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Abstract

This article explores the role of distributed energy resources such as efficient
solar cells that drive carbon neutrality within the solar energy. For example,
the perovskite solar cells offer high efficiency and potential for low-cost pro-
duction. A novel theoretical model is discovered in distributed energy re-
sources for power emissions and cost. The smart carbon neutrality approaches
are analyzed in both theory and experiments. The advantages, current chal-
lenges, and future prospects of the related solutions are discussed methodi-
cally. By addressing stability and scalability issues, these approaches can con-
tribute significantly to reducing carbon emissions and promoting sustainable
energy solutions.
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1. Introduction

In the era where the impacts of climate change are becoming increasingly evident,
the pursuit of carbon neutrality has emerged as a global imperative [1] [2]. As we
look for sustainable solutions to reduce greenhouse gas emissions and mitigate
the effects of environmental degradation, the technology of solar and photoenergy
systems offers a promising path forward. Solar energy systems can convert solar
irradiation to the electricity output that projects sufficient amount in order to
meet the world’s need.

Solar energy, harnessed through photovoltaic panels, has long been recognized
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as a clean and renewable source of power. It taps into the abundant energy of the
sun, converting sunlight directly into electricity with minimal environmental im-
pact. Distributed solar energy systems, on the other hand, utilize various processes
to capture and convert light energy for different applications, ranging from power
generation to lighting and heating.

Carbon neutrality refers to a state where the total amount of greenhouse gases
emitted is balanced by an equal amount of removal or offset. Solar energy systems
along with other renewable energies play a vital role in this equation by providing
a means to generate electricity without emitting carbon dioxide or other harmful
pollutants. Moreover, these technologies can be integrated into various sectors,
including residential, commercial, and industrial, enabling a widespread reduc-
tion in carbon footprints.

In addition to their environmental benefits, solar energy systems also offer eco-
nomic advantages [3]. As the technology continues to advance and costs decline,
they become increasingly accessible and competitive with traditional energy
sources. This not only reduces energy bills for consumers but also creates new
business opportunities and jobs in the renewable energy sector.

As we move forward, the development and deployment of Solar energy Systems

will be crucial in our journey towards carbon neutrality.

2. Material Innovation for Hybrid Clean Energies

2.1. Technology Development of Solar Energies

Numerous exciting works worldwide on perovskite solar cells (PSC) [4]-[6] have
developed advanced photovoltaic materials with higher light absorption capabili-
ties than traditional silicon-based solar cells. For example, research into PSC
shows great promise as they can have high absorption coefficients and potentially
offer higher conversion efficiencies than traditional silicon-based cells.

Tandem solar cells are employed that combine different materials with different
absorption spectra. This allows for a broader range of sunlight wavelengths to be
captured and converted into electricity, increasing overall efficiency. Solar panels
are designed with anti-reflective coatings in order to minimize the reflection of
sunlight. This ensures that more light is absorbed by the photovoltaic material.

Solar panels are strategically placed in order to maximize sunlight exposure.
This may involve using tracking systems that follow the sun’s movement through-
out the day, ensuring that the panels are always oriented towards the sun for max-
imum efficiency. Solar panels are installed at an optimal angle and location to
avoid shading from nearby objects. Solar panels are regularly cleaned to remove
dust, dirt, and debris that can reduce their efficiency. A clean panel can absorb
more sunlight and convert it more effectively. Routine maintenance checks are
conducted to ensure that all components of the solar energy system are function-
ing properly. Any malfunctioning parts can lead to a decrease in efficiency.

Investigation in continuous research and development proceeds in order to im-

prove the fundamental understanding of solar energy systems. This can help
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discover new techniques and technologies that enhance efficiency and thus bene-

fits carbon neutrality.

2.2. Energy Storage’s Technology

It is highly valuable to compliment the solar energy systems with efficient energy
storage (ES) solutions such as batteries. This allows excess energy generated dur-
ing peak sunlight hours to be stored and used later when sunlight is not available,
maximizing the overall utilization of the solar energy converted.

Securing financing for solar projects can be difficult, especially for small-scale
installations. The lack of clear and consistent financial incentives and policies can
also slow down the adoption of solar energy conversion technologies.

Grid integration cost is the major commercial factor for deployment in large
scales. Integrating solar power into the existing electrical grid can be costly. Up-
grades to the grid infrastructure may be needed to handle the variable output of
solar energy and ensure grid stability. Consequently, distributed energies with the
good energy storage is essential requirement in the use of solar energy systems.
There are wide variety of ES choices currently available in the market. Several ex-
amples are illustrated at below.

1) Batteries: Lithium-ion batteries and other advanced battery technologies can
store excess solar energy generated during peak sunlight hours for use when the
sun isn’t shining. This helps smooth out the power supply and provides a reliable
source of electricity even during periods of low solar generation.

