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Abstract: Air quality in industrial areas is a pressing concern due to its significant
impact on public health and the environment, especially regarding PM10 particle pollution.
Effectively mitigating these risks requires practical solutions. The adoption of photovoltaic
panels for energy production emerges as an attractive option to address environmental pollution
and promote sustainable development. This study aims to comprehensively analyze the
potential of photovoltaic panels in reducing PM10 particle levels in the Jiu Valley region, an
area primarily dominated by the mining industry. The research includes an assessment of air
quality and PM10 particle pollution levels in the Jiu Valley, along with a detailed analysis of
the energy potential of photovoltaic panels in the region. Statistical analysis was conducted to
compare PM10 particle levels in the air with and without the use of photovoltaic panels,
particularly in relation to those emitted by the mining industry. The findings provide valuable
insights into the effectiveness of photovoltaic panels in mitigating PM10 particle pollution in
the Jiu Valley, thus advocating for a sustainable approach to managing air quality in industrial
areas.
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1. INTRODUCTION

Air pollution is a pressing concern, particularly in regions characterized by
intensive mining and coal-fired power generation. The mining industry and associated
activities contribute significantly to atmospheric pollution, releasing particulate matter
and other pollutants into the air. Of particular concern are particulate matter with a
diameter of less than 10 micrometers (PM10), which pose serious health risks due to
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their ability to penetrate deep into the respiratory system. In this context, the reduction
of pollution from coal-fired power plants is paramount [1], [21], [23] [25], [28].

These facilities are major sources of air pollutants, emitting significant
amounts of PM10 particles, Sulphur dioxide (SO2), nitrogen oxides (NOx), and other
harmful substances into the atmosphere [2]. Efforts to mitigate pollution from coal-
fired power generation are critical for safeguarding public health and mitigating
environmental degradation [3], [4]. One potential solution being explored is the
adoption of cleaner energy technologies, such as photovoltaic (PV) solar panels, as
alternatives to coal-fired power plants [5]. By harnessing solar energy to generate
electricity, PV panels offer a sustainable and environmentally friendly alternative to
traditional coal-based power generation. This shift towards renewable energy sources
has the potential to significantly reduce air pollution, improve air quality, and mitigate
the adverse health effects associated with coal-fired power generation [6], [22], [24].

PM10 particles are a type of air pollutant consisting of solid and liquid
particles suspended in the air, with a diameter of less than 10 micrometers. These
particles are highly diverse in composition, including dust, smoke, smog, and other
fine substances, and their sources can vary, including industrial, vehicular, agricultural,
or natural processes such as soil erosion. Due to their small size, PM10 particles can be
inhaled and penetrate deeply into the human respiratory system. The effects of PM10
particles on human health are considerable and varied. These particles can cause
irritation of the respiratory tract, exacerbating symptoms of asthma and other lung
conditions. Moreover, PM10 particles can enter the bloodstream, having harmful
effects on the cardiovascular system and increasing the risk of conditions such as heart
attacks and strokes. Additionally, exposure to PM10 is associated with increased
premature mortality, hospital admissions, and other health problems [7], [26], [29].

The Jiu Valley, situated in southwestern Romania, stands as one of the
country's significant mining centers, boasting a longstanding tradition in coal
extraction. Over the years, mining has served as the primary economic driver in the
region, providing employment opportunities and contributing to local development.
However, with the decline in coal usage as a primary energy source, the Jiu Valley has
faced a challenging transition towards more sustainable alternatives. Resizing mining
activities and the closure of certain mines became inevitable with changes in the
energy industry and growing concerns regarding the environment. Nonetheless, these
transition actions have not been without challenges, and one of the most significant
issues is the air pollution specific to the area. The mining industry and related activities
have been the primary contributors to air pollution in the Jiu Valley. Processes
involved in coal extraction and processing have generated significant emissions of
particulate matter, noxious gases, and other atmospheric pollutants. This pollution has
had a significant impact on the quality of life of residents in the area, directly affecting
community health and well-being. Monitoring air quality in the Jiu Valley has become
a priority for authorities in an attempt to understand and manage the pollution's impact
on human health and the surrounding environment. Sampling campaigns and data
analysis have revealed elevated levels of particulate matter, nitrogen oxides, and other
toxic substances in the air breathed by residents in the area [8], [30], [33], [35], [36].
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Addressing this issue requires an integrated approach and cooperation among
various stakeholders, including local authorities, mining companies, local
communities, and non-governmental organizations. Investments in cleaner and more
sustainable technologies, as well as the promotion of renewable energy, can contribute
to reducing pollution and improving air quality in the Jiu Valley [9]. Ultimately,
managing pollution in the Jiu Valley represents not only a challenge but also an
opportunity to transform the region into a healthier and more sustainable place where
people can live and work in a safe and clean environment [29], [31], [32], [34].

