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To address sustainability concerns, product designers have actively sought to repurpose 

waste into innovative materials, a phenomenon known as Material Driven Design. The 

global rise in coffee consumption, particularly in Indonesia, has led to an increase in 

coffee waste generation, contributing to environmental pollution and climate change. 

This study focuses on repurposing Spent Coffee Ground (SCG) as an additional material 

in ceramic production to mitigate environmental impact. Recognizing the need for a new 

design methodology to guide material-driven processes, this study combines qualitative 

literature review with a research-through-design approach. Drawing from existing studies 

on material innovation processes such as material-driven design and design-driven 

material innovation methodologies, the study proposes a comprehensive approach built 

upon these existing studies. This methodology, outlined in a canvas named Material 

Driven Innovation Canvas (MDIC), comprises seven building blocks: understanding the 

material, conceptualization, prototyping, setup, user testing, reflection, and iterations. 

The canvas is implemented in a design project to repurpose the SCG into a functional 

product. From a series of experiments, it was found that the strength of the clay and Spent 

Coffee Ground mixed material lies in its porosity, which is enhanced by incorporating 

5% of fine coffee grounds. The coffee ground mixtures increase ceramic porosity and 

water absorption without compromising structural integrity. Hence, the proposed solution 

aims to develop two types of self-watering planters adaptable to various planting methods 

and species. To craft the ceramic planters, each planter needs a blend of 550 grams of 

clay and 5% Spent Coffee Ground (27.5 grams) is utilized. This mixture undergoes hand-

throwing and carving to achieve the desired shape, followed by drying and firing at 

900℃. Through the design project, it was determined that utilizing the MDIC adds 

simplicity, clear visual representation, holistic views, and facilitates collaboration. This 

research not only offers practical insights into leveraging Spent Coffee Ground (SCG) in 

ceramics but also showcases the effectiveness of the Material-Driven Innovation 

approach in transforming waste materials into innovative products. 
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1. INTRODUCTION

In recent decades, designers worldwide have been actively 

engaged in addressing sustainability issues by repurposing 

waste materials to create innovative advanced materials [1]. 

The focus is on transforming waste into promising materials 

that can offer distinct advantages in the market. This 

phenomenon is called Material Driven design coined by 

Karana et al. [2]. Material design plays a crucial role in this 

endeavor by identifying suitable applications for new 

materials, enhancing their functionalities based on technical 

properties, and leveraging the characteristics of waste 

materials for easy molding and manipulation to achieve 

desired sensorial attributes [3]. This approach not only seeks 

to give new life to waste but also aims to create materials that 

stand out from competitors, contributing to sustainability and 

market competitiveness. 

One of waste that is abundance is Spent Coffee Ground 

(SCG). According to International Coffee Organization (ICO) 

data, the increase of coffee production in Indonesia each year 

is up to 2.5%-3%. Not only as a producer, but coffee 

consumption in Indonesia also continues to grow. In 2016-

2021 alone coffee consumptions in Indonesia has increased 

by 8.22% per year and reached up to 300,000 tons of coffee 

consumed in the 2020/2021 period. The increase in coffee 

consumption is also supported by trends, habits and lifestyle 

surrounding drinking coffee. The high demand and interest 

in coffee resulted in a high amount of coffee waste. From 1 

kg of coffee beans used, 1.88kg of Spent Coffee Ground 

(SCG) is produced [4]. This could lead to environmental 

problems because Spent Coffee Ground contains caffeine 

and tannins can become toxic to the surrounding environment 

and emit methane gas which pollutes the environment, that 

can eventually lead to global warming [5]. 

Spent Coffee Ground (SCG) have a lot of potential, one of 

which is the use of SCG as additional material in ceramic 
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making. The concept of incorporating SCG into clay is not 

new, such attempts are made to increase the porosity in 

ceramic to produce different variety of products such as clay 

bricks [6], expanded clay ball [7], and bi-layered floor tiles 

(see Figure 1) [8]. Previous research indicates that 

incorporating organic materials into ceramics presents 

significant possibilities for creating diverse product 

variations. Incorporating coffee waste as an additive, the 

porosity of the ceramic can be precisely controlled to achieve 

the desired level, thus unlocking the potential for creating 

self-watering planters that facilitate efficient water 

absorption by the plants. Spent Coffee Ground could be the 

ideal organic material to enhance the porosity in ceramic 

since the grinding process itself creates a uniform size or 

coarseness. 

