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Abstract: A deep research and analysis of a “critical waste” object has been carried out, understood
as a subject that does not fare high on the separate collection and recycling system yet: the cigarette
butt. This acknowledged social waste is the first among all the garbage detected everywhere around
neighborhoods worldwide, and is therefore the epicenter of a situation so worrying that it is necessary
to find a solution concerning the environmental pollution. The present exercise was developed, by
means of proper product design methods like TRIZ and QFD driven by DFSS rulings, to conceive of
new products and services in order to create incentive for the smokers to lessen the environmental
pollution problem. The social implications are about the possibility of modifying the bad habits of the
smokers and making the user act consciously towards the environment. Throwing the cigarette-stub
in the new collection device, rather than on the ground, enables users to enjoy both moral and
economic returns. The “Buttalo” service is aimed to incentivize the population to fight against
environmental pollution whilst helping smokers to be conscious about it.

Keywords: Design for Six Sigma (DFSS); quality function deployment (QFD); benchmarking analysis;
Top-Flop analysis; TRIZ

1. Introduction

Technological innovation has allowed society to dramatically accelerate the pace of
new product creation [1]. Software evolution during the past decade has allowed companies
to reduce the total development time needed to design and test products [2], as well as
increasing diversification [3]. This resulted in the creation of products that better satisfy the
needs that they have been designed for, including environmentally-friendly solutions [4]
and sustainability [5]. However, this new ease in product creation has developed an
oversaturation of some markets, with the existence of many useful products that ultimately
fail to capture the attention of the consumer as the offerings increase [6]. The study of
surprising product features is crucial to design a product that has to spark attention, interest,
and generates mass conversations [7]. Expectations from the public are related to functional,
behavioral, or structural variables whose canalization would depend on the information
processing triggered by the product features and are crucial to surprise the way in which the
need is satisfied by it [8,9]. The establishment of the rather unusual path to solve a problem
is what qualifies a product as innovative. There are methods that can help product creators
to canalize innovation depending on the different inputs that a product conception may get,
such as inbound open innovation [10], as well as team-centered and individual-centered
innovation [11], and TRIZ [12]. The last of which takes on the experience and skills of
thousands of experts that enabled a rapid and creative problem-solving manner. TRIZ
enables one to have an area-based database [13], together with the common principles
of originality, which form the basis of innovation. TRIZ recognizes and organizes these
principles and uses them in a predictable manner. This approach adds reliability to the
problem-solving process by setting a number of dependable tools aimed at reaching the
desired target.
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However, smoking-related waste represents the disposal of 2.6 cigarettes per person
per year [14] among municipal waste around our societies today. There are materials
that, like some plastics, still represent a major limitation in the recycling system, and are
also traceable as the causes of waste pollution, both environmental and marine. One of
these materials is now a huge wake-up call for environmental/sea pollution: cigarette
butts. It has proven to be recognized as one of the main causes of these phenomena.
The cigarette butt is a waste material not yet classified. It is generally considered as
undifferentiated waste. It is important, however, to know its chemical characteristics in
order to understand that it is not necessary to amalgamate this waste with the rest of the
undifferentiated collection. The chemical/toxic substances it contains make it potentially
a dangerous waste. A modest proportion of the more than 4000 toxic substances remain
in the filter [15]. There is no precise data on the quantities and nature of the substances
that remain trapped in the filter because it varies according to production methods. In
addition, the amount of chemicals that remain in the filter is strongly related to the method
of smoking. Moreover, several global and regional quantitative estimates are available on
the size of the release of these materials into the environment. At a global level, the number
of butts dispersed each year in the wild is estimated at 4.500 billion (4.5 × 1012), a very
high percentage (between 75% and 97%) of those actually smoked [16]. Thereafter, research
on proper product development under Design for Six Sigma methods led to finding an
out-of-the-box way to catch the public’s attention, helping to create consciousness on this
element of general knowledge. The smoking filter mixes the higher toxicity remnants of
tobacco after consumption [17,18]. Smoking filters are at a superior rate sourced from
plastic, non-biodegradable material, with an alarming pace in contributing to today’s
environmental change and to the social aspects derived [19]. The aim of this study is to
conceive a product that is able to unmistakably stand out for its uniqueness. This novelty
will be exploited to gain conscious thinking about two major subjects of social interest,
street littering, and smoking habits. Therefore, a novel, yet feasible and practical product
would be created by means of the application of a combination of the DFSS approaches to
add value across all the stages of the product development. This procedure will be enriched
by the application of the TRIZ method to enrich the novelty and uniqueness of this product,
by establishing the key winning characteristics. The methodology found in the literature
will be structured to resolve the case study following DFSS guidelines, and applying TRIZ
to aid in decision making, accordingly. Afterwards, the product characteristics will be
portrayed, analyzed and prioritized appropriately to find out the top requirements of the
product. This tool for market discovery, if canalized accordingly to design-inspired product
development methods like IDES, a proper product design will be drawn as well as the
steps for achievement. This study hopes to achieve full model validation, and presents a
preliminary cost analysis.

