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This article is based on the Product DevelopmentBss (PDP), with the study of alternative
materials, both solid waste and possible compasimstile production. The aim of this
research was to performed a Systematic Reviewtefatiure in order to find a low cost,
durable and ecologically interesting solution fogseuin popular dwellings. The research
method used was the search for articles, makingstematic review allied to a bibliometric
analysis. Four electronic databases were accessetaaticles in Portuguese and English
were selected to collect important information gsthe 5W2H tool. Also, a general survey
was carried out on prices and weights of tileshia inarket. The compilation of data provided
sufficient material for proposal development, whighs mainly based on the use of Tetra-
Pak® packaging for the development of tiST bottles also had a strong potential of use,
since they are lightweight and ecologically susabile. On the other hand, the price was still
high when compared to what is on the market. Adtvely, tiles produced with Tetra-Pak®
packaging were the most appropriate tiles for petgedue to their quality, low cost and
efficiency for use in popular houses, also presgnéinvironmental benefits.

RESUMOQO

O presente artigo se fundamenta no Processo denbelémento de Produto (PDP), com o
estudo dos materiais alternativos, tanto dos ressdsolidos como de possiveis compaésitos,
para a fabricacdo de telhas. O objetivo do trabalftdo a realizacdo de uma Revisao
Sistematica da Literatura, com intuito de encontnana solucao de baixo custo, duravel e
ecologicamente interessante, para a utilizacao abitacdes populares. O método aplicado
foi a busca de artigos ja existentes, fazendo uewis#io sistematica aliada a uma analise
bibliométrica. Foram acessadas quatro plataformdstrénicas, coletando artigos em
portugués e em inglés, passando a compilar infoGeag¢mportantes a partir da ferramenta
5W2H. Também, foi realizada uma pesquisa geralmegog e pesos de telhas no mercado. A
compilacdo de dados forneceu material suficienteapelaboracdo de propostas, que se
basearam, principalmente, na utilizacdo das embaadr etra-Pak® para o desenvolvimento
das telhas. As garrafas PET, que tém, também, wwadb potencial de aplicacao,
mostraram-se leves e ecologicamente sustentaweismpo preco ainda se apresentou alto,
comparado com o que ha no mercado. As telhas pidakizom embalagens Tetra-Pak® se
mostraram as mais apropriadas para o foco do pmjebis tém qualidade, baixo custo e sédo
eficientes para 0 uso em casas populares, alénteiosficios ambientais.
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1. INTRODUCTION

The world population produces an average of 1.peq
day of solid urban waste (MSW). This amount coroes|s to
1.4 billion tons per year, which, according to ated Nations
(UN), will become 2.2 billion tons in 10 years. Acding to an
investigation carried out by the UN and the WorkhR, in the
last 30 years, the increase in the volume of galathe world
was three times higher than the rise in populatfoadjo et al.,
2014).

In Brazil, in 2016, 78.3 million tons of garbage reve
discarded. Based on this amount, 91% was collebtgdlmost
half of the percentage (about 45%) went to cordcbland
uncontrolled landfills. The Brazilian Associatiorf &ublic
Cleaning Companies and Special Waste (ABRELPE)rtego
that 29.7 million tons of solid waste were genatateith
improper disposal, directly reflecting on the safmtd health of
the population. From the perspective of the highegation of
waste, waste becomes a problem for society thatt mes
managed appropriately. However, the effort to retise
discarded material as a way to solve the large mehi of
garbage has been highly encouraged (ABRELPE, 2016).

the tiles (Cardoso, 2000). In contrast, fiber-centibées, widely
used because of their lightness, are being prahilfiom being
manufactured and applied in the country, due tagiestos in
the composition. There is already an option withasibestos,
but even so, tiles with low thermal insulation arabthetically
devalued (Beraldo, 2013).

In order to produce low-cost housing, it is necessa
identify low-cost materials to contribute to theility of the
enterprise. In Brazil, according to the Braziliamstitute of
Geography and Statistics - IBGE, in 2017, 50% afjpbe lived
on a salary lower than the minimum wage (Doming@e4,7).
Therefore, the market for the production of popuilauses is
wide, since half of the Brazilian population habwa-income
socioeconomic profile.