 

 
 

Figure 1. Leca or expanded clay ball (left) [6], bi-layered 

Floor (center) [7], brick clay samples (right) [5] 

 
In a world where the number of products is constantly 

increasing, the use of innovative materials can help 

differentiate products from competitors, leading to 

distinctiveness in the market Jerz et al. [9]. To innovate with 

new materials and create innovative products, designers need 

a robust design method that can effectively guide them 

through the process. In design literature, two methods are 

commonly discussed for innovating with materials: material 

design-driven and design-driven material innovation 

methodologies. 

This paper showcases a case study in which the theoretical 

frameworks from Karana et al. [2] and Ferrara and Lecce [10] 

are integrated to form a comprehensive design tool, which is 

then implemented in a practical sustainable design project. 

This paper comprises five sections. The initial section 

examines material design-driven and design-driven material 

innovation methodologies, serving as the theoretical 

foundation for the research. The subsequent section outlines 

the development of a unified framework merging both MDD 

and DDMID, resulting in the creation of the Material-Driven 

Innovation Canvas (MDIC). Section three elucidates the 

application of the framework to a design project, where Spent 

Coffee Ground are repurposed into functional products. 

Following the case study, the strengths and limitations of the 

Canvas in educational and practical contexts are deliberated 

in the fourth section. Finally, the last section delves into 

discussions regarding future endeavors. 

 

 

2. LITERATURE REVIEW 

 

2.1 Material Driven Design (MDD) 

 

MDD is a method to guide sustainable design process that 

is developed by Karana et al. [2]. It aims to design material 

experiences by considering not only the functional aptness of 

a material but also its ability to elicit meaningful user 

experiences. MDD involves understanding the engineering 

limitations and unique properties of the material, as well as 

its sensorial qualities and the emotions and perception it 

evokes in users. 

MDD is a comprehensive sustainable design method 

because it focuses on the material as the main driver of the 

design process, considering its properties and potential 

experiences it can offer. Furthermore, MDD encourages 

tangible interaction with the material from the first encounter, 

allowing designers to explore and understand its unique 

qualities and limitations. Finally, MDD aims to create new 

product concepts that go beyond utilitarian assessment, by 

envisioning and materializing design intentions for a new 

material experience. 

Material-Driven Design (MDD) encompasses three 

scenarios to guide designers in the creative process [2]. In 

Scenario 1, where a material is already developed, the focus 

lies on comprehending its technical properties, constraints, 

and opportunities. Designers delve into the material's 

sensorial qualities, attributing meaningful interpretations. 

Scenario 2 deals with semi-developed or composite materials, 

prompting designers to tinker with structures and discover 

optimal combinations based on material experience patterns. 

They manipulate sensorial qualities through surface 

treatments, forms, and manufacturing possibilities. In 

Scenario 3, when a material is not yet developed, designers 

initiate the process by creating material concepts informed by 

the outcomes from Step 3 and their experiences gained from 

Step 1. They subsequently test the performance of these 

concepts and evaluate the material's experiential qualities 

through mechanical tests, interviews, and focus group studies. 

There are four main steps in how to implement MDD 

method [2]: 

