tibet’s capital, enjoys over 3,000 hours of sunshine each year.

e The plateau’s dry, clear air and high elevation (average: 4,500 meters) further increase the
effectiveness of solar power.

Unique Challenges

e Tibet's extreme altitude, cold, and mountain climate require robust solar equipment and careful
installation.

e large-scale grid integration still faces hurdles—winter/spring energy shortages, need for more
energy storage, and the vast area of the plateau.

e Environmental rules ensure that large solar farms don’t harm key wildlife migration routes or
sacred land.

SOLAR RESOURCE MAP

GLOBAL HORIZONTAL IRRADIATION @) woromanceroe - ESMAP  CHIIED)

g

Long-term average of global horizontal irradiation (GHI)
Daily totals: 22 2.6 3.0 34 38 42 46 5.0 5.4 5.8 6.2 6.6 7.0 T4
= - KWh/m'

Yearly totals: 803 949 1095 1241 1387 1534 16B0 1826 1972 2118 2264 2410 2556 2702

visit http://globalsolaratlas.info

Map: Average Solar Irradiance

(Source: Wikimedia, https://commons.wikimedia.org/wiki/File:World GHI Solar-resource-map_GlobalSolarAtlas World-Bank-
Esmap-Solargis.png)
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Recent Developments and Projects

e More than 109 large-scale solar projects (over 20 MW each) have been built across Tibet, with a
total installed capacity of over 9.365 GW (as of 2025)."

e In 2023, the region added 700 MW from new projects; in 2024, another 860 MW came online,
and a remarkable 2,600 MW came from just 2 mega-projects in 2025.

e Smaller solar projects (1-20 MW) dot the landscape, suitable for rural villages and individual

communities.

Statistics Summary: Tibet

‘Metric

”Value (Most Recent Data) ‘

Total installed PV capacity (2021)

1,390 MW (1.39 GW) in 2021. (Note - Tibet
grew from 1.39 GW (2021) to ~9.4 GW (2025)

‘% of total electric power from clean energy

~90%

‘Households served by solar home systems

1200,000+

‘Rural people benefiting from PV

‘Solar resource average (kWh/m?)

1,816 (average); up to 2,023 in Lhasa

‘Sunshine hours per year

3,000+

‘Large-scale solar project (Caipeng PV)

l
I600,000+ |
|
|
|

”150 MW (world’s highest altitude)

(Tibet’s energy data compiled from Sustainability Journal, TechScience Energy, and news sources)

Key Innovations

e Bifacial solar panels capture sunlight from both sides, increasing efficiency by up to 20%.
e Battery storage systems ensure stable electricity supply, even after sunset or during cloudy

periods.

e Some projects combine solar and hydroelectric power for a more reliable "round-the-clock"

energy supply.

Impact on Local Communities

e Solar has brought electricity to more than 600,000 people who previously lived off the grid.
e Over 70,000 households in remote areas like Ngari use solar energy for lighting and cooking.
e Streetlights, homes, schools, and mobile phone towers now run on solar power.

Social and Environmental Considerations

e Projects have raised living standards for farmers, nomads, and herders, enabling better access
to education, clean water, and communications.

2 Tibet (TAR) cumulative solar ~9.365 GW; 100+ projects identified (Takshashila Geospatial Bulletin, 2025)

B source (Tibet): Takshashila Geospatial Bulletin, 2025
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e There are concerns about the loss of grasslands and traditional grazing areas due to large solar
installations. Community groups have asked for better protection of fragile ecosystems.

High-Altitude Solar Project Case Study

Image: World’s Highest Solar Plant The Caipeng Solar-Storage Station at 5,228 meters in Shannan,
Tibet—the highest altitude solar project globally ™.

Source: https://www.pv-magazine.com/2024/12/17/worlds-highest-solar-plant-by-elevation-qoes-online-in-china/

Huadian Tibet Caipeng PV-Storage Project

e Location: Shannan, Naidong District, elevation 5,228 m.

e Size: 170,000 solar panels, 20 MW/80 MWh battery storage.

e Output: 150 MW (powers up to 40,000 homes), with the first phase generating 60 million
kWh in less than a year.

e Features: Bifacial panels, advanced storage, built in just 115 days.

e Environmental benefit: Reduces CO, by over 100,000 tonnes per year.

“World’s highest-altitude PV-plus-storage project in Tibet (Caipeng) at ~5,228 m (PV-Tech, Dec 2024)
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Pictures from my trip to Tibet
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Images depict solar panels powering individual street lights and residential homes, while also
contributing energy to the main power grid.
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6.Solar Energy in Pennsylvania

Pennsylvania is making rapid progress in adopting solar energy, although it faces different conditions
compared to Tibet. The state has moderate sunlight (about 160-200 sunny days per year) and a more
humid, forested landscape, but supportive policies have allowed solar to flourish in recent years.

State of Solar in 2025

e Installed solar capacity: Pennsylvania now has over 2 GW (2,000 MW)—enough to power
350,000 homes."

e Injust 17 months, the state doubled its solar capacity, signaling accelerating adoption.

e Most of the growth comes from rooftop and distributed solar systems owned by homeowners
and small businesses, as well as utility-scale solar farms in rural counties.