2. Materials and Methods
Design for Six Sigma: DMADV

The DMADV approach, which is the one we’ll utilize for our analysis, is the one most
frequently employed in the field of Design for Six Sigma. The five distinct phases of this
approach are define, measure, analyze, design, and validate, as was already indicated. Each
phase has a distinct goal, and the final phase will have produced a design that follows the
Design for Six Sigma approach.

1. Define. The client’s wants and demands are gathered during the initial stage. It is
crucial to pay attention to the issues customers face when interacting with a certain
product that is already on the market or which novel products could meet their needs,
both expressed and unexpressed. It is always in this phase that the TRIZ methodology
can be applied to solve any inventive problems.

For achieving this, this study will apply TRIZ, that is a methodology aimed to develop
innovative ideas [20] that was developed in Russia starting in 1946 by Genrich Saulovich
Altshuller, a Soviet engineer, scientist, journalist, and writer, and his collaborators. The
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formulation of the problems in terms of technical contradictions turns out to be one of the
fundamental steps of the TRIZ: if a problem cannot be formulated in terms of technical
contradictions, then that problem is not a problem for the TRIZ [21]. The quality function
deployment (QFD) analysis is a procedure to identify the technical specifications of the
product based on a unique evaluation of the user’s requirements [22], and nowadays is the
most selected method for gathering product characteristics [23–25].

2. Measure. To convert the needs of the client into technical knowledge, the quality
function deployment (QFD) [22,26,27] study is conducted at this step. In this approach,
it is possible to acquire design-related qualities that effect whether or not the client’s
expectations are met.

Additionally, this section will employ the Relative Importance Matrix and Depen-
dence/Independence Matrices, which will aid in gathering the information needed to
investigate the items on the preceding list, specifically to draw attention to any dependency
links that may already exist. Evaluation matrices can be used to determine the indepen-
dence or relative relevance of links between requirements. The Interrelation Matrix is a tool
for assessing how various needs or concepts are related in terms of dependency (first use)
and/or relative importance (second use); it is also used to clarify priorities and determine
the optimal grouping of tasks.

3. Analyze. The design of the new product is developed using the essential features
discovered in the second phase. In order to do this, a Benchmarking analysis is
conducted, allowing researchers to examine rival products’ designs that are similar to
the one in question.

Additionally, a Benchmarking technique is used to compare the various items on the
market. Benchmarking is a term used nowadays to describe a systematic comparison-based
process that enables firms to compare themselves to the best and, more importantly, learn
from them in order to enhance their own performance [28]. Following the Benchmarking
process, the performance target values that must be met are typically reviewed, and the
best practices that must be studied and emulated are found. The tool we will use later,
known as Top-Flop Analysis, allows for swift comparison of a certain number of goods on
a similarly specified number of selected parameters after Benchmarking has been defined.

4. Design. We move forward with the design of the new product utilizing the appropriate
tools based on the outcomes of the analysis phase. The information gathered from the
preceding points must all be taken into account in this phase, and every effort must
be made to respect them as much as possible.

We also employ a different technique called the What/How Matrix to help us discover
which metrics are most important to enhance. This method made it feasible to correlate
criteria and characteristics and identify the technical features that needed to be innovated
in order to satisfy the most crucial requirements and independents previously discovered.

5. Validate. In this final step, it is categorically declared that the finished product
supports the anticipated outcomes. It is feasible to create prototypes that can be tested
to see if the product meets the necessary criteria [29].