Therefore, the study presented in this article was
motivated by the reuse of solid waste applied t@ubar
housing, focusing on the manufacture of roof tilBased on
this, the main objective was to carry out a Systemidterature
Review in order to identify tiles produced fromidalaste that
can be used in popular housing roofs.

2. LITERATURE REVIEW

Reuse, in a global context, is widespread, espgeiih
sustainable development in mind. The available rahtu
resources are finite and, mainly, in the civil donstion sector,
they are used in very high quantities. Thus, theeafsvaste is
an opportunity for innovation for product developmes well
as contribute to the preservation of the environm®&iMA,
2012). Fortunately, there are already several riaddethat are
manufactured from waste, such as bricks producédmwbble,
ISOPET blocks (from Styrofoam and PET bottles), arete
with tire rubber or bricks and concretes with thdiion of PET
or PET fibers. Thus, it is essential that the réogcand reuse
of discarded materials is strongly encouraged, ragmat
sustainability (Santos, 2018).

At the Federal University of Parana (UFPR), in Hraz

sustainable development is also very widespreade nik

Technological Innovation Study Group (GESIT) - whiwas
founded by the Production Engineering course -uisently
developing a project of a sustainable popular hoosing
alternative materials. With this focus, the grosinivestigating
approaches to recycle and reuse solid waste td hailises for
the low-income population in Brazil. The main idef the
project is to perform the production in joint effgrinvolving
the families that will benefit from the project, thvithe aim of
helping the population and the environment at timestime.
Currently, alternatives are sought for applicataom roofs of
houses, emphasizing the search for possible ttierop

The roof tiles on the market are often manufactuissdg
new materials, some of which contain toxic substarfor the
population. The variety has been growing, alwaysdarch of
lower prices and variety of colors and shapes. Types
normally used in popular housing are ceramic tiad fiber
cement tiles. Widely used in Brazil, ceramics bfiittm the
drying and cooking of clay materials are excelienterms of
thermal comfort. On the other hand, they requireesistant
structure that supports the higher weight of thef formed by

The concept of sustainability is constituted by&main
pillars: economic, environmental and social susitaility.
According to Ayres (1996), sustainability can bditkd as a
way of acting in relation to nature, since we agponsible not
only with the present, but with future generatiofise objective
is to promote development without scarcity of reses to
guarantee survival in a few years.

The sustainability proposal within companies brings
economic growth and financial success combined hathefits
for society in general. It is seen as a way of tida
environmental preservation to impacts within thenpany's
business and profits (Savitz, 2016). Companies wwoitk
products, which go through a series of processisdyaluring
d after reaching the consumer.

Based on this context, the Product Developmentdac
(PDP) appears, being divided into three basic phapee-
development, development and post-development. firee
phase of the project consists of market reseancdgarch of the
first ideas for creating a product. It is duringstiphase that
economic and potential risk assessments are pegtbfor the
development of business plans. The second phaseynkas
development, consists of 4 different projects. Tin& is the
Informational Project, combining the client's neewth the
interpretation of what is presented. The secottiei€onceptual
Project, proposing a concept to the product anchsanizing the
functions to be performed by it. The last two, Breliminary
Project and the Detailed Project, respectivelyedeine the
materials, design, components, and dimensionseoptbduct,
in order to allow the launch of the input on therked. Finally,
the post-development is limited to monitoring theoduct
launched on the market until its disposal in theiremment. In
this phase, measures are taken to repair possiiéetd and
establish goals to remove the product from the etark
(Rosenfeld et al., 2006).
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The initial stages of the process (pre-developmarg)
extremely important since products with a good Hjpation
and consensus among all decision-makers are tinnes tnore

Review, which, according to Sampaio et al. (200&);ks as a
method of critical evaluation of all scientific gigs within the
area of interest, locating and working on a synhefsevidence.

likely to succeed in the market. Besides that @ istage when It is an overarching and impartial method, thatemagal and

costs are low and products are being designed aud assist
in reducing costs in the following phases (Baks2003).

In civil construction, the development of new progu
must be carried out based on the same steps oPfife
Alternatives that aim to reduce the consumptionmaterials,
energy and waste generated must be found, to peeserd
improve the built environment. As a consequencectiange in
conventional projects must be applied in civil dongtion, to
reduce the environmental impact based on the amopif
renewable, non-toxic materials, conducive to selistruction
and potentially recyclable (Shelb, 2016).