Image: Solar Panels in Pennsylvania

(Source: Wikimedia, https://commons.wikimedia.org/wiki/File:Cleaning_solar_panels,_Palmyra, Pennsylvania.jpg)

B Pennsylvania surpassed ~2 GW of installed solar on July 22, 2025 (Commonwealth of Pennsylvania / PUC)
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Policies and Incentives

e A 30% Residential Clean Energy Credit (25D) is available for qualifying residential solar placed in
service through December 31, 2025 (per IRS/Treasury commissioning rules).

e The Pennsylvania Sunshine Program offers rebates for both residential and small business solar
projects.

e Solar Renewable Energy Certificates (SRECs): Homeowners can earn one SREC for each
megawatt-hour of solar electricity produced and sell it back to utilities for extra income.

e Net metering allows solar users to sell extra electricity to the grid for bill credits.

Costs and Economics

e Average cost per watt: $2.62 (typical system size: 5-10 kW)
e System cost: Around $13,000-$18,000 before tax credits; as low as $9,100 after credits for a 5

kW system.
e With incentives and competitive pricing, homeowners can see a payback period of about 8-10
years.
‘System Size HCost Before Credit ||Cost After 30% Credit |
5 kw 513,003 99,165 |
6 kw 115,712 1$10,998 |
8 kw 1520,949 1$14,664 |
|10 kw 526,186 318,330 |

Table: Typical Solar System Costs in Pennsylvania(Source: EnergySage 2025 national pricing; NREL H2-
2024 median; 2025 statewide bill references.)

Local Benefits

e Solar helps lower average household electricity bills (average monthly bill ~$150-$160/month).™®

e Solar industry supports thousands of jobs in manufacturing, installation, engineering, and
project management across the state.

e Solar panels are found in homes, schools, commercial buildings, and even state parks, providing
both clean energy and shaded parking.

Growth and Challenges
e Pennsylvania still lags behind solar leaders (like California and Texas), but is gaining ground each

year.
e The state aims to generate at least 10% of its electricity from in-state solar by 2030.

16 Average Pennsylvania household electricity bill ~ $150-$160/month in 2025 (statewide references)
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Ongoing challenges include upfront installation costs for some families, limited state-level

rebates, and the upcoming end of the federal residential tax credit.

Comparative Table: Solar Energy in Tibet vs. Pennsylvania

Category HTibet HPennsyIvania

Geog.ra.ph|c High-altitude, strong solar radiation Tem.perate climate, moderate
Conditions sunlight

Annual Sunshine 3,000+ 2 150-2,400

Hours

Average Solar||6.0 kWh/m?/day (peak), 1,816-2,189|| ,

Irradiance kWh/m?2/yr 3.5 kWh/m*/day

Installed Solanly 4 6w (2025) 2 GW+ (2025)

Capacity

‘Per Capita Capacity HHigh (Tibet: strong rural/off-grid use) HLower, but climbing quickly ‘

‘Number of Projects H>109 large projects, plus many small HHundreds of distributed sites ‘

Typical Uses

Homes, street lights, off-grid, rural
farms

Rooftop, utility, community solar

Main Incentives

National, regional support

Federal tax credit; state programs,
SRECs

Local Impact

L [ t t

Financing / Access ||Central investment, donor programs oans,  leases, rebates,  ne
metering

600,000+ gained electricity; quality of|350,000+ homes served; job

life

growth, savings

Environmental
Concerns

Ecosystem, grassland impacts

Minimal; some land use for large
solar farms

(Source: EnergySage 2025 national pricing; NREL H2-2024 median; 2025 statewide bill references.)
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7.Solar Power: Challenges and Looking Forward

Despite its advantages, solar energy faces challenges—especially as adoption skyrockets.
Main challenges:

e Intermittency: Solar only generates during the day (clouds and weather affect this). Solutions:
Combine with batteries or other power sources.

e Storage: Battery technology is improving, but storing enough for entire nights or cloudy
stretches is still costly.

e Upfront Cost: Even though prices are way down, a solar system is still a big investment for many
families (though loans, tax credits, and rebates help a lot).

e Grid upgrades: The electric grid needs to be modernized to handle large amounts of renewable
energy.

e Waste & Recycling: Aging solar panels will eventually need to be recycled or managed
responsibly.

e Equitable Access: Not all communities (including low-income and remote areas) benefit equally
yet—programs are growing to close this gap.

Global Solar Energy: What’s Next?
The future of solar is bright:

e Costs are predicted to fall further.

e Home batteries and electric vehicles will help match supply with demand.

e Smart grids and “virtual power plants” will allow millions of small solar systems to work
together.

e Solaris a pillar of national “net zero” plans and climate agreements.

e Innovation continues in panel efficiency, recycling, and integration with agriculture.

|II

Major organizations, like the International Renewable Energy Agency (IRENA), project that solar could
supply 20-50% of global electricity by 2050 if these trends keep up.
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8.Conclusion

Solar energy is transforming how people across the globe generate and use electricity. It is clean,
powerful, and increasingly affordable. Around the world, countries are turning to solar energy to replace
polluting fossil fuels, tackle climate change, and help communities have better lives.

