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Abstract: 
In response to the increasing demand for lighting solutions that are emotionally engaging, ecologically 
responsible, and tailored to individual preferences, this research introduces the BioEmotion-UX 
framework—a comprehensive design model that integrates biophilic principles, emotional user experience 
(UX) strategies, and digital fabrication technologies. By bridging the interdisciplinary domains of biomimicry, 
emotional design, sustainable materials, and additive manufacturing, the framework facilitates the 
development of 3D-printed lighting artifacts that resonate with users on aesthetic, psychological, and 
functional levels. 
The BioEmotion-UX model is structured as a layered system that encompasses five interrelated components: 
bio-inspired form, material consciousness, customization, emotional anchoring, and urban contextual 
fit. These dimensions collectively ensure that the design not only meets visual and spatial needs but also evokes 
emotional attachment, sensory delight, and ecological awareness. 
Employing a mixed-method approach that includes speculative design narratives, trend analysis, and 
secondary user insight mapping, the study explores how lighting products can transcend utility to become 
mediums of personal identity, well-being, and cultural reflection. By simulating real-life scenarios and user 
personas, the research demonstrates how co-creative, nature-inspired lighting can enhance spatial experience 
in urban environments, especially where space, sustainability, and sensory balance are critical concerns. 
This paper contributes to the evolving discourse on emotionally intelligent and nature-integrated product 
systems, providing a foundational model for future research and innovation. It identifies new pathways for 
integrating digital customization, sensory richness, and biophilic engagement into product design, 
positioning lighting as a transformative element in sustainable, user-centered living environments. 
Keywords: BioEmotion-UX Framework, Biophilic Design, Emotional User Experience (UX), 3D-Printed 
Lighting, Biomimicry in Product Design, Sustainable Materials, Customization and Co-Creation 
1. Introduction 
In today’s hyper-urbanized society, the desire to reconnect with nature is no longer fulfilled solely by access 
to outdoor spaces, but also through thoughtfully designed artifacts that evoke organic aesthetics, emotional 
well-being, and environmental responsibility. One such design avenue gaining momentum is nature-inspired 
3D-printed lighting, which combines the principles of biophilic design, emotional engagement, and 
sustainable manufacturing. These products cater to a growing demographic of environmentally conscious, 
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design-aware users who value personalization and sensorial richness in home environments (Kellert, 2008; 
Salingaros, 2015). 
As a design philosophy, biomimicry draws inspiration from natural structures like coral reefs, tree canopies, 
and seashell spirals—informing both the geometry and material sensibility of modern products. When paired 
with additive manufacturing technologies, these forms can be accurately replicated with minimal waste 
using biodegradable materials such as PLA, algae composites, or resin-based blends (Garmulewicz et al., 2016; 
Calin et al., 2025). This intersection of ecology and digital fabrication enables not only complex formal 
expression but also emotional resonance and product storytelling. 

 
Fig 1: Progression from Urbanization to Custom Lighting through Biophilic Design Drivers 

Urban consumers, particularly millennials and young professionals, face spatial and sensory limitations due 
to artificial environments. As Järvi (2024) and Singh, Singari, & Bholey (2024) highlight, products that mimic 
nature’s tactility, color psychology, and form language help evoke mindfulness, reduce cognitive overload, 
and foster emotional grounding. Lamps—through ambient lighting, material warmth, and tactile surfaces—act 
as emotional interfaces, offering calmness and identity to personalized spaces. 
Crucially, 3D printing democratizes this process, allowing users to participate in co-creating objects that 
align with their aesthetic and ecological values. Whether it’s the customization of a coral-shaped lamp for 
emotional comfort or the use of recycled wood-infused filament for ethical satisfaction, this modular 
production model supports just-in-time manufacturing, minimizing overproduction while increasing 
perceived value (Siddique, 2024). 
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Fig 2: Traditional vs. Biomorphic Lamps 
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Fig 3: Lamp Sketches 
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c 
Fig 4: 3D Visualization Images of Lamps 