Once the design is complete, it is required to conduct checks that demonstrate the
product has complied with the goals stated and is free from flaws. As a result, it is
essential to examine the product’s layout, going from style sketches to CAD drawings. The
sustainability of the production expenses must be confirmed. It is also feasible to create
prototypes that will be tested to see if the product meets the necessary criteria.

3. Results
3.1. Problem Definition

The environmental problem caused by smoking waste has never been tackled, over-
shadowed by other preventive campaigns that have changed little about the habits of
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consumers, who often, even unconsciously, throw their butts everywhere, at sea, on the
beach, on the street, etc. Young people make up 22.7% of smokers. The ban on smoking
in certain places or areas seems to increase (at least in the short term) the problem of
abandonment, since smokers are encouraged to smoke outdoors, where it is more likely
that the butt will be improperly removed. The latency time in nature, before decomposition
is completed, varies from six months to a dozen years, depending on the environmental
conditions and depending on the type of cigarette (without filter or with filter). In the
United States and Australia, cigarette butts on beaches are a problem. And almost every
place, with few exceptions, is not equipped for the disposal of cigarette butts. Therefore,
this research begins with the concept of “recycled material,” following a logic that leads
to the analysis of critical waste, such as cigarette butts, which represent the design object.
This item is included in the trend of recycled materials classification at the center of a
huge basin of research and analysis aimed at solving environmental and water pollution.
Inspecting such a theme inevitably leads to the question of the causes and consequences of
environmental pollution. We will then retrace the stages of research, through the theme of
recycled materials, understanding what is meant by circular economy, and investigating
the system of separate collection, so as to clarify the paths that led the project in a very
specific direction: the conception of a collection system of one of the most polluting wastes
and most present in our seas and on earth: the cigarette butt. Recycled materials are con-
sidered all those materials that come from the recovery of waste materials that, according
to strategies and processing methods, are not sent to landfill but become potentially useful
materials. The concept of recycled material immediately recalls the phenomenon of “cycle”.
In fact, we talk about recycled materials in the circular economy system that in recent
decades has been known as “one of the main causes of phenomena such as marine and
terrestrial pollution” [30] to a phenomenon that introduces the concept of cycle. A point of
union between production and disposal is born, which allows for the closure of the circle
of life of the product with its recycling. The separate collection of waste is the necessary
condition for the principles of the circular economy to provide results. This practice allows
the correct collection and disposal of waste materials according to their physical/chemical
characteristics. In recent decades, the differentiation of waste has marked a turning point
in relation to the environmental condition. For the first time, it has been possible to rem-
edy environmental damage that seemed irreparable. The opportunity to give new life
to waste materials that were considered waste to be disposed of in landfills was tested,
implementing practices of intelligent disposal and recycling of materials to generate raw
materials. The use of these practices gives life to the design of recycled materials, sometimes
biodegradable, some potentially recyclable indefinitely. This is therefore the meaning of
the concept of recycled material and circular economy: closing the product’s life circle in a
potentially repeatable cycle, involving the least possible impact on the environment.

3.1.1. Idea Definition: TRIZ

Considering the problems that have been analyzed, we ask ourselves if the TRIZ
methodology can offer us the tools for solving these problems. We start from the considera-
tion that on the one hand smokers are pushed for public health reasons to smoke outdoors,
but outdoors there are not many bins for cigarette butts, so there is a great dispersion of
cigarette butts in the environment. On the other hand, smokers should avoid littering
cigarette butts in the environment and this could be easier if they smoked in public places
where there are a large number of bins for cigarette butts; in public places, however, there
are only a few and limited areas for smokers. We are facing a contradiction. To try to
solve this problem in terms of technical contradictions we elaborate the problem and refer
to the Contradiction Matrix and the inventive principles related to it, in order to find an
innovative solution for the same contradiction.; this solution will be a solution of a general
nature which we will then try to decline according to the practical case we have to solve. Let
us start with a control parameter: the place to smoke. This control parameter can basically
assume two values: smoking outdoors or smoking indoors. Depending on the two values
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that the control parameter will assume, we will obtain that people close to smokers will be
able to breathe harmful fumes more easily (when, for example, smoking indoors) or less
easily (when, for example, smoking outdoors). On the other hand, cigarette butts will be
collected in special containers more easily (when, for example, smoking indoors) or less
easily (when, for example, smoking outdoors) resulting in a worsening of the dispersion of
contaminants in the environment. Wanting to represent the previous contradiction with a
diagram, we can refer to Figure 1 where a general model of formulation of the problem in
terms of technical contradiction is illustrated.
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If we express the previous technical contradiction through the technical parameters of
the Altshuller Matrix, we obtain the following problem representation (Figure 2):
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Through the Altshuller Matrix it is possible to identify which are the general solving
principles that can resolve the technical contradictions highlighted (Figure 3).
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The solution principles obtained are the following:

2 = Taking out (extraction, separation, removal, segregation)
25 = Self-service, self-organization (make use of waste materials and energy)
28 = Replacement of a mechanical system with fields
39 = Inert environment or atmosphere (introduce a neutral substance or additive into
the object).

Principle 2 suggests separating cigarette butts from any other material, then carrying
out a separate and specific collection for these objects, principle 25 suggests using waste
material such as a cigarette butt instead of throwing it away, and finally principle 39
suggests joining the cigarette butt together with other material in order to make it inert and
no longer polluting.

It is from these considerations that the idea of building a new product was born, to
meet all the considerations just made.

3.1.2. Define: QFD—Six Questions

The field of action must be identified, therefore the design of an incentive collection
service for cigarette butts, as these are the main requirements and characteristics that this
must be identified in order to innovate and satisfy the needs.

We ask six questions, whose answers if elaborated, return the requirements necessary
for the product to meet the needs (Table 1).

In this first phase, some characteristics that the product must possess have been identi-
fied. These features are: intuitive, comfortable, funny, functional, fast, affordance, visible,
eye-catching, pleasant to the eye, strategic position, accessible, resistant to atmospheric
agents, and smart.
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Table 1. Six Questions.

Question Answer Requirement

Who? All the smokers Functional

What? A mechanism to encourage collection Intuitive, fun, convenient,
eye-catching, quick

How? Through a smart service that encourages
the user economically and morally Smart, affordance

When? Every time you smoke a cigarette Functional, fast

Where? In cities, outdoors Visible, pleasing to the eye, resistant
to weather agents, accessible

Why?
To make citizens aware of the

environmental damage caused by a
cigarette butt

Smart

3.2. Measure
Measure: Relative Importance Matrix—Dependence/Independence Matrix

The requirements found through the six questions are inserted in the rows and columns
of the Matrix of Relative Importance (Figure 4). Each value in the row is compared with the
value in the column and is evaluated 0 (row requirement is less important than column
requirement), 1 (both requirements have the same importance), or 2 (row requirement is
more important than column requirement). Then, all values are added along the lines,
and you can get a ranking of the most important requirements. The most important
requirements are: resistant to atmospheric agents, smart, and functional.
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The second matrix that is built is the Dependence/Independence Matrix (Figure 5)
which identifies which are the requirements that most influence the others. As in the
previous one, the requirements are inserted along the columns and along the rows. The
values along the rows should be compared with all the values along the columns. In this
case, value 0 (row requirement totally independent from column requirement), 1 (row
requirement little dependent on column requirement), 3 (row requirement, row dependent
on column requirement), and 9 (row requirement very dependent on column requirement)
are given.

Designs 2022, 6, x FOR PEER REVIEW 8 of 18 
 

 

The second matrix that is built is the Dependence/Independence Matrix (Figure 5) 
which identifies which are the requirements that most influence the others. As in the 
previous one, the requirements are inserted along the columns and along the rows. The 
values along the rows should be compared with all the values along the columns. In this 
case, value 0 (row requirement totally independent from column requirement), 1 (row 
requirement little dependent on column requirement), 3 (row requirement, row 
dependent on column requirement), and 9 (row requirement very dependent on column 
requirement) are given. 

The most independent requirements are: intuitive, comfortable, and smart. 