Tibet is a special example—using its natural sunshine at high altitudes, the region has embraced solar
energy for homes, streetlights, and major power plants. The spread of advanced technologies, such as
bifacial solar panels and battery storage, is making these systems even better suited to Tibet's
demanding climate.

Pennsylvania is making steady progress, using incentives and new technologies to bring solar power to
more people. While the state faces different climate and economic challenges, solar is becoming a
bigger part of its electricity mix every year, creating new jobs and saving families money.

Ultimately, both Tibet and Pennsylvania show that solar energy is not just a solution for the future—it is

already improving lives, protecting the environment, and opening opportunities today. By learning
more, sharing experiences, and continuing to innovate, everyone can be part of the solar revolution.
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Solar Kit for Pickering Valley Elementary School-

Scientific Evaluation, Procurement and Use

- Akshara Raparla, Aneesh Raparla, Viraaj Jairath, Akshita Sikhakolli,
Shravya Srirangam, Aaditri Manocha




Executive Summary

Downingtown Area School District engaged Drishti Foundation in Fall 2024 to deliver a
student-centered solar power initiative at Pickering Valley Elementary School. The team studied
core solar energy concepts and classroom applications, initially considering a small fixed off-grid
system (2—6 panels with charge controller, batteries, and inverter) as a visible learning exhibit.
Following a comparative evaluation of fixed kits (Eco-Worthy, Renogy) and a mobile alternative
(BLUETTI AC180 portable power station), the project selected the BLUETTI AC180. This choice
lowers total cost by eliminating mounts, trenching, fencing, and permitting; improves safety
through an integrated, enclosed design; accelerates deployment by avoiding construction and
inspections; and enhances instructional value with mobility and app-based monitoring.

To meet the ~$2,000 target, the team raised funds through donations and contributions and
negotiated a direct discount with the manufacturer to complete procurement within budget.

The system will be demonstrated to students on September 16, 2025, introducing hands-on
concepts in generation, storage, and efficiency. The solution meets educational objectives
immediately and preserves a clear path to add portable panels or a fixed array in later phases
as curriculum and funding grow.

Based on the evaluation, the project will proceed with the BLUETTI AC180. It delivers mobility,
simplicity, safety, and speed-to-value within budget while keeping future expansion options
open.
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1.Introduction

Engagement background

Downingtown Area School District (DASD) engaged Drishti Foundation in Fall 2024 to evaluate,
fund, and source a student-centered solar power solution for Pickering Valley Elementary
School. The initiative focuses on a mobile, classroom-ready system that powers typical devices,
supports real-time monitoring for lessons, and avoids permanent construction or permitting. It
is delivered through a student-led, volunteer-supported model under PVES/Facilities guidance,
with clear documentation and post-deployment training to ensure safe, confident operation by
school staff.

Objective

The initiative will deliver a visible, hands-on renewable energy learning experience for students
and teachers. It will also supply clean energy for common classroom loads while enabling real-
time monitoring and basic energy management.



2.Scope of Program

Scope

The following scope statement clarifies what this project will and will not include:

In scope: The project includes sourcing and deploying a safe, student-visible solar power
solution, along with preparing clear documentation, delivering staff training, and
completing a formal handoff for day-to-day operations.

Out of scope: The project excludes grid-tie interconnection, any roof penetrations, and
construction activities requiring changes to physical structures.

Requirements

The following requirements define the parameters for budgeting, location, and operations:

Expected Load: It is assumed that the solution must provide power for six laptops, each
rated at 50 watts and operating for six hours, as well as two 50-watt light bulbs running
for eight hours.

Budget: The project should target an approximate total cost of $2,000 and proactively
minimize hidden expenses and any costs associated with permitting.

Location and access: Demonstrations and any temporary setups should take place on
the northeast (left) side of PVES near the vegetable garden to ensure visibility and ease
of supervision.

Operations: The solution must support pausing during holidays and include a clear
transition plan so PVES staff can manage day-to-day operations after deployment.

Constraints

The following constraints establish the boundaries for approvals and safety considerations:

Approvals: Any permanent installations will require township and district permitting.
Safety: The system must ensure child-safe operation with minimal exposed conductors
and straightforward, well-documented procedures.

Success criteria

The following success criteria define how we will measure the effectiveness of the solution:

Learning impact: Students should be able to observe energy generation, storage, and
consumption through a mobile unit with app-based visibility that supports real-time
instruction.



Usability: The solution should be easily portable across classrooms and events, require
minimal setup, and support quick charging to ensure high availability.

Cost and risk: The project should remain within the established budget and reduce risks
by avoiding construction and inspection delays.



3.Project Plan

This section reflects the updated Gantt chart (September 2024 to September 2025) and
incorporates the added School Board approval milestone. It outlines activities, sequencing,
decision gates, and ownership to ensure predictable delivery and clear visibility for district
stakeholders.

Timeline overview

e September—October 2024: Requirements and early stakeholder alignment.

e October—December 2024: Solar analysis and kit evaluations.

e December 2024—January 2025: Stakeholder milestone, final selection, and School Board
approval.

e January—March 2025: Fundraising and procurement.

e April-August 2025: Documentation and presentation preparation.

e September 2025: Demonstration and operational handover.