Early-stage surveys reveal that users show high appreciation for organic forms (leaves, bark, stones, marine 
textures), interest in customization, and growing openness toward sustainable, bio-based materials (Whenish 
et al., 2022). However, these preferences extend beyond function—they reflect a shift toward emotionally 
resonant, ethically meaningful, and materially conscious products. As argued by Chaudhary et al. (2024), 
product design is now intertwined with architectural ethics and narrative expression, especially in interior 
elements like lighting. 
This research introduces a novel design model—the BioEmotion-UX framework—to structure this evolving 
user-product relationship. Rooted in cognitive design principles and environmental psychology, it merges 
natural inspiration with emotional design and customization logic. It aims to capture how users emotionally 
interact with nature-inspired lamps and what elements (form, texture, material, narrative) enhance their 
experience. In doing so, the study aligns with De Pauw et al. (2015), who propose that desirable bioinspired 
products must integrate sustainability, feasibility, and psychological appeal. 
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Thus, this paper investigates the convergence of design psychology, sustainable materials, and user 
experience (UX) in the context of 3D-printed, nature-inspired lighting. It not only highlights the importance 
of emotional and aesthetic dimensions in product design but also proposes a conceptual framework that can 
inform future product innovation—especially in scenarios where primary user data is limited or speculative 
approaches are needed. 
2. Literature Review 
Biophilic design, rooted in the human inclination to affiliate with natural systems, emphasizes the integration 
of organic forms, materials, and spatial arrangements into built environments. According to Kellert (2008) and 
Salingaros (2015), such design strategies improve psychological well-being, reduce stress, and enhance 
emotional balance—particularly in high-density urban contexts. 
Studies by Attia (2022) and Singh, Singari, and Bholey (2023, 2024) reinforce that nature-inspired aesthetics—
such as biomorphic forms, soft textures, and culturally resonant colors—contribute to emotional comfort and 
cognitive engagement in interior environments. These stimuli not only serve decorative functions but also act 
as psychological triggers for calmness, grounding, and memory reinforcement. 
Within product design, biomimicry has gained recognition not merely for replicating form, but for embodying 
functional logic inspired by natural systems. Kennedy et al. (2015) advocate for biomimicry as a sustainable 
innovation pathway, allowing designers to draw from nature’s efficiency, adaptability, and regenerative 
capacity. In lighting design, this translates into the adoption of organic structures such as tree canopies or 
seashell spirals to improve both aesthetics and environmental performance. 
 
 
 
 
 
 
Table1: Comparing key theories and design principles 
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The emergence of additive manufacturing (3D printing) has further empowered designers to actualize these 
biomimetic concepts. As Garmulewicz et al. (2016) explain, 3D printing enables the fabrication of intricate 
geometries that were previously unachievable via conventional methods—especially when using sustainable 
filaments such as PLA, algae-based resin, or recycled polymers. This manufacturing approach supports design 
democratization, allowing users to actively engage in customizing product features like form, color, texture, 
and light diffusion (Calin et al., 2025). 
Moreover, scientific advancements in tissue engineering and bioprinting provide new metaphors for consumer 
product development. Gong et al. (2020) demonstrated that bioengineered GelMA conduits mimicking 
extracellular matrix topologies enhance peripheral nerve regeneration—a principle that, when translated into 
lamp design, suggests that hierarchical and porous structures may influence light behavior and user interaction. 
Similarly, Vijayavenkataraman et al. (2019) explored conductive core-shell scaffolds, which can inspire smart 
lighting components that respond to user proximity or ambient conditions. 
While significant research exists in the domains of biomimicry, biophilic design, and emotional product 
engagement, there remains a noticeable gap in how these fields intersect within the context of real-world user 
interaction—particularly in the domain of home lighting. Most existing studies focus either on the technical 
capabilities of 3D printing or the theoretical benefits of nature-inspired aesthetics, but rarely explore their 
integration from a user-centered perspective. Moreover, current literature offers limited empirical data or 
structured models that address how users emotionally engage with 3D-printed, nature-inspired home décor. 
This creates a research opportunity to bridge theory and practice by developing a framework that guides future 
design innovations This paper addresses this gap by proposing a conceptual design framework—BioEmotion-
UX—which integrates emotional design principles with sustainable customization strategies inspired by 
natural systems. This framework is particularly valuable in design contexts where empirical data may be 
sparse, but where user-driven insights, speculative scenarios, and secondary research can still inform 
meaningful product innovation. 
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Fig 5: Conceptual Convergence Leading to Neo-Biophilic Experience Design 