DEPENDENCE / 
INDEPENDENCE    

MATRIX In
tu

iti
ve

Co
m

fo
rta

bl
e

Fu
nn

y

Fu
nc

tio
na

l

Fa
st

Af
fo

rd
an

ce

Vi
sib

le

Ey
e-C

at
ch

in
g

Pl
ea

sa
nt

 to
 th

e e
ye

St
ra

teg
ic 

po
sit

ion

Ac
ce

ssi
bl

e

Re
sis

ta
nt

 to
 at

m
os

ph
er

ic 
ag

en
ts

Sm
ar

t

To
ta

l   
    

    
    

  
(D

ep
en

de
nc

e)

Intuitive 1 0 1 3 9 0 1 1 0 0 0 1 17

Comfortable 1 1 3 9 3 0 0 1 0 3 0 9 30

Funny 1 0 0 1 0 0 1 1 0 0 0 9 13

Functional 3 3 1 3 3 0 0 2 0 3 9 3 30

Fast 9 9 3 3  1 0 0 0 3 0 3 31

Affordance 9 3 1 1 3 0 1 1 1 3 0 3 26

Visible 0 1 0 0 0 1 0 0 9 3 3 3 20

Eye-Catching 0 0 0 0 0 1 0 3 0 1 0 9 14

Pleasant to the eye 1 3 9 1 0 9 3 9 3 1 0 9 48

Strategic position 1 1 0 1 1 0 9 0 0 9 3 1 26

Accessible 3 3 0 1 3 3 3 0 0 9 0 3 28

Resistant to 
atmospheric agents 0 0 0 9 0 0 0 0 0 0 0 0 9

Smart 9 9 9 9 3 1 0 0 0 3 3 0 46

Total               
(Independence) 37 33 24 29 26 30 16 12 9 25 29 15 53

 
Figure 5. Dependence/Independence Matrix. 

The analysis of the two previous matrices leads us to say that the characteristics on 
which to focus the design of the innovative product are: intuitive, comfortable, smart, 
resistant to atmospheric agents, and functional. 

3.3. Analysis 
Analysis: Benchmarking—Top-Flop Analysis 

From the Benchmarking analysis it is possible to obtain the Top-Flop Analysis 
(Figure 6) to define the Delta, that is the minimum number of characteristics to be 
improved in order to have innovation. The market analysis was performed on 10 different 
types of binders, and after the evaluations a delta of 2 was obtained. This means that it is 
necessary to innovate 2 + 1 characteristics to obtain an innovative product. 

Figure 5. Dependence/Independence Matrix.

The most independent requirements are: intuitive, comfortable, and smart.
The analysis of the two previous matrices leads us to say that the characteristics on

which to focus the design of the innovative product are: intuitive, comfortable, smart,
resistant to atmospheric agents, and functional.

3.3. Analysis
Analysis: Benchmarking—Top-Flop Analysis

From the Benchmarking analysis it is possible to obtain the Top-Flop Analysis
(Figure 6) to define the Delta, that is the minimum number of characteristics to be im-
proved in order to have innovation. The market analysis was performed on 10 different
types of binders, and after the evaluations a delta of 2 was obtained. This means that it is
necessary to innovate 2 + 1 characteristics to obtain an innovative product.
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3.4.1. Design: What/How Matrix

Depending on the results obtained from the analysis phase, we proceed with the
design. In the same way as seen before, in Figure 7 the requirements are arranged along
the rows and characteristics along the columns. This time we ask ourselves how much the
requirement along the row is influenced by the characteristic along the column.

Designs 2022, 6, x FOR PEER REVIEW 9 of 18 
 

 

 
Figure 6. Benchmarking—Top-Flop analysis. 

3.4. Design 
3.4.1. Design: What/How Matrix 

Depending on the results obtained from the analysis phase, we proceed with the 
design. In the same way as seen before, in Figure 7 the requirements are arranged along 
the rows and characteristics along the columns. This time we ask ourselves how much the 
requirement along the row is influenced by the characteristic along the column. 

 
Figure 7. What/How Matrix. 

Additionally, numerical evaluations of the relationship’s kind will be applied in this 
scenario: nothing (empty box, equal to 0), weak (1), medium (3), and strong (9). Then, we 
determined the sums by rows and columns. The maximum value of the line sum identifies 
the need that is most influenced by the column’s parameters, and the maximum value of 
the column sum identifies the parameter that is most crucial to meeting the customer’s 
requirements. 