In the Jiu Valley, where air pollution, especially PM10 particles, poses a
significant challenge, the deployment of photovoltaic panels represents a promising
solution for reducing the pollutant impact of industrial and mining activities.
Photovoltaic panels are devices that convert sunlight into electrical energy without
emitting pollutants into the atmosphere or generating waste. These panels can be
installed on buildings, open land, or specially constructed structures, generating clean
electrical energy that can be used to power local consumers or integrated into electrical
grids. By harnessing solar energy, dependence on traditional energy sources such as
coal, which are associated with significant emissions of PM10 particles and other
atmospheric pollutants, can be reduced.

Moreover, installing photovoltaic panels can contribute to diversifying the
region's energy mix and increasing renewable energy production capacity. This can
have long-term benefits for the environment and the health of residents by reducing air
pollution and improving air quality. In addition to the environmental benefits,
implementing photovoltaic panels in the Jiu Valley can create economic and local
development opportunities. The construction and installation of these systems require
local labor and resources, which can stimulate economic growth and job creation in the
community [9]. In the specialized literature, there are scientific papers that analyze the
impact of pollution on the production of electricity from renewable sources, as well as
the impact of the use of sustainable (non-polluting) electricity production installations
on the reduction of pollution in certain areas of the world.

In the paper by Mardani, Hoseinzadeh and Garcia [10], the impact of aerosols
on solar power generation in Tehran, Iran is explored. Tehran, despite its high solar
energy potential due to significant levels of solar radiation, faces severe air pollution
challenges. This study aims to develop predictive models for solar attenuation caused
by particulate matter (PM2.5 and PM10) using both remote sensing data from the
NASA CERES syn 1-deg product and local observations from 2014 to 2020.The
researchers found that the models performed better in predicting aerosol attenuation in
the colder months (November, December, January) with correlation coefficients of
0.1553, 0.2926 and 0.1341, respectively. On average, aerosols accounted for a loss of
8.30% of total solar radiation. This was validated with RMSE and MBD values of
14.09% and 10.89%.The study highlights the significant impact of aerosols on solar
power generation and suggests that the developed models can improve the feasibility
and siting of PV plants by considering the attenuation effects of aerosols [10], [27].

In the work of Zheng, Lu, and Zhao [11], the impact of high-velocity
longitudinal airflow on dust removal and power output characteristics of photovoltaic
(PV) panels is explored. The study investigates how dust accumulation on photovoltaic
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panels decreases their photoelectric conversion efficiency and proposes a dust removal
method using high-speed longitudinal airflow to improve output power. Using
commercial CFD software, researchers simulate the dust removal process and establish
a model to analyze the output characteristics of PV panels under the influence of high-
velocity air flow.The study examines various factors such as tilt angles, dust particle
sizes, airflow velocities and blowing times to determine their effects on dust removal
efficiency. The results show that as the tilt angle, airflow velocity, and blowing time
increase, the dust removal rate and output power of the PV panel also increase. The
optimal conditions for dust removal are identified, demonstrating significant
improvements in power output, which can guide the practical application of high-
velocity airflow in maintaining PV panel efficiency [11].