These findings support the development of design frameworks that connect emotional perception with 
structural logic. Integrating such literature into the present study provides a foundation for proposing a 
systematic framework (BioEmotion-UX) that considers emotional resonance, natural inspiration, and 
sustainable customization as core components of lighting product development. 
3. Conceptual Framework: BioEmotion-UX 
The BioEmotion-UX Framework is conceived as an interdisciplinary design model that integrates biophilic 
inspiration, user experience psychology, and sustainable design practices. Rather than a linear methodology, 
this framework operates as a layered ecosystem—each element contributing to both the emotional impact and 
environmental integrity of the final product. 
Bio-Inspired Form: At its core, the framework draws from natural geometries—such as fractals in leaves, 
coral textures, or bark grooves. These forms are not merely decorative but psychologically evocative. They 
stimulate familiarity, calmness, or curiosity in users, aligning with evolutionary aesthetics that associate 
organic shapes with safety and comfort. 
Material Consciousness: Beyond aesthetics, the framework embeds environmental ethics through material 
choices. The use of biodegradable, recycled, or hybrid filaments (e.g., PLA infused with sawdust or bamboo 
fibers) supports low-carbon production while adding sensory richness. This material narrative strengthens 
product authenticity and user attachment. 
Customization Layer: A key pillar of the BioEmotion-UX model is user agency. Through digital platforms, 
users co-design their lamps—selecting form, texture, color, and scale. This customization is not just functional 
but emotional; it transforms passive consumers into active storytellers of their living space. 
Emotional Anchoring: Sensory elements such as light diffusion, warmth, and tactility are carefully tuned to 
elicit specific emotions. For instance, warm amber tones and matte finishes may evoke nostalgia or serenity, 
while translucent coral-like structures create a sense of intrigue and presence. This layer ensures that the lamp 
becomes more than illumination—it becomes an emotional anchor within its environment. 
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Urban Context Fit: The framework respects the spatial constraints of modern urban homes. Designs are 
modular, multifunctional, and space-efficient. For example, a lamp may include planter grooves or wireless 
charging surfaces, blending biophilic form with smart functionality. 

 
Fig 6: Conceptual Framework: BioEmotion-UX 

By combining these five layers, the BioEmotion-UX Framework offers a holistic guide for designing next-
generation lighting products that are emotionally compelling, ecologically responsible, and experientially rich. 
The following table presents practical examples for each of the five layers in the BioEmotion-UX 
Framework—Bio-Inspired Form, Material Consciousness, Customization Layer, Emotional Anchoring, and 
Urban Context Fit. These examples demonstrate how nature-inspired design, sustainable materials, user co-
creation, sensory engagement, and space-efficient functionality can be translated into tangible product 
concepts for emotionally intelligent and ecologically responsible lighting design. 
Table 2: Supporting Examples for Each Layer of the BioEmotion-UX Framework 
S. 
No. 

Layer Example Description 

1. Bio-Inspired 
Form 

Coral Spiral Lamp Branching geometries resembling coral 
reefs, designed using 
Grasshopper/Rhino. 

 
 

Leaf Vein Pattern Light-diffusing panels made of 
transparent PLA mimicking tree leaves, 
ideal for meditation rooms. 

2. Material 
Consciousness 

Coconut Husk-PLA 
Lamp 

Adds tropical scent and rustic texture 
through coconut husk-infused PLA. 

 
 

Recycled Coffee 
Ground Filament 

Dark, earthy tone with minimal 
environmental impact, made from coffee 
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waste. 
 

 
Scented Bio-Resin 
Coating 

Optional coating releasing lavender 
scent when warmed. 

3. Customization 
Layer 

KoralGlow App 
Interface 

Allows users to adjust light hue, select 
organic patterns (coral, bark, leaf), and 
visualize changes in real time. 

 
 

Modular Clip-Ons Personalized modules (engraved initials, 
local motifs) attach to the lamp body. 

4. Emotional 
Anchoring 

Amber Memories 
Lamp 

Warm amber tones with matte finish 
evoke a vintage feel, ideal for reading 
corners. 

