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Introduction

The relevance of introducing neural networks and big data into waste management and
emission reduction processes is due to several key factors. Firstly, modern society is faced with
a growing waste problem that requires urgent solutions. According to the World Health
Organization, global solid waste production is increasing and is expected to increase by 70%
by 2030. This creates a significant burden on waste management systems, which in turn leads
to increased greenhouse gas emissions and environmental pollution. Secondly, traditional
recycling methods are often ineffective due to the lack of modern technologies and data. This
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is where neural networks and big data come to the rescue, as they can analyze huge amounts
of information, identify patterns, and predict waste volumes. This allows optimizing collection
and transportation routes, as well as increasing the accuracy of material sorting, which
contributes to a more rational use of resources. In addition, the implementation of these
technologies meets modern requirements for sustainable development and ecology. Reducing
emissions and efficient waste disposal contribute to improving the quality of life of the
population and preserving ecosystems. At the business level, the use of neural networks and
big data analysis can lead to significant cost savings, which makes such solutions attractive in
terms of profit. Finally, the global community is increasingly paying attention to
environmental issues and the need to address them. The introduction of innovative
technologies in the field of waste disposal is an important step towards creating a cleaner and
more sustainable future. This highlights the need for further research and the development of
effective strategies for integrating neural networks and big data into existing waste
management systems. The aim of the study is to analyze and evaluate the possibilities of using
neural networks and big data technologies to optimize waste disposal processes and reduce
emissions, as well as to develop recommendations for their implementation in existing waste

management systems.

Literature Review

The relationship between neural networks, big data and environmental issues is
becoming increasingly important in the context of global climate change and environmental

degradation. Here are some key aspects of this relationship:

1. Analysis of environmental data Big Data: Environmental data (e.g. air pollution, water
levels, biodiversity) is collected through sensors, satellites and other sources. This data is of
enormous volume and variety, requiring powerful technologies to process it. Neural
Networks: Deep learning models can process these large volumes of data, identifying patterns

and anomalies to better understand ecological processes and the impacts of human activity.

2. Forecasting and modeling Forecasting: Neural networks can be used to predict
environmental changes such as climate change, the spread of invasive species, or changes in
ecosystems. This helps in decision making and developing management strategies. Modeling:
Using neural networks, it is possible to create complex models of the interaction of various
environmental factors, which allows for a more accurate assessment of the risks and

consequences of various scenarios.

3. Sustainable resource management Optimization: Big data analysis using neural

networks allows optimizing the use of natural resources (water, energy), reducing their
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inefficient consumption and minimizing the impact on the environment. Agriculture: In
agronomy, technologies can be used to improve crop yields and agricultural resilience to

climate change, for example through monitoring soil and plant health.

4. Impact assessment Monitoring: Neural networks can analyze data on pollution and its
impact on human health and ecosystems, helping to assess the impact of various industrial and

agricultural practices.

Biodiversity conservation: Analyzing data on species populations, their ranges and

migration patterns helps develop strategies to protect and restore ecosystems.

The synergy between neural networks and big data opens up new horizons for solving
environmental problems. These technologies allow us to more effectively analyze complex
ecological systems and develop sustainable development strategies, which is extremely

important for preserving our planet [1].

Materials and Methods

This article provides a systematic review of the literature on the application of neural
network technologies for waste sorting. The objective of the review is to identify key
approaches, algorithms and models used in modern systems, as well as to analyze their
effectiveness and impact on sustainable waste management.

The study used key scientific databases such as Google Scholar, IEEE Xplore, and
ScienceDirect. Key words and phrases including “neural networks in waste sorting” and
“machine learning for recycling” were used. Clear inclusion and exclusion criteria were
defined to ensure a systematic review. The literature was classified by publication type
(research articles, dissertations, technical reports) and topic areas, including neural network
algorithms, practical application examples, and impact on environmental performance. A
critical analysis of the methods and results described in the studies was conducted, focusing
on their strengths and weaknesses. As part of the comparative analysis, various approaches
and models were identified, which made it possible to assess their relative advantages and
disadvantages in the context of practical implementation.

To assess the reliability of sources, peer review, author affiliation, and publication time
were taken into account. Preference was given to peer-reviewed articles and materials with a
high impact factor. The collected data on sorting models and algorithms were systematized,
which made it possible to visualize key findings and identify directions for further research.
The review emphasizes the importance of neural network technologies for improving the

efficiency of waste sorting and reducing environmental risks.
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Results

Neural networks are a subset of machine learning inspired by the structure and function
of the human brain. They consist of interconnected nodes (neurons) that process data. The main

types of neural networks are:

1. Fully connected neural networks ( Feedforward Neural Networks : the simplest form,

where information moves in one direction.

2. Convolutional Neural Networks ( CNN ): Used primarily for image processing,
extracting spatial and temporal dependencies.

3. Recurrent Neural Networks (RNN ): Effective for sequential data such as text and time

series.