According to Cardoso (2000), the roof is defined a Portuguese

“Discontinuous covering made of materials capable
providing rainwater tightness, rested or fixed onlight
structure.” This consists of four main elementsfire; weft;
support structure and rainwater catchment systdra.rdofing
is formed by the tiles, which in turn have the mfainction of
sealing. The weft is the support system of thestileeing
constituted of the roof battens, rafters, and parliThe system
is supported on the structure with the functiordistributing
loads in the building. Finally, the catchment sgsthas the
function of draining rain.

reliable view of the subject is obtained.

The Systematic Review of this article was carrietl looking

for articles and studies related to tiles maid aidswaste. For
the review, references were searched, limited ticles that
were written in Portuguese or English on four etsdt

platforms: Google Scholar; Scielo; Capes Portal 8oiénce
Direct. According to Dresch et al. (2015) the fisthge of the
Systematic Review is the definition of the keywondkich are
presented in Table 1.

Table 1 — Keiwords.

English

Roottile

Ecological Roo-Tiles
Recycle AND tile

Telha
Telhas ecologici
Reciclagem AND telh:

Compésito Composite
Residuos partelhat Waste for roc-tiles
PET Composite roctile
Telhas de PE Tiles AND PE1
Tetre-Pal®

From the keywords presented, we moved to the segoask of

In conventional housing, mainly single-family homesRSL according to Dresch et al. (2015), when théeying of

the roof structure is made of wood. Figure 1 shawgxample
of a roof and its wooden structure.

ROOF STRUCTURE

Figure 1 - Roof framing elements. Source: Rodrigues
(20086).

3. METHODOLOGY

The method used for this article was the Systematirature

articles occurred. These, totaled 45, arranged dmrwthe
databases illustrated in Figure 2. The search forenmecent
articles was used as a filter, aiming at the emipl@asthe most
up-to-date research, all above the year 2000. &redtention
was paid to articles between 2008 and 2018, butesoere
found a little before this interval, that were atstevant to the
research. Additionally, studies were selected witho
considering duplicate (repeated) articles and lmmngnly what
referred to the topic addressed.

Database (%)
25%
" Google Scholar
42%
® a Portal Capes
13% Science Direct

Scielo
20%

Figure 2 - Percentage of articles per database.

The first filtering has already served as a wagxifacting the
most relevant articles from what was on the platfar since
there are several aspects to the subject of tildsecycling in
which the chosen keywords are mentioned. Thenaltiséracts
of these articles were read, removing what stil dot fit the
research, leaving only 26. To continue the worktredse who
did not fit the study were also eliminated becathsy did not



bring enough information to evaluate the productexdly. At
the end, 11 articles were analyzed. Figure 3 reptssa basic
outline of how the articles were chosen.

The tool applied to the method for the compilatafhn
data is known as 5W2H, that serves mainly to ektfae most
important information within the articles, helpinip the
organization of relevant data (LEITNER, 2017). Tiosl is
based on seven basic questions in English, whick tve@ught
to the method according to Table 2. Seven questi@ns asked
and all of them were answered with information ascted
directly from the articles.

Based on the 11 articles chosen, a bibliometridyaisa
was carried out comparing the results between #asyand
places of publication, facilitating the processdafcussing the

results. Thus, once the method was developed, thduft
Development Process for a possible coverage coaldhbst
effective and a sure way of achieving good results.

To complement the analysis and bring it in linehwit
current market data, a search was carried out nwitie main
tile sales sites, looking for updated prices ontvalr@ady exists.
Price / m2 and mass / m? data were passed oneadafviparing
conventional tiles (ceramic; fiber cement) with sbmf Tetra-
Pak®, vegetable fibers and PET bottles. The suwaeycarried
out on the websites of “Leroy Merlin”, “Marchio”Telhas and
CIA” and “Ecopreserve” stores, limiting itself to® tile among
each type, choosing those with the lowest pricé./ m

I-Gongle Scholar [Scim:e Dhrect

Portal Capes ]Sc:ele] Total |

Database results

Beesults after reading

the ahstract

Articles not related to
the topic

Inclusion criteria

I g | il I 45 | — o Lanmage: Englizh and Portuguess
Period: between 2000 and 2018

l Theme: recyclable tiles

l T ERER

Beading of the 26

zelected arficles

4{ &

Content analysis using ||
the IW2H tool |

Figure 3 - Research steps for the selection of attes.