Task/Milestone oct-24] Nov-24] Dec24] Jan-25] Feb-25| mar-2s] apr-25] may-2s] Jun-2s]  sul-2s] Aug-2s] sep-2s
Initial Requirements
Discussions on Requirement
solar Energy Analysis

Kits Evaluation

Milestone - Stakeholder Discussion ‘

Finalization of Kit I

Approval by School Board

Fund raising

Procurement

Report and Presentation Preparation

Milestone - Demonstration and Handover ‘

Figure 1- Proposed Project Execution Schedule
Work breakdown and sequencing (Figure 1)

¢ Initial requirements (Sep 2024): Define educational, operational, and safety goals;
confirm budget assumptions and scope.

o Discussions on requirement (Sep—Oct 2024): Engage PVES staff and district
stakeholders to validate needs, constraints, and classroom use cases.

o Solar energy analysis (Oct—Nov 2024): Quantify loads, model lesson-block energy, and
size the solution with loss allowances.

o Kits evaluation (Nov—Dec 2024): Compare fixed kits and portable power station on cost,
safety, mobility, and schedule; identify preferred option.

e Milestone — stakeholder discussion (Dec 2024): Present findings and secure
endorsement to proceed to final selection.

e Finalization of kit (Dec 2024-Jan 2025): Confirm the selected solution; document
rationale and operating plan.

e Approval by School Board (Jan 2025): Obtain formal authorization for procurement and
classroom deployment.



¢ Fund raising (Jan—Mar 2025): Secure donations and contributions to meet the target
budget.

¢ Procurement (Feb—Mar 2025): Negotiate pricing with the manufacturer or retailer,
place the order, and receive the unit; verify contents and warranty.

e Report and presentation preparation (Apr—Aug 2025): Finalize documentation, quick-
start/safety cards, training materials, and presentation assets.

¢ Milestone — demonstration and handover (Sep 2025): Deliver student demonstration
and staff orientation; transfer operational ownership to PVES.

Dependencies and critical path

e Analysis - Evaluation - Stakeholder milestone: Technical findings inform option
selection and endorsement.

o Finalization - School Board approval: Final selection package is required before the
Board vote.

e Board approval - Fundraising - Procurement: Authorization precedes fundraising
completion and purchase; negotiated pricing reduces lead time risks.

e Procurement - Documentation/training - Demonstration: Device receipt enables
accurate SOPs and training content; these must be ready before the September event.

Milestones

o Stakeholder discussion (Dec 2024): Endorse preferred solution and next steps.

¢ School Board approval (Jan 2025): Formal authorization to purchase and deploy.

e Purchase complete (Mar 2025): Unit received, inspected, and ready for training content
finalization.

e Demonstration and handover (Sep 2025): Classroom demonstration delivered;
operational ownership transferred.

Roles and responsibilities

e Project lead and team (Drishti Foundation): Planning, analysis, options evaluation,
fundraising coordination, procurement, training, and documentation.

e PVES Principal: Approval to proceed, alignment with educational goals, scheduling of
demonstration.

o Facilities designee: Backup support; storage environment and safety checks.

o District stakeholders and School Board: Decision approvals at milestone gates; policy
alignment and governance.

Gantt alignment summary
e Start: September 2024 with requirements and stakeholder engagement

e Middle: December 2024 stakeholder milestone; January 2025 School Board approval;
January—March 2025 fundraising and procurement



e Finish: September 2025 demonstration and handover, following April-August 2025
documentation and training preparation

This revised plan adds governance clarity with the School Board approval gate, preserves
schedule certainty through a portable, no-install solution, and ensures the system is instruction
ready for the fall demonstration and sustained classroom use.



4.Solar Energy Overview

What is Solar Energy

At its core, solar energy is the energy that comes from the sun’s light and heat. The sun, a massive ball
of burning gas, constantly produces energy through a process called nuclear fusion. This process makes
the sun the most important source of energy for life on Earth. Each year, the Earth receives an incredible
174 petawatts® of solar energy—so much that, if we could capture it all, we’d never need any other
energy source.

Solar energy is converted into electricity through a process known as the photovoltaic effect. When
sunlight strikes solar panels—composed of photovoltaic cells typically made from silicon—it energizes
electrons within the material. These energized electrons are knocked loose and begin to flow,
generating a direct current (DC) of electricity. Since most homes and appliances operate on alternating
current (AC), an inverter is used to convert the DC into usable AC power. This electricity can then be
used immediately, stored in batteries for later use, or fed into the electrical grid. The efficiency of this
conversion depends on several factors, including the orientation and angle of the panels, sunlight
intensity, temperature, shading, and the quality of the inverter and storage systems.

Image- Photons from sunlight hit the cell, creating electricity by moving electrons

! https://en.wikipedia.org/wiki/Solar_energy



Source- LabXChange
https://www.labxchange.org/library/items/Ib:LabXchange:8e084a3e:html:1

Solar Energy System Components

Solar Panels

Solar panels serve as the primary component for converting solar energy into electrical current
through the photovoltaic effect. For small to medium-scale installations, a typical setup may
include 4 to 6 panels, depending on energy requirements and available space.

e Panel Type: Monocrystalline solar panels are recommended due to their higher
efficiency and compact design. Although they are more expensive than polycrystalline
panels, their superior performance makes them a preferred choice for long-term energy
generation.