In the paper by Khan and Bounade [12], the authors explore strategies to
mitigate PM2.5 air pollution in OECD countries. The study investigates the effects of
green investment, digitalization, renewable energy and economic growth on PM2.5 air
pollution over the period 1990-2020. The authors use advanced econometric
techniques, especially the quantile moment regression method (MMQREG), to analyze
the data. Their findings indicate that green investments, digitization and renewable
energy have a significant positive impact on reducing PM2.5 air pollution, while
economic growth tends to exacerbate it. The study highlights the importance of
adopting a holistic approach that combines green investment and digitization to
effectively mitigate PM2.5 pollution, protect public health and promote sustainable
economic growth. The paper also highlights the critical role of renewable energy and
green investments in achieving long-term environmental sustainability. It calls on
decision-makers to implement support measures for green technologies and digital
solutions to improve air quality. In addition, the study provides insights into the
different effects of these factors in different quantiles, providing a comprehensive
understanding of their impact on PM2.5 air pollution. The authors conclude by
recommending policies that encourage green investment and digitization as key
strategies to reduce air pollution and promote sustainable development in OECD
countries. The paper contributes to the existing literature by providing empirical
evidence of the benefits of integrating green and digital technologies into
environmental policy frameworks [12].

In the paper of Haramaini et al. [13], the authors investigate how socio-
economic factors influence the adoption of solar panels in urban areas of developing
countries. This study uses a quantitative, associative research method and uses
correlation analysis to understand the relationship between variables such as education
level, income, and public perception of alternative energy with the use of solar panels.
The study identifies several key socio-economic factors that significantly affect solar
panel adoption, including number of prosumers, total kWh exports, gross regional
domestic product (GRDP), total investment, total electricity load, EV home load and
air quality. The research demonstrates that there are distinct relationships between
these socio-economic variables and solar panel adoption, highlighting the importance
of factors such as government policies, economic resources and environmental
awareness in promoting the use of renewable energy. The results suggest that higher
levels of education and income are positively correlated with increased adoption of
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solar panels, while factors such as proximity to the capital and better air quality also
play significant roles. The findings provide valuable information for policy makers to
formulate effective strategies to promote solar energy, ensure sustainable energy
development and reduce environmental impact in urban areas of developing countries
[13].

In the paper of Bos$njakovi¢ et al. [14], the authors analyze the environmental
effects of photovoltaic (PV) plants. The study highlights the importance of renewable
energy, especially photovoltaic and wind, in addressing climate change and increasing
energy security. However, PV plants have environmental impacts such as greenhouse
gas (GHG) emissions, land use, water consumption and waste generation.Although the
operation of PV plants generates minimal emissions, significant emissions occur
during the production, transport and installation of the components. These emissions
will decrease with the increase in the share of renewable energy and the improvement
of production technologies. Land use for PV installations is a critical issue, and the
authors estimate that there is sufficient land available, but emphasize the need for
careful planning to minimize impacts. Water consumption in PV systems is relatively
low, but manufacturing and recycling processes can consume significant amounts of
water, requiring full life cycle assessments.Biodiversity impacts include habitat loss
due to deforestation for PV installations, although well-managed solar farms can
increase biodiversity. Noise pollution from inverters, transformers and cooling fans is
another issue addressed, with recommendations for noise reduction. End-of-life
management of PV systems emphasizes the need for efficient recycling and reuse to
minimize waste. A significant increase in PV waste is predicted until 2050,
highlighting the importance of developing sustainable recycling technologies and
policies [14].

2. MATERIALS AND METHODS

Solar energy represents a promising and sustainable solution for meeting the
growing global demand for electricity. Among the key components of solar energy
systems are solar panels, which capture sunlight and convert it into usable electrical
energy. In this chapter, we explore three main types of solar panels: monocrystalline,
polycrystalline, and thin-film. Each type has its own unique characteristics,
advantages, and applications.

Monocrystalline solar panels are made from single-crystal silicon, giving them
a uniform appearance and high efficiency. They are known for their sleek black
appearance and superior performance in areas with limited space. Monocrystalline
panels are often used in residential and commercial installations where space is a
premium and maximum efficiency is desired.