(1) Understanding the material: it involves gaining 

knowledge about the unique properties, sensorial qualities, 

and potential meanings of the material. It emphasizes the 

importance of hands-on exploration and practical exploration 

of materials to enhance the creative process and generate 

meaningful user experiences. There are two sub steps, the 

first one is technical characterization of the material, in which 

designers learn about the mechanical and technical properties 

of the material, as well as identifying the manufacturing 

processes that can be used to form the material. This can be 

achieved through accessing technical datasheets provided by 

material suppliers or online material databases. If the 

material is not fully developed, the designers can engage in 

hands-on experimentation with the material, such as cutting, 

bending, or combining it with other materials, to understand 

its inherent qualities, constraints, and opportunities. The 

second one is Experiential characterization of the material in 

Material Driven Design (MDD) involves understanding the 

material on four different experiential levels: sensorial, 

interpretive (meanings), affective (emotions), and 

performative (actions, performances). Sensorial qualities of 

a material refer to the specific characteristics that can be 

experienced through the senses, such as touch, sight, smell, 

taste, and sound. Interpretative is about how users perceive 

the material. User’s perception is shaped by associating it 

with other materials due to similar aesthetics. This 

association can influence how users perceive the material and 

can provide inspiration for design choices. The interpretative 

experiential level supports the sensorial experience because, 

to fully comprehend the material's sensorial qualities, it is 
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essential to explore how people describe the material and the 

meanings it evokes. Affective is about how users’ feeling 

when seeing the material. This can involve examining the 

emotions that the material elicits, such as surprise, love, hate, 

fear, relaxation, and so on. Lastly performative is what 

people do to the material naturally without given any 

instructions. This includes observing how users physically 

engage with the material, as well as any behavioral patterns 

that emerge. To gain the data designers should conduct FGD 

and ask several questions about the material in these four 

experientials levels. 

(2) Creating a material experience vision: it involves 

formulating a clear and comprehensive vision statement 

expressing how a designer envisions the material's role in 

creating functional superiority and a unique user experience 

when incorporated into a product. Before crafting the vision, 

designers can conduct material benchmarking, studying and 

analyzing other materials and their applications to gain 

insights and inspiration for the material under consideration. 

This process helps designers understand potential application 

areas and experiential considerations emphasized in those 

domains. The vision statement should encompass the 

material's unique technical and experiential qualities, its 

potential positive impact in specific contexts, how people 

would interact with it, the unique contribution it would make, 

how it would be sensed and interpreted, what it would elicit 

from people, and what actions it would inspire. In conclusion, 

the material experience vision should summarize various 

findings and insights from the existing material that similar 

to the studied material to guide the designer's decisions 

throughout the design process. 

(3) Manifesting Material Experience Patterns: it 

involves visualizing and categorizing datasets, including 

technical and experiential information about the studied 

material and related materials found during benchmarking 

studies. Through the analysis of these datasets, designers, 

utilizing their intuition and creativity, can identify patterns 

and classify them to formulate material experience patterns, 

using adjective words that represent the material, such as 

"modest" or "provocative." The keywords can be visualized 

through diagrams that represent the relationships between the 

user, product, and material in the context of material 

experiences. The user refers to the individual or group of 

individuals interacting with the product and engaging in the 

material experience. The product refers to the shape, function, 

and manufacturing process of the studied material. The 

material is the studied material containing technical and 

experiential qualities. The diagram visualizes how these three 

elements-user, product, and material-interact within a 

situational whole to create the overall material experience. 

Understanding these relationships enables designers to 

intentionally manipulate materials to create meaningful 

experiences for users. 

(4) Designing material/product concepts: in this stage 

all the main findings are integrated into the design phase, 

where the designer creates material/product concepts based 

on the previous steps' outcomes. Designers can select 

concepts with the greatest potential by doing performance 

mechanical test on the studied material, this test is needed to 

assess whether the material is capable of fulfilling the 

required function or purpose. Designers should also evaluate 

the material's experiential qualities through insights gathered 

from focus group studies. In addition to technicalities and 

experiential qualities another important aspect to consider is 

their feasibility in terms of cost and production. By 

considering feasibility, designers can ensure that the ideas are 

practical and economically viable for commercialization. 

 
2.2 Design driven material innovation methodology 

(DDMIM) 

 
DDMIM is a systematic approach and strategic tool for 

designers based on integrating material design and product 

design, with a focus on understanding the qualities of 

materials in depth [8]. The success of material innovation 

depends on two important design outcomes: distinctiveness 

and user acceptance. Hence, the method emphasizes creating 

new values and meanings in products, with a strong emphasis 

on human pleasure and meeting consumer needs. It consists 

of seven steps: Data collection, Sensing, Sensemaking, 

Envisioning, Specifying, Setting up, and Placing [8]. 