Charge Controllers
Charge controllers regulate the voltage and current from the solar panels before it reaches the
battery system. Their primary function is to prevent battery overcharging and ensure safe,
efficient energy transfer.
Types of Charge Controllers:
e Simple Controllers: These include 1-stage and 2-stage models, offering basic regulation.
e PWM (Pulse Width Modulation): These 3-stage controllers provide improved charging
efficiency and battery protection.
e MPPT (Maximum Power Point Tracking): The most efficient option, MPPT controllers
optimize power output by adjusting voltage to match the battery’s charging profile,
especially under variable sunlight conditions.

Battery

The battery stores backup energy for use during periods of low sunlight or high demand. A
commonly used configuration is a 12V 200Ah LiFePO, (Lithium Iron Phosphate) battery, known
for its long cycle life, safety, and high energy density. This battery type is well-suited for solar
applications due to its stability and efficiency.

Inverter

The inverter plays a critical role in converting the direct current (DC) produced by the solar
panels and stored in the battery into alternating current (AC), which is compatible with
standard household appliances. It is positioned between the battery and the load, transforming
the 12V DC output into 110V AC.

Inverter Types:
. Centralized or String Inverter: Ideal for systems with uniform panel orientation.
. Power Optimizer: Enhances performance by adjusting voltage at the panel level.
. Micro Inverter: Installed on individual panels, offering maximum flexibility and

efficiency, especially in shaded or complex installations.
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Image- Solar Energy System with components

Source: Palmoreco, https://palmoreco.com/blog/fag-about-photovoltaic-inverters/
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S.Load Analysis

This section translates classroom device needs into energy terms so we can size a solution
accurately. We begin by distinguishing power (W) from energy (Wh), then convert each target
load (laptops and lights) into daily energy using the relationship:

Energy (Wh) = Power (W) * Time (h)

We also model a practical “lesson block” scenario ( a practical classroom scenario) that reflects
realistic classroom usage and modern LED lighting, and we account for conversion losses so
battery capacity maps to real-world runtime. These steps ensure the selected system can
reliably support instruction without over- or under-sizing.

Definitions and units

Power (W): The rate at which a device uses energy at any moment.

Energy (Wh): Power accumulated over time. Energy equals power multiplied by
duration.

Energy (Wh) = Power (W) * Time
Why this matters: Device labels list power (W), but batteries and daily needs are in

energy (Wh or kWh). To size a solution, convert each load’s power to energy by
multiplying by hours of use.

Target loads as specified

Laptops: The assumed requirement was to power 6 devices at 50 W each for 6 hours.
E(Laptops) =6 * 50 * 6 = 1,800 Wh

Explanation: Six laptops each draw 50W. Over 6 h, each laptop uses 50 * 6 = 300 Wh. Six
laptops therefore consume 6 * 300 = 1,800 Wh.

Bulbs: The assumed requirement was to power 2 bulbs at 50 W each for 8 hours.
E(Bulbs)=2 * 50 * 8 =800 Wh

Explanation: Two bulbs each draw 50 W. Over 8 h, each bulb uses 50 * 8 = 400 Wh. Two
bulbs therefore consume 2 * 400 = 800 Wh.

Total daily energy (upper bound):

E(Total)=E(Laptop) + E(Bulbs) = 1,800 + 800 = 2,600 Wh(2.6 kWh)

13



Explanation: Daily energy is the sum of each device group’s energy use.
Practical classroom scenario (“lesson block”)
e Assumptions:

o Modern laptops average 25-45 W. We will use a realistic midpoint of 35 W
o LED bulbs are 9-15 W (assume 10 W) rather than the full 50 W of incandescent

bulbs.
o We will consider a continuous teaching session of about 3 hours, referred to as a
lesson block.

o Energy per block:

E(Laptops per block) =6 * 35 * 3=630 Wh
E(Bulbs per block) = 2* 10 * 3 =60 Wh
E(Total per block) = 630 + 60 = 690 Wh

Explanation: Multiply each device group’s average power by the session length, then add them
to get energy for one class period or lab.
Accounting for conversion losses

e Inverter and system losses: Real systems have inefficiencies (inverter, wiring, battery
charge/discharge). A simple planning allowance is 10-15%.

E(usable)=E(battery) * (1 - 0.10 to 0.15)
Example: A 1,152 Wh battery with 12% losses yields approximately-
1,152 * 0.88 = 1,014 Wh usable

Explanation: Multiply nominal capacity by an efficiency factor to estimate real-world
usable energy.

Implications for sizing

e Portable unit target: A system with ~1.1-1.5 kWh nominal capacity provides about
~1.0-1.3 kWh usable after losses, enough for one 690 Wh lesson block (and possibly
two with conservative use or quick recharge).

¢ Full-day upper bound: Covering 2.6 kWh in one day on battery alone will require larger
storage and/or continuous solar input during use.