Polycrystalline solar panels are manufactured from multiple silicon crystals,
resulting in a speckled blue appearance. While slightly less efficient than
monocrystalline panels, polycrystalline panels offer a cost-effective solution for larger
installations where space is not a constraint. They are commonly used in utility-scale
solar farms and large commercial projects.
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Thin-film solar panels are constructed using thin layers of photovoltaic
material deposited onto a substrate, such as glass or plastic. They are lightweight,
flexible, and less expensive to produce compared to crystalline silicon panels. Thin-
film panels are suitable for applications where weight, flexibility, or aesthetics are
important factors, such as building-integrated photovoltaics (BIPV) and portable
electronic devices.

To assess the performance of these solar panel types in the Petrosani region,
we collected climate data, including average temperatures, sunlight duration, and cloud
cover, from reliable sources. Using MATLAB, we conducted a comprehensive analysis
to estimate the energy output of each panel type throughout the year. MATLAB, a
high-level programming and numeric computing platform, enabled us to simulate and
model the performance of solar panels accurately. By correlating the climatic variables
with solar panel performance, we validated our results and gained insights into the
suitability of different panel types for the local climate conditions. Through this
analysis, we aim to provide valuable insights into the selection and deployment of solar
energy systems in the Petrosani region, ultimately contributing to the transition
towards a more sustainable and renewable energy future.The climate data provided in
the tabular format below has been obtained from specialized sources (National
Meteorological Administration of Romania) [15] and describes the climatic conditions
of the Jiu Valley region, particularly Petrosani, Hunedoara. These data points
encompass various meteorological parameters crucial for understanding the
environmental context and assessing the feasibility of solar energy utilization in the
region.

Table 1. Climatic data from Petrosani [15]

Month Avg. Min | Avg. Max Sunny Partially Overcast Rainy
Temp Temp Days Cloudy Days Days
(°C) (°C) Days
January -3 3 5 10.8 15.2 12.3
February -3 3 4 9.5 14.8 12.9
March 1 7 3.7 11.8 15.5 15.4
April 6 14 3.6 14 12.4 17.4
May 11 19 2.5 17.6 11 19
June 14 22 3.8 18.4 7.8 18
July 17 25 6.8 19.1 5.1 15.8
August 17 25 7.2 17.8 5.9 12.8
September 13 20 6.1 13.5 10.5 11.6
October 8 16 7.8 115 11.7 11.2
November 3 9 6 10.4 13.5 12.3
December -2 4 6.9 9 9 13.3

These data points (Table 1) encompass average minimum and maximum
temperatures, the number of sunny days, partially cloudy days, overcast days, and
rainy days for each month of the year. They serve as fundamental inputs for analyzing
the solar potential and suitability of implementing solar panel systems in the region. By
considering these climatic factors, one can assess the expected performance and
efficiency of solar panels in harnessing solar energy throughout the year. Additionally,
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these data aid in formulating strategies for optimizing solar energy utilization and
mitigating potential environmental impacts.

3. RESULTS

The first step in our entire research was the interpretation and visualization of
climate data for the region of Jiul Valley, Petrosani, Hunedoara, using the MATLAB
programming language [16], [17]. We imported the climate data and stored this
information in appropriate variables, including the average minimum and maximum
temperatures for each month, as well as the number of sunny, partly cloudy, cloudy,
and rainy days [18]. Then using this organized data, we made the performance graph of
the electricity production estimated to be produced for monocrystalline, polycrystalline
and thin film solar panels for each month of the year in Petrosani, (Fig 1).
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Fig. 1. Solar panel performance graph

In our analysis, we observed that monocrystalline panels consistently exhibited
the highest energy output throughout the year. This is attributed to their higher
efficiency and superior performance in varying light conditions. Monocrystalline
panels are particularly effective during periods of low sunlight, such as winter months,
making them well-suited for regions with fluctuating weather patterns like Petrosani.