From the results of all the matrices, it was finally possible to define, in a scientific and 
considered way, the characteristics of the device to innovate: 

Figure 7. What/How Matrix.

Additionally, numerical evaluations of the relationship’s kind will be applied in this
scenario: nothing (empty box, equal to 0), weak (1), medium (3), and strong (9). Then,
we determined the sums by rows and columns. The maximum value of the line sum
identifies the need that is most influenced by the column’s parameters, and the maximum
value of the column sum identifies the parameter that is most crucial to meeting the
customer’s requirements.

From the results of all the matrices, it was finally possible to define, in a scientific and
considered way, the characteristics of the device to innovate:
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• The type of model, which influences its functionality.
• Make it smart, this will make it intuitive, fun, and will create a terrain on which to

intervene to encourage the user morally and economically.
• The type of hole and aperture that will directly affect the user experience.

Satisfy the need to reduce the presence of butts from the streets, and not least, improve
the behaviour of the user smoker by ensuring that he cares about throwing the butt into the
dedicated collection devices. It is assumed, then, that the best way to do this is to change
the perception of the value that each smoker has of the butt, which today, is zero, providing
the appropriate tools to understand the potential of such a waste. The mission is made
possible by the collection of characteristics and requirements previously studied, which
allows us to design the innovative and incentive system of collection, “Buttalo”.

3.4.2. “Buttalo” System

The “Buttalo” system consists of a smoker, a contactless card, a smart bucket and a
smartphone (Figure 8).
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When the user decides to integrate with this system, he is given a “Buttalo” contactless
card to associate with their account. By downloading the application, it is possible to
register the user’s name and their card. Once the cigarette is consumed, the user brings
the card closer to the upper face of the bucket to open the flap and throw the butt. The
technology inside the bucket is able to count the butt, or the butts, and immediately send
feedback to the user.

Feedback is very important within this system. In fact, thanks to this feedback the
user can increase their sensibility and give value to the butt.

The user opens the bucket door and throws inside the butt, this is detected and the
data on the action is sent to their smartphone. The first useful feedback for the user is then
counting how many butts have been thrown (or smoked cigarettes). The architecture of the
application must be able to provide a moral incentive to the user. In this regard, an app
interface has been designed to represent the current environmental status through cartoon
images. The design of a ground with butts appears, and as the user throws the butts inside
the “throw it away” collector, they are reduced from the virtual ground and plants grow
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in their place. The more plants the user is able to grow, the more points they collects. The
points collected become coupons, or “coins” to spend within the app. This mechanism
provides to the user the economic incentive. Thanks to the possibility of being able to count
the single unit, or the flow of butts, these butts move from having no value to a real value.

The smartphone, in addition to having a significant importance to give to the user the
moral and economic incentives, is the tool through which it is possible to make this system
economically sustainable. Inside the app it is possible to provide a space to be used as
an advertising banner to the interest of third parties, who in return offer funding to those
who offer the space. There are different types of advertising banners (full-page, video, text
ads, etc.), and different types of salaries.

3.4.3. Electronics and Bucket Mechanics

Under the upper plexiglass wall, an NFC reader allows the user to detect the card.
Once the card has been detected, and therefore the user, the actuator that opens the flap is
activated (Figure 9).
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Figure 9. Electronics and bucket mechanics: (1). The user swipes the card; (2). After the card has
been recognized, the top door slides open; (3). The user inserts the cigarette butts. (4). The machine
counts how many cigarette butts are introduced through an optical system.

A type of sliding opening has been chosen, because it is thought to make the user
experience more pleasant. Once the door has been opened, the user will be responsible for
throwing the butt (or the butts) inside the bucket. A proximity sensor is located near the
opening and allows you to count the number of butts. The data thus detected, is sent to the
network thanks to the Wi-Fi card, and the user will immediately receive a notification with
the counting updated in the app. To make this service as minimally invasive as possible for
the city, it has been thought to insert a battery inside the electronic box. This battery must
be properly sized, based on the daily use of the bucket, so as to minimize the frequency of
battery changes during the phase of unloading the container by environmental operators.

3.4.4. Stylistic Choice

The stylistic research of the device is closely related to the choices of functionality, and
therefore to its architecture. Different stylistic trends have been explored, observing the
state of the art of the retro, natural, and stone style (Figures 10–12).

