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Abstract of Thesis

Amid growing concerns about global environmental issues, there is increasing interest in technologies that utilize CO-
as a carbon source and convert it into valuable chemicals. Among the various methods for CO: utilization, electrochemical CO2
reduction (CO: electrolysis) stands out due to its potential to achieve high conversion rates even under ambient conditions. For
the social implementation of this technology, it is essential to produce the desired products in specific composition. However,
CO: electrolysis systems involve a complex hierarchical structure, including the electrocatalyst, the supporting electrode, and
the electrolytic reactor housing the electrode. The factors determining product compositions are numerous and interact in
complex ways. Exploring the correlation between experimental conditions and the desired product across a vast parameter space
is required, therefore making it impractical to identify optimal conditions through conventional experimental approaches. To
address these challenges, this study aims to develop a method for rapidly exploring CO: electrolysis systems with desired
characteristics, utilizing a machine learning (ML) based approach.

Chapter I comprehensively described the background and current research emphasis of CO: electrolysis, including
developments of novel electrocatalysts, the application of gas diffusion electrode, and designing of the electrochemical reactors.
Specifically, prior studies that utilized ML for the design of CO2 electrolysis with the desired characteristics are described,
followed by a discussion of the unresolved challenges that still need to be addressed.

Chapter II investigated the impact of the electrode fabrication and electrolysis conditions on the product selectivity of
COz electrolysis with Ag electrocatalysts using ML-based approach. Specifically, the experimental conditions for obtaining the
highest FEco and desired H2/CO (&) mixture ratio were explored. Notably, unlike previous ML-based studies, experimental
results were used as training data. This ML-based approach allowed us to quantitatively assess the effect of experimental
parameters on these targets with a reduced number of experimental trials (only 56 experiments). An inverse analysis based on
the ML model suggested the optimal experimental conditions for achieving the desired characteristics of the electrolysis system,
with the proposed conditions experimentally validated. This study constitutes the first demonstration of optimal experimental
conditions for electrochemical COz reduction with desired characteristics using the experimental results as training data.

Chapter III identified the key factors affecting the prediction accuracy for the faradaic efficiency of CO generation
(FEco). A comprehensive investigation was conducted by evaluating the ability of model prediction, analyzing various
conditions, and explaining feature interaction that were confirmed by various statistical analytical methods, including Shapley
additive explanations (SHAP), principal component analysis (PCA), Pearson correlation analysis, and K-means clustering. For
this ML analysis, various features (Ag catalyst type, Ag catalyst loading, Ag:Nafion ratio, solvent type, COz ratio in the supply
gas, and cathodic current density) were statistically processed. The analysis demonstrated that, rather than individual features,
there are complex interactions between features that have a significant impact on ML prediction accuracy. The results highlighted
that designing and regulating feature interactions is crucial for constructing CO- electrolysis systems that exhibit the desired
characteristics.

In overall, this work presented the strategies to design COz electrolysis systems by ML-based approaches and identified
the main factor contributing high prediction accuracy. The findings of this work provide the future perspective for the

development of carbon cycle technologies using COz electrolysis.
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