321



RESEARCH ON REDUCING PM10 PARTICLES IN THE JIU VALLEY AREA AS A
RESULT OF USING PHOTOVOLTAIC PANELS IN ELECTRICITY PRODUCTION

Polycrystalline panels also demonstrated satisfactory performance, albeit
slightly lower than monocrystalline panels. Their cost-effectiveness and moderate
efficiency make them a viable option for larger installations where space is not a
constraint. However, their energy output may fluctuate more significantly in response
to changes in sunlight intensity.

Thin-film panels, while lightweight and flexible, exhibited the lowest energy
output among the three types. Despite their lower efficiency, thin-film panels offer
advantages in specific applications where weight and flexibility are critical factors.
However, in Petrosani's climate, characterized by seasonal variations in sunlight and
temperature, thin-film panels may not be the most efficient choice for maximizing
energy production.

The temperature graph illustrates the monthly variation in average minimum
and maximum temperatures in Petrosani (Fig 2). We observed that temperatures tend
to be lowest during winter months (December to February) and highest during summer
months (June to August). These temperature fluctuations can impact the performance
of solar panels, with higher temperatures generally leading to decreased efficiency.

Monthly Temperature Variation in Petrosani
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Fig. 2. Temperature Variation

The sunlight and cloud cover graph depicts the number of sunny, partially
cloudy, overcast, and rainy days for each month (Fig 3). We found that Petrosani
experiences a relatively high number of sunny days during summer months, which
corresponds to increased solar energy production. However, the region also
experiences frequent cloud cover and rainy days, particularly during spring and
autumn, which can reduce solar panel efficiency.
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Fig. 3. Sunlight and cloud cover in Petrosani

By analyzing these results (Fig 4), we can gain valuable insights into the
performance of different solar panel types in Petrosani's climate. Monocrystalline
panels emerge as the most reliable option for consistent energy production throughout
the year, followed by polycrystalline panels. Thin-film panels, while offering
flexibility, may not be the optimal choice for maximizing energy output in Petrosani's
climate. These findings can inform decision-making processes regarding the selection
and deployment of solar energy systems in the region, contributing to the transition
towards a sustainable energy future.

The research aimed to evaluate through a realistic simulation the potential
reduction of PM10 particles in Petrosani through the implementation of photovoltaic
(PV) panels for the production of electricity. Petrosani currently faces significant air
pollution with an annual average concentration of PM10 at 35 pg/m3, mainly due to
coal-fired power generation and other sources such as mining operations and industrial
activities [19]. In order to make a realistic simulation, we took into account the total
annual electricity consumption in Petrosani, which includes the residential, commercial
and industrial sectors. The population of Petrosani is approximately 31,044 inhabitants,
and the average consumption of electricity per capita is 2,800 kWh per year. This
results in a total residential consumption of 86.9 GWh. In addition, taking into account
the energy consumption of the commercial, industrial and institutional sectors, we
estimate an additional 50% on top of residential consumption, bringing the total
commercial, industrial and institutional consumption to 130.35 GWh. Therefore, the
total annual combined electricity consumption is 217.25 GWh.
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Solar Panel Performance in Petrosani
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Fig. 4. Solar panel performance in Petrosani

Initially, 90% of Petrosani's energy comes from coal, contributing significantly
to PM10 emissions, the remaining 10% from renewable sources. The simulation
assumes a gradual increase in the proportion of solar energy by 10% annually, up to a
realistic maximum limit of the PV installation, starting from an estimated current
coverage of 0.5 km? and aiming to cover approximately 5 km2 by the end of the
simulation period. The photovoltaic panels have an efficiency of 18% and the average
daily solar radiation is about 5 kWh/mz2 for sunny days.

PM10 emission factors include contributions from power generation (coal) at
0.1 pg/mé per MWh and from other sources such as mine tailings and traffic, which
account for 50% of the initial PM10 concentration.

The simulation integrates these data points and assumptions to model the
potential reduction in PM10 concentrations over a 10-year period by gradually
installing solar panels, replacing coal-fired power. The concentration of PM10 from
other sources remains constant to ensure a realistic model.

