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Abstract. As society and regulations demandmore ecological materials, wemust
focus on finding new properties in potential candidates that make them really fea-
sible and open up new possibilities. A new methodology is established to reach
that goal, based on already existing ones, but with a broader vision; more focused
on the use, and not solely on the product. To put it into practice, it’s been applied
on Luffa Cylindrica, a plant with interesting properties. A volumetric, mechan-
ical and perceptual characterization of it has been carried out, so that we can
create new concepts specially linked to that. One of these paths has been fully
developed to the point of getting a physical prototype, while more complex ones
have been suggested. The stated methodology may be used as a flexible guide to
find new materials not only more environmentally-friendly, but better than what’s
stablished.
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1 Introduction

Social pressure leads to the use of more ecological solutions in the industry. The problem
is that they don’t usually match the features of their traditional counterparts, and end up
succeeding by mandatory regulation. Materials choice is one of the fields in which this
behavior applies.

The most effective approach to this problem is to find applications in which each
new material excels, instead of trying to substitute established solutions with worse
alternatives that will not naturally spread in the market.

There are some methodologies that already focus on the material itself to discover
its maximum potential. Material Driven Design (MDD) [1] is one of those, in this
case specifically thought for eco-friendly materials. Material Experience Lab created
the MDD Methodology [1], in order to give a clear guide to accomplish innovative
products using that kind of eco-solutions. This methodology is highly focused on the
experiential characteristics of the materials, leading to final outcomes that accurately
reflect the core values of them. A new methodology is established to reach that goal,
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based on already existing ones, but with a broader vision; more focused on the use, and
not solely on the product. Here, a modified version of it is stated, with a broader focus,
not only suitable for consumer-oriented products, but for large-scale applications. This
enhanced new approach methodology has been applied on Luffa Cylindrica, the dried
fruit of a plant with interesting properties. A volumetric, mechanical and experential
characterization of it has been carried out, so that we can create new concepts specially
linked to those properties. One of the processes associated to this methodology was fully
developed till a physical prototype was manufactured, while more complex ones have
been suggested. The stated methodology may be used as a flexible guide to find new
eco-friendly materials applications, which outperform their predecessors.

2 Methodology

This new methodology based on the MDD is stated (Table 1). While MDD is more
product-guided, its modified version covers more application fields, so it can deliver
higher-level industrial uses, while not dismissing the outcomes of the MDD.

Table 1. Comparison between methodologies.

Stage MDD Modified MDD

Phase I • Mechanical characterization
- Manufacturing processes
- Mechanical information
- Full experiential characterization
- UX Tools
- Broad research
- Properties
- Cost

• Volumetric characterization
• Mechanical characterization
- Manufacturing processes
- Mechanical testing
- Material benchmarking
- Light experiential characterization
- Broad research
- Properties
- Cost

Phase II “Manifesting materials experience
patterns”

• Use cases
• Applications/Concepts

Phase III “Manifesting materials experience
patterns”

• Development of the product or
application

Phase IV • Concepts
• Development
• Agile prototyping

• Prototyping

This new approach puts more emphasis on mechanical and volumetric analysis of
the material, so that a more specific characterization of it can be reached, and delays the
use of user-centered techniques of the MDD to later stages, when the application path
is defined and the specific tools to be used are clear.
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3 Phase I: Luffa Cylindrica Understanding

Luffa Cylindrica is a Cucurbitaceae plant [2] growth in warm weather. However, the
Luffa, commonly referred to as vegetable sponge or luffa cloth, is obtained from its
matured dried fruit. Although it’s already used for personal care as scrub, and eaten in
eastern countries like India, China or Vietnam, no industrial application of it has been
found yet.

3.1 Volumetric Characterization

The first step was to get a simple model of the Luffa in a CAD file, in order to know
its internal structure and potentially get a micromechanical model [3]. Due to its fibrous
structure, a medical-oriented program called 3DSlicer was used. It can generate volumes
with cross sections as inputs, which was a good approach in this case, as substantial
variability can be observed within a few centimeters (Fig. 1).

Fig. 1. Luffa slice and smoothing process in 3DSlicer.

Due to the superficial smoothness of the Luffa, the minimum thickness that could be
achieved for each slice was 10 mm and thus one piece was divided in 25 parts. In that
way several full models of Luffa were modelled and analysed.

While conducting a full CT scan would be useful in order to get an exact microme-
chanical model, stacked up 2D images, along with the smoothing tools provided by
3DSlicer is an economic pathway to create an accurate CAD file.

3.2 Mechanical Characterization

Mechanical tests were carried out, both on thematerial on its own and together with linen
as a composite sandwich configuration. The last case is particularly interesting. Bending
tests were executed for Luffa-Linen, Cork-Linen and EPS-Linen, according to ASTM
C393/C393M[4].WhileCork’s showed better values in eachmeasuredmechanical prop-
erty, Luffa’s outperformed EPS’ in core shear ultimate strength (a mean of 0,261 MPa
and 0,198 MPa respectively) and facing ultimate strength (a mean of 12,61 MPa and
10,4 MPa, respectively), with the first one being substantially less dense.
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Additionally, testing the Luffa on its own, it was possible to place it in a material
benchmarking graph (Fig. 2). Specifically, “Compact Luffa Cores”, meaning that the
side surface of the material (the least dense part) was removed, while the core material
of 4 slices was compacted, so that they made up a less empty block.

Fig. 2. Compact Luffa Cores in material Ashby’ chart.

3.3 Other Properties

Aside from mechanical properties, Luffa also shows interesting capabilities that could
drive the final use of the material. Among them, acoustic characteristics (up to 87%
absorption rate as a composite [5]), magnificent permeability and oil dissipation [8],
up to 220% higher deflective compression index than traditional alternatives [6] or the
possibility to use it as a biocompatible filler together with PLLA, cellulose and HA [7].

As stated before, a light experiential characterization was also carried out with 24
people, concluding that Luffa is seen as a more expensive, heavier and harder material
before touching it.

4 Phase II: Conceptualization

Once the material was characterized, it was time to associate its properties to random
isolated uses, and later evaluate the potential and feasibility of each option to follow one
path.

The two most interesting alternatives were: a product based on its oleophilic char-
acteristics to help with oil spills and a saddle that made use of its open-structure and
hydrophobic properties.

Although the first concept also seems quite attractive in order to take advantage
of material properties. It raised serious doubts about whether, as a single-and-critical
purpose product, it could be fully developed and tested in the limited given budget
and timespan. Finally, the second option was chosen and fully developed till prototype
manufacturing.
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5 Phase III and IV: Development and Prototyping

The saddle was developed as a sandwich composite using 100% ecological materials,
such as a luffa core and linen reinforced faces. This provides an equivalent structural
behaviour than traditional one. Besides, the plant sponge features open-core structure,
which provide an effective airflow to dissipate the sweat.

Its molds were 3D printed. Inside them, the material was placed and impregnated
with eco-epoxy resin, achieving an almost 100% ecological solution (Figs. 3 and 4).

Fig. 3. Prototyping process.

Fig. 4. Final prototype.

6 Conclusions

With the Luffa, it’s been checked how the modified version of the MDD can deliver both
final products and high-level industrial applications. This methodology may serve as a
flexible guide to work with eco-friendly materials, find a suitable application and fully
characterize them in many points of view.
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