14



Summary

The calculations show an upper-bound daily requirement of 2.6 kWh for the originally stated
loads, while a realistic lesson block is approximately 690 Wh. Incorporating a 10-15% allowance
for conversion losses, a portable system with ~1.1 — 1.5 kWh nominal capacity comfortably
supports lesson blocks with recharge between sessions, whereas full-day autonomy at the
upper bound requires either larger storage or active solar input during use. These results guide
us toward a mobile, right-sized solution and reserve fixed or higher-capacity options for future
phases if full-day operation becomes a requirement.
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6.0Options Evaluation

Here is an overview of the solution pathways considered, organized from fixed, installation-
based kits to a portable, no-install alternative. Options were identified through a broad
sampling process that included in-store and online offerings from Home Depot, Amazon listings,
manufacturer sites, and independent internet research; we reviewed product specifications,
user reviews, and warranty/support details to ensure practical suitability in a K-5 environment.
Each option was then assessed against clarified energy needs (a 2.6 kWh upper-bound day and
a ~690 Wh lesson block), safety, mobility for classroom use, total cost including
mounts/fencing/conduit where applicable, and schedule/approval risk. The summaries below
highlight the core trade-offs so stakeholders can see how each path aligns with instructional
goals, budget, and timeline.

Options summary

e Eco-Worthy 6x195 W fixed kit (3,000 W inverter, 2,560 Wh battery): Highest output;
requires mounts, fencing, wiring, and approvals; highest total cost. 2

DIY COMPLETE
SOLAR POWER SYSTEM

Bpes 195w

24V 100Ah Mono Solar Panel

LiFePO4 Battery

1pc 3000W 24V
Hybird Inverter

Image - Eco-Worthy 6x195 W fixed kit

Source — Amazon Product Listing

2 https://www.amazon.com/ECO-WORTHY-Complete-Lithium-Battery-Inverter/dp/B09B96QD9Y
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e Renogy 4x100 W fixed kit (3,000 W inverter, 12 V 100 Ah battery): Lower generation;
still requires installation/fencing/wiring and approvals. **

Image - Renogy Solar Kit

Source — Amazon Product Listing

e Eco-Worthy 4x100 W fixed kit (2,000 W inverter, 2x12 V 100 Ah): Similar install burden;
moderate capacity. >

1
il
1

N —————— ]

| [T
i e

Image — Eco-Worthy 4 x 100 W fixed Solar kit

Source- Amazon Product Listing

? https://www.homedepot.com/p/Renogy-3000-Watt-Pure-Sine-Wave-Inverter-12V-DC-to-120V-AC-Converter-for-
Off-Grid-Solar-Power-w-Built-in-5V-2-1A-USB-Port-RNG-INVT-3000-12V-P2/308843258

* https://www.amazon.com/Renogy-Monocrystalline-Starter-Controller-Inverter/dp/BOBN2RAGBZ

> https://www.amazon.com/ECO-WORTHY-Solar-Panel-Kit/dp/BOCT8D12XZ
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e BLUETTI AC180 portable power station (Selected): 1,800 W AC continuous output, 1,152
Wh LiFePQ, storage; no installation; mobile; fast deployment and lower total cost.®

Comparison table

Image- Bluetti Solar Kit

Source- Bluettipower.com

Attribute Eco-Worthy 6x195 W || Renogy 4x100 W Eco-Worthy 4x100 W BLUETTI AC180
(fixed) (fixed) (fixed) (portable)
Panels + MPPT + Panels + . All-in-one portable
. controller + Panels + MPPT + inverter . .
System type inverter + 2,560 Wh ||. power station with
inverter + ~1,200 ||+ ~2,400 Wh battery
battery 1,152 Wh
Wh battery

Ground mount, fence,

Ground mount,

Ground mount, fence,

None (plug-and-

Install needs . fence, conduit, .
conduit, approvals conduit, approvals play)
approvals
‘Mobility |Low |Low ”Low ‘High

Meets 690 Wh lesson
block (with losses)

Yes, with large margin

Yes, with margin

Yes, with large margin

Yes, with modest
margin

Meets 2.6 kWh day
without solar input
(with losses)

Yes (2.56 kWh
nominal; borderline
after losses, but
supported with
daytime PV)

No (insufficient
capacity)

Borderline/partial (close,
still tight after losses;
daytime PV helps)

No (insufficient
capacity)

Daytime solar support

High (=1.17 kW array)

Low—moderate
(=400 W array)

Low—moderate (=400 W
array)

Optional portable
panels only (e.g.,
200-400 W)

Recharge pathway

Solar + AC

Solar + AC

Solar + AC

Fast AC; optional
portable solar

6 https://www.bluettipower.com/products/ac180
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Attribute

Eco-Worthy 6x195 W || Renogy 4x100 W || Eco-Worthy 4x100 W BLUETTI AC180

(fixed) (fixed) (fixed) (portable)
> -
Total cost incl. materials||= $3,673 = $2,452 = $2,483 < 51,500 ('unlt),
panels optional
‘Schedule/approval risk HHigh HMedium—High ”Medium—High ”Low

Classroom fit

Mobile across

Fixed demo zone Fixed demo zone |[Fixed demo zone
rooms/events

Option-by-option assessment vs. Energy targets

Eco-Worthy 6x195 W (fixed):

o Capacity and generation: 2,560 Wh battery plus =1.17 kW PV can meet a 2.6 kWh
day when including daytime solar contribution. Pure battery-only discharge is tight
after losses; PV input closes the gap.

o Lesson block: Easily covers 690 Wh blocks repeatedly.

o Trade-offs: Highest cost and permitting/installation burden; lowest mobility.