The results showed a steady decrease in PM10 concentrations over a 10-year
period (Fig 5). Initially, PM10 levels saw moderate reductions as the proportion of
solar power in the electricity mix gradually increased. Each year, the area covered by
photovoltaic panels increased by 10%, which corresponded to a greater amount of
coal-based energy being replaced by solar energy. By the end of the ten-year period,
PM10 levels had fallen significantly, reflecting the impact of increased use of solar
panels. However, PM10 concentrations never fell below contributions from other
sources, ensuring that the model remained realistic and not overly optimistic.
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Reduction of PM10 in Petrosani
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Fig. 5. Simulation of gradual reduction of PM10 concentration in Petrosani through the
implementation of photovoltaic panels

The implementation of photovoltaic panels in Petrosani demonstrates the
potential to significantly reduce PM10 levels, helping to improve air quality. However,
persistent contributions from other sources of PM10, such as mining operations and
industrial activities, highlight the need for a comprehensive approach to pollution
reduction. Addressing all major contributors is crucial to ensuring a cleaner
environment in Petrosani. This research highlights the importance of integrating
renewable energy solutions while simultaneously managing other sources of pollution
to achieve substantial air quality improvements. The data and results obtained are
based on the assumption that approximately 5 km?2 of solar panels will be installed
during the simulation period.

The conducted study demonstrates a significant decrease in the levels of PM10
particles in the air when photovoltaic panels are used compared to periods without their
use.

The results comparing the reduction of PM10 particle levels achieved by the
photovoltaic panels with the emissions from the mining industry, offer a perspective on
the efficiency of this renewable energy solution.The analysis reveals the potential
energy generation capacity of photovoltaic panels in the Jiu Valley region, highlighting
their role in sustainable energy production [20].

4. CONCLUSIONS

The study clearly demonstrates that the implementation of photovoltaic (PV)
panels in Petrosani has a significant potential to reduce PM10 levels. Through a
realistic simulation, taking into account the total annual electricity consumption and
the gradual increase in the installation of photovoltaic panels, the research highlights
several key findings.

325



RESEARCH ON REDUCING PM10 PARTICLES IN THE JIU VALLEY AREA AS A
RESULT OF USING PHOTOVOLTAIC PANELS IN ELECTRICITY PRODUCTION

First, the switch from coal-based energy to solar energy can lead to a
substantial decrease in PM10 concentrations. The simulation showed a consistent and
gradual reduction in PM10 levels over the ten-year period, confirming that increasing
the share of solar energy in the electricity mix effectively reduces emissions from coal-
fired power plants. This reduction is crucial to improving air quality and mitigating the
negative health effects associated with PM10 particles.

Second, the results highlight the importance of a gradual and planned approach
to the adoption of renewable energy. Starting from a modest initial coverage of 0.5 km?
and aiming to cover approximately 5 kmz2 by the end of the simulation period, the study
illustrates how systematic and incremental increases in solar power capacity can
achieve significant environmental benefits. This approach ensures that the transition is
both feasible and sustainable.

In addition, the findings highlight that while solar power can significantly
reduce PM10 levels, other sources of PM10, such as mining operations and industrial
activities, remain a challenge. The simulation accounted for constant contributions
from these sources, ensuring that the model remained realistic. Therefore, a
comprehensive pollution management strategy addressing all major contributors is
essential to achieve substantial improvements in air quality.

The study also highlights the dual benefits of adopting photovoltaic panels.
Beyond reducing PM10 levels, the transition to renewable energy contributes to
broader environmental sustainability goals. It helps reduce dependence on fossil fuels,
reduce greenhouse gas emissions and promote cleaner, healthier air for local people.

In conclusion, the implementation of photovoltaic panels in Petrosani is a
promising solution for reducing PM10 levels and improving air quality. The research
provides valuable insights into the potential environmental and health benefits of
renewable energy adoption. It also highlights the need for an integrated approach to
pollution management that addresses both energy production and other significant
sources of PM10. By continuing to invest in and support the adoption of renewable
energy technologies, Petrosani can pave the way to a cleaner and more sustainable
future for its residents and the wider Jiu Valley region.
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