(1) Data Collection: the first step in DDMIM is the 

process of gathering relevant information and data about the 

materials being studied. There are three main activities in this 

step. First, analyzing the material by gaining its technical 

data to understand its potential and characteristics. Second, 

benchmarking activities are conducted to position the 

material in the contemporary materials scenario and identify 

opportunities for its application in various sectors. Third, 

hands-on activities involve the exploration of the material 

through hands-on manipulation to understand its sensory 

potential and how it can influence the creative process. 

(2) Sensing: this process involves understanding the users 

and the environment in which material innovation will take 

place. It includes gathering information and insights about 

users' needs, desires, and aptitudes in relation to their 

physical, physiological, ideological, and social well-being. 

This process helps designers gain a deeper understanding of 

the users and their context, which is essential for creating 

meaningful and impactful design solutions. In addition to 

information about users, the environment is also studied by 

gathering information about geographical, cultural, social, 

and economic factors, which helps define the cultural and 

behavioral characteristics of the project. 

(3) Sensemaking: In this phase, designers generate 

concepts regarding the potential possibilities or desirable 

outcomes associated with the material. They create a 

conceptual framework or "material vision," establishing 

novel interpretations for the material and predicting 

upcoming trends. Sensemaking demands that designers 

employ their creativity to introduce innovation and present 

unique perspectives distinct from previous existing 

application of the material, outlining precise scenarios for the 

practical implementation of the envisioned concept. This 

stage holds significant importance in the formulation of 

design solutions that are both meaningful and influential, as 

it facilitates a comprehensive comprehension of the material 

and its prospective uses. 

(4) Specifying: In this stage the concept defined in the 

previous stage is specified by choosing the most suitable 

product language which refers to the visual and functional 

characteristics of the product and using it as a specification 

for developing the first experimental prototype. The 

experimental prototype is a physical representation of the 

newly defined meaning and serves as a test version of the 

product. The purpose of developing the prototype is to 

evaluate its feasibility, functionality, and overall 

performance. The development of the experimental 
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prototype is an essential step in the innovation design method 

as it allows for practical testing and validation of the design 

concept. 

(5) Setting up: once the prototype is refined, the next step 

is the concept of "storytelling". Storytelling involves 

carefully designing a narrative that accompanies the new 

product and its defined new meaning. The purpose of 

storytelling is to amplify and relate the message of the new 

meaning to the potential customers. By creating a compelling 

story that aligns with the product language, the new product 

can be effectively introduced to the market. Additionally, the 

ability to effectively communicate the meaning of material or 

product innovation is crucial. Visual communication skills 

play a fundamental role in this process, as the message should 

be pleasant and easily understood by consumers. Aside from 

developing storytelling, another activity to do in this step is 

to evaluate the impact of the innovation by organizing a 

material experience session with potential users. This session 

allows for the evaluation of how the innovation resonates 

with users and its potential effects on society. By gathering 

feedback and insights from potential users, the product can 

be refined and improved before being introduced to the 

market. 

(6) Placing: this step is to evaluate how innovation 

resonates with users and its potential effects on society. This 

means thinking about how the product will be made available 

to customers, whether it is through direct sales to businesses 

(Business to Business or B2B) or through sales to individual 

consumers (Business to Consumer or B2C). The role of 

design in this phase is to contribute to the implementation of 

the visual communication of the product. This involves 

creating visual elements such as packaging, branding, and 

marketing materials that effectively communicate the value 

and benefits of the product to the target audience. The design 

should align with the overall brand identity and messaging 

and help differentiate the product from competitors in the 

market. 

On the other hand, with regards to recent studies 

incorporating organic waste in clay, according to 

Pranckevičienė and Pundienė [11], it was found that mixing 

clay with organic compound waste (OCW) modifies the pore 

structure of the clay and the ceramic product exhibits higher 

thermal conductivity. Another study of Silva et al. [12] found 

that organic waste like rice husks, banana leaves, and coffee 

waste can be used as porogenic agents in producing porous 

ceramics for applications like porous clay bricks and 

insulation materials. Another study by Zeeuw van der Laan 

[13] was a thesis published as study case in Karana et al.’s 

study [2] exploring the use of Spent Coffee Ground as fillers 

and fibers in bio-composites with an MDD approach and 

recommended the importance of understanding the 

experiential aspects of the material during the first stage of 

MDD. The experience of the Spent Coffee Ground is gained 

through sensorial engagement via its imperfect aesthetics. 