4. Deep neural networks ( Deep Neural Networks ): have many hidden layers, which

allows them to model complex functions.

5. Generative Adversarial Networks ( GAN ): consist of two neural networks that learn to

generate new data by competing with each other [2].
Big data

Big data ( Big Data ) are large volumes of structured and unstructured data that require

specialized technologies for processing and analysis. The main components are:
1. Volume: Large volumes of data that exceed the capacity of traditional databases.
2. Speed: Data is generated and processed in real time.

3. Diversity: Data comes from a variety of sources and may be presented in different
formats. 4. Truth: The importance of data quality and reliability.

5. Value: The ability to extract useful information to make informed decisions.
Tools and technologies

1. Hadoop : a framework for distributed big data processing.
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2. Spark : An in-memory data processing system that enables rapid analysis of large

amounts of information.

3. NoSQL databases: such as MongoDB and Cassandra , are designed to work with

unstructured data.

4. Visualization technologies: such as Tableau and Power BI , for presenting data in a

visual form.

5. Cloud platforms: such as AWS , Google Cloud and Azure offer tools for storing and

processing big data.

Neural network and big data technologies are at the forefront of modern technology,
opening up new possibilities for analysis, prediction and automation. Their synergy allows

solving complex problems in various fields, from medicine to finance and marketing [3].

Discussion

Waste sorting systems based on neural networks

Neural network-based waste sorting systems are becoming key tools for optimizing the
recycling process. They allow for automatic and efficient separation of different types of waste,
which significantly improves the quality of recycling and reduces the volume of landfilled

materials.
Examples of algorithms and models for sorting
1. Convolutional Neural Networks (CNN)

- Description: CNNs are ideal for image processing and can be used to recognize different
types of waste. They are trained on a large number of images of different waste (plastic, glass,

paper) and can accurately classify them on the conveyor.

- Example: A model trained on a dataset of waste images can achieve over 90% accuracy

in sorting.
2. Recurrent Neural Networks (RNN)

- Description: Although RNNs are more commonly used for sequential data, they can be
adapted to analyze time series data from sensors that monitor waste parameters (e.g. weight,
volume).
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- Example: Using RNN to predict when and what waste will be recycled based on

historical data.
3. Generative Adversarial Networks (GAN)

- Description: GANSs can be used to create synthetic data, which improves the training of

models. This is especially useful in cases where data on certain types of waste is insufficient.
- Example: Synthesizing rare waste images to increase the diversity of the training dataset.
4. Image processing algorithms

- Description: Traditional algorithms such as the Hough or K-means method can be
combined with neural network approaches to improve the processing and classification of
waste images. - Example: Pre-processing images to reduce noise and enhance contrast before

passing them to a neural network.
Improving sorting accuracy and efficiency

- Training on a large amount of data: The more data used to train the model, the higher

its accuracy. Classification can be improved by collecting and annotating more waste images.

- Adaptive algorithms: Systems that can update their models based on new data in real

time show higher performance in changing conditions.

- Combining multiple models: Using ensembles of models (e.g. combining CNN and

traditional methods) can significantly improve the overall sorting accuracy.

- IoT Integration: Connecting the sorting system to IoT devices allows for real-time

process data collection, improving management and forecasting [4].
Impact on emission reduction

- Reduced landfill waste: Effective sorting increases the percentage of recyclable

materials, reducing the amount of waste sent to landfills.

- Improving the quality of secondary materials: Proper sorting improves the quality of

recycled materials, which reduces emissions associated with the production of new materials.

- Optimization of logistics: Automation of sorting reduces the time and resources required

to process waste, which also leads to a reduction in carbon emissions from vehicles.
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- Reduced Pollution: More accurate sorting helps avoid mixing hazardous and non-

hazardous waste, reducing the risk of environmental pollution.

Neural network-based waste sorting systems are a powerful tool for improving recycling
efficiency and reducing emissions. Using modern algorithms and approaches allows for
significant improvements in sorting accuracy, which in turn contributes to more sustainable

waste management and environmental protection [5].

Conclusion

The introduction of neural networks significantly increases the accuracy and speed of
waste sorting. Modern models, such as convolutional neural networks, demonstrate high
efficiency in recognizing different types of waste, which helps improve the quality of recycling.
Big data allows for in-depth analysis of recycling processes, identifying patterns and anomalies
that can be used to optimize logistics and recycling processes.

Efficient sorting and recycling systems based on neural networks help reduce the volume
of waste sent to landfills and improve the quality of secondary materials, which in turn reduces
emissions of CO ; and other pollutants.

Automation of waste disposal processes using neural network technologies allows for the
optimization of resources, reducing costs and improving the sustainability of waste
management systems.

There is a need for further research into combined approaches and adaptation of models
depending on the specifics of regions and waste types, which opens up new directions for the

implementation of innovative technologies.
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