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Reducing the reserves of fossil energy sources serves as a warning sign for humanity. On the
other hand, the increasing consumption of fossil fuels has led to significant environmental
problems, such as global warming. These issues make the replacement of renewable energy
sources with fossil fuels inevitable. Among various renewable energy sources, biomass is a
reliable and sustainable resource. Thermochemical conversions of biomass are a promising
method for converting raw biomass into liquid (bio-oil), solid (bio-char), and gas (biogas) fuels
suitable for modern life. As one of the most important thermochemical conversions for
efficient bio-oil production, pyrolysis has received significant attention. However, pyrolysis
requires advanced equipment, precise product quantity, and quality measurement, which can
be challenging and costly. Therefore, modeling has been extensively researched to enhance
the performance and efficiency of pyrolysis. In recent years, machine learning has gained
considerable attention in pyrolysis modeling, particularly for yield optimization, real-time
monitoring, and process control. In addition to conventional techniques like artificial neural
networks that capture nonlinear correlations between input and output values, combined
machine learning models have been of particular interest for modeling and optimizing complex
problems more effectively. This study provides a comprehensive overview of the research
conducted on the application of machine learning in pyrolysis process modeling and assesses
the prospects of this technology. These machine learning models have provided R2 between
0.26 in the weakest case and 0.99 in the best case for predicting bio-oil production. These
values have been presented between 0.6 and 0.93 to predict the improvement of bio-oil quality
modeling.
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4 Multi linear regression

5 Bagging regression

6 Decision tree

7 Random forest

8 Gradient boosted decision tree
9 Adabtive boost

10 Extreme gradient boosting
11 Support vector machine

12 Gaussian process regression
13 Artificial neural network
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USing machine learning to predict the production and quality of bio-oil from
pyrolysis biomass

EXTENDED ABSTRACT

Introduction

Reducing the reserves of fossil energy sources serves as a warning sign for humanity. On the other hand,
the increasing consumption of fossil fuels has led to significant environmental problems, such as global
warming. These issues make the replacement of renewable energy sources with fossil fuels inevitable. Among
various renewable energy sources, biomass is a reliable and sustainable resource. Thermochemical conversions
of biomass are a promising method for converting raw biomass into liquid (bio-oil), solid (bio-char), and gas
(biogas) fuels suitable for modern life.

Biomass pyrolysis

Biomass pyrolysis is a process that involves heating organic matter in the absence of oxygen to produce
bio-oil. The biofuel produced can be refined into transportation fuels or used as feedstock for chemical
production. There are several different types of pyrolysis. Flash pyrolysis involves rapidly heating biomass to
high temperatures without oxygen, forming a high-quality bio-oil. Slow pyrolysis, on the other hand, involves
heating biomass at lower temperatures for longer periods, producing more biochar and less bio-oil. The
pyrolysis process is complex and influenced by numerous variables, such as feedstock properties, heating rate,
temperature, and residence time. Modeling can be a promising strategy to optimize the process parameters and
improve product yield and quality.

Machine learning modeling

Machine learning is a field of artificial intelligence that uses algorithms to enable computers to learn from
data and make predictions or decisions without being explicitly programmed. The process involves feeding
data into a machine learning model, which then uses statistical analysis to identify patterns and relationships
in the data. These patterns are used to make predictions or decisions about new, unseen data.

Supervised machine learning

Supervised machine learning is a type of machine learning where the algorithm is trained on labeled data,
meaning the data has already been classified or grouped into different categories. The goal is to create a model
to accurately predict the correct category or label for new, unseen data. There are two main subcategories of
supervised machine learning: classification and regression. Classification involves predicting categorical
labels, such as whether an email is spam or not. Regression, on the other hand, involves predicting a continuous
numerical value. Several popular algorithms are used in supervised machine learning, including multi-linear
regression, bagging regression decision trees, and random forest logistic regression.

Application of machine learning in the prediction of bio yield and quality prediction

Various studies have considered several independent inputs for modeling the pyrolysis process with
machine learning methods. Regarding biomass composition, parameters such as the carbon content, hydrogen,
oxygen, nitrogen, and sulfur of biomass, moisture content, ash content, and the amount of fixed carbon are
considered effective parameters on the pyrolysis process in independent inputs. Operational input features
include operating temperature, heating rate, reaction time, particle size, and input carrier fluid rate. Bio-oil
yield, calorific value, carbon-to-hydrogen or carbon-to-oxygen ratio, sulfur and nitrogen in bio-oil, acidity,
acid content, and various amounts of organic compounds have been considered dependence output parameters.

Application of parameter importance analysis in machine learning for predicting the production process and quality of bio-oil.

Although machine learning techniques can model complex phenomena, the nature of machine learning
techniques, like a black box, makes interpreting results and identifying influential factors on the model very
challenging. Therefore, the results of each machine learning model should be explained using advanced tools.
These methods, such as Shapley Additive Explanations, provide a way to measure the impact of each
independent input parameter of the pyrolysis process on the dependent response in the output of the machine
learning models.

Results and Future Trends

Developing and expanding machine learning models for more complex processes and considering other
influential parameters, such as catalyst properties on the biomass catalytic pyrolysis process, is possible. For
instance, catalyst type, the amount used, and its structural and chemical properties greatly affect the product
performance and quality improvement of bio-oil. Therefore, providing solutions in the future that can
guantitatively incorporate important catalyst features as independent parameters during the modeling process
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and accurately model the effects of these factors on the outputs would be highly significant. Additionally, the
use of machine learning modeling in semi-industrial and industrial systems for biomass pyrolysis can be
investigated to improve the performance of these units.