Table 2 — 5W2H.

5W2H Questions Answers to questions
WHAT What was the aim of the study? Main goal
WHERE Where was the research done? Place of publication
WHEN What year was the research conducted? Year of publication

WHO Who developed the study? Authors

WHY Why was the study conducted? Reason

HOW How was the study/experiment done Method

HOW MUCH How much does it cost to build the tile? Tile cost
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4. RESULTS

Through the bibliometric analysis of the chosercks,
it was possible to categorize them by their regibarigin. The
studies found were mostly Brazilian, being dividgedording to
the States of Brazil, given by Figure 4. A greatamber of
articles is found in the State of S&o Paulo.

Publications by the Brazilian States

Number of publications
[¥3]

Parana Sio Mato Paraiba Mato
Paulo Grosso Grosso
do Sul

2
‘II
0

Other
regions

Region of origin

Figure 4 - Publications by the Brazilian States.

The publications were also analyzed according ® th

number of articles published per year, accordinfédrigure 5.
The years 2015 and 2010 were those with the highasber of
results, with a period without articles betweenyhars 2004 to
2007.

Publications by Year (n=11)
35

2,5

15

Number of Publications

0,5

Time (years)

Figure 5 - Publications of articles throughout theyears.

Regarding the bibliographic analysis, based on the
5W2H Table (Table 3), it was possible even more
comprehensive discussion of data. In the cost colomthe
Table, the acronym N /| means that the amounte hat been
inserted. The study can be divided into 3 largekdothe first
is composed of the first 3 articles in the tabléjol worked
with a focus on plastic materials, being Teske.e2815) and
Silva et al. (2010) on roof-tiles in PET bottldse tsecond block
consists of the next 3 articles in the order of tddade, which
focus on the use of Tetra-Pak® packaging (Cartakaging or
Long life packaging) as raw material; finally, thiird is
composed of the last 5 articles of the order, whiehls with
more differentiated raw materials, having for exéape use of
bamboo or the use of civil construction waste ire th
development of roof-tiles

For articles that focused on plastic, we can hgitilthe
similarity in the motivations of the authors Segaetral. (2017),
Teske et al. (2015), and Silva et al. (2010), inclwreveryone
seeks a reduction / reuse of waste. On the othed,héa is
important to analyze the prices of the last twoiclwtare even
higher when adding plaster to the roof-tile composi

The reuse of Tetra-Pak® packaging was what motivate
Araujo et al. (2008), Silva et al. (2015), and Gmiga (2003).
Araujo et al. (2008) made a comparison between eational
roof-tiles and those of ecological material, whitdva et al.
(2015) and Cerqueira (2003) evaluated only roektilvith
Tetra-Pak® packaging in relation to the indexes tha roof-
tiles must support. Unfortunately, it was not pbkesto compare
prices between items.

Beraldo et al. (2013), Darsana et al. (2015), and
Savastano et al. (2000) used vegetable fibersvasmaterial.
Firstly, it can be noted that the first two authfirsused on cost
reduction and they did not emphasize more sustinab
production. However, Savastano et al. (2000) aitecduce
waste, but only in agricultural production. Amorgse three,
only Darsana et al. (2015) has information on priteshimura

et al. (2012) and Mendonca et al. (2010) seek imadidity, in

a more indirect way in their work, in which thestiarticle seeks
to reuse/recycle paper and the second seeks tataimaime
environmental cycle by reusing construction and aléion
waste. Neither provides prices, but both aim tduata the roof-
tiles in general.

It is also possible to highlight, among all artglene
similar step-by-step, since most of them evaluétedcapacity
of roof-tiles for various tests, mainly the meclwahiresistance
(bending), water absorption, resistance to temperat and
measurements of density and impermeability.