Hence, the study recommends prioritizing them over 

technical aspects in material design. 

Unfortunately, recent research has not delved into tool 

development. To enhance user-friendliness, the integration 

of MDD and DDMID as design methods could be pivotal in 

guiding designers through the sustainable design process. In 

this study, a canvas is formulated, combining both 

approaches, serving as a valuable reference for designers 

engaged in sustainable design processes. Prior to 

constructing the canvas, the existing study about MDD hasn’t 

develop a structured canvas or framework specifically 

tailored to guide designers through the MDD process [2, 14]. 

The development of a specialized canvas for MDD could 

address this gap, providing a systematically and user-friendly 

tool to facilitate the systematic integration of material 

properties, experiential qualities, and design objectives, 

thereby enhancing the efficacy and efficiency of material-

driven design processes. Canvas is a great tool in the design 

process because it provides a visual platform for designers to 

conceptualize and organize their ideas. It allows them to see 

the overall structure of a design or project in a single view, 

facilitating better understanding and communication of 

complex concepts [15]. Therefore, this study poses the 

research question: How can we develop a canvas for the 

conceptualization of material-driven design? 

 

 
3. METHOD 

 
The present research employed a qualitative exploratory 

study design with research through design approach to 

investigate the topic of creating MDD canvas and apply it on 

design project, which has not been thoroughly investigated 

previously. Research through design (RtD) is an approach to 

research that integrates design practices and methodologies 

to address complex problems and generate new knowledge 

[16]. It involves using the design process itself as a means of 

inquiry, exploring and investigating research questions 

through the creation of tangible artifacts, prototypes, or 

interventions [17]. Unlike traditional research methods that 

primarily rely on analysis and observation, RtD emphasizes 

the act of designing as a way to understand, explore, and 

contribute to knowledge in various fields, including design, 

architecture, and human-computer interaction. 

The research methodology involved a multi-step process. 

Initially, the study conducted a comprehensive literature 

review on Material Driven Design (MDD) and Design-

Driven Material Innovation and Development (DDMID), 

elucidating the steps and considerations at each phase. 

Subsequently, the research constructed a framework that 

amalgamates both MDD and DDMID, creating a unified 

guide for the study. This framework was then applied to a 

design project, transforming Spent Coffee Ground into 

functional products, with the tangible output of the 

framework being the creation of planter prototypes. To create 

the ceramic planter, 550 grams of clay are required, mixed 

with 5% Spent Coffee Ground, equivalent to 27.5 grams. The 

mixture of clay and coffee grounds is then hand-thrown and 

carved to shape the form before being dried and fired at 

900℃. The study did not include a control group because 

without the addition of Spent Coffee Ground to the clay, the 

ceramic lacks sufficient porosity to function as a self-

watering ceramic planter. 

Lastly, the study conducted user testing on the prototypes 

to assess user acceptance of the products, and researchers 

also reflected on and evaluated the effectiveness of the 

framework. This comprehensive approach aimed to identify 

areas for improvement in both the final product and the 

research methodology. 
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4. RESULT AND DISCUSSION 

 

The study integrates both approaches, leveraging the 

strengths of Material Driven Design (MDD), which 

emphasizes building user experiences across four levels: 

sensorial, interpretative, affective, and performative, and 

combining it with the strengths of Design-Driven Material 

Innovation and Development (DDMID). The latter approach 

encompasses all steps, starting from collecting technical data 

about the material, engaging in hands-on exploration, 

conceptualizing the material into a product, prototyping, and 

concluding with the market launch of the material. The 

research output framework is named Material-Driven 

Innovation Canvas (MDIC). 

The canvas is constructed, and each step is elaborated with 

prompt questions that will guide designers through the 

material innovation design process systematically (see 

Figure 2).