¢ Renogy 4x100 W (fixed):

o Capacity and generation: ~1,200 Wh battery with =400 W PV; inadequate for a 2.6
kWh battery-only day. With several hours of good sun, can support portions of the
day, but still short of the upper bound without careful load management.

Lesson block: Covers a 690 Wh block (allowing for losses, it’s close but feasible).
o Trade-offs: Installation and approvals still required; lower total cost than large kit

o

o

o

o

o

but limited daily energy.

Eco-Worthy 4x100 W (fixed):

Capacity and generation: ~2,400 Wh battery with =400 W PV; near the 2.6 kWh day
threshold, but after losses battery-only is tight. With 400 W PV over multiple sun
hours, can approach or meet daily energy depending on conditions.

Lesson block: Covers 690 Wh comfortably.

Trade-offs: Same installation hurdles as other fixed kits; moderate cost.

BLUETTI AC180 (portable) — Selected:

Capacity: 1,152 Wh; does not meet a full 2.6 kWh day on battery alone. Ideal for one
to two 690 Wh lesson blocks with prudent management and quick AC recharge
between sessions.

Lesson block: Meets 690 Wh block with modest margin; best fit for mobile,
repeatable lessons and events.

Trade-offs: Minimal cost and zero installation/approval risk; mobility and safety
advantages; add 200-400 W portable panels in a later phase for solar
demonstrations and partial daytime replenishment.

The BLUETTI AC180 was selected for its lower total cost, full mobility, no required installation or
approvals, and strong user reviews.
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Decision rationale

e Faster delivery and lowest schedule risk.

¢ Mobile, versatile, and safer in student spaces.

e Lower total cost by avoiding mounts, fencing, conduit, and inspections.
e Clear monitoring for teaching without custom instrumentation.
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7.Final Solution and Operations Plan

This section summarizes the selected system and how it will be used day to day. The focus is on
reliable classroom operation, simple charging and monitoring, and a clear pathway to add
portable solar for demonstrations in a later phase.

System overview

e Core unit: BLUETTI AC180 portable power station with 1,800 W continuous AC output
and 1,152 Wh LiFePQ, storage, providing stable, classroom-safe power and long cycle
life.

e Interfaces: Multiple AC outlets for laptops and peripherals; USB-A/USB-C ports for
device charging; 12 V DC output; integrated wireless charging pad; and a companion app
for status, metrics, and basic controls.

o Charging approach: Foldable solar panels to support outdoor demonstrations and real-
time solar charging. Standard AC wall charging for quick turnarounds between lessons.

BLUETTI AC180

Weight: 16kg / 35.27lbs

00000 0 O

000

4 4 4 28 B &
© 00000

- 2 : 8.5 S (247 mm
2,490 [ 340mm o

Image — Bluetti Console and features

Source- Bluetti AC 180 User Manual
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Expected performance

e Cover the expected lesson block of approximately 600-800 Wh coverage for laptops and
LED lighting.
e Recharge: Fast AC recharge between classes or overnight to maintain availability.

Photos/diagrams

Images - Student with mobile power station
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Image- Bluetti Charging from Solar Power

Source- Bluetti AC 180 User Manual
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8.Budget and Procurement

A clear understanding of the budget envelope guided all technical choices and procurement
steps. The project targeted a total cost of approximately $2,000, balancing instructional impact
with operational simplicity and safety. To meet this target, the team raised funds through
donations and community contributions, then pursued competitive pricing. After comparing
retail channels and support terms, we negotiated a discount directly with the manufacturer and
acquired the BLUETTI AC180 at a favorable price point, ensuring value while preserving funds
for classroom materials and future enhancements.

Final selection costs

e BLUETTI AC180 unit: Priced within or below the $2,000 budget envelope after
negotiated discount, inclusive of standard accessories and warranty.
e Optional add-ons (not included in Phase 1):
o Mobility cart: A small utility cart with straps for safe hallway transport between
classrooms.
o Secure storage: A lockable cabinet that provides a designated charging location
and limits unauthorized access.
o Operational aids: Laminated quick-start and safety cards for front-of-unit
reference.

Costs avoided

o Construction-related expenses: By selecting a portable, all-in-one unit, the project
avoided costs associated with fixed installations, including mounts, fencing, conduit,
outdoor junctions, plexiglass battery enclosures, and permitting/inspection fees.

e Schedule and overhead: Eliminating construction also reduced indirect costs such as
contractor coordination, site downtime, and inspection delays.

Procurement summary

¢ Funding approach: Community donations and contributions aligned to the defined
budget and educational objectives.

e Sourcing strategy: Evaluated multiple channels for price, availability, warranty, and
support responsiveness; direct engagement with the manufacturer enabled a discount
and timely delivery.

e Outcome: Solution acquired on budget with documented warranty, user manuals, and
support contacts, ready for immediate deployment and staff training.