The results of the survey in the Brazilian market a
shown in Table 4. It should be noted that therenar¢ypes of
roof-tiles that were worked on in the articles siicey have not
yet been produced for trade in Brazil. In the tabld means
that the values were not informed.
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Table 3 — Results of the 5W2H

Reference i Objective Motivation Final cost
Develop a composite from
1 Seghiri et al., 2017 ARG- Ouarglerecycled plastic to manufacture RW/RRW A N/A
roof-tiles

Brazil - Analyze the technical

2 Teske et al., 2015 I feasibility of using plaster and RRW D R$720.00/m?
Curitiba-PR :
PET waste on roetiles

Brazil - Present economic and

3 Silva et al., 2010 ; ecological advantages of PET RW B R$77.40/m2
Campinas-SF .
roof-tiles
: Compare roof-tiles made of

ElieE) - ecological material (those with

4 Aradjo etal., 2008  Campina gic ; (oS RW A N/A
long life packaging) with
grande-PB . ;
conventional roctiles
: Evaluate the use of recycled
Brazil -

5 Silva et al., 2015 roof-tiles based on Tetra-Pak® RRW C N/A
Lavras-MG s
packaging in thermal comfa
Brazil -Sao Evaluate roof-tiles of Tetra-

6 Cerqueira, 2003 Carlo«SE Pal® RRW A N/A
Brazil - Analyze corrugated roof-tiles
7 Beraldo, 2013 : made from bamboo, cement, RC/RD A N/A
Campinas-SF X
and sand patrticli
8 Darsana et al., 2015 India- Chenna “iealies FUEiiEliE rni e RC A Rs 38,74

using coconut fibe
Improve the environmental

9 Yoshimura et al., 2012 B;Zﬂlk;_ggo performance of roof-tiles from RW/RRW D N/A
pos-consumer paper wa:
ElieE) - Select waste and vegetable
10 Savastano et al., 200( Campina fi . : RRW A N/A
ibers for roof-tile production
Grand«SF
Brazil - Mato Evaluate the thermal
11 Mendonca et al., 201CGrosso do Su performance of construction BA C N/A
MS and demolition waste ro-tiles
Note: N/A — not available;
Motivation RW:- to Reduce solid Waste;

RRW- to Reuse/Recycle solid Waste;
RC- to Reduce costs;
BA- to Balance the environment changing due to udrawth and the maintenance of the more scarce ressiu
RD- to Reduce problems with durability by using féar roof-tiles.
Step-by-step A- Physical testing (density, flexttesisile strength, permeability, water absorption);
B- Comparison among roof-tile models;
C- Temperature and Humidity testing;
D- Measurement of dimensions, mass, source of ratenial, production, installation, maintenance duarhbility, destination
after useful lifetime, albedo, insulation, and L@gcle Assessment of the roof-tile.

Table 4 — Information of the Brazilian market.

Roof-tiles/m? Price/m?
Fiber cemenroof-tile Econofle: Leroy Merlir 10.65¢ 0,41 R$ 18.8:
Ecologic roo-tile Tetre-Pak® Ecopreserv 5.981 0,€ R$ 21.9(
Roof-tile Roman: Leroy Merlir 25.577 17 R$ 23.8!
Roof-tile Portugues Leroy Merlin 25.77( 17 R$ 23.6:
Roof-tile Americani Marchic 27.84( 12 R$ 21.6!
Roof-tile Portugue;z?isPrE;'lljlr\Jectlon (transparent Telhas e Cia NI 16 R$ 176.00
Roof-tile Pet Eurotop Classic transluc Leroy Merlir 2.19¢ 7 R$ 130.5:
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5. DISCUSSION df>. Accessed on Augusti12018.

ARAUJO D.C., MORAIS C.R.S., ALTIDES M.E.D. Avaliaga
mecanica e fisico-quimica entre telhas convencsoeai
alternativas usadas em habitacGes populdResista

The articles referring to PET tiles, allied to wiveds

researched in the m"?“ket- S“OV.Ved that they arexpensive Eletrénica de Materiais e Processqw.3.2, 50-56 ISSN
form of coverage, being unfeasible for use wittia tefined 1809-8797. 2008

objective, even them being light tiles. AccordingSilva et al. . ) . )
(2010), the fact that they have a smaller massBdeads to a ARAU‘IJQ?”‘:]'(; ZELXE:E(%;]' dce., t(F))r?e(I;QjNa!sNEo‘:.aEnSL,JAE/Ia?liIIEaSbI?at
need for a lighter roof support structure that doesneed to http:/Awww.senado.gov br/noticias/jornal/ehdiscumésa
support high loads, which would result in a goodrdase on esid.uos-so.lidos/mellterié html?materia=rumo-a-4-