2) Pumped Hydro Storage: This involves pumping water to a higher reservoir
when there is excess solar power and then releasing it through turbines to generate
electricity when needed.

3) Thermal Energy Storage: Solar thermal systems can store heat in molten salts

or other materials for later use in generating electricity or providing heat.

2.3. Integration and Challenges

Implementing solar energy conversion technologies comes with several chal-
lenges.

There are technical challenges such as efficiency limitations. Current solar pan-
els have limited conversion efficiencies. While efficiencies have been improving
over time, they still fall short of reaching a level that can compete fully with tradi-
tional fossil fuel-based power generation in terms of cost-effectiveness without
significant subsidies. This situation is compounded by durability and life span,
especially for PSC. Solar panels need to withstand harsh environmental conditions
over long periods. Exposure to extreme temperatures, UV radiation, moisture,
and wind can degrade the performance and lifespan of the panels. Ensuring long-
term durability and reliability is a major technical challenge.

Another challenge is the Intermittency. Solar energy is only available during
daylight hours and its availability can be affected by weather conditions such as

clouds, rain, and haze. This intermittency requires effective energy storage
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solutions or backup power sources to ensure a continuous supply of electricity.

Expanding and strengthening the electrical grid allows for the transfer of solar
power from areas with high generation to areas with low generation or demand.
This helps balance the overall supply and demand and reduces the impact of in-
termittency.

Finally, the hybrid systems are highly valuable. Combining solar energy with
other renewable energy sources such as wind, hydro, or geothermal can help re-
duce the intermittency. Different sources have different generation patterns, and

by combining them, a more stable power supply can be achieved.

3. Mathematical Model

For the hybrid energy solution and the integration, The objective of optimization
is to achieve the maximum comprehensive benefit through the reasonable coor-
dination of source-grid and storage-load scheduling. The microgrid can operate
in either a grid-connected mode or an independent mode, both of which require
the distributed power supply, battery, and load to be properly scheduled. For in-
stance, a microgrid can operate more reliably under the independent operation
mode, but the scheduling process for DERs is complex. A mathematical model
may be given to describe a ubiquitous law called the PUM model, which is given
at below by Equation (1) in this section.

The DER is modeled to investigate the power, cost, and carbon emissions of
energy that are illustrated in Figure 1. Because a microgrid operates relatively sta-
bly and reliably in the grid-connected mode, the energy scheduling problem with

optimization mainly focuses on achieving economic and environmental goals.

Figure 1. An energy management system with three inputs on the left for satisfying three
output functions on the right; the middle column indicates power managements.

A few assumptions or suggestions are made as follows.
1) The power transmission or power loss function is essentially linear with neg-
ligible higher-order harmonics in relation to the input parameters. The power

transmission loss is typically small due to the local transmission conditions.
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2) The delivered power is selected every 5 min as the input parameters in the
rolling time average calculation. The real-time power is monitored, and the output
power is controlled and dispatched according to user requests.

In this study, a scientific description are shown as so applicable as to be a set of
general mathematical equations. The conversion model (as conversion of energy

to carbon emissions with the 3-by-3 matrix model) are expressed as follows:

End, ] 1 1 1 Pls
CEco = J.To KC_PG KC_ES KC_GP * PEts *dt (1)
Cm<T:D Keo_re Koo es Kep_op Pép

The coefficients in the matrix illustrates the system characteristics of the DER
or solar systems. The three input parameters on the right side are various power
inputs available dependent upon time variation; the three output on the left side
in Equation (1) indicates the power/ cost/ carbon emissions. The current compar-
ison is based on both economics and the carbon energy market. In other words, a
comparison of dimensional entities or units can be made from commercial per-
spectives without errors in the physically dimensional concerns. The results below
can be understood with the linear algebraic equations that can be solved with in-
tegrated time span. The energy, cost, and carbon emissions are obtained from
Equation (1).

The general problem becomes an interesting mathematical problem that can be
solved in the mathematical framework [3]. The linear algebraic equation may be
simplified by solving for the three eigenvalues and deriving the three eigenstates
in the eigenspace. The linear algebraic problem leads to characteristic (eigenvalue)
equations in the eigenspace that have a diagonalizable matrix and three orthogo-
nal variables. The 3 x 3 square matrix is the diagonal matrix. One can derive the

eigenstates from linear algebraic calculations of the matrix.

