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The title of this thesis is “@M @RI KGHHEET T 2 — /L OIARCET ZHF5E,” written in
Japanese and composed of six chapters. This study aims to develop efficient and sustainable
decorative techniques for Building Integrated Photovoltaics (BIPV), evaluating three approaches—
optical thin films, mica pigments, and cellulose nanofibers (CNFs)—to determine their characteristics

and potential applications.

In Chapter 1, BIPV offers benefits like efficient land use and aesthetic integration but faces
challenges in balancing design and energy efficiency. The chapter reviews BIPV concepts, challenges,
and existing color control techniques, highlighting the need for advanced decorative methods.

Chapter 2 evaluates decorative techniques using optical thin films. Optical simulations guided
the design, and prototypes were made via vacuum deposition. A new method for white decoration is
proposed, minimizing efficiency loss by using complementary reflective peaks. The approach is
effective under various conditions, such as reflectivity and layer configurations.

Chapter 3 focuses on mica pigments for decoration. Titanium dioxide—coated mica pigments were
tested, with higher whiteness achieved through texture processing. Parameters like particle size,
concentration, and texture roughness were found to influence whiteness and efficiency. Combining
mica pigments with texture processing reduces issues like non—uniformity and improves brightness

Chapter 4 examines nanocellulose materials as alternatives to texture processing. Texture
processing struggles to achieve high brightness and cannot be placed on the cell side due to
encapsulation filling the texture’ s grooves, negating its effects. Chapter 4 clarifies the optical
properties of nanocellulose materials and aims to establish a sustainable production method for
their application in solar cell decoration.

Chapter 5 discusses practical applications of nanocellulose materials in decoration. It
demonstrates that nanocellulose materials achieve higher brightness than texture processing.
Encapsulation tests reveal that placing nanocellulose materials on the cell side maintains decorative
effects, overcoming the limitations of texture processing

Chapter 6 General conclusions and perspectives : The results were summarized and perspectives for
future research were described

This thesis makes significant academic and practical contributions to promoting BIPV adoption
through advanced decorative technologies. The findings deepen knowledge in the field of engineering
and contribute to the development of practical technologies. Thus, this thesis holds sufficient

value as a doctoral dissertation.
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