 

 
 

Figure 2. The material driven innovation canvas 
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Figure 3. The Spent Coffee Ground project material driven innovation canvas 
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The canvas is implemented in a design project aimed at 

recycling coffee waste into functional products. The Spent 

Coffee Ground (SCG) project falls under scenario 2, wherein 

the coffee waste needs to be combined with other materials to 

enhance its strength and durability. Hence the study is an 

experimental study to create a composite material coffee 

coarse waste combined with clay (see Figure 3). The process 

of MDIC is summarized below. 

 

4.1 Understanding the material: Technical aspects 

 

From series of experiments, it is found that the optimal 

percentage of Spent Coffee Ground in the mixture is 5% fine 

coffee grounds. This concentration demonstrated superior 

strength, technique variation, porosity & absorbency that can 

be good for plant growth. 

To form the material, the Kurinuki ceramic hand building 

technique stands out for its simplicity and easiness. Carving 

wet clay yields a rough surface, whereas leather-hard clay 

allows for neater details. Additionally, the material can be 

shaped through hand throwing and carving. The study 

determined that hand throwing and carving are the optimal 

methods for creating planters due to their efficiency, higher 

success rate, and capacity for extensive form explorations. 

Texture varies with coffee ground concentration, with 5% 

mixture yielding smoother results and 10% creating rougher 

textures. Trimming and carving are slower with coffee 

grounds, and drying time increases with higher coffee grounds 

percentages. 

 

4.2 Understanding the material: Experiential aspects 

 

Considering user experience aspects, it is found that users 

perceive a slightly grainy or textured feel due to the presence 

of coffee grounds, associating the material with organic and 

sustainable attributes. Based on the feedback, we agree to 

prioritize the grainy and textured experiential aspects, aligning 

with Zeeuw van der Laan [13], who asserts that such qualities 

can enhance the user experience. 

 

4.3 Conceptualization and ideation 

 

Based on hands-on exploration and technical experiments, 

it was found that the optimal ratio of coffee grounds in the 

mixture is 5% fine coffee grounds, offering superior strength, 

technique variation, and porosity. Users perceive a slightly 

grainy texture due to the Spent Coffee Ground, associating the 

material with organic and sustainable attributes, prompting 

exploration into "natural" and "rustic" elements. The porous 

nature of the material inspired the concept of self-watering 

planters, allowing plants to absorb water through ceramic 

pores, catering to modern urban dwellers seeking indoor plant 

freshness with minimal maintenance. 

 

4.4 Prototype 

 

The concept of the planters is prototyped into tangible 

objects using the CCG and clay composite material. To 

validate the functionality of the composite material for 

planters, designers collaborated with a horticulturist to 

cultivate plants on the prototypes. The study revealed that 

while the composite material is effective as a planter, two 

distinct designs are necessary to accommodate different plant 

types. To nurture ornamental plants, the planter should include 

a cavity with a depth of approximately 1cm and a rough texture 

across the ceramic body (see Figure 4). For microgreens, the 

planter should feature a recess or hollow for planting space 

(minimum 0.5cm depth) with a rough texture inside the hollow 

(see Figure 5). Additionally, the planter should have a cone-

shaped structure (widening at the bottom) to prevent planting 

media from easily falling out. 

Based on previous findings, the waste is transformed into 

two types of planters named “Kopi”, the word kopi means 

coffee in Indonesia. Kopi Planter has two varieties of products 

which are Kopi Groove Planter specifically for planting 

microgreens and moss and Kopi Cavity Planter that are ideal 

for household plants like aroids, begonia, ferns, hoya and other 

small plants. 

 

 
 

Figure 4. Kopi planter for ornamental plants 

 

 
 

Figure 5. Kopi planter for micro green 

 
4.5 Setting up 

 
After creating the prototype, the subsequent step involves 

meticulously crafting a narrative to accompany the new 

product and its defined significance. This narrative 

underscores the process of transforming coffee waste into a 

functional and eco-friendly ceramic planter. Visual content 

adopts earthy tones to resonate with sustainability principles 

and emphasizes the distinctive attributes of the material. 