The morphology and functioning of the device, compared to the style, suggested
simplicity of form, regular and round volumes, and bright colours. The aesthetics of the
final object are therefore inspired by a retro style (Figure 13). The device develops in height,
occupying the volume of a cylinder with a rectangular base of the dimensions 15 × 20 × 80.
It also has an inclination in the upper surface that helps the interaction with the user.
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3.4.5. Territorial Distribution

Once the actual measurements of the inner container have been defined, and its
capacity, it was possible to make a potential territorial analysis of the distribution of the
buckets. Let’s take the city of Bologna (Italy) as a case study. First of all, we need to identify
a target. Since this system assumes the use of a smartphone, suppose a user aged between
20 and 44 years. The number of inhabitants in Italy within this age group is about 30%.
Bologna is a city with a population of 388,367. Therefore, 116,510 people of age between
20 and 44 years. In this age group 28.7% of people smoke. In Bologna there are about
35,000 smokers aged between 20 and 44 years. Considering a consumption of 12 cigarettes
per day, 420,000 cigarette butts could fall to the ground every day. The bucket has a volume
of 5.36 L, and a capacity of about 2144 cigarette butts. Considering that Bologna covers an
area of about 140.9 km2, at least one bucket per 700 m2 would be needed. Therefore, to
avoid unloading the buckets too frequently, one bucket per 500 m2 can be assumed.
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3.5. Validate
3.5.1. Validate: CAD 2D Drawings

Initially the 2D CAD drawings were carried out, to better understand if the dimensions
of the parts resulting from the sketches were compatible with the constructive reality and
use of the object (Figure 14).
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3.5.2. Validate: 3D CAD Models

Next, the 3D models of the product are made to further increase the quality of the
design and provide the basis for any FEM simulations, rendering, stl file exports for 3D
printing, etc. (Figures 15 and 16).

3.5.3. Validate: Budget—Resources & Materials

It is also necessary to carry out budget checks, both relating to the staff employed for
the design of the product and relating to the materials used to produce it.

The project is expected to develop over a period of 3 years, the first for analysis and
research, the second for design, and the third for market launch. An analysis was made
on the design budget, for a period of one year, in which 4 macro design phases follow
one another:

3 months—each
3 months—prototyping
3 months—experimentation
3 months—fine-tuning (m.a.p.)
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The professional figures who act are 3 designers (a designer, a mechatronic engineer,
and a computer scientist), a buyer, and a worker. The remuneration for these figures is
40 euros per hour for the designers, and 30 euros per hour for the workers. We thought of a
frequency of 4 working days a week, for 8 h a day. Therefore, the monthly salary compared
to the resources is 5.120 euro for the designers, and 3.840 euro for the workers. The amount
of costs compared to services over a year, is 132.818,90 euros (Figure 17).
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4. Discussion

The method of Design for Six Sigma approach DMADV was implemented successfully
to conceive a product that is demonstrated to be valuable to the public, and technically
feasible to manufacture. The QFD and TRIZ tools applied for this study have helped to
collect the set of product characteristics that will guarantee the success of this product.

The “Buttalo” service has only been designed but has not yet been implemented,
therefore we do not actually know the consequences that its introduction in cities could
have and how it could change the bad habits of smokers.

A validation phase would therefore be extremely important to confirm the validity of
the project. The creation of the service and the installation of a certain number of collection
and recycling stations in a limited area of a city, such as, for example, the central area of the
city of Bologna, could give further indications both as regards the actual effectiveness of
the service, both as regards the improvement of all its constructive and operational aspects.

5. Conclusions

The “Throw it away!” service can be an excellent incentive for the user in the fight
against environmental pollution. It is a means by which the smoker user can change
their bad habits and act in an environmentally conscious manner, throwing the butt in the
collection device instead of on the ground and enjoying both a moral and economic return.
It is therefore expected that the service can be adopted in cities, and that it can become part
of the smoker’s imagination.

The method of the Design for Six Sigma DMADV approach integrated with TRIZ has
given comforting results and it will certainly be very interesting to explore its use in the
design of products with a high level of innovation; we therefore wish to conduct further
studies and applications in the future practices related to DFSS and TRIZ integration.
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