24



9.Safety and Risk Management

A portable, all-in-one system was chosen to minimize hazards and simplify compliance in a K-5
environment. The BLUETTI AC180 integrates protection features that reduce electrical risk,
removes construction-related exposures, and supports straightforward operating procedures.
The practices below align with common-sense safety, basic electrical best practices, and school
facility expectations, enabling consistent, supervised use across classrooms.

Design and compliance advantages

Integrated protections: The enclosed LiFePO, battery, built-in battery management
system (BMS), and internal inverter reduce shock and touch hazards compared to open-
wired, component-based kits.

No construction exposure: With no fixed mounts, trenches, conduit runs, or fencing, the
solution eliminates typical construction risks and avoids the need for permitting or
inspections associated with permanent installations.

Clear labeling and references: Front-of-unit quick-start and safety cards provide
accessible guidance for staff and volunteers, supporting consistent procedures and
compliance with school safety protocols.

Operating safeguards

Supervised use: Always operate under adult supervision; store the unit in a locked
location when not in use to prevent unauthorized access.

Safe power distribution: Use short, high-quality cords; keep cables out of walkways; do
not daisy-chain power strips or extension cords.

Load limits: Do not exceed 1,800 W continuous AC output; verify the combined wattage
of connected devices before turning on loads.

Battery care: Maintain a 20-90% state of charge for longevity; perform a monthly top-
off during extended breaks to preserve battery health.

Ergonomics and accessibility: Position the unit at an accessible height on a stable cart;
provide large-print quick-start instructions for quick, error-resistant setup and
shutdown.

Risk management practices

Pre-use checklist: Confirm SOC, cord condition, ventilation clearance, and load totals
before each session.

Incident response: If the unit alarms or shuts down, power off connected devices,
disconnect loads, and follow the quick-start card’s restart steps; escalate to the
designated owner if issues persist.

Storage and environment: Store in a dry, temperature-controlled area away from direct
heat sources and liquids; ensure adequate ventilation during charging and operation.

25



¢ Documentation and training: Maintain updated SOPs, keep manufacturer manuals on
file, and refresh staff training annually or when personnel change.
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10. Demonstration and Handoff

This section prepares staff and students to use the BLUETTI AC180 safely and confidently from
day one. It outlines a brief training plan tailored to K=5 classrooms, the documents provided for
ongoing reference, and clear ownership for daily operations and support. The goal is to enable
smooth, repeatable use across classrooms while minimizing risk and downtime.

Training — Sep 16, 2025

o Staff orientation (45 minutes): Ports and interfaces, app monitoring, charging
procedures, and secure storage.

¢ Student mini-lesson (20 minutes): Core solar energy concepts and safe, hands-on usage
of the BLUETTI AC180.

e Emergency procedures: Step-by-step power-down, designated storage location, and key
contact list.

Documentation delivered

e Quick-start card: Laminated, front-of-unit reference for setup, operation, and shutdown.
e User manuals: Manufacturer documentation for the BLUETTI AC180 and accessories.
e Website URL: https://www.bluettipower.com/products/ac180

Handoff

e Operational owner: PVES technology/media lead responsible for daily use, storage, and
scheduling.

e Backup: Facilities designee for continuity and safety oversight.

e Support: BLUETTI provides product support via phone and email through its support
portal: https://www.bluettipower.com/pages/support
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11. Conclusion and Next Steps

This initiative delivers a safe, mobile, and instruction-ready clean energy solution that meets
real classroom needs without installation delays or permitting. By selecting the BLUETTI AC180,
the team prioritized immediate educational impact, clear monitoring, and low operational risk,
while keeping costs predictable and management simple for PVES staff.

Key takeaways

o Educational value: Students directly observe generation, storage, and consumption with
live readings that reinforce core STEM concepts.

e Operational simplicity: Plug-and-play use, fast recharge, and clear SOPs reduce
downtime and support rotation across classrooms.

e Risk reduction: Enclosed design, modest power levels, and no fixed construction
minimize safety and approval hurdles.

Future possibilities
The following features or activities can be considered to take the program forward.

o Portable solar expansion: Add 200-400 W foldable panels to demonstrate real-time
charging, shade impacts, and weather variability during outdoor lessons.

o Data and curriculum integration: Use app logs for student data journals, energy math,
and cross-curricular projects (science, math, social studies on sustainability).

e Capacity scaling: Introduce a second portable unit or a higher-capacity station to
support multi-class events or clubs without recharging between sessions.

o Fixed array feasibility: Explore a small, fenced ground-mount or canopy array with NEC-
compliant labeling and monitoring to support all-day energy goals and a permanent
learning exhibit.

¢ Student-led operations: Establish an “Energy Steward” program where students handle
pre-use checklists, basic diagnostics, and weekly reporting.

e Community engagement: Host family STEM nights, publish monthly “energy
snapshots,” and partner with local industry or utilities for guest talks and sponsorships.

¢ Maintenance and lifecycle: Implement quarterly health checks, battery longevity
practices (20-90% SoC), and a 3-5 year review for upgrades or replacements.
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