Additionally, it offers clear instructions for effectively 

utilizing the planter (see Figures 6 and 7). 
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Figure 6. Kopi cavity planter for ornamental plants instruction guide 

 

 
 

Figure 7. Kopi groove planter for micro green instruction guide 

 

 

5. USER TESTING 

 

Based on the user review results, most respondents 

expressed interest in the product, finding it innovative, 

functional, and highly decorative. Both the Kopi Cavity and 

Groove Planters received positive feedback from users in six 

different aspects: Sustainable Design Concept Idea, 

Innovativeness, the craftsmanship quality of the Final Design, 

Ease of Use of the Kopi Groove Planter, Ease of Use of the 

Kopi Cavity Planter, Product Usability, Product Size, and 

Product Price, receiving an average score of 4.2 out of 5, with 

the highest score of 4.6 in the sustainable design concept idea. 

6. REFLECTIONS AND ITERATIONS 

 

Based on the feedback received, several improvements can 

be made to enhance the design of the planters. Firstly, the 

wall gaps of the Kopi Cavity Planter should vary in size to 

accommodate various ornamental plants. Future research 

should conduct usability testing with different plant species 

to determine the optimal gap size for versatile planting 

options. Secondly, the space at the bottom of both planter 

designs needs to be redesigned to improve grip and stability 

when moving the planter. 

From implementing the MDIC canvas on design project, 
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several findings can be made. 

 

6.1 Simplicity 

 

The canvas distills complex material innovation process 

into seven building blocks in a single visual format, making 

it easy to understand and communicate various aspects of the 

material innovation process from the first stage which is 

understanding the material both technically and the user 

experience factors to the last stage which is reflection and 

iteration. 

 

6.2 Clear visual representation 

 

The canvas offers a visual representation of the material 

innovation process, allowing designers to quickly grasp the 

interrelationships between different building blocks of 

material innovation process and identify areas for 

improvement. The prompts provided for each building block 

guide designers on the actions to take at each stage of the 

material innovation process. At the end of each step, the 

canvas requires designers to document the key findings for 

further exploration. By recording the findings at the end, it 

ensures that they are integrated into the next stage of the 

process. The material innovation process as explained by 

Ferrara and Lecce [10] as a continuous process, with each 

preceding step forming the basis for the subsequent ones. 

Therefore, by offering a clear visual representation, the 

canvas ensures that the insights gained from previous steps 

are duly incorporated into the following ones. 

 

6.3 Holistic view 

 

It provides a comprehensive view of the material 

innovation process, encompassing critical aspects such as 

technical considerations and user experience factors. Apart 

from bridging the technical and user experience dimensions, 

the canvas also establishes a link between the customer's 

viewpoint and the designer's perspective, facilitating the 

development of practical product innovations that can be 

promptly implemented. Using a matrix to evaluate the best 

outcomes increases objectivity in determining which results 

should be considered further. The study is consistent with 

Karana et al. [2], who suggested that in the material design 

process, designers should gather insights about the material 

from various angles, not solely through direct benchmarking 

or experimentation but also by considering user experiences. 

Therefore, by aligning all the building blocks of the material 

innovation process, the canvas ensures that all factors are 

considered, enabling designers to envision the innovation 

process holistically. 

 

6.4 Facilitates collaboration 

 

The canvas serves as a collaborative tool, enabling 

designers to brainstorm, analyze, and align various aspects of 

the material innovation process with other stakeholders like 

users and engineers. During the Spent Coffee Ground project, 

the researchers collaborated with horticulturist to discuss the 

type of plants suitable for the plants. The complexity of 

materials' natural behavior necessitates interdisciplinary 

collaboration involving engineering design and materials 

experts. This interdisciplinary approach enhances the 

innovation and efficiency of the process [18]. The canvas 

serves as a communication tool, providing a quick snapshot 

of the material innovation process and enabling stakeholders 

to grasp the big picture efficiently. This can prove useful in 

addressing the specific challenges and opportunities 

associated with innovative materials. As a result, the canvas 

fosters valuable learning experiences for both researchers 

and stakeholders, while also enhancing engagement among 

them. 