the final price, but further analysis would be reszey seeking bilhoes-de-toneladas-polr-ano..html. Accessed on Agu

for more information. oxd 5018

According to Araljo et al. (2008), the long-lifeAYRES, R.U. Statistical measures of unsustaingbilit
packaging tiles have better results than fiber centies, Ecological Economicsv.16, n.3,p.239-255, 1996.
mechanically and in physical-chemical characteidmatalso BAKSTER, M. Projeto de Produto: guia pratico pardesign
showing excellent durability. There is still a greavironmental de novos produtos. 22 ed. S&o Paulo: Edgard Bliicher
contribution in the recycling of long-life packaginreducing 1998.
the quantities of solid urban waste. BERALDO A.L., CHEN F.K.C.H., AZZINI A. Telhas

, . . Onduladas de Bambu- ci to. Il ENECS - E t
Vegetable fibers among the articles studied (Beraid Ngcilér?alas Seobrim uEd?;ir::]:g(”)%s E Comunnigggerg

al. (2013), Darsana et al. (2015) and Savastarad. €2000)), Sustentaveis. 2013

thes‘? beir_lg bamboo, coconut fibers a_nd . fibers fro@hRDOSO F. F. Coberturas em telhados. Escola Rolita da
agroindustrial waste, respectively, presented pesiesults for Universidade de Sao Paulo Departamento de Engenhari

standard requirements (absorption, permeabilitgjstance), ~ o _ :
but without prices, the evaluation of this typetitd should be dcinsci:)urésétcr)uggoEdﬁ‘:ilgiltlns TICZCOOS% Tecnologia  da

further developed to reduce construction costshaigh, CERQUEIRA, M.H., P ; ;
o , M.H., Placas e telhas produzidas a mpaldi
Savastano et al. (2000), further states that studiéh fibers reciclagem do polietieno / aluminio presentes nas

presented for mechanical characteristics shoulddmdinued, embalagens Tetra Pak, 2003.

because they still do not show satisfactory results DARSANA P. ABRAHAM R.. JOSEPH A. JASHEELA A.,

Regarding recycled paper tiles, the results are BINURAJ P.R, SARMA J. Development of Coir-fibre
satisfactory for reducing environmental impactsybeer there Cement Composite Roofing Tiles. International
is not enough information to classify the tile pedjes Conference on Emerging Trends in Engineering, $eien
(YOSHIMURA et al., 2013). The tiles from construsti and and TechnologyProcedia Technology 24, 169-178,
demolition waste (MENDONCGCA et al., 2010) were alsot 2016. )
specified about fundamental properties, only therrttal DRESCH, A; LACERDA, D.P.; ANTUNES JUNIOR, J. A. V.
insulation part, which also makes these tiles diaptes as the Design science research: Método de pesquisa para
best option under the conditions worked. avanco da ciéncia e tecnologia. Porto Alegre: Baarkm

2015.
DOMINGUES C. IBGE: metade da populacéo brasileire v

6. CONCLUSION com menos de um salario minimo. Available at:

<https://odia.ig.com.br/_conteudo/economia/2017-11-
29/ibge-metade-da-populacao-brasileira-vive-com-

Through the results obtained, focusing on the resea menos-de-um-salario-minimo.html>.  Accessed  on
objective of finding tiles for popular housing, ¢lerfactors were August 30", 2018.
analyzed mainly: price (both found in the artickesd in the LEITNER, D. S. Avaliagdo Pés-Ocupacéo em Edificactina
current markgt survey), response to tile durabdityl density- Revisio Sistematica de suas Caracteristicas.
related to weight / m?. MENDONCA R.M.: BARCA O.G.; ANDREASI W.A. Andlise

Tetra-Pak® tiles were considered the best altereati do desempenho térmico de telhas produzidas deuresid
being relatively inexpensive within market priciesaddition to de construcdo e demoli¢do. ENTAC 2010 - XII Encontr
having low density, which also means less need feinforced Nacional de Tecnologia do Ambiente Contruido. Canel
structure for placing the tiles. RS, 2010.

MMA. Construcéo Sustentavel. Available at:
http://www.mma.gov.br/cidades-
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