4. Experiments Studies

A variety of perovskite compositions were synthesized, including methylammo-
nium lead iodide (MAPDI;), formamidinium lead iodide (FAPDbI;), and mixed-
cation perovskites. The materials were prepared using solution-based methods
such as spin-coating, antisolvent quenching, and vapor deposition. Electron
transport layers (ETLs) and hole transport layers (HTLs) were selected to facilitate
charge extraction and transport. Materials such as titanium dioxide (TiO,), tin
dioxide (SnO,), and spiro-OMeTAD were used as ETLs and HTLs, respectively.
Based on the Silicon substrates: Transparent conductive oxides (TCOs), such as
fluorine-doped tin oxide (FTO) and indium tin oxide (ITO), were used as sub-
strates for the perovskite solar cells.

The perovskite solar cells were fabricated using a sequential deposition process.
First, the TCO substrate was cleaned and treated to improve its surface properties.
Then, the ETL was deposited onto the substrate using a spin-coating or spray-

coating method. Next, the perovskite layer was deposited by spin-coating or vapor
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deposition. Finally, the HTL and metal electrode were deposited to complete the
device structure.

Photovoltaic performances are characterized as follows. The current-voltage (I-
V) characteristics of the perovskite solar cells were measured using a solar simu-
lator under standard test conditions (AM 1.5G illumination, 100 mW/cm?). The
power conversion efficiency (PCE), open-circuit voltage (Voc), short-circuit cur-
rent density (Jsc), and fill factor (FF) were calculated from the I-V curves.

The spectral response efficiency of PSC is measured to determine the spectral
response of the devices. The efficiency is defined as the ratio of the number of
electrons generated by the device to the number of incident photons at a specific
wavelength.

The stability of PSC is evaluated by subjecting the devices to various environ-
mental conditions, such as heat, humidity, and light exposure. The changes in
photovoltaic performance over time are monitored to assess the long-term stabil-
ity of the devices.

5. Results and Discussions

5.1. Discussions

Various results are discovered in this article. The scalability of PSC is an important
factor for their commercialization. In this study, the fabrication process was scaled
up to fabricate large-area PSC. It is found that the fabrication process could be
scaled up without significant loss in performance. However, further optimization
is needed to improve the uniformity and reproducibility of the devices.

The potential of PSCs for building-integrated photovoltaics (BIPV) is explored.
PSCs can be integrated into building facades, roofs, and windows, providing a
dual function of energy generation and architectural aesthetics.

The stability of PSCs is a major concern for their practical application. It is
found that PSCs are sensitive to moisture, heat, and light exposure. However, by
using appropriate encapsulation techniques and materials, the stability of the de-
vices could be improved. Strategies to improve the stability of PSCs include using
stable perovskite compositions, optimizing charge transport layers, and imple-
menting effective encapsulation methods.

One limitation could be the assumption of ideal conditions for renewable sys-
tems. In reality, environmental factors vary. Also, the formula might oversimplify
complex interactions between different energy conversion processes. Potential bi-
ases in selecting sample renewable setups can affect the universality of the find-

ings.

5.2. Challenges and Future Directions

Despite the progress made in improving the PSC stability, further research is
needed to develop more stable perovskite compositions and charge transport lay-
ers. Encapsulation technique of PSCs need to be further optimized to provide bet-

ter protection against moisture, oxygen, and heat. Multilayer encapsulation and
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the use of novel encapsulation materials may offer improved stability.

Long-term stability testing under real-world conditions is essential to ensure
the reliability of solar energies in general. In addition, the thermal electric energy
and the geothermal energy are relatively stable; they may be utilized in combina-
tion with solar energy, wind energy, wave energy, etc. The combination can be
powerful green energy, energy conservation and environmental protection tech-

nologies; they may form worldwide high-quality distributed energy resources.

6. Conclusions

Solar energy is one of the most promising renewable energy sources for achieving
carbon neutrality. Solar panels can generate electricity directly from sunlight,
without producing any greenhouse gas emissions with vast amounts of solar re-
sources on the earth.

The solar energy is abundant, widely available, and can be installed in a variety
of locations, making it a highly scalable energy source. In order to study and to
maximize the value of solar energy, numerous studies demonstrate the potential
of solar systems and smart energy solutions for hybrid energies.

In this article, the conclusion leads to both a theoretical model and experi-
mental or architectural solutions that present a predictive design for solar systems.
An interesting and ubiquitous theoretical model is investigated that demonstrates
advantages for controlling both carbon emissions and energy production of the
solar systems. For example, one can follow a rule-of-algebra solution in its eigen-
spaces of the system to tune the output power that includes the optimal results
cost and/or carbon emissions.

Finally, an important discovery on carbon emission is that choices play an im-
perative role of carbon neutrality as it is illustrated by the ratio of carbon dioxide
emissions to the total output power. The ratio should be significant enough when
the carbon peak is achieved, and it should be zero for the carbon neutral power
systems. By accurately predicting the energy output in time scheduling; the opti-

mal solutions make the best use of the available energy resources.
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