In this paper, we demonstrated the effectiveness of the 

MDIC approach in a specific project centered on 'utilizing 

waste coffee grounds in design'. By leveraging the canvas, 

this research contributes to the expansion of existing research 

on blending SCG with clay. While the composite material has 

been previously applied as clay bricks [6], expanded clay 

balls [7], and bi-layered floor tiles [8], this study introduces 

a new application by creating functional self-watering 

ceramic planters from the mixed material. 

The MDIC approach will be later elaborated in specific 

courses focusing on 'sustainable design' offered by the 

Faculty of Design at Pelita Harapan University. Our long 

goal is to showcase the applicability of the method across 

various projects falling under the three distinct scenarios 

outlined in this paper: designing with a familiar material, a 

completely new material, and a partially developed new 

material. In our future research, we aim to explore two 

additional scenarios that were not covered in the project 

outlined in this paper. Like any tool, as we implement it in 

more projects, there may be areas that require refinement. 

Therefore, future research can continuously enhance and 

adjust the canvas based on feedback and practical application 

to address any weaknesses that may arise. 

In addition to the canvas, the study also has an 

environmental impact by recycling 5kg of Spent Coffee 

Ground for both the experiments and prototypes. The 

lifecycle analysis on the planters reveals that they are made 

from stoneware clay, a natural material. Spent Coffee Ground 

is generally considered biodegradable, breaking down 

relatively quickly in natural environments and contributing 

to soil health as they decompose. A study by Lachman et al. 

[19] found that SCGs can be neutralized to promote plant 

growth while maintaining anti-herbivore properties after 

partial decomposition of up to 8 months. Unfortunately, 

when the SCGs are decomposing it involves the action of 

microorganisms converting the organic matter into simpler 

compounds, such as biogas, which primarily consists of 

methane and carbon dioxide [20]. The potential emission of 

methane gas from the increased use of Spent Coffee Ground 

(SCG) poses another dilemma that can limit the study. If 

SCGs are not utilized, they will decompose and emit methane 

gas. However, if they are recycled by incorporating them into 

clay, they can be transformed into new materials, mitigating 

environmental impact. On the other hand, if ceramic planters 

are simply discarded, the environmental problem of methane 

emission persists. 

On the economic side of this project, we calculated a total 

cost of $1,059.41, in addition there is a tool investment of 

$1,626.02, with the highest cost attributed to the ceramic kiln 

investment. If we divide the material cost by 10 and the tool 

investment by 3000 uses, we find that the cost of goods for 

the planters is approximately $6.1. If sold, it's advisable to 

triple the cost to cover additional expenses such as marketing 

and packaging. This would set the price at around $18. This 

price is reasonable compared to regular ceramic planters, 

which typically range from $16 to $31 in Indonesia. Hence, 
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we really do belief that this project can be viable as a business 

in the future. 

 

 

7. CONCLUSION 

 

In conclusion, the study has successfully created a canvas 

that combines the strengths of existing methodologies to 

develop a more comprehensive tool for systematically 

guiding designers through the material innovation process. 

The canvas distills the complexities of material innovation 

into seven easily understandable building blocks: 

understanding the material, conceptualization, prototyping, 

setup, user testing, reflection, and iterations. 

The implementation of the MDI canvas into the design 

project, focused on crafting self-watering ceramic planters 

using a blend of coffee coarse grounds and clay, has offered 

valuable insights into the canvas's efficacy in structuring the 

material innovation process. The canvas simplifies the 

complex nature of the material innovation process, guiding 

designers from the initial understanding of the material to the 

reflection and iteration stages. Its clear visual representation 

allows designers to comprehend the relationships between 

different stages and integrate insights gained from previous 

steps into subsequent ones, ensuring a continuous and 

iterative process. Furthermore, the canvas offers a holistic 

view by considering both technical aspects and user 

experience factors, aligning with the need for comprehensive 

understanding during material innovation. Additionally, it 

serves as a collaborative tool, fostering interdisciplinary 

collaboration among designers, users, and engineers, thereby 

enhancing innovation and efficiency in the material 

innovation process. 
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