 
 

Ocean Mist Lamp Translucent blue tones and wave 
textures create calming environments, 
especially in work-from-home setups. 

 
 

Heirloom Light Abstracts an uploaded old family photo 
into a light pattern diffused through the 
lamp shell. 

5. Urban 
Context Fit 

Desk-Top Planter 
Lamp 

Combines planter groove with 
downlight for small apartments. 

 
 

Foldable Wall Sconce Space-saving collapsible ambient 
lighting solution. 

 
 

Wireless Charging 
Base 

Embedded Qi-charging module in a 
nature-inspired shell-like base. 

4. Design Fiction: Simulated Use-Case Narratives 
To illustrate the BioEmotion-UX framework in real-life contexts and compensate for the absence of direct 
ethnographic data, this study incorporates speculative design fiction through detailed persona narratives. These 
narratives offer emotionally grounded use-cases that reflect the psychological and aesthetic responses of 
potential users. 
Persona 1: Rhea – UX Designer, 29, Mumbai 
"After long hours of screen work, I unwind under my ‘Koral Glow’ lamp. The soft blue hue and wave-like 
design calm my senses, like the soothing ebb of an ocean tide. I selected the design from their online catalog, 
but then customized the ridges and color gradient to match my studio’s mood board. It's not just a light 
source—it’s part of my evening ritual." 
Persona 2: Aarav – Architecture Student, 21, Jaipur 
"My lamp resembles a Banyan seed pod. It’s 3D printed using PLA blended with locally sourced wood dust. 
It sits by my window and diffuses a warm golden hue that reminds me of dusk in my ancestral courtyard. I 
chose the material for its scent and texture—it feels raw and rooted. Every night, when I turn it on, it connects 
me to my heritage." 
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Fig 7: Design Fiction: Simulated Use-Cases 

These design fiction narratives serve as empathic projections of user behavior, giving insight into how the five 
pillars of the BioEmotion-UX framework—form, material, customization, emotion, and context—come alive 
in user experience. They emphasize the lamp not only as a functional object but also as a medium of emotional 
expression, personal identity, and cultural memory. 
5. Design Process & Form Development 
The development of nature-inspired 3D-printed lamps necessitates a fusion of technical tools, material 
exploration, and user-centric aesthetics. At the core of the design process is the use of parametric modeling 
software, such as Grasshopper and Rhino, which allow for the algorithmic generation of intricate, organic 
geometries. These digital tools enable designers to simulate biological forms—like leaf venation, coral 
branching, or shell spirals—with a high degree of precision and adaptability. 
Material selection is equally critical. Designers are increasingly turning to eco-conscious filaments enhanced 
with natural additives like sawdust, coconut husk, cork powder, or algae. These not only reduce the 
environmental footprint but also bring tactile diversity and subtle natural scents into the product—qualities 
that are often overlooked in traditional plastic-based 3D print. 
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Fig 8: Design Process & Form Development 

Furthermore, the use of a customization interface—either embedded within a mobile app or web-based 
platform—enables end-users to engage creatively with the lamp’s design. Through sliders, presets, and 
interactive previews, users can experiment with variables such as surface texture, light diffusion patterns, size, 
and base color tones. This interactive co-creation leads to deeper product attachment, emotional investment, 
and a stronger sense of ownership. 
The result is a design workflow that does not treat the lamp as a static object but as a living artifact—shaped 
by computational intelligence, material ethics, and the emotional imagination of its user. 
6. User Insight Mapping  
This section synthesizes secondary research findings and trend reports to outline actionable insights relevant 
to user expectations and product development. These insights not only validate elements of the BioEmotion-
UX framework but also suggest opportunities for material, functional, and emotional innovation in nature-
inspired lighting design. 
Table 3: Mapping User Insights to Design Opportunities for Nature-Inspired 3D-Printed Lamps 
User Insight Design Opportunity 

Users seek emotional 
comfort 

Embed memory cues through personalized light color, surface 
texture, and visual motifs. 
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Preference for natural 
textures 

Use hybrid materials such as PLA blended with cork, bamboo, 
or ceramic powder. 

Customization matters Develop modular, user-editable components with swappable or 
3D-printable parts. 

Sustainability is 
expected 

Include LCA-certified materials and eco-labeling to 
communicate environmental values. 

These insights can inform a more responsive, meaningful product design strategy. By aligning with emerging 
user expectations, designers can enhance both emotional satisfaction and environmental responsibility, 
ensuring the final product resonates at multiple levels of interaction. 
7. Innovation Opportunities & Implications 
The BioEmotion-UX framework provides a fertile ground for both technological and social innovation in 
lighting design. By synthesizing biological inspiration, emotional resonance, customization, and urban fit, the 
framework not only enhances user experience but also proposes a sustainable and future-ready approach to 
design. This convergence of digital and ecological intelligence opens new possibilities for how lighting 
products are conceived, produced, and experienced. 

 
Fig 9: Innovation Ecosystem around the BioEmotion-UX Framework 

AI-Based Customization Tools: Leverage artificial intelligence to generate lamp designs in real-time based 
on user inputs such as mood, natural form inspiration, lighting preference, or room context. This fosters hyper-
personalized, co-created design outcomes. 
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Biophilic Mood Mapping: Incorporate sensors that detect time of day, temperature, and ambient light to 
automatically adjust the lamp’s intensity, hue, or diffusion pattern—simulating natural rhythms such as dawn, 
dusk, or moonlight. 
Community Design Platforms: Create a cloud-based ecosystem where users can upload, remix, or trade 
nature-inspired lamp designs. This open design culture enhances user participation, emotional ownership, and 
social connection. 
Tactile and Aromatic Add-Ons: Future designs could include biodegradable scent diffusers or embedded 
textures that stimulate multiple senses, enriching the biophilic experience. 
Circular Production Ecosystems: Lamps can be designed for disassembly, reuse, or upcycling, and users 
could be incentivized to return components for remanufacture or trade. 
Together, these innovations amplify the core tenets of the BioEmotion-UX framework—merging emotional 
depth, environmental care, and technological flexibility—while preparing lighting products to meet the 
evolving needs of ecologically aware, design-savvy consumers. 
8. Conclusion 
The BioEmotion-UX framework introduced in this study responds to the urgent call for emotionally 
meaningful, ecologically sustainable, and technologically adaptive lighting design in modern urban 
contexts. By synthesizing biophilic design principles, emotional UX strategies, and additive 
manufacturing techniques, the framework bridges the gap between natural inspiration and human-centered 
product innovation. It enables the creation of lighting artifacts that are not only functional but also emotionally 
expressive and environmentally conscious. 
This layered model—comprising bio-inspired form, material consciousness, customization, emotional 
anchoring, and urban context fit—offers a dynamic, interdisciplinary approach to product development. It 
guides designers to move beyond aesthetics, focusing on personal narrative, psychological resonance, and 
spatial adaptability. The framework also empowers users as co-creators, fostering deeper emotional 
connections through digital customization and material storytelling. 
Through speculative design fiction, early-stage user insights, and future-oriented design strategies, the study 
demonstrates how 3D-printed nature-inspired lamps can act as both sensory artifacts and cultural 
expressions. These lamps become emotional anchors—offering comfort, identity, and sustainability in daily 
life. 
Moreover, this research identifies critical innovation opportunities such as AI-based co-design, biophilic 
mood mapping, sensory augmentation, and circular production models. These opportunities not only expand 
the functionality and engagement of lighting products but also encourage community participation, ethical 
material use, and long-term emotional attachment. 
Importantly, the BioEmotion-UX framework is envisioned as an adaptive, evolving system. It opens up 
pathways for future empirical studies, including neuroaesthetic testing, multisensory interaction research, 
and cross-cultural evaluations, to further validate and refine its effectiveness. It encourages designers, 
researchers, and technologists to explore how emotionally intelligent design, rooted in nature and 
sustainability, can transform utilitarian objects into powerful vehicles of emotional expression and well-
being. 
In sum, this research lays a foundational approach for future product systems where digital technology, 
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nature-inspired aesthetics, and emotional design harmoniously converge—marking a meaningful shift in 
how we design for human experience, ecological balance, and the